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INTRODUCTION -7 

The purpose of t h i s  paper i s  t o  descr ibe  i n  d e t a i l  t he  design of I 
t he  CRBRP pr imary heat  t r a n s p o r t  system p i p i n g  t h a t  r e s u l t e d  from the  

I cons ide ra t i on  o f  system design requ i  rements and t h e  e leva ted  temperature 

1 The heat  t r a n s p o r t  system s o d i u i  p i p i n g  f o r  t h e  C l i nch  R iver  Breeder 
I Reactor P l a n t  (CRBRP) w i t h i n  t he  r e a c t o r  containment b u i l d i n g  must w i t h -  

environment . 

stand h igh  temperatures f o r  l o n g  per iods 

i n g  sodium, and w i t h  a  v a r i e t y  o f  

t h e  p l a n t  l i f e .  The r e a c t o r  p r imary  

as h igh  as 546°C (1015°F) f o r  a  

l i f e  o f  t he  p l a n t .  The pr imary c o l d  
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o f  t ime,  i n  t h e  presence o f  f low-  

thermal t r a n s i e n t s  superposed du r i ng  

o u t l e t  p i p i n g  operates a t  temperatures 
I s i g n i f i c a n t  p o r t i o n  o f  t h e  30-year ope ra t i ng  

l e g  sodium p i p i n g  ( i  .e., t he  r e a c t o r  

i n l e t )  operates a t  a  temperature o f  399°C (750°F), b u t  f o r  some t r a n s i e n t s  
I 

t he  temperature of t h e  c o l d  l e g  reaches 538°C (1000°F). 

Each phase o f  t h e  mechanical design process o f  t h e  CRBRP heat  t r a n s p o r t  
I system p i p i n g  was i n f l uenced  by e leva ted  temperature cons idera t ions .  
I 

Because t h e  p i p i n g  operates a t  temperatures g r e a t e r  than 427°C (800°F), I 
time-dependent mater i  a1 f a i l u r e  modes as we1 1  as t ime-independent mater i  a1 

I 
f a i l u r e  modes must be accounted f o r  i n  t h e  design. Rapid temperature 

excursdlons o r  t r a n s i e n t s  which occur 

induce through-wal l  s t resses  i n  the  

y i e l d  s t r e n g t h  causing l o c a l  p l a s t i c  

a  r a t c h e t  mechanism. Also, t h e  h igh  

i n  t h e  CRBRP heat  t r a n s p o r t  p i p i n g  may 

p ipe  w a l l  i n  excess o f  t h e  m a t e r i a l  

s t r a i n i n g  which can c o n t r i b u t e  t o  

temperature f l o w i n g  sodium i n  a u s t e n i t i c  

s t a i n l e s s  s t e e l  p i p i n g  may r e s u l t  - i n  va ry ing  degrees:of i n t e k s f i  t i a l .  mass 

t r a n s f e r  and o t h e r  mater i  a1 degradat (on e f f e c t s .  



General Requirements 

3 
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The specif ic  design requirements] for  the HTS piping system were 
I stipulated in the design specification. These requirements were establ is1 
I t o  be consistent w i t h  the performance of specif ic  functions by the piping 
I system during reactor operation and with quality and safety standards 

developed by regulatory and industry 
of nuclear components. In l ine  w i t h  

bodies for  the design and fabricatior 
these requirements, the CRBRP heat 

transport piping system i s  designed and analyzed as an ASME Class 1 ,  
I Seismic Category Innuclear  component i n  accordance w i t h  the requirements 
I of the ASME B&PV Code, Sect ion I I I [21suppl emented by speci a1 provisions 
I given in ASME Code Case 1592-7pland certain RDT standards [%5lfor nuclear 
I components in elevated temperature service. The consideration of thermal 
I creep ef fec ts  se t s  the elevated temperature rules of Code Case 1592-7 
I apart from the ASME Code Section 111, Subsection NB rules.  Unlike Sub- 

section NB design rules which basi cal ly  guard against time-i ndependent 
I f a i  1 ure modes, the elevated temperature rules are  appl icable for  servi ce 
I conditions where creep and re1 axat ion ef fec ts  are s ignif icant .  Therefore 
I the elevated temperature rules require tha t  the mechanical design of the I CRBRP piping system account for  timejdependent as well as time-independenl 



The design s p e c i f i c a t i o n  prov idds the  app l i ed  load ings  t h a t  are.used 
I i n  t he  CRBRP p i p i n g  design and eva lua t i on .  These load ings  i nc lude  such 

e f f e c t s  as i n t e r n a l  pressure, deadweight, 

s ion ,  thermal t r a n s i e n t s  and seismic 

Arrangement and Support System Desi gd Guide1 ines  

From t h e  opera t iona l  , f u n c t i o n a l ,  and s t r u c t u r a l  requirements 1  i s ted  
I i n  t he  design s p e c i f i c a t i o n ,  s p e c i f i c  gu ide l i nes  were es tab l i shed  f o r  

1.  p i p i n g  had t o  be e leva ted  o r  cohta ined i n  guard tanks,. 
I I 

anchor motions , thermal expan- 

e x c i t a t i o n s .  

use i n  t he  development o f  t h e  pipi lng 

The arrangement o f  t he  CRBRP heat  

us ing  t h e  f o l l o w i n g  gu ide l i nes :  

system arrangement and l a y o u t  and 

t r a n s p o r t  system p i p i n g  was developed 

3. t h e  p i p i n g  had t o  be arranged th ree  e s s e n t i a l l y  i d e n t i c a l  heat  

t r a n s p o r t  loops from i n  separate c e l l s  

f o r  t h e  design o f  t h e  suppor t  and r e s t r a i n t  system f o r  t h e  p i p i n g .  These 
I 

gu ide l i nes  were es tab l i shed  f rom r a d i a t i o n  p r o t e c t i o n ,  maintenance, 
I 

i n s e r v i c e  inspec t ion ,  s a f e t y  and h igh  temperature cons idera t ions  and from 
I t h e  general c h a r a c t e r i s t i c s  of t h e  r e a c t o r  containment b u i l d i n g .  

2. r o u t i n g  had t o  prec lude neutron 

4. t h e  pr imary l oop  pump had t o  be l l oca ted  i n  t he  h o t  p o r t i o n  o f  t h e  I 

sh ine on components, p a r t i c u l a r l y  t h d  

1  oop 

i r i termedi  a te  heat  exchanger(1HX) 
I 

5. h i g h  p o i n t  vents had t o  be i n  bo th  t he  h o t  l e g  and c o l d  

l e g  p i p i n g  

6. t he  p i p i n g  had t o  be d ra inab le  

7. t he  p i p i n g  had t o  be t r a c e  h e a t ~ d  and i n s u l a t e d  w i t h  t he  p i p i n g  

p r o v i d i n g  t h e  suppor t  f o r  these1 i tems I .  
8. i n s t a l l a t i o n  o f  and access t o  t b e  p i p i n g  had t o  be p r a c t i c a l  (gpprox T 

ima te l y  one meter c learance be t teen t h e  p i p i n g  and b u i l d i n g  w a l l s  I 
I 

and components had t o  be p r o v i d  
I 
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9. t he  p i p i n g  loops had t o  acconmo~ate the  system thermal expansion I 
I 10. a l l  connections between p i p i n g  components had t o  be welded 

As p a r t  o f  producing the  generaf arrangement o f  t h e  p i p i n g  system, thktask - 
I I 

of es tab l ish ing ,  the  l o c a t i o n ,  type, s ize ,  -and a r r a n g e m e ~ t ~ o f  t h e -  pi.pe supports 
I 

i s  an i n t e g r a l  p a r t  o f  the  design process. I n  t h i s  way the  p ip ing ,  
I i t s  support ing systems, and t h e i r  combined i n t e r a c t i o n  w i t h  the o the r  heat 
I 

t r anspor t  system components and b u i l d i n g  s t ruc tu res  are  subjected t o  study. 

The guide1 ines  es tab l  ished f rom p i p i d g  design and func t i ona l  requirements 
I f o r  the  supports and r e s t r a i n t s  of t he  p i p i n g  system were as fo l l ows :  
I 

11. bel lows seals at tached t o  the  

12. r i g i d  seals at tached t o  the  p i p i n g  

containment b u i l d i n g  boundary 

13. s t resses i n  t he  p i p i n g  were t o  

screening 1 i m i  t s  . 

p i p i n g  had t o  be prov ided between t h e  

had t o  be prov ided a t  t he  re 'actor  

be l i m i t e d  t o  the  es tab l ished 

The gu ide l ines  described above f o r  developing the  arrangement and I 

r e a c t o r  c a v i t y  and heat t ranspor t  system c e l l s  I 

1. p ipe  support  had t o  be  prov ided 

from the  p ipe  wa l l  

2. load bear ing i n s u l a t i o n  had t o  

attachment ( o r  c l  amp) 
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by non- in tegra l  attachments, insulate'd 

I 
t ransmi t  p i p i n g  loads t o  the  non- in tegra l  

3. p ipe  supports had t o  be p r i m a r i l y  o f  the  constant  l oad  type 
I 

4. p ipe  seismic r e s t r a i n t s  ( o r  snubbers) had t o  be o f  t h e  mechanical 
I type and genera l l y  loca ted  a t  support l o c a t i o n s  
I 

5. maximum span o f  p i p i n g  between supports had t o  be based on a deadweight 
I I 

bending s t ress  o f  10.3 MPa (1 500 p s i  ) and/or Supports -had - t b -  be 1 ocated a t  

p o i n t s  of concentrated loads 

6. maximum span a t  curved sect ions 

the  s t r a i g h t  r u n  span 

7. the  span f o r  seismic r e s t r a i n t s  

of p ipe  had t o  be l i m i t e d  t o  75% of 

( o r  snubbers) had t o  be cons i s ten t  

w i t h  the  screening s t ress  l i m i t s  
I 



1  oadi ngs . 
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. u 1 
-I - y- 

r u l e s  prov ided a  basis  f o r  assessing t h e  r e l a t i v e  m e r i t  o f  :a l te rna t ive  s izes,  17 . I *s I -- -d - z.62 dA---.,,* 

arrangements and supports o f  the  p i p i n g  system. This i t e ? a t r d e s i g n  * -  ' 

I I -1 
, i 

1 

1 .  

I 
I 

I 

I 

I 

process lead t o  an acceptable mechanical design o f  the CRBRP heat  t r a n s p o r t  

system p ip ing .  / Pipe Routing (Screening) Rules 
* 

Pipe r o u t i n g  o r  screening r u l e s  t h a t  account f o r  e leva ted temperature s 
considerat ions were es tab l ished f o r  assessing the  a c c e p t a b i l i t y  o f  t h e  many 

I It i s  h e l p f u l  if the p i p i n g  'anaiy'si< f o r  deadweight; thermal expansion I 

and seismic loads can be c a r r i e d  out  independently o f  each o the r  du r ing  the  I 

design process. The a l lowable s t ress  i n  the  p ipe  i s  apport ioned t o  each . -  -- - 
; d i f f e r e n t  l o a d  source so t h a t  the combined st resses do n o t  exceed the  a l lowab le  

ASME Code s t ress  l i m i t s .  With separate and d i s t i n c t  load and s t ress  l i m i t s  
f o r  each of the major l oad  sources, the  ana lys is  f o r  each can be c a r r i e d  o u t  

independently.  This  w i l l  assure t h a t  i f  the s t ress  l i m i t s  a r e  s a t i s f i e d  

f o r  the i n d i v i d u a l  loadings they w i l l  a l s o  be s a t i s f i e d  f o r  the  combined I 

1 
\ ;a l ternat ive arrangements o f  t he  CRBRP p i p i n g  and i t s  support system t h a t  

)$re considered i n  the  design process The o b j e c t i v e  o f  t he  screening @'I I i 
r u l e s  i s  t o  e s t a b l i s h  s t r e s s  l i m i t s  appropr ia te  t o  each Zype o f  l oad ing  

1 
such tha t ,  i n  t he  f i n a l  d e t a i l e d  s t ress  eva lua t i on  o f  t he  p ip ing ,  t he  ASME 

I 
Code design l i m i t s  f o r  combined loadingssare s a t i s f i e d .  

I 
I i 

A wide spectrum o f  s t r u c t u r a l  ana lys i s  methods may be used t o  show 

compliance w i t h  the  ASME Code l i m i t s .  A t  one end o f  t h e  spectrum t h e  

- 

I- 

a n a l y t i c a l  e f f o r t  i s  very smal l  and the  p i p i n g  design i s  charac ter ized by  I 
r e l a t i v e l y  l ong  loops and many supports.  A t  t he  o the r  end o f  t h e  spectrum 

I 
t he  a n a l y t i c a l  e f f o r t  may be very  l a r g e  and t h e  p i p i n g  design may be 

charac ter ized by a  re1 a t i v e l y  compact arrangement and fewer supports.  

Optimum p ipe  r o u t i n g  r u l e s  must c o n t r i b u t e  t o  a  minimum t o t a l  cost .  - 
I - -- A _-- - 



In conjunction with screening o; pipe routing ru les ,  methods fo r  
, , , - I  ._. - .- ;---. 2---- --- .---- -.- .---- \,,,--. - 

determining piping nozzle loads -;- ~ u s t ; ~ e ~ e s t a b l 3 ~ s ' h e d ~  , . ,. - thealip$nghe . . --..i.,.L- p lp lng  
designer using a consistent basis with the screening rules to  assure tha t  

I the piping design does not give reactions greater than the specified 
I nozzle loads. Therefore, a method was developed to  obtain pipe nozzle 
I loads tha t  gave a .practical ,. bound on the expected pipe reactions based 
I upon the l imi t  loads- for  the piping adjacent to  a component nozzle. 

These load and s t r e s s  l imi ts ,  whlether appl ied to load combinations or 
I individual 1 oadings , are generally referred t o  as "screening rules". In 
I various forms, they have been found to  be an excellent aid in the piping 

design cycle because they permit the 

type of loading independently without 

effects .  

piping design to  proceed for each 

d i rec t  consideration of combined loa 

To minimize the s ize  of the readtor containment b'uilding i t  i s  essent 
I that  the heat transport piping system loops be short fo r  a compact arrange 

' I  ment. Therefore, the pipe routing rules established fo r  CRBRP piping s e t  
I 

re la t ively high a1 1 owable s t ress  1 imits,  recognizing tha t  final ASME Code 
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compliance evaluations could require 

For the,  heat transport system cold leg piping that  i s  normally 
operating a t  temperatures less  than 4270C (800°F) ,%the pipe routing rules 

I '  are based upon sat isfact ion of the primary-plus-secondary s t r e s s  intensity 
I range l imits ;~?i~. .e . ,  Equation 10 of Subsection NB-3600 of the ASME Code. 
I 

Specifical ly ,  t o  establ ish - the  individual s t r e s s  intensi ty  1 imi t s  f o r  each 

complex inelast ic  analysis a t  a limit 

type of loading fo r  routing the cold 

intensity range for  the selected 

conditions had t o  be sa t i s f ied .  The 

number of locations in the piping loops. The pipe routing rules were 
I establ i shed by apportioning the a1 1 owable s t r e s s  to  the different  types 
I of .loading categories such as pressure, deadweight, seismic and thermal 

expansion s t resses .  

I leg piping, the primary-plus-secondar 

"worst-case" cycle under upset loading 

governing relation i s :  



S(Q) 
I 

= the value of the secondary s t r e s s  intensi ty  
I 

range tha t  occurs during the operating cycle 

being evaluated. 

[ s ( P L + p b ) ] + s ( Q ) i 3 S m  . . 

where 

sm = maximum allowable dtress . fo r  the material 
I 

from Table 1-1.0 of the ASME Code, Section 111. 

. . . . . - 6 .  (1) 

I 
Equation 1 had to .be  s i t isf ied-for  a reference cycle which consists 

I of ranges of pressure, OBE,  thermal transient and thermal expansion 
I loading. Based upon evaluation of th i s  reference cycle, the pipe routing 
I rules were obtained as a s e t  of allowable s t ress  intensi ty  l imits for  

each of the types of loading considered. i 

[S(PL+Pb)] = the value of the primary membrane plus bending I 
s t r e s s  intensity range tha t  occurs during the 

operating cycle being evaluated. I 

For the heat transport system h d t  leg piping tha t  i s  normally oper- 

ating a t  temperatures greater than 4 1 7 0 ~  (800°F) and designed in accord- 
-- -- -. 

ance with Code Case 1592, the el  asticlstress3JJii-ts-t$ preclude strain ratchetti 
_ -  -_ I_----__ _ __I - -- UP 

are  - - usually - - - - - - - . - the - - - most -- - - - d i f f i cu l t  . - - - - - - - - to  - - s a t i s f y L 1 ~ l a s t i c  - ana7ysi_s_-ksS _tobe -r-- used, ratchetting can be precluded by limiting the primary-plus-secondary 

s t ress  intensity induced under operaling conditions involving combined 
I weight, pressure, seismic, thermal expansion and thermal t ransient  load- 
I ings. For the purpose of establishing individual s t r e s s  intensi ty  l imits i fo r  routing the hot leg piping, the same basic approach used for  the . 

'cold leg piping was used. 
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. where 

[S(PL+Pb)Imax = the  maximum valde o f  t he  pr imary membrane p l u s  
I 

bending s t ress  i n t e n s i t y  d u r i n g  the  cyc le .  

I 
, 

\ I  
, 
I 

1 

t 

' I  To e i t a b l i s h  the  s t ress  l i m i t  f o r  thermal expansion s t r e s ~ T t h e * Z ~ - ~ ,  

I 
rS(Q)1range = t h e  maximum value o f  the  secondary s t ress  i n t e n s i t y  

I 
range du r ing  t h e  cyc le .  

primary-plus-secondary s t ress  i n t e n s i t y  
- 

l i m i t s  t o  s a t i s f y  Equation 1, 
' i  

Paragraph T-1322 o f  Code Case 1592 (Yased on e l  a s t i c a l  l y   calculated^. 

'Z t re ises) ,  a re  used;---The opera t ing  c y c l e  was def ined as the  
- -  I 

I 
.> 

ambient heatup-to-normal opera t ing  cyc le .  I n  equat ion form the  l i m i t  as 

p tesc r i bed  by the  Code Case can be w r i t t e n  as f o l l o w s :  \ 
! 

- Sa-k, - = Sa. i s  equal t o  s -:if the  average w a l l  temperature 
1Y .' 4.- 

a t  one o f  t he  s t ress  extremes 'de f in ing  the  secon&ry 

temperatures of t he  cyc le  under cons idera t ion .  -- -- - -- I -.,. i - -..--- - -  -_ _ _ _ _ _  ._____ _ *  - . -  
I 

St 
1, 

= Time dependent & t e r i  a1 a1 1 owable de f ined i n  Code Case 1592. 
I 

s t ress  range i s  

1 

I 

" .  
I 

I n  estab1.i - - sh i  ng the  t h e n a l .  expansion s t ress .  1 i m i  t , .i5t.+houl d be: note-d 
1 

below t h e  creep regime. Otherwise, 

= The-average o f  ;he minimum s p e c i f i e d  y i e l d  s t reng th  
I 

values a t  the  m~ximum and minimum w a l l  averaged 

I t h a t  .$he load ing  cycle, being evaluated,-.in acco~da_n-ce. w j t h  Equation 2 does 
I - -  1 1 n o t  g i ve  the  maximum primary-plus-secondary s t ress  which occurs dur ing  a l l  

I normal and upset  opera t ing  condit ions,.  The OBE seismic upset  cyc le  would 

I probably g i ve  the maximum stresses.  ,The use o f  a cyc le  which g ives l e s s  than I 

Sa i s  de f ined as the  l e s s e r  o f  S o r  1.25 St taken 
I Y 

a t  the  h ighes t  average w a l l  temperature occu r r i ng  
I 4 

du r ing  the  c y c l e  a t  10 hours. 

the-maximum_ s t ress  i s  based upon, f i S s t l y ,  t he  judgement .that: :if,- the I 1 - - 

9 - - L -  
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/ c y c l e  which g ives  the  h ighes t  s t r e s s e i  was used, the  space requirements f o i  

I t he  p i p i n g  loops would be unacceptabla from the  s tandpo in t  o f  r e a c t o r  con- 
I 

tainment b u i l d i n g  s ize .  Secondly, t he  pipe1 i n e  s t resses t h a t  are c a l c u l a t e d  
I du r i ng  the  r o u t i n g  s tud ies  are basdd An t h e  conserva t ive ,  s i m p l i f i e d  p i p i n g  

1 
; ana l ys i s  approach as def ined i n  NB-3650. By s h i f t i n g  t o  d e t a i l e d  e l a s t i c  
I 
, ana l ys i s  as de f i ned  i n  NB-3200, s a t i s b a c t i  on of t h e  Code Case.,1592 e l a s t i c  

I 
: l i m i t s  f o r  a l l  load  cyc les  i n  most cases should be met. T h i r d l y ,  a  90% factor 

I / i s  app l i ed  t o  t h e  Sa a l lowab le  f o r  added assurance t h a t  the  Code l i m i t s  can 
I I I !be met i n  most cases w i t h  e l a s t i c  ana l ys i s .  F i n a l l y ,  i f  i n e l a s t i c  analyses 
I 

a r e  needed, i t  i s  expected the  amount w i  11 be l i m i t e d .  i I Once the  screening r u l e s  had been es tab l i shed  and w i t h  t he  design guide- 
I ' l i n e s  discussed prev ious ly ,  the  mechabical design of the  p i p i n g  and i t s  sup- 

1 
p o r t  system cou ld  progress t o  a  f i r m  o r  base l ine  arrangement. Pressure, 

deadweight,  thermal expansion and se i  i m i  c  analyses were c a r r i e d  ou t  inde-  

pendent ly f o r  many design a l t e r n a t i v e s  t o  determine st resses f o r  comparison 

w i t h  t he  es tab l i shed  screening r u l e  l i m i t s .  When t h e  gu ide l i nes  discussed 

i n  t h e  prev ious sec t i on  and the  screehing l i m i t s  were s a t i s f i e d ,  t he  p i p i n g  
! 
!and suppor t  design was acceptable and! t he  base l i ne  design es tab l i shed.  
1 I 

1 - 

- , - -  - 3 -  I- - - - - 
Desi gn Eva1 u a t i  on 

I 
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Once the  base l i ne  design o f  t h e  CRBR p i p i n g  had been establ ished;  t h d  L- -- -.-. -*. >r .--5 ' 

d e t a i  1  ed s t r u c t u r a l  eva lua t i on  Tasnmadeih naacco~d;dhncenwrth~,the~methods~ - '  
I .C 

o u t l i n e d  i n  recognized nuc lea r  i n d u s t r y  codes and standards, t h e  ASME 
I 

B&PV Code and t h e  a d d i t i o n a l ,  supplemental requirements o f  t h e  RDT Standards. 

The eva lua t i on  o f  t he  heat  t r a n s p o r t  system p i p i n g  inc luded,  f l e x i b i l i t y  

analyses c a r r i e d  o u t  on a  l i n e a r ,  e l d s t i c  bas is  prov ided fo rces  and momints 
I I 

a t  se lec ted  p o i n t s  a long t h e  p i p e l i n e .  The heat  t r a n s f e r  analyses prov ided 

' t h r u i t h e - p i p e  w a l l  temperature g rad ien ts  and average p ipe  temperatures a t  
I 

- s t r u c t u r a l  d i s c o n t i n u i t i e s .  With these ana l ys i s  da ta  and a  p rescr ibed ,' 

( s t a t i c  and dynamic), stress,and heat t r a n s f e r  analyses. The f l e x i b i l i t y  

p l a n t  du ty  c y c l e  o r  1  oading h i s t o r y ,  s t ress-eva l  ua t i ons  o f  t h e  pipe1 i n e  
\ 

a t  se lec ted  l o c a t i o n s  were c a r r i e d  o y t  as shown i n  F igure  1  w i t h  t h e  . 



I ELTEMP program[g/at elbow midpoints and circumferential weld joints  between 
an elbow and a s t ra ight  pipe section. 

I If  the strain-control led l imits  not S a t i s f i e d  on an e l a s t i c  
- - -- .- - -~ - -. 

:,bas i s :-.ei t h x  redes i qn i s  or ine las t ic  ana1.y.ses. may-_. necessarf- 1 b e  used t o  show tha t  ine las t ic  s t r a i l s  i n  the pipeline are not e x c e s r i " ~ - (  

I n i t i a l l y  the s t ress  evaluation4 were carried out on an e l a s t i c  basis. 

I If the reason for  non-compl iance of {train-control led 1 imits i s  judged to  I 

A t  a given location in the pipeline, 

resu l t  from excessive thru-the-wall thermal t ransient  s t resses ,  the 
I analysis procedure can be modified t y  use e l a s t i c  f l ex ib i l i t y  analysis 

s t resses  from the various loadings 

( i e . ,  forces and moments) with an ine las t ic  analysis of the pipe componerit i ( i  . e . ,  elbow, reducer, e t c . )  t o  determine to ta l  s t ra ins .  If  the reason I I for  non-compl iance i s  judged t o  resul t  from excessive f lex ib i l  i t y  
I 

were combined t o  determine total  primary or load-controlled s t resses  a t  a 
I given time in the load history and to  find secondary or peak s t r e s s  

(strain-controlled) ranges between t k e s  i n  the histogram. The primary 
I stresses  were checked against a r e s t r i c t ive  allowable that  prevents gross I yielding through the pipe wall. Next, the possibi l i ty  of gross dis tor t ion 

- -  - -1- -\ / 

and creep-fatigue w e ~ e ~ : ~ h e i k ~ d ~ u s i ~ ~ ~ & h e ~ ~ ~ ~ 1 a s t i c a l l y  - - - --  calculated primary 
s t resses  and ranges of secondary and 

/ analysis. An ine las t ic  combined f l e l i b i l  i t y  and component analysis i s  t o  1 

peak s tresses .  

forces due to  thermal expansion, the 

be used as a l a s t  resort .  

procedure can be modified t o  use an 

inel a s t i c  flexibi 1 i ty analysis and a7 e l a s t i c  or inel a s t i c  piping component 
I 
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Piping Arrangement 

The CRBRP heat transport system i s  comprised of three piped loops 

which operate i n  paral le l .  Each heat transport loop i s  subdivided into 

two systems; a primary heat t ransporl  loop and an intermediate heat 



I---- 
I 
'I transpor t  loop which a re  the rma l l y  coupled by an in te rmed ia te  heat exchanger 

I (IHX). Radioact ive sodium i s  t ranspor ted  by the  pr imary loop from the r e a c t o r  
I I vessel t o  t h e  heat exchanger and back t o  the  r e a c t o r  vessel.  Non-radioact ive 

sodium i s  t ranspor ted  by the  in te rmed ia te  loop (which i s  loca ted  p a r t i a l l y  
I i n  both the reac to r  containment and steam generator b u i l d i n g s )  from the  heat 
I 

exchanger t o  the steam generators and back. Only the  in te rmed ia te  p i p i n g  I I ; w i t h i n  the  r e a c t o r  containment b u i l d i n g  w i l l  be discussed i n  t h i s  paper. 
. I  

Each o f  the th ree  pr imary l.oops and those sec t ions  of the in te rmed ia te  1  oops 
I w i t h i n  r e a c t o r  containment a re  contai'ned i n  a  separate, sh ie lded and i n e r t e d  

I c e l l  i n  accordance w i t h  design requirements ; L 
I '  

- 
- . 

C e r t i i n  design.' requirements gh temperature cons idera t ions  

I 
1. t he  need'to main ta in  system pressure 1  osses a t  t he  requ i red  f low 

I 
ra tes  t o  a  reasonable value t o  conserve pumping powers coupled w i t h  

low system opera t ing  pressure. I 

d i c t a t e  some d i s t i n c t  fea tures  o f  t h d  mechanical design o f  heat t r a n s p o r t  
I system p ip ing .  These requirements and considerat ions inc lude:  
I 

- 

2. t he  c o r r o s i v e  e f f e c t  o f  f l o w i n g  

I I t em (1)  and (2)  above d i c t a t e  b l a t i v e l y  l a r g e  p ipe  diameters t o  ( 

sodium. 

3. t h e  h igh  ope ra t i ng  temperature, 

l a r g e  temperature t r a n s i e n t s  and 

o f  a u s t e n i t i c  s t a i n l e s s  s t e e l .  

I minimize sodium v e l o c i t y .  Very low iystem res i s tance  i s  e s p e c i a l l y  needed 
I I 

h igh  f i l m  c o e f f i c i e n t  f o r  sodium, 

r e l a t i v e l y  low thermal c o n d u c t i v i t y  

I f o r  t h e  p i p i n g  from the  r e a c t o r  o u t l e t  t o  the  pr imary pump suc t i on  t o  minil- 

mize pump NPSH e f f e c t s  a t  t he  low op6ra t ing  pressure; I tem ( 2 )  i s  bes t  
I 

accommodated by the  use o f  a u s t e n i t i r  s t a i n l e s s  s t e e l  . I tem (3)  $d i c ta ted  

t h e  use of t h i n  w a l l  p i p i n g  t o  minimize thermal g rad ien ts  through the  
I 

p ipe  w a l l .  The.se lec t ion  of the  p ipe  w a l l  th ickness must consider  the  
I 

t radeof f  between pr imary  pressure and o the r  '1 oad-control  l e d  st resses and 
I I secondary thermal t r a n s i e n t  s t resses the  former decreasing w i t h  i ncreasi  
I 
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I I 
The design process t o  l a y o u t  t he  general arrangement o f  the  i ncon ta in -  

I I 
ment p i p i n g  system was an i t e r a t i v e  process based on the  arrangement guide- 

3. m e t h d  o f  equipment support.  

4. r e s t r a i n t  po in ts .  

15. - - i n t e r f a c i n g  systems i n c l u d i n g  t h e  b u i l d i n g .  
+ -- . -- . - -- 4- ---.- 

I 
l i n e s  and p ipe  r o u t i n g  r u l e s  t h a t  had been establ ished.  P re l im ina ry  

s t a t i c  p i p i n g  s t ress  ana lys i s  f o r  t h l rma l  expansion s t a r t s  i n  t h i s  basic  
I 

l a y o u t  stage. This  ana lys is  v e r i f i e d  equipment l oca t i ons  (pumps, I H X ,  

va lve  . e tc .  ) anb the  major p ipe  r o u i i n g .  The f o l l o w i n g  aspects of t he  
I 

p i p i n g  system were considered i n  these analyses : 

1. heat t r a n s p o r t  system equipment 

The general arrangement o f  the CRBRP heat t r a n s p o r t  system p i p i n g  I 

t h a t  r e s u l t e d  from the  design provess i s  shown i n  F igures 2 t h r u  4. The 
i 

considerat ions t h a t  played the  major  r o l e  i n  e s t a b l i s h i n g  t h i s  l ayou t  

inc luded (1 )  the p i p i n g  had t o  be e levated above the  minimum safe sodium 

l e v e l  i n  t h e  reac to r  vessel o r  contained i n  guard vessels, (2 )  t h e  need t o  
I 

preclude neutron shine, and ( 3 )  the  need t o  p rov ide  access. I n  p a r t i c u l a t  
I 

the design shown i n  the  above f igures ,  conta ins 
- .  .- - - . - . - . . - - A A . . - - . - - j 

w a l l  th ickness and the  l a t t e r  i nc reas ing  w i t h  w a l l  th ickness.  Based on 
I t h e  key design parameters g iven i n  Table 1  f o r  t he  heat t r a n s p o r t  system 
I 

p i p i n g  and the  screening r u l e s  t h a t  were es tab l ished t o  l a y o u t  t he  p i p i n g  

check:? 

i n  t h e  p i p i n g  system. 

Page ho 

loops, a  p ipe  w a l l  th ickness o f  12.7 

e n t i r e  p i p i n g  system. Combining a l l  

2. l o c a t i o n  and movement o f  equipment nozzles. 

mm (0.50 i nch )  was se lec ted  f o r  t he  

these cons idera t ions  r e s u l t e d  i n  t h e  

use o f  0.61 m (24 i n c h )  O.D. p i p i n g  w i t h  the  12.7 mm (0.50 i nch )  w a l l  f o r  
I 

t he  incontainment heat t r a n s p o r t  system except f o r  t he  r e a c t o r  o u t l e t  
I p i p i n g  which i s  0.91 m  (36 inch)  O.D. w i t h  the 12.7 mm (0.50 i nch )  w a l l .  

Type 316 s t a i n l e s s  s t e e l  wasused f o r  

o f  i t s  supe r io r  h igh  temperature 

was used f o r  t he  c o l d  1  eg p i  p ing.  

t he  h o t  l e g  p i p i n g  m a t e r i a l  because 

p rope r t i es ,  and Type 304 s t a i n l e s s  s tee l  



I 1 arge 1 oops to  accommodate thermal expansion, has attached be1 1 ow seals  
I between the reactor cavity and heat transport c e l l s ,  and i s  rigidly 
I restrained a t  the reactor containment bui 1 ding penetrations . 

Selection of Pipe Support and ~es t r a i ln t  Locations 
I The location, sizing and arrangement of pipe supports i s  best carried 
I out during the i n i t i a l  study layout and arrangement of the primary and 
I intermediate piping. In th i s  way the piping, i t s  supporting systems, and 
I thei r combined interaction with other components and building s t ructure I can be subjected t o  study and planning. In addition to  establishing the 
6 

general arrangement of the piping and i t s  support points, early decisions 
I 

had t o  be made on the .type of-  Supports, t h e i r  general size., space require- 
1 ments and access for  maintenance, a l i  of which had-to 'be examined i n  
3 

relatibn t o  building structures and3;ther related pipe systems. 

I I 
I The design approach used i n  estdblishing the location of the piping 1 supports was as foil ows : . 

I 1. In accordance w i t h  the gui.de.1 ines establ ished fo r  1 ocating supports, 
a reasonable s e t  of locations ware selected for  pipe supports and 
seismic res t ra in ts .  

I 
2. P i p i n g  deadweight and seismic f lexibi  1 i ty  .analyses were carried out 

I and,in conjunction with the pipe routing rules,  locations of supports 
I I and seismic res t ra in ts  were verif ied.  

D 
j 

I 
3 .  From step 2 ,  the principal sizeL arrangement and space requirements 

I 
f o r  the.supports and res t ra in t  components were established and the 
detailed design of the supports 1 and associated hardware such as 

I clamps, rods and bol t s  could prbceed. 

Pipe Support System Design 

I In general, the design approach to  provide adequate support and 
B r e s t  ra i  n t -for t he-1 arge -d iamet er-t h i-n-wa-1-1-p-i-p-i-ng-of-the-C-RB 

14 --.-k - 
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I,n the design, .of,. the :support :...&d ' r e s t d n t  . s$stems-- : f o r  . . . 
I 

the CRBRP pr imary and in te rmed ia te  pitping there  are  two areas which 
1 r e q u . i r d s p e c i a l  a t t e n t i o n  and which are. departures from the  convent ional 
I design of p ipe  supports and r e s t r a i n t  systems. ' These areas are :  
I 

--- -- -- --- ----I- t r a n s p o r t  system fo l  1  ows the design ph i  1  osophy o f  "convent ional " p i  p ing  

1. The s e l e c t i o n  of seismic r e s t r a i n t  types. 
I 

systems of s i m i l a r  p ipe  s i z e  and w a l l  

2. The design of the p ipe  clamp, a i d  o the r  support attachments t o  the  

p ipe  w a l l  . 

th ickness.  There i s  a  g reat  deal 

1 
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o f  experience i n  t he  f i e l d  i n  suppor t ing  and b rac ing  o f  p ipe l i n e s  o f  t h i s  
I s i z e  range and there  are  many components and accessories r e a d i l y  a v a i l a b l e  

as "offthe she l f  i tems" which meet A ~ M E  Code, Sect ion I11 requirements 

Due t o  the  h igh  r a d i a t i o n  l e v e l  a t  c e r t a i n  l o c a t i o n s  along the  p ip ing '  

system d u r i n g  normal opera t ion  the  use o f  convent ional hyd rau l i c  snubbers 
I 

i s  n o t  recomrlended because o f  t h e  r e a c t i o n  o f  hyd rau l i c  f l u i d  and elastomer 

t h a t  may be used. Many o f  these s h e l f  

seals of t he  u n i t s  t o  h igh  l e v e l s  o f  

become very b r i t t l e  i n  the  presence 

loose t h e i r  sea l i ng  proper t ies .  The 

i tems a re  d i r e c t l y  app l i cab le  t o  

r a d i a t i o n .  Hydrau l ic  seals  tend t o  

o f  h igh  l e v e l s  o f  r a d i a t i o n  and thus 

l i q u i d s  tend t o  gum i n  h igh  r a d i a t i o n  

t h e  support o f  CRBRP p ip ing ;  f o r  exayple, s p r i n g  supports, constant  load 

hangers and- seismic r e s t r a i n t s ,  are a l l  d i r e c t l y  appli.cable. . A g rea t  many 
I o f  t he  accessories such as rods, pads, c lev i ses ,  e t c .  a re  a l s o  d i r e c t l y  

app l i cab le  f o r  CRBRP use. 

exposure and thus loose t h e i r  f l ow ing  p rope r t i es  so essen t i a l  t o  proper 

operat ion.  I n  view of t h i s ,  mechanikal snubbers which are  e s s e n t i a l l y  

unaf fec ted  by  r a d i a t i o n  are  used f o r  

w i t h i n  the  r e a c t o r  containment b u i l d i n g .  

developed s p e c i f i c a l l y  f o r  t h i s  type 

nuc lear  power i ndus t r y .  

t h e  CRBRP heat t ranspor t  system p i p i n g  

Mechanical snubbersm .have.. been 

o f  use and are  now w ide l y  used i n  t h e  



I  he design of the  p ipe  clamp and] o the r  attachments t o  the  p ipe  w a l l  
I 

. I 'p~esented the  second departure from cqnvent ional  desi  gns . This i s  b r o i g h t  

about by the  na ture  o f  t h e  l i q u i d  meial  sodium, which i s  t he  heat t r a n s -  

p o r t  system f l u i d  c a r r i e d  by the  p i p i n g  system. The high, r a p i d  temper- 

a tu re  changes, 205OC (400°F), %which maysboccur i n  t he  heat  t r a n s p o r t  

system and the  h igh  f i l m  c o e f f i c i e n t  f o r  sodium rn~j t ,produce h igh  r a d i a l  

temperature grad ien ts  and bending st resses i n  t h e  p ipe  w a l l .  A meta l - to -  
I 

metal clamp &;ectly app l i ed  t o  the  q ipe  ou ts ide  diameter o r  a  welded-on 

attachment would e f f e c t i v e l y  increase the  th ickness  of t h e - p i p e  l oca - l l y  
I . - 

causing increased st resses i n  t h e  p ipe  w a l l .  To avo id  t h i s  problem f o r  

CRBRP p ip ing ,  non- in tegra l  i nsu la ted  attachments, which are composed of 

o u t e r  r i n g s  stood o f f  t he  p i p i n g  by qn i n s u l a t i n g  ma te r ia l  capable o f  

c a r r y i n g  compressive loads, were used except a t  p ipe  anchor po in t s .  I n  
4 .- - - - 

add i t ion ,  t he  u ie 'o f  insu_lated clamps i i n i m j z e  p ipe  heat  losses. -- 
I 

- -7- 
- - - -- T 

I 
The design of t he  p ipe  .ciamp assembly used ,on h o r i z o n t a l  runs of 

I 
CRBRP p i p i n g  i s  shown i n  F igure  5. The clamp assembly cons i s t s  of two I semi -c i rcu la r  carbon s t e e l  r i n g s  ( w i t h  attachment l ugs )  which are he ld  

together  by a  system o f  spr ings t o  adcornmodate changes i n  p ipe  diameter I 
I due t o  temperature changes. Sandwiched between these r i n g s  and the  ou te r  I 
I p ipe  w a l l  a re  two semi -c i r cu la r  l oad  bear ing  i n s u l a t i o n  bands t h a t  are i 38.1 mm (1.5 i nch )  t h i ck . '  These i n s y l a t i o n  bands con ta in  the  load-bear ing 

I 

i n s u l a t i o n  encased by  s t a i n l e s s  s t e e l  formed and welded sheathing. The I 
I 

spr ings prov ide  a  predetermined clamping load on the  p ipe  w a l l ,  w h i l e  t h e  I . 
I 

i n s u l a t i o n  minimizes the  p ipe  w a l l  thermal t r a n s i e n t  s t ress .  
.*?> >- 
I . .  

A t  l o c a t i o n s  where an attachment t o  the  p ipe  w a l l  i s  abso lu te l f  ; 
I 

necessary, such as a t  the  reac to r  cohtainment b u i l d i n g  penet ra t ions  and 
I 

a t  t he  be1 1  ows seals , a specia l  l y  contoured f l  ued-head design was:cused'. I 
For CRBRP p ip ing ,  t h e  f lued-head pip! ng  attachment used i s  shown i n  

F igure  6. The shape i s  contoured t o  l i m i t  through-wal l  thermal t r a n s i e n t  

s t resses and ma te r ia l  gross d i s c o n t i n u i t y  thermal s t resses.  
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1 Dekailed Design and Verification 

The elevated loop concept of t h d  CRBRP piping i s  characterized by 
I long vertical  runs of pipe within guard vessels wt~ich required support 
I along the vertical run to minimize s t  ireSSeS For th i s  application a non- 

integral vertical  clamp assembly@] was developed as shown in Figure 7.. 
I 

This design re1 ies  on load being. transferred from* an -axial support ledge 
in the piping to  a load-bearing 

clamp ring. This design minimizes the 

piping wall. 

insulation band and f ina l ly  to  the outer 

thermal t ransient  s t resses  in the 

Once the arrangement of the piping and i t s  support system had been 
I I established and the design of the pipe supports and clamps s e t ,  conventional 
I 

piping design practices were followed t o  complete the CRBRP piping system 
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design. These will not be discussed 

In para1 l e l  with completing the 

design, s t ructural  evaluations are  
ASME B&PV Code, Code Case 1592-7 and 

here because o f  the i r  standard natbre 

detailed design of the CRBRP piping 
_^ 

being I p e r f q r ~ a ! i n .  accordance wi t h  t h e  
the referenced RDT Standards. The 

in piping design, b u t  the design progressed through the establ ishment of 

piping arrangement isometric spool ing drawings, interface 

control drawi~ngs with the building attaching piping systems, and 

detai l  support system drawings. completion of these drawings, an 

assembly drawing of each piping made which provided a l l  the neces- 

the piping system. 

sary information and de ta i l s  erection, and ins ta l la t ion  of 

e l a s t i c  analysis completed has verified the adequacy of the arrangement 

and design of the CRBRP incontainmenl heat transport system piping with 
I a degree of confidence tha t  permits ordering of materials and fabrication 
I 

of spooling. In addition, the ongoing detailed e l a s t i c  and ine las t ic  

analysis of the many structural de ta i l s  in the piping system being car r ie  i out will provide the necessary information fo r  ASME Code verification and 

cer t i f ica t ion  of the complete system I 
i 



I t h a t  was fo l lowed i n  e s t a b l i s h i n g  t h j  des ign o f  t h e  CRBRP inconta inment .  I 

1  e 
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' 

heat  t r a n s p o r t  system p i p i n g  which oderates i n  a h igh  temperature env i ron-  
I ment. T h e . c r i t e r i a ,  methods, and procedures be ing  developed i n  t he  Un i ted  
I 

States f o r  e leva ted  temperature design have been f a c t o r e d  i n t o  t h i s  design 
I process. I n  p a r t i c u l a r ,  t he  phases o f  t he  mechanical design of t he  p i p i n g  
I system most i n f l uenced  by e leva ted  temperature cons ide ra t i ons  were discussed 
I - i n  d e t a i l .  The. r e s u l t i n g  design o f  t h e  CRBRP p i p i n g  inc luded the  use - o f  

I 
This  paper i s  based on work performed under t he  U.S. Department of 

t h i n - w a l l e d  l a r g e  diameter p i p i n g  o f  

c a r e f u l l y  designed non- in tegra l  support  

temperature cons idera t ions . ,  

Energy Cont rac t  EY-76-C-15-2395 w i t h  

a u s t e n i t i c  s t a i n l e s s  s t e e l  w i t h  a 

system because o f  these e leva ted  

the  Westinghouse E l e c t r i c  Corporat ion,  
I 

I n  concl usion, : i n fo rma t i on  e x i s f i  t o  desi$n 1 i q u i d  metal f a s t  breeder  

rear i to r  1  arge d iameter  p i p i n g  systemd w i t h  a h igh  degree o f  conf idence 

i n  i t s  i n t e g r i t y .  

Advanced Reactors D i v i s i o n .  The authors wish t o  express t h e i r  app rec ia t i on  
I 

t o  t h e i r  many col leagues i n c l u d i n g  D r .  R. H. M a l l e t t ,  Messrs. S. Kumar; I A. C.  S t e f f y ,  0. B i l g i n ,  A. J .  K r i v i ,  W. J. Dacko and R. W. D e v l i n  f o r  
I 

t h e i r  c o n t r i b u t i o n s  t o  t h i s  design p r o j e c t .  A spec ia l  word  o f  thanks i s  I 
due t o  'Janice' ~ocken.bevly f o r  he r  e f f o r t s  i n  p repa r ing  the  manuscri p t  . 

I 
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TABLE 1 

DESIGN PARAMETERS FOR HEAT TRANSPORT SYSTEM (HTS) PIPING 

PHTS 
[.old Leg 

O.6lm 

304 SS 

41 3OC (775OF) 

399OC (750°F) 

1.38 MPa 

0. 92MPax(1 33psi ) 

I HTS 
Hot Leg 

0.61111 - a  

316 SS 

518OC (965°F) 

518°C 

2.24MPa (325psi)  

1.54MPa (224psi ) 

I HTS 
Cold Leg 

0.61111 

304 SS 

413OC 

361 OF (681 OF) 

2.24 MPa 

1.76 MPa (255 p s i )  

PHTS 
Crossover 

0 . 6 1 ~  (24")  " 

316 SS 

546°C 

546" C 

1.38 MPa (200 p s i )  

1.16 MPa (168 p s i )  

S i ze  

M a t e r i a l  

Des i gn 
Temperature 

Operat. 
Temp. 

Des i gn 
Press. 

Operat. 
Press. 

PHTS 
Hot Leg 

0.91111 (36")  

316 SS 

546OC (101 5°F) 

546°C (1  01 5OF) 

0.21 MPa (30psi )  

0.04 MPa ( 6  p s i )  
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Figure 1. Piping Elastic Analysis Process 
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~i~ur??. CRBRP Heat Transport System Piping General Arrangement 
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Figue 3. CRBRP Primary Heat Transport System Piping 
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TRANSPORT SYSTEM PLAN ARRANGEMENT . . A - 
Figure 4. CRBRP Intermediate Heat Transport System Piping 
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