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I. I N T R O D U C T I O N 

The p u r p o s e of th i s r e p o r t is to p r o v i d e a d e t a i l e d ou t l ine of the p ip ing 

^fv^oc a n a l v s i s of the 5 Kwe R e a c t o r T / E U n m a n n e d 

t h e r m a l a n d primary stress ana iyfa io oi tin. 

S y s t e m T e s t . 

In i t i a l l y the t h e r m a l a n a l y s i s was p e r f o r m e d on the p r i m a r y p ip ing 

s y s t e m of the r e f e r e n c e c o n c e p t u a l d e s i g n l ayou t . It i n v e s t i g a t e d the r e ­

f e r e n c e d e s i g n and a l s o e x p l o r e d a l t e r n a t e d e s i g n c o n f i g u r a t i o n s . The 

a n a l y s i s was l i m i t e d to the p r i m a r y p ip ing s y s t e m f r o m the r e a c t o r to the 

s i x t e e n (16) t h e r m o e l e c t r i c c o n v e r t e r s . The s t r e s s a n a l y s i s was p e r f o r m e d 

u n d e r s t a r t - u p cond i t i ons ( see T S R - 6 5 2 - 3 4 0 - 0 0 2 ) b e c a u s e th i s t r a n s i e n t cyc l e 

c a u s e d the m o s t s e v e r e d i f f e r e n t i a l t h e r m a l m o v e m e n t s b e t w e e n the body 

and the p ip ing . 

Af t e r the r e f e r e n c e d e s i g n c o n c e p t b e c a m e f i n a l i z e d , a m o r e d e t a i l e d 

t he rnna l s t r e s s a n a l y s i s and p r i m a r y s t r e s s a n a l y s i s was p e r f o r m e d on a l l 

the p ip ing s y s t e m s , both p r i m a r y and s e c o n d a r y . The p r i m a r y load 

a n a l y s i s is b a s e d on the s y s t e m of l oad ings tha t would o c c u r in s p a c e . No 

g r a v i t a t i o n a l , s e i s m i c , s u p p o r t o r c o m p o n e n t we igh t f o r c e s w e r e c o n s i d e r e d , 

t h e r e f o r e , only the p r e s s u r e t h r u s t of the e x p a n s i o n jo in t was t aken into 

a c c o u n t . 

FOUM 7 1 9 - P UK'V. 8 - 6 9 
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n . STRUCTURAL CRITERIA 

For the piping t h e r m a l ana lys i s , the s t ruc tu ra l c r i t e r i a of the Power 

Piping Code ANSI B31. 1. 0 and Section III Class 1 high t empera tu re code, 

case 1331. 5 of ASME BPVC Section III were considered for application to 

the piping s y s t e m s . 

The per t inent differences between the Power Piping Code (ANSI B31. 1. 0) 

and the ASME, Boiler and P r e s s u r e Vessel Code, High T e m p e r a t u r e Code 

Case 1331-5, a r e tabulated in F igures 1, 2 and 3. Basical ly , the high 

t e m p e r a t u r e code case ca lcu la tes s t r e s s indices for elbows (C ) that a r e 

double that of the Power Piping Code (i). This means that calculated s t r e s s e s 

under the high t e m p e r a t u r e code case will be much g r e a t e r than those 

calculated under the power piping code for the same piping configuration. 

Also , due to a m o r e s t r ingent approach, the allowable s t r e s s intensi ty levels 

under the code case a r e considerably lower than the allowable s t r e s s ranges 

calcula ted under the power piping code. For Type 316 austeni t ic s t a in less 

s tee l piping at 1200 F, the allowable s t r e s s range S (B31. 1. 0) = 25, 200 psi 
A. 

and the allowable s t r e s s intensi ty Sq (1331-5) = 11,250 psi . In this repor t , 

s t r e s s ana lys i s is pe r formed pe r the MEL-21 computer p r o g r a m . All 

s t r e s s levels that a r e shown at elbows and nozzles a r e d i rec t ly re la ted to 

the allowable s t r e s s range S per the Power Piping Code B31. 1. 0. 

The p r i m a r y load ana lys is made use of the ANSI B31. 1. 0 section on 

Additive S t r e s s e s . The sum of the longitudinal s t r e s s e s due to p r e s s u r e , 

weight and other sustained loads a r e not to exceed the allowable s t r e s s in 

the hot condition, S . The values of the longitudinal p r e s s u r e s t r e s s , S.̂  ._, 
rl L P 

and S a r e tabulated in F igure 4. Since conditions in space a r e considered 
H 

only, the s t r e s s due to a l l other sustained loads is S , the expansion joint 

p r e s s u r e th rus t . The value of S mus t be tabulated to es tab l i sh the m a x i ­

mum allowable s t r e s s caused by the p r e s s u r e loading froin the expansion 

joint . The r e s u l t s of the tabulations for S a r e shown in Figure 4. 

FOllM 7 J 9 - 1 > KKV. K - ( i 9 
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P a r t A 

I T h i s p a r t of the t h e r m a l a n a l y s i s r e f l e c t s the w o r k done in s e l e c t i o n of 

the r e f e r e n c e d e s i g n . 

P a r t B 

T h i s p a r t of the t h e r m a l a n a l y s i s r e f l e c t s the a n a l y s e s done a f t e r 

f i n a l i z a t i o n of the r e f e r e n c e d e s i g n . 

m 
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P a r t A 

l- P r i m a r y P i p i n g S y s t e m 

An i n - d e p t h t h e r m a l s t r e s s a n a l y s i s of the p r i m a r y p ip ing outflow 

s y s t e m f r o m the r e a c t o r to the T / E c o n v e r t e r s was m a d e to a s c e r t a i n the 

v a l i d i t y of the u s e of e x p a n s i o n j o i n t s and T y p e 316 s t a i n l e s s s t e e l p ip ing 

in the r e f e r e n c e d e s i g n . V a r i o u s c o n f i g u r a t i o n s ( F i g u r e s 5 t h r o u g h 9) 

wi thou t the u s e of e x p a n s i o n j o i n t s w e r e f i r s t c o n s i d e r e d . In e a c h c a s e , 

the m a x i m u m t h e r m a l s t r e s s l e v e l e x c e e d e d the a l l o w a b l e s t r e s s r a n g e 

p e r the p o w e r p ip ing code B 3 1 . 1. 0. The r e f e r e n c e d e s i g n was then 

a n a l y z e d ( F i g u r e s 10 t h r o u g h 13) u t i l i z i ng e x p a n s i o n j o i n t s p r i n g r a t e s in 

i n c r e n n e n t s of 100 l b / i n f r o m 100 l b / i n to 400 l b / i n , and t a b u l a t e d in t a b l e 

form ( F i g u r e 14) and g r a p h forna ( F i g u r e s 15 t h r o u g h 17). R e s u l t s i n d i c a t e 

t ha t the r e f e r e n c e d e s i g n is s a t i s f a c t o r y for s p r i n g r a t e s up to a max imunn 

of 400 l b / i n p r o v i d i n g the n o z z l e r e a c t i o n s a t the r e a c t o r and the T / E 

c o n v e r t e r s do not e x c e e d the e q u i p i n e n t d e s i g n l i m i t s . The t h e r m a l m o v e -

naent of the body a t the r e a c t o r ou t l e t (, 25") r e f l e c t s the u s e of a l o c k a l l o y 

r a d i a t o r . 

FORM 7 1 9 - 1 ' RKV. 8 - 0 9 



TI-b52-31U-UU^ 
Page 12 

1.5 O.D 

IZ.S O.D 

R I N 1 0 H 

. FlGUt^E 5 



,\» * 
Page 13 

.17" RADIAL 
MOVEMEKiT 

(TYP. 8 ) \ 

LIME OP 
Si r/MYiETi 

R l N i e . H D R T 
C O M V F R T B R 

IML-ETC^) 

F l G U t ^ E fo 



f^^^ - T f - . T r i 

REACTOR 
OUTLET--i 

>: • '^^ l ^ ^ " ^ 

o,4-S 

l ' l -652-310-002 
Page 14 

LiKJEOF ^ y ; 

2 6 , B O O 

! 115" 

FIGURE -7 



1 T I 1 6 5 2 - 3 1 0 - 0 0 2 

Page 15 

REACTOR OUTLET 

f a ) CIRCULKR 
/ ' EV.PAS\ON4 

L O O P 

U I M E OF 
trSimnnaTRi 

QS) CONVERTER 
t ^ IKILBXS ' 

FIGURE 8 



^1-652-310-002 
Page l6 

REACTOR O U T L E T 

C 'Z^CIRCULAR 
EVCPA.M4.lOM 
L O O P * S 

( S ) C O N V E R T E R 
' \ M L e T 6 

F \ G U R E ^ 

http://EVCPA.M4.lOM
file://'/MLeT6


TI-652-310-002 
Page 17 

o.u 

.17 RADIAL 
MOVEMEKit 

/ C^YR 6.) K̂  

{ : L.'rJi?.- o'B-
\ . * ---v 

F>^.--50./EXPAMSIOK] 

.5a TRAy.EL-J. 

^2 . 

R, i i \ ie M D R T 
CONVER.TER 
. I W L E T C © ) 

FIGVJRE 10 



'^ TI-652-310-002 
Pa^e .18 

0.25 p 

Fvf. --%. / E X PA N £ \ 0 K! 
: ! f ^ T 0 1 M T _ 

12.1 N G HDRr^ ' .oh}y^ 

PP 1 »M L L "sC © J 

F I G U R E \1 



TI-652-310-002 
Page 19 

0.15 

.17" RADIAL 
WlOVEMEKlt 

/ O Y P . 8.) N̂  
i i . A • 
/ ; 

F-{.M,40:/EXPAMS\0>vJ 
< / T O l W T 

,47^T^AVEL-rJ. 
300^^\'^-

R I N G ; H 
COMVEHiTE'.?. 

I M L E T C a ) 
F I G U R E l^-



Page 20 

0.15 

.17" RADIAL 
MOVE MEKlt 

FY ' -aS^/EXPAMSlOKl 

45"-Tl^AVE.L 

R,lNe HDRT 
CONVERTER 
. INLETCa) 

FIGURE 3 



P
ag

e 
21 

o
 U

J 

y o
t 

<t: 

2 
V

 
/ 

v/̂
 

D
/ 

U
l 

1-£^ 
U

J 
:?-
0 
K

J 

h
 

<i: 

vn
 

2 0 
h-

UJ 
-J 

O
h

 
4 U

J 

U
J 

-J 
H

 
H

 3 0 (y 
0 
H

-u
 

0<C
 

2 ^ D
 

2 / < ^ 

ID
 

N
 

2 D
 

2 ^ 

1 vA 

5 

1 
^ 

> 

H
i 

\
^ LL

 

D
L 

\
^ U

J 

r 

> 02 

J 

> 2 0 U
 • 

< 
W

 
a. 

3 J 

I0
2 

I CL 5 

in
 

CO 
M 1 

Q
 

0 0 o
 0 0 o
 

0 0 

^ 

M
 

r (^ 

CO 

0 10 

O
 

0 
M

 

0 M
" 

1 

1 0 0 0^ 

0 0 r-0 0 

PJ 
' 

\2 

o
 0 0 0 in
 

^ 
1 

(0 

•
0 

i 

.
.

.
. 

I 
• 

• 
t 

. 
. 

. 
. 

j • 
.

.
. 

i t 
. 

. 
1 t V 

» 1 i i t 1 1 • 1 
f t j t 1 1 I t t 

- - 
« 

F
\G

U
eE

 14-



(j^age 22 

I 

ill 
-J 
N 
M 
0 
Z 

LU 

h 
t/1 

0-
0 
0 
0 

\z 

(I 

IO 

9 

a 

7 

4 

2 

I 

1 
1 
1 

1 

Uciit 

p 

/ 

• 

21d 
i v ^ 

ct^> 

• 

. 

^ 

c\. 

0 ^ 

\ • • 

^ 

^ i 

y 

y^ 

1 
• 

_gff 

^ 

y 
/ 

, 

. 

• 

o I 

S P R I N S RATH 
XQO LB/iM 

i 

FIGURE lb-



I 

" 

llj u 
N 
M 
O 
2 

h" 
<4: 

lU 
u 
Ci^ 

0 
LL 

2 
D 
0 n 

•1.00 

i%o 

IGo 

i4o 

IZO 

lOO 

%<:> 

Go 
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2. DISSIMILAR M E T A L S 

A b a c k u p s t u d y , u t i l i z i n g H a s t e l l o y - N and p ipe loops in p l a c e of 316 

s t a i n l e s s s t e e l and e x p a n s i o n j o i n t s , is shown on F i g u r e s 18 t h r o u g h 2 1 . 

F i g u r e 22 s h o w s the r e s u l t s of u s ing a H a s t e l l o y N h a l f - l o o p on the d o w n -

c o m e r and a 316 s t a i n l e s s s t e e l r i ng h e a d e r and b r a c h runou t s to the 

c o n v e r t e r s . F i g u r e s 19 and 20 show the r e s u l t s of u t i l i z i ng a l l H a s t e l l o y - N 

m a t e r i a l in the p r i m a r y outf low pip ing f r o m the r e a c t o r to the c o n v e r t e r s . 

C o n d i t i o n s A and B do not app ly to the r e f e r e n c e d e s i g n b e c a u s e t hey a s sunne 

a r a d i a t o r of s t a i n l e s s s t e e l - a luminuna a l l oy m a t e r i a l . Cond i t i ons C and D, 

a s s u m m a r i z e d in F i g u r e 20, do app ly to the r e f e r e n c e d e s i g n , and show 

t h a t , fo r an a l l o w a b l e s t r e s s r a n g e SA of 3 2 , 5 0 0 p s i a t 1 2 0 0 ° F ( F i g u r e 1), 

it is n e c e s s a r y to change the a c c e s s panel m a t e r i a l fronri a l u m i n u m a l loy to 

e - ta ia less s t e e l , and to m a i n t a i n the a c c e s s p a n e l a t a t e m p e r a t u r e of 1 2 0 0 ° F . 

A l s o , F i g u r e 21 shows tha t the h a l f - l o o p d e s i g n is s a t i s f a c t o r y if an a l u m i n u m 

a l l o y a c c e s s p a n e l is nna in ta ined at a t e m p e r a t u r e of 6 0 0 ° F . 
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P a r t B 

1. Reactor to T / E Conver t e r s 

This section deals with the t he rma l re ference design layout. Figure 22 

shows the r e su l t s of these calculat ions for an expansion joint with a spring 

ra te of 100 lb / in . and a 0. 02 in. wall piping sys tem. T h e r m a l s t r e s s e s for 

100 lb / i n . and 200 lb / in . expansion joints were a l so calculated for a 0. 04 in. 

wall piping sys t em (Figures 23 and 24). When the expansion joint was 

finalized to a spring ra te of 220 lb / in . , the t h e r m a l bending s t r e s s e s were 

again calculated based on this spring ra te (Figure 25). 

In the preceding calculat ions the expansion joint was modeled as a 

s leeve- type expansion joint . It was then modeled with a different ma the ­

mat ica l configuration as a component (bellows) and the s t r e s s e s recalcula ted 

(Figure 26). 

FOiiM 7 19-1' nav, H-(;9 
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2. Reactor Outlet to Pump Conver te rs 

F igure 27 shows the resu l t s of the bending s t r e s s e s . This sys tem was 

nnodeled sepa ra te ly , because it would have been quite cunnbersome to t ry 

to incorpora te it into the main sys t em. 
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3• Pump Conve r t e r s to Heat Exchanger to P r i m a r y Pump 

A half-loop was added to this sys tem in an a t tempt to reduce 

the bending s t r e s s e s to a value below the al lowable, S , of 25, 500 ps i . 

This method did not work (Figure 28). A full-loop was added which reduced 

the bending s t r e s s e s to 10, 000 ps i which was l e s s than 'S ' (Figure 29). 

The final re fe rence design for this sys tem incorpora te s the full loop as 

recommended by this ana lys i s . 
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4. T / E Conve r t e r s to P r i m a r y Pump 

Figure 30 shows the bending s t r e s s e s in the piping sys tem 

when a heat exchanger is added and an expansion joint with a spring ra te 

of 200 lb / in . is used . When the expansion joint was removed the re was 

l i t t le change in the bending s t r e s s e s (Figure 31). 

Figure 32 shows the t h e r m a l bending s t r e s s e s for the piping 

sys t em with the heat exchangers omitted. This configuration r e p r e s e n t s 

the final re fe rence design concept. 
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5. P r i m a r y Punnp Discharge to Reac tor 

F igure 33 shows the 0. 04 inch wall , piping sys t em with an 

expansion joint of 200 lb / in . The bending s t r e s s e s do not exceed the allow­

able , S^ = 25, 500 ps i . In this analysis the expansion joint was nnodeled as 

a s leeve - type expansion joint. The bending s t r e s s e s were re -ca lcu la ted 

when the value of 220 lb / in was chosen as the spr ing ra te of the expansion 

joint (Figure 34 and 35). In these calculations the expansion joint was 

miodeled as a component. This modeling gives values for the differential 

movement of the ends of the expansion joint. 
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6. T / E Conver te r s to Secondary Pump Inlet 

The secondary piping sy s t em bending s t r e s s e s a r e shown in 

F igure 36. P r o b l e m s existed between the re la t ive expansion of the s t a in ­

less s tee l piping sys tem and the rad ia tor which was an a luminum alloy. 

The coefficient of t h e r m a l expansion was much higher for the aluminum 

alloy (2219) than for the s ta in less s tee l at 600°F. After much r e s e a r c h , 

lockalloy was chosen as the m a t e r i a l for the rad ia tor because it had the 

s ame coefficient of t he rma l expansion at 600°F as s ta in less s t ee l , thereby, 

elinninating the problem of re la t ive expansion of the secondary heat r e ­

ject ion systenn. 
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iA Kjf '-"• is" -•> ^!^ -' *«' 

7. Secondary Pump Discharge to Radiator 

F igure 37 shows the piping sys t em bending s t r e s s e s . This 

pa r t i cu l a r configuration was not acceptable because the s t r e s s e s exceeded 

the al lowable, Sŷ  = 26, 000 ps i . In F igure 38, a 400 lb / in expansion joint 

was se lec ted a r b i t r a r i l y . This reduced the bending s t r e s s e s to values 

below S^ . Another method using offset was t r ied (Figure 39). This offset 

reduced the s t r e s s e s but it was physical ly inipossible to incorpora te it 

into the design. None of these configurations have been added to the r e ­

ference design as yet. 
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8. Radiator to T / E Conver te rs 

F igure 40 shows the bending s t r e s s e s for the secondary 

sys t em. Because lockalloy was chosen for the rad ia to r , p rob lems of 

re la t ive expansion were solved. 
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IV. PRIMARY S T R E S S ANALYSIS 

FORM 7 1 9 - P REV. 8 - 6 9 



Atomics International NO. . Ti-652-310-002 
North American Rockwell PAGE . 58 

A. Effects of Expansion Joint Thrus t P r e s s u r e s on the P r i m a r y Piping 
System 

Based on the calculat ions in the t h e r m a l ana lys i s it was de te rmined 

that an expansion joint would be n e c e s s a r y to re l ieve the bending s t r e s s e s 

in the piping sys t em. The p r i m a r y bending s t r e s s e s for corresponding 

p r e s s u r e t h r u s t s for four and five-inch bend radi i were calculated 

(F igures 41 through 43). 

The max imum allowable p r i m a r y s t r e s s for the piping sys tem is 6415 

ps i , (Figure 4). Using this value, the max imum p r e s s u r e t h rus t s for 

different wall th icknesses at the elbow of max imum s t r e s s were found. 
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1. Expansion Joint to Reactor Outlet - Figure 41 

F o r a four- inch elbow bend rad ius , the max imum p r e s s u r e 

t h r u s t s that 0. 02-inch and 0. 04-inch piping can sus ta in a r e 28 pounds and 

82 pounds respec t ive ly . The 0. 06-inch wall th ickness was off the graph 

(GRAPH 1). F o r a f ive- inch bend rad ius , the max imum p r e s s u r e t h r u s t s 

for 0. 02 inches and 0. 04 inches were 33 pounds and 102 pounds, respec t ive ly 

(GRAPH 2). 
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2. Expansion Joint to T / E Conver te r Inlets - Figure 42 

The miaximum p r e s s u r e th rus t for a 0. 02-inch wall was 

de te rmined to be 54 pounds. The point of in te r sec t ion of the 0. 04-inch 

wall pipe and the S line was approximate ly 120 pounds (GRAPH 3). 

FORM 719-P ItfiV. 8-69 



X X—V/«^<-»— J i W — V^Wi. 

Page 64 

''hys. 5' 

4 

Fe.REAsCToR-, 

I 
I 

y.PAW T T 

L _ J 

Z.Z5" O.D. 
i^lNe HDI^-

pi5H€.sueE 
T M R U S J 

^ . 7 5 O.D. 

MAVs. STRESS 
S3 - S££ 
eeAPH 3 

Sej= 3EKiO\MG STl^ESS DUe TO 
SUSTAINED LOAD 

EFFECT OF y>PAM.TT PRESSURE 
THRUST OM BEK\D\NJ& STRESSES 

(S^ " ) ^T PIPING E L & Q V J S " 

SEE GRAPH 3 

COKlVERTEe 

PlCaOÎ E AZ 
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3. Expansion Joint to Reactor - F igure 43 

Fo r a f ive-inch bend rad ius , the max imum p r e s s u r e th rus t 

for a 0. 02-inch wall was de te rmined to be 48 pounds. The point of inter­

sect ion of the 0. 04-inch wall line and the S line was off the graph (GRAl 

but the m a x i m u m p r e s s u r e t h r u s t i s approximate ly 140 pounds. 
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