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PRE FACE 

T h i s  r e p o r t  is an outgrowth of our e x p e r i e n c e  between 1981 and 1986 
i n  a s s i s t i n g  t h e  Mechanical Eng inee r ing  Branch, O f f i c e  of Nuclear  Reac to r  
R e g u l a t i o n ,  U.S. Nuclear Regu la to ry  Commission (USNRC), i n  t h e  Design 
Documentation a u d i t  of a number of n u c l e a r  power p l a n t s  undergoing review 
f o r  Opera t ing  L icenses .  During t h e  c o u r s e  of that  work, i t  became obvi- 
ous t h a t ,  i n  g e n e r a l ,  t h e  p r e p a r a t i o n  of c lear ,  c o n c i s e  d e s i g n  s p e c i f i c a -  
t i o n s  and d e s i g n  a n a l y s i s  r e p o r t s  f o r  n u c l e a r  power p i p i n g  systems t h a t  
could be used as working documents as w e l l  as f o r  t h i r d - p a r t y  review had 
r a t h e r  low p r i o r i t y .  Although a l l  t h e  o r g a n i z a t i o n s  i n t e r v i e w e d  had pre- 
p a r e d ,  o r  were i n  the p r o c e s s  of p r e p a r i n g ,  d e s i g n  documents t o  meet t h e  
r equ i r emen t s  of t h e  ASME RoiZer and Pressura Vessal Code, o n l y  a few 
appeared t o  unde r s t and  what i n f o r m a t i o n  was needed o r  how t o  o r g a n i z e  i t  
i n t o  u s e f u l  documents. 

It a l s o  became c l e a r  t h a t  much of the problem was t h e  d i r e c t  r e s u l t  
of i n a d e q u a t e  o r  i n a p p r o p r i a t e  guidance g i v e n  i n  t h e  nonmandatory appen- 
d i x e s  of the ASME Code. It is our  hope t h a t  the recommendations deve l -  
oped i n  t h i s  r e p o r t  will be s e r i o u s l y  c o n s i d e r e d  by t h e  Code-writ ing 
b o d i e s  and t h a t  t h e  needed improvements w i l l  be pursued wi th  d i s p a t c h .  

USNRC, € o r  t h e i r  h e l p  and guidance on t h i s  p r o j e c t .  We a l s o  thank t h e  
many competent ,  p r o f e s s i o n a l ,  and c o o p e r a t i v e  peop le  t h a t  w e  came i n  
c o n t a c t  w i th  d u r i n g  ou r  review a u d i t s .  

We ex tend  our  g r a t i t u d e  t o  R. J. Bosnak, D. Terao,  and J. Brammer, 





PREPARATION OF DESIGN SPECIFICATIONS AND DESIGN REPORTS 
FOR PUMPS, VALVES, PIPING,  AND P I P I N G  SUPPORTS 

U S E D  I N  SAFETY-RELATED PORTIONS OF 
NUCLEAR 20WER PLANTS 

E. C. Rodabaugli S. E. Moore 

ABSTRACT 

S e c t i o n  I11 of t h e  ASME Boiler and Pressure Vessel Code 
r e q u i r e s  t h e  p r e p a r a t i o n  of Design S p e c i f i c a t i o n s  and Design 
Repor ts  as p a r t  of t h e  d e s i g n  p rocess  l e a d i n g  t o  c o n s t r u c t i o n  
of a n u c l e a r  power p l a n t ,  i n  compliance wi th  p r o v i s i o n s  of 
T i t l e  10 of  t h e  Code of FgderaZ Regulations (10 CFK). Guide- 
l i n e s  f o r  p r e p a r i n g  t h i s  documentat ion are con ta ined  i n  non- 
mandatory Appendixes B and C of t h e  ASME Code. This  r e p o r t  
g i v e s  an in-depth  review of t h e  ASME Code r equ i r emen t s  and 
gu idance ,  beginning  wi th  t h e  f i r s t  e d i t i o n  of t h e  Code i n  
1963 through t h e  1983 e d i t i o n ,  Summer 1985 Addenda. Recom- 
mendat ions f o r  s u b s t a n t i a l  r e v i s i o n s  t o  t h e  Code are pre- 
s e n t e d  based on t h e  a u t h o r s  expe r i ence  i n  conduct ing  d e s i g n  
documentat ion a u d i t s  of pumps, v a l v e s ,  p i p i n g ,  and p i p i n g  
s u p p o r t s  f o r  n u c l e a r  power p l a n t s  undergoing Nuclear  Regula- 
t o r y  Commission (NRC) review f o r  Opera t ing  L icenses .  It is 
concluded t h a t  adequa te  Design S p e c i f i c a t i o n s  and Design 
Repor ts  a r e  a b s o l u t e l y  n e c e s s a r y  f o r  t h e  normal o p e r a t i n g  
l i f e  of a p l a n t  and are v i t a l  i f  p l a n t  l i f e  e x t e n s i o n  i s  
planned.  

1. INTRODUCTION 

The f i r s t  (1963) e d i t i o n  of t h e  Code*s1 inc luded  requi rements  f o r  
Design S p e c i f i c a t i o n s  and Design ( S t r e s s  t ,  Repor ts .  
w i t h  v a r i o u s  m o d i f i c a t i o n s ,  were inc luded  i n  a l l  e d i t i o n s  up t o  and in-  
c l u d i n g  t h e  p r e s e n t  Code. 

c a n t s  by means of t h e  S tandard  Review Plan  (SRP).2 

Those r e q u i r e m e n t s ,  

The Nuclear  Regu la to ry  Commission (NRC) p rov ides  guidance  t o  a p p l i -  
S e c t i o n  3.9.3 of t h e  

* 
The t e r m  Yodel '  as used i n  t h i s  r e p o r t  r e f e r s  t o  t h e  ASME Boiler 

and Pressure Vessel Code, Sect. 111, Div. 1, "Nuclear Power P l a n t  
Components." Unless  so i n d i c a t e d  i n  t h e  t e x t ,  r e f e r e n c e  is t o  t h e  1983 
e d i t i o n  w i t h  addenda through Summer 1985 (Ref.  1). 

tThe Code, up t o  t h e  1980 e d i t i o n ,  used t h e  te rminology "Stress 
Report  . ' I  The p r e s e n t  te rminology "Design Report" w i l l  be used throughout  
t h e  remainder  of t h i s  r e p o r t .  
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SRP c o v e r s  ASME Code Class 1 ,  2 ,  and 3 components, component s u p p o r t s ,  
and c o r e  s u p p o r t  s t r u c t u r e s .  Under "Review Procedures  , I '  SRP 3.9.3 
s t a t e s  : 

By checking s e l e c t e d  Code r e q u i r e d  Design Ilocunents such as 
Design R e p o r t s ,  Load Capac i ty  Data Shee t s  and r e l a t e d  mate- 
r i a l ,  t h e  QL [Opera t ing  L i c e n s e ]  s t a g e  review v e r i f i e s  t h a t  
t h e  d e s i g n  c r i t e r i a  have been u t i l i z e d  and t h a t  components 
have been designed t o  meet t h e  o b j e c t i v e s .  

As a small p a r t  of NRC reviews of a p p l i c a t i o n s  f o r  o p e r a t i n g  
l i c e n s e s  a u d i t s  of Design S p e c i f i c a t i o n s  and Design Reports  on s p e c i f i c  
p l a n t s  were made as i n d i c a t e d  i n  Table  1. The docke t  d a t e s  i n  Tab le  I 
are s i g n i f i c a n t  because they  show t h a t  t h e  Code e d i t i o n  used was 1971 o r  
l a t e r ;  t h u s  + t h e  Code covered pumps, v a l v e s ,  and p ip ing .  

These a u d i t s  were g e n e r a l l y  conducted i n  t h e  fo l lowing  s t e p s :  

1. The App l i can t  was informed t h a t  an a u d i t  of Design S p e c i f i c a t i o n s  and 
Design Reports  f o r  s e l e c t e d  pumps v a l v e s ,  p i p i n g ,  and p ip ing  sup- 
p o r t s  was t o  be made. The purpose of t h e  a u d i t  was d e s c r i b e d  t o  t h e  
App l i can t  as i n d i c a t e d  i n  Table  2. During t h i s  f i r s t - c o n t a c t  p e r i o d ,  
s p e c i f i c  components from each c a t e g o r y  were i d e n t i f i e d  f o r  a u d i t ,  f o r  
example a u x i l i a r y  f eedwa te r  punips. 

E n g i n e e r ' s  (AE's) o f f i c e s ]  when documents and A p p l i c a n t ' s  r ep resen -  
t a t i v e s  were made a v a i l a b l e .  A t  t h a t  mee t ing ,  which u s u a l l y  l a s t e d  
<8 h ,  t h e  r e q u e s t e d  documents were q u i c k l y  reviewed. The pr imary 
purpose of t h i s  meeting was t o  o b t a i n  a complete set of Design Speci-  
f i c a t i o n s  and co r re spond ing  Design Reports  r e l e v a n t  t o  t h e  s e l e c t e d  
Design S p e c i f i c a t i o n .  These meet ings ended by p r e p a r i n g  a l i s t  of 
documents t h a t  t h e  App l i can t  agreed to  send t o  NRC f o r  d e t a i l e d  
review,  

3 .  Upon r e c e i p t  of t h e  documents by NRC, a d e t a i l e d  review was under- 
taken.  U s u a l l y ,  t h i s  review r e s u l t e d  i n  s e v e r a l  q u e s t i o n s  t h a t  were 
t r a n s m i t t e d  t o  t h e  A p p l i c a n t ,  and , g e n e r a l l y ,  t he  most e x p e d i t i o u s  
way t o  a d d r e s s  t h e  q u e s t i o n s  was a t  a second meeting w i t h  t h e  h p p l i -  
c a n t  and his  r e p r e s e n t a t i v e s .  

4 .  When s a t i s f a c t o r y  answers t o  a l l  q u e s t i o n s  were o b t a i n e d ,  a comple- 
t i o n  l e t t e r  f o r  each s p e c i f i c  p l a n t  a u d i t  was w r i t t e n ,  as i n d i c a t e d  
i n  Table 1. 

2. A v i s i t  t o  t h e  A p p l i c a n t ' s  s i t e  took p l a c e  [e .%. ,  t h e  A r c h i t e c t  

R e s u l t s  of a u d i t s  are d i s c u s s e d  i n  Sec t s .  5-10 of t h i s  r e p o r t .  A t  t h i s  
p o i n t ,  we make Solile g e n e r a l  o b s e r v a t i o n s  concerning  he c o n t e x t  i n  which 
ou r  a u d i t s  took place. 

1. As sugges t ed  by t h e  docket  d a t e s  shown i n  Table  1 ,  a l l  t-he s p e c i f i c  
p l a n t s  a u d i t e d  used t h e  1971 O K  l a t e r  e d i t i o n  of t h e  Code as t h e i r  
Code of Record. Th i s  f a c t  is s i g n i f i c a n t  because the 1971 and l a t e r  
e d i t i o n s  of t h e  Code i n c l u d e  coverage of pumps, v a l v e s ,  and p ip ing .  

June 1986. The a u d i t e d  p l a n t s  were o rde red  around 1972, a pe r iod  i n  
which many p l a n t s  were being o rde red .  F u r t h e r ,  t h i s  i s  the pe r iod  in 

2. Aud i t s  took p l a c e  d u r i n g  the t i m e  pe r iod  between Occober 1981 and 
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T a b l e  1. A u d i t s  of d e s i g n  s p e c i f i c a t i o n s  and d e s i g n  r e p o r t s  

-. ___ ~- ~ ~ 

Audi t  p e r i o d  

S t a r t  C o m p l e t i o n  
Typea NSSSh 3 a l a n c e  of p l a n t  Docket  

d a t e  
P l a n t  

Beave r  V a l l e y  
Catawba 

Lime r i c k  
R i v e r  Bend 
S e a b r o o k  
S h e a r o n - H a r r i s  
S o u t h  Texas  
Vog t l e  

G E S S A R ~  

10172 
l o /  72 

2 /  70 
9 / 7 3  
7 /  73  
9 /71  
7/ 74  
21 7.3 

PWR 
PWR 
BWR 
BWR 
BWR 
PWR 
PWR 
PWR 
PWR 

W 
W 
GE 
GE 
GE 
W 
w 
W 
W 

S t o n e  & Webs te r  
Owner 
C. F. Braun 
13e c h t e 1 
S t o n e  & Webs te r  
U n i t e d  E n g i n e e r s  
Ebas co  
B e  ch t e l  
R e c h t e l  

41 a4 

3 / 8 3  

1/82 

1 1 / 8 4  

10/81 
10182 

3/ 82 

2/83 
4 /  85 

61 86 

7/83 
7/83  

8/83 
3 /  a4 
12f 135 
12/85  
9 / 8 5  
12 /85  

aPWR = p r e s s u r i z e d - w a t e r  r e a c t o r  

'NSSS = n u c l e a r  s t e a m  s u p p l y  s y s t e m  

BWR = b o i l i n g - w a t e r  r e a c t o r  

W = W e s t i n g h o u s e  
GE = G e n e r a l  Electr ic  

eGESSAR r e p r e s e n t s  an  a t t e m p t  t o  s t a n d a r d i z e  BWRs. However ,  t h e  docu-  
m e n t s  r e c e i v e d  i n  o u r  a u d i t  c o n s i s t e d  of dacumen t s  f o r  s p e c i f i c  p l a n t s .  

Tab le  2. Purposes  of a u d i t  of Design S p e c i f i c a t i o n s  
and Design Repor t s  f o r  pumps, v a l v e s ,  

p i p i n g ,  and p i p i n g  s u p p o r t s  

1. Ensure t h a t  Design S p e c i f i c a t i o n s  r e q u i r e d  by t h e  Code have been ( o r  
w i l l  be )  p repa red  and c o n t a i n  a complete  b a s i s  f o r  t h e  c o n s t r u c t i o n  
of t h e  components 

2. For Code Class 1 components, e n s u r e  t h a t  Design Reports  as r e q u i r e d  
by t h e  Code have been ( o r  w i l l  be)  p r e p a r e d ,  that  t h e  i n p u t  d a t a  
used are c l e a r l y  t r a c e a b l e  t o  and a g r e e  w i t h  t h e  Design S p e c i f i c a -  
t i o n ,  and t h a t  t h e  a n a l y s e s  show compliance wi th  Code r equ i r emen t s  

3.  For Code Class 2 o r  3 components, e n s u r e  t h a t  c a l c u l a t i o n s  have been 
( o r  w i l l  b e )  p r e p a r e d  and f i l e d ,  t h a t  t h e  i n p u t  d a t a  are clearly 
t r a c e a b l e  t o  and a g r e e  w i t h  t h e  Design S p e c i f i c a t i o n ,  and t h a t  t h e  
c a l c u l a t i o n s  show compliance w i t h  Code r equ i r emen t s  

4 .  V e r i f y  t h a t  s p e c i f i c a t i o n s  i n c l u d e  a p p r o p r i a t e  p r o v i s i o n s  t o  a s s u r e  
r e l i a b l e  performance of components d u r i n g  t h e i r  a n t i c i p a t e d  s e r v i c e  
and t h a t  adequa te  documentat ion has  been ( o r  w i l l  b e )  r e c e i v e d ,  
which shows compliance w i t h  the s p e c i f i c a t i o n s  
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which t h e  concep t s  of normal,  u p s e t ,  emergency, and f a u l t e d  condi- 
t i o n s  were be ing  i n t r o d u c e d  i n t o  t h e  Code and i n t o  NRC reviews.  
Accord ing ly ,  App l i can t s  and t h e i r  AEs had t o  recru i t  and t r a i n  many 
employees i n  an a t t e m p t  t o  complete what had grown t o  be a monumental 
amount of paperwork n e c e s s a r y  t o  o b t a i n  a n  o p e r a t i n g  l i c e n s e .  I n  
l a t e r  p o r t i o n s  of t h i s  r e p o r t ,  we w i l l  be c r i t i c i z i n g  some a s p e c t s  of 
t h e  documents t h a t  w e  reviewed. We do no t  mean t o  imply,  however, 
t h a t  w e  could have done as w e l l ,  g iven  the same se t  of c i r cums tances .  

United S t a t e s  i s  s topp ing .  The recommendations g iven  i n  Sect .  11 of 
t h i s  r e p o r t  assume t h a t  i n  t h e  r e l a t i v e l y  n e a r  f u t u r e ,  s ay  5 o r  10 
y e a r s ,  u t i l i t i e s  w i l l  a g a i n  s t a r t  t o  b u i l d  n u c l e a r  power p l a n t s ,  and 
t h o s e  p l a n t s  (wh i l e  perhaps more s t a n d a r d i z e d )  w i l l  be similar t o  t h e  
p r e s e n t  BWRs and PWRs. F u r t h e r ,  we assume t h a t  t h e  Code w i l l  con- 
t i n u e  t o  r e q u i r e  Design S p e c i f i c a t i o n s  and Design Reports .  

3. A t  t h e  p r e s e n t  t i m e ,  c o n s t r u c t i o n  of n u c l e a r  power p l a n t s  i n  t h e  

Aside from the  obvious r easons  f o r  w r i t i n g  adequa te  Design S p e c i f l -  
c a t i o n s  and Design Keports ,  a number of a d d i t i o n a l  b e n e f i t s  a c c r u e  t o  t h e  
owner. The s imple  a c t  of p l ann ing  and o r g a n i z i n g  t h e  r e p o r t s  w i l l  o f t e n  
f o r c e  t h e  owner t o  i d e n t i f y  p o t e n t i a l  d e s i g n  and c o n s t r u c t i o n  problems i n  
t h e  e a r l y  s t a g e s  of t h e  p r o j e c t  when they  are most amenable t o  a less 
expens ive  s o l u t i o n .  The a c t i v i t y  may a l s o  f o r c e  t h e  owner t o  i d e n t i f y  
t h o s e  p o t e n t i a l  problems a s s o c i a t e d  w i t h  p l a n t  a g i n g ,  so t h a t  p r o v i s i o n s  
2or  t r o u b l e - f r e e  and inexpens ive  maintenance can be designed i n t o  t h e  
p l a n t .  I n  a d d i t i o n ,  i f  a t  some f u t u r e  d a t e  i t  becomes d e s i r a b l e  t o  ex- 
t end  t h e  o p e r a t i n g  l i f e  of t h e  p l a n t  o r  t o  change the d u t y  c y c l e  from the 
o r i g i n a l  d e s i g n  c o n d i t i o n  (e.g., from base - l ine  o p e r a t i o n  t o  peak-load 
o p e r a t i o n ) ,  t hen  a good set of Design S p e c i f i c a t i o n s  and Design Repor t s  
i s  a b s o l u t e l y  n e c e s s a r y  t o  demons t r a t e  t h e  v a l i d i t y  of l i f e  e x t e n s i o n .  
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2. CODE REQUIREMENTS AND GUIDANCE 

2.1 Design S D e c i f i c a t i o n s  

The p r e s e n t  Code requi rements  f o r  Design S p e c i f i c a t i o n s  a r e  g iven  i n  
Paragraph  NCA-3250. Appendix A g i v e s  r e l e v a n t  p o r t i o n s  of NCA-3250. 
NCA-3254.1 s ta tes  t h a t  boundar i e s  z.re d e f i n e d  i n  NX-1130, where X = B,  C ,  
D. These are i d e n t i c a l  S u b a r t i c l e s ;  Appendix A of t h i s  r e p o r t  i n c l u d e s  
NC-1130 f o r  r e f e r e n c e .  

Code nonmandatory Appendix B,  r e l e v a n t  p o r t i o n s  of which are i n c l u d e d  
h e r e  i n  Appendix B. 

* 

Code guidance  o r  p r e p a r a t i o n  of Design S p e c i f i c a t i o n s  i s  g iven  i n  

2.2 - Design Repor ts  

The p r e s e n t  Code r equ i r emen t s  f o r  Design Repor ts  are g iven  i n  
NCA-3550. Appendix C g i v e s  r e l e v a c t  p o r t i o n s  of NCA-3550. It is  t h e  
r e s p o n s i b i l i t y  of t h e  N C e r t i f i c a t e  h o l d e r s  t o  p rov ide  Design Repor ts  t o  
t h e  Owner f o r  rev iew,  documenta t ion  o f  rev iew,  and f i l i n g  a t  t h e  s i t e  of 
t h e  i n s t a l l a t i o n .  A s  i n d i c a t e d  on t h e  second page of Appendix C,  t h e  
Owner is then  r e q u i r e d  t o  review tk&e Design Report  " t o  de t e rmine  t h a t  a l l  

Code guidance  f o r  p r e p a r a t i o n  of Design Repor ts  i s  g iven  i n  Code 
nonmandatory Appendix C ,  i nc luded  h e r e  i n  i t s  e n t i r e t y  as Appendix D. 

t h e  Design and S e r v i c e  Loadings have been e v a l u a t e d  e . . . 11 

* 
P o r t i o n s  concern ing  Code Div. 2 ( c o n c r e t e  v e s s e l s ,  c o n c r e t e  con- 

t a i n m e n t s )  have been d e l e t e d  i n  Appendix A. 



3. CHRQNOLOGY OF CODE REQUIREMENTS 

A c h r o n o l o g i c a l  d e s c r i p t i o n  of Code r equ i r emen t s  i s  needed because 
t h e  Design S p e c i f i c a t i o n s  and Design Reports  a u d i t e d  were based on Codes 
of Record d a t e d  between 1971 and 1977. 
t i o n  i s  i n f o r m a t i v e  because i t  e x p l a i n s  a s p e c t s  of Code r equ i r emen t s  
t h a t ,  i n  view of t h e  p r e s e n t  Code cove rage ,  appea r  t o  be anomalous. 

The f i r s t  (1963) e d i t i o n  of t h e  Code i n c l u d e d  r equ i r emen t s  f o r  De- 
s i g n  S p e c i f i c a t i o n s  and Design ( S t r e s s )  Reports  as shown i n  Appendix E. 
Compared wi th  t h e  p r e s e n t  Code, t h e  1963 Code was very s imple ;  i t  covered 
n u c l e a r  v e s s e l s  of Classes A,  B ,  and C co r re spond ing  t o  present  Code 
Classes 1 ,  2 ,  and 3. Metal containment v e s s e l s  were s p e c i f i c a l l y  i d e n t i -  
f i e d  as Class B v e s s e l s .  Design S p e c i f i c a t i o n s  were r e q u i r e d  f o r  a l l  
t h r e e  classes; Design Reports  were r e q u i r e d  f o r  Class A and B v e s s e l s .  
The concept  of s e r v i c e  c o n d i t i o n s ,  as d i s t i n c t  from d e s i g n  c o n d i t i o n s ,  
had not been in t roduced .  Class B and C v e s s e l s  were e s s e n t i a l l y  r e q u i r e d  
t o  be designed t o  Sec t .  VI11 of t h e  Code (now Sec t .  VIIL-Div. 1 ) .  Accord- 
i n g l y ,  i n  1963, r equ i r emen t s  f o r  d e s i g n  documents could be d e s c r i b e d  i n  
r e l a t i v e l y  s imple terms. 

ments f o r  Design S p e c i f i c a t i o n s  atid Design Reports .  However, t h e  Summer 
1965 Addenda r e v i s e d  Paragraph N-142 by changing "design c o n d i t i o n s "  t . ~  
"design and o p e r a t i n g  cond i t ions . "  The t h i r d  (1968) Code e d i t i o n ,  f o r  
t h e  f i r s t  t i m e ,  i n d i c a t e d  i n  t h e  "hopper diagram" (Code Fig. N-414) t h a t  
d i f f e r e n t  c o n s i d e r a t i o n s  were t o  be g iven  to  "Design Loads" and "Operat- 
i n g  Loads." The Design S p e c i f i c a t i o n  became t h e  r e s p o n s i b i l i t y  of the 
"User," r a t h e r  t han  the "Owner," i n  p r e v i o u s  e d i t i o n s .  ( I t  i s  now t h e  
r e s p o n s i b i l i t y  of t h e  "Owner.") The 1968 e d i t i o n  r e q u i r e d  Design Reports  
f o r  Class A, B, and C v e s s e l s  r a t h e r  t h a n  j u s t  Classes A and B as i n  t h e  
1965 Code. O the rwise ,  t h e  r equ i r emen t s  f o r  Design S p e c i f i c a t i o n s  and 
Design Reports  were e s s e n t i a l l y  t h e  same as i n  t h e  1963 and 1945 Codes. 
The 1968 Code i n t r o d u c e d  g u i d e l i n e s  f o r  p r e p a r a t i o n  of a Design Report  
f o r  Class A v e s s e l s  as Appendix X, "Manufacturers '  S t r e s s  Report ,"  which 
i s  inc luded  h e r e  as Appendix F. 

The f o u r t h  (1971) e d i t i o n  expanded t h e  Code t o  cover  pimps, va lves ,  
and p i p i n g ;  i t  a l s o  in t roduced  t h e  concept  of normal,  u p s e t ,  emergency, 
and f a u l t e d  c o n d i t i o n s  f o r  Class 1 components. The 1971  Code i n c l u d e d ,  
f o r  t h e  f i r s t  t ime,  g u i d e l i n e s  f o r  p r e p a r a t i o n  of a l k 5 i g n  S p e c i f i c a t i o n  
as Code Appendix B,  "Owner's Design S p e c i f i c a t i o n . "  T n e  "Manufaciurers '  
S t r e s s  Report ," Appendix X of t h e  1968 Code, was r e l o c a t e d  t o  Appendix 
C. O the rwise ,  d e s p i t e  t he  expansion of t h e  Code t o  cover  pumps, v a l v e s ,  
and p i p i n g  and t h e  use  o r  normal,  u p s e t ,  emergency, and f a u l t e d  condi-  
t i o n s ,  the t e c h n i c a l  c o n t e n t s  of t h e  guidance f o r  p r e p a r a t i o n  of Design 
( S t r e s s )  Reports  remained the same as i n  t h e  1968 Code, t h a t  i s ,  f o r  
Class 1 v e s s e l s .  

Subsec t ion  NF. The g u i d e l i n e s  i n  Code Appendix B ,  "Owner's Design 
S p e c i f i c a t i o n  , 'I  and i n  Code Appendix C ,  "Manufacturers '  S t r e s s  Report ,I' 
were  e s s e n t i a l l y  the same as i n  ea r l i e r  Code e d i t i o n s .  

The T ix th  (1977) Code i n t r o d u c e d  the  concept  of Design and S e r v i c e  
L imi t s .  The d e s i g n a t i o n s  of normal u p s e t ,  emergency, and f a u l t e d  became 

F u r t h e r ,  a c h r o n o l o g i c a l  d e s c r i p -  

The second (1965) Code e d i t i o n  d i d  not  change the  1963 Code r e q u i r e -  

The f i f t h  (1974) Code expanded coverage t o  component s u p p o r t s  i n  
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l e v e l s  A, B,  C ,  and D l i m i t s ,  r e s p e c t i v e l y .  F u r t h e r ,  S e r v i c e  L i m i t s  A, 
B, C ,  and D f o r  Class 2 and 3 components were provided i n  t h e  1977 Code. 
D e s p i t e  t h e s e  major changes,  t h e  requi rements  f o r  Design S p e c i f i c a t i o n s  
and Design Repor ts  were e s s e n t i a l l y  t h e  same as i n  t h e  I974 Code. Simi- 
l a r l y ,  t h e  g u i d e l i n e s  i n  Code Appendixes B and C were e s s e n t i a l l y  t h e  
same as i n  t h e  earlier Codes. The t i t l e  of Code Appendix C was changed 
from "Manufac turers '  Stress Report" t o  "CertiEicate Holder " s  S t r e s s  
Report" i n  r e c o g n i t i o n  of t h e  f a c t  t h a t  t h e  manufac turer  of a p ip ing  
sys t em,  f o r  example , was no t  wel l -def ined .  

and changed t h e  t i t l e  of Code Appendix C from " C e r t i f i c a t e  Ho lde r ' s  
S t r e s s  Report" t o  " C e r t i f i c a t e  Holder ' s  Design Report  ,'I w i t h  e s s e n t i a l l y  
no o t h e r  change from t h e  1977 Code. The 1980 Code provided major r ev i -  
s i o n s  t o  Code Appendix B,  "Owner's Design S p e c i f i c a t i o n . "  

f i c a t i o n s  and Design Repor ts  are inc luded  h e r e  i n  Appendixes A i l .  The 
1983 Code Appendix B ,  "Owner's Design S 2 e c i f i c a t i o n "  (Appendix B h e r e i n )  
i s  a lmost  i d e n t i c a l  t o  t h e  1980 v e r s i o n .  I n  Paragraph B-2160, on over- 
p r e s s u r e  p r o t e c t i o n ,  r e f e r e n c e s  t o  Code requi rements  have been updated 
and ,  i n  B-2164, "Safe ty  Valve" was changed t o  "Pressure  Re l i e f  Valve." 
Appendix G e s s e n t i a l l y  r e p r e s e n t s  t h e  guidance f o r  p r e p a r a t i o n  of Design 
S p e c i f i c a t i o n s  up t o  1980, whi le  Appendix B e s s e n t i a l l y  r e p r e s e n t s  t h e  
guidance  from 1980 t o  the  p r e s e n t .  

The 1983 Code Appendix C ,  " C e r t i f i c a t e  Ho lde r ' s  Design Report" 
(Appendix D h e r e ) ,  i s  q u i t e  similar t o  t h e  1968 Appendix X,  "Manufac- 
t u r e r s '  S t r e s s  Report" (Appendix F h e r e ) ,  as can be seen by comparing the  
c o n t e n t s  of Appendixes D and F. I n  view of t h e  tremendous i n c r e a s e  i n  
scope of t h e  Code s i n c e  1968, t h i s  i s  a d i s c o n c e r t i n g  s i m i l a r i t y .  

Code Appendix C (Appendix D) does a poor j o b  of provid ing  guidance  
f o r  Design Reports  f o r  Class 2 o r  3 pumps, v a l v e s ,  and p ip ing  systems. 
Cons ide r ,  € o r  example, a Class 2 pump. In t h e  second sen tence  i n  Para- 
graph  C-1131, "Nomenclature,  d e f i n i t i o n s  ... i n  accordance wi th  NC-3200,'' 
we  look in v a i n  f o r  a r e f e r e n c e  t o  NC-3400 on "Pump Design." S i m i l a r l y ,  
i n  C-1340, we look  i n  v a i n  f o r  a r e f e r e n c e  t o  NC-3416, " S t r e s s  and Pres- 
s u r e  L i m i t s  f o r  Design and S e r v i c e  Cond i t ions  ." Converse ly ,  Code Appen- 
d i x  C c o v e r s ,  a t  c o n s i d e r a b l e  l e n g t h ,  a s p e c t s  t h a t  a r e  comple te ly  irrele- 
vant to Code requi rements  f o r  Class 2 o r  3 pumps o r  v a l v e s ,  f o r  example,  
C-1200, "Thermal Analys is  and C-1400, "Fa t igue  Evaluat ion."  

The s e v e n t h  (1980) Code changed " S t r e s s  Report" t o  "Design Report ' '  

The e i g h t h  (1983) Code requi rements  and g u i d e l i n e s  f o r  Design Speci-  



4 .  RETENTION OF DESIGN SPECZFICATIONS AND RXPORTS 

In Sects. 5, 6 ,  and 7 of this report, we will discuss the results of 
our  audits on -50 different Design Specifications and -50 different 
Design Reports. During these audits, an underlying question was: Will 
these documents be understandable at some future time? The question 
arises because the  Code (see Table NCA-4134.17-1) requires that: Design 
Specifications and Design Reports be kept for the life of the item. For 
this report, "items" include pumps, valves, piping, and piping supports 
for which we would usually expect the life t o  be that of the plant, say 
40 years. 

f o r  the life of the plant has a useful purpose, an obv ious  corollary is 
that those documents must be written with the objective that they are  
understandable to someone other than those who prepared the documents. 
Accordingly, when in subsequent sections of the report, we seem t o  be 
quibbling about legibility, references, and other editorial aspects, our 
underlying concern is : Will the documents be readable and understandable 
in the future? 

Granting that retention of Design Specifications and Design Reports 
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5. PUMPS 

Design S p e c i f i c a t i o n s  and Design Repor t s  f o r  pumps are r e l a t i v e l y  
s i m p l e  because t h e y  are u s u a l l y  p repa red  f o r  a s p e c i f i c  type of pump, 
f u r n i s h e d  by a s p e c i f i c  manufac tu re r .  ( A s  d i s c u s s e d  l a t e r ,  Design Speci-  
f i c a t i o n s  and Design Repor t s  are r e l a t i v e l y  more complex f o r  v a l v e s  and 
even more complex f o r  p i p i n g  systems and s u p p o r t s . )  The number of  
d i f f e r e n t  s a f e t y - r e l a t e d  pumps i s  small;  t h u s ,  i t  is f e a s i b l e  t o  p r e p a r e  
a Design S p e c i f i c a t i o n  f o r  each t y p e  of pump, f o r  example,  f o r  c o n t a i n -  
ment s p r a y  pumps. A l l  Design S p e c i f i c a t i o n s  and Design Reports  r e c e i v e d  
were f o r  a s p e c i f i c  t y p e  of pump. 

r equ i r emen t  re la tes  t o  the i r  o p e r a t i o n ,  f o r  example, pump X gpm a g a i n s t  Y 
head. Of c o u r s e ,  t o  o p e r a t e ,  a d r i v e r  must be a t t a c h e d  t o  t h e  pump, f o r  
example, an e lectr ic  n o t o r  o r  steam t u r b i n e .  The r i g i d i t y  of t h e  common 
b e d p l a t e  of t h e  pump/driver assembly and t h e  al ignment  of t h e  pump and 
d r i v e r  are v i t a l  a s p e c t s  of long-term, minimum-maintenance o p e r a t i o n .  
The p r e s s u r e  boundary r equ i r emen t s  of t h e  Code are r e l a t i v e l y  t r i v i a l  i n  
a pump s p e c i f i c a t i o n .  

However, pumps are v e r y  d i f f e r e n t  from v e s s e l s  because t h e  pr imary 

5.1 Design S p e c i f i c a t i o n s  

As might be expec ted  and indeed d e s i r e d ,  t h e  pump s p e c i f i c a t i o n s  we 
reviewed were concerned p r i m a r i l y  w i t h  pump o p e r a b i l i t y .  With some 
s e a r c h i n g ,  t h e  Design P r e s s u r e  and Design Temperature could be found. 
Somewhere i n  t h e  document t h e  a l l o w a b l e  pump n o z z l e  t o a d s  were u s u a l l y  
g i v e n  and a r e f e r e n c e  to  something s imi l a r  t o  a "Seismic Design Manual" 
w a s  u s u a l l y  made. 

None of t h e  Design S p e c i f i c a t i . o n s  r e c e i v e d ,  however, i n d i c a t e  t h a t  
t h e  document was t h e  Code-required Design S p e c i f i c a t i o n ,  p repa red  by ( o r  
f o r )  t h e  Owner. I n  some cases, t h e  documents were i d e n t i f i e d  as a pur- 
chase o r d e r  o r  equipment s p e c i f i c a t i o n .  However, t h e  Owner's name and 
p l a n t  name are shown on the cove r  s h e e t  of t h e  documents. I n  a d d i t i o n ,  
e i ther  on t h e  cover  sheet or  a few pages l a t e r ,  t h e r e  i s  a " C e r t i f i c a t i o n  
of t h e  Design S p e c i f i c a t i o n "  as r e q u i r e d  by NCA-3255. One form of t h e  
c e r t i f i c a t i o n  is: 

T h i s  s p e c i f i c a t i o n  i s  c e r t i f i e d  t o  be c o r r e c t  and complete 
and i n  compliance w i t h  t h e  r equ i r emen t s  of paragraph WA-3252 
of t h e  ASME B o i l e r  and P r e s s u s e  Vessel Code, S e c t i o n  111. 

The words i n  t h e  Code (from 1971  to 1985) are: 

The Design S p e c i f i c a t i o n s  shal.1 be c e r t i E i e d  t o  be c o r r e c t  and 
complete  and i n  compliance w i t h  t h e  r equ i r emen t s  of NCA-3250 
by one o r  more Reg-lstered P r o f e s s i o n a l  E n g i n e e r s ,  ... 
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Other forms of c e r t i f i c a t i o n s  are : 

T h i s  document complies  with Paragraph NA-3250 of t h e  ASME 
B o i l e r  and P r e s s u r e  Vessel Code, S e c t i o n  111. 

and 

X hereby c e r t i f y  t h i s  s p e c i f i c a t i o n  t o  be i n  compliance w i t h  
t h e  ASME B o i l e r  and P r e s s u r e  Vessel Code S e c t i o n  111, d a t e d  
12/31/77. 

These v a r i o u s  forms of c e r t i f i c a t i o n  a l l  i n d i c a t e ,  d i r e c t l y  o r  in- 
d i r e c t l y ,  t h a t  t h e  document be ing  c e r t i f i e d  i s  cor rec t  and complete in 
compliance with the requirements of NCA-3250 (or NA-3250, f o r  Codes 
ehrough 1977).  A common problem is  that  t h e s e  documents are o f t e n  re- 
v i sed .  Each r e v i s i o n  is c e r t i f i e d  t o  be  i t c o r r e c t  and complete." Each 
r e v i s i o n  i m p l i e s ,  of c o u r s e ,  that  t h e  p r e v i o u s  v e r s i o n  was not c o r r e c t  o r  
complete.  T h i s  seems t o  t r i v i a l i z e  the series of C e r t i f i c a t i o n s .  I n  ou r  
view,  i t  would be b e t t e r  t o  i d e n t i f y  t h e  Code-required Design S p e c i f i c a -  
t i o n  by t h o s e  words i n  t h e  t i t l e ;  c a l l  i t  p r e l i m i n a r y  u n t i l  such t i m e  
t h a t  i t  is  r e a l l y  " c o r r e c t  and complete'' and t h e n  c e r t i f y  t h a t  i t  is 
c o r r e c t  and complete ,  

5.2 Design Reports  

With one e x c e p t i o n ,  the pump documentat ion reviewed was f o r  Code 
Class 2 o r  3 pumps. Up u n t i l  t h e  1980 e d i t i o n ,  t h e  Code was no t  clear as 
t o  what d e s i g n  documentat ion,  i f  any ,  was r e q u i r e d  by the  Code. One h i n t  
t h a t  some s o r t  of d e s i g n  documentat ion was expec ted  t o  be a v a i l a b l e  i s  
c o n t a i n e d  i n  t h e  1971 Code "Form NPV-1 Manufac tu re r s '  Data Report  f o r  
Nuclear Pumps o r  Valves .I' The " C e r t i € i . c a t i o n  of Design" block i n c l u d e s :  

I t  " S t r e s s  a n a l y s i s  r e p o r t  on f i l e  at: . 
What w e  did receive f o r  pumps, i n  r e sponse  t o  our  r e q u e s t  ( s e e  i t e m  

3, Table 2 ) ,  were documents w i t h  a t i t l e  l i k e  "Seismic-Stress  Analysis." 
T y p i c a l l y ,  t h e s e  documents c o n s i d e r  nozz le  l o a d s  and seismic loads. 
These l o a d s  are not s t a t e d  t o  come from t h e  pump Design S p e c i f i c a t i o n  
b u t ,  i n  most cases, i t  t u r n s  o u t  t h a t  t h e y  do agree w i t h  what i s  i n  t h e  
Design S p e c i f i c a t i o n .  

Loading and t h e  adequacy of t h e  pump p r e s s u r e  boundary. In t h e  a u d i t  of 
one p l a n t ,  t h e  "Seismic Analysis" docunenc i n c l u d e d  the  s e n t e n c e  "Pres- 
s u r e  boundary p a r t s  comply w i t h  the r equ i r emen t s  of t h e  ASME Boi le r  and 
P r e s s u r e  Vessel Code, S e c t i o n  IIX . . . ' I .  We asked t h e  Applicant  t o  v e r i € y  
t h e  b a s i s  f o r  t h e  quoted sen tence .  IIe could n o t ,  but e v e n t u a l l y  ag reed  
t o  a s k  t h e  pump manufac tu re r  t o  p rov ide  t h e  b a s i s  f o r  the sentence. Soiiie 
9 non ths  l a t e r  w e  r e c e i v e d  a r e p o r t  on t h e  pump e n t i t l e d ,  i n  par; ,  
"Pressure Boundary Ca lcu la t ions . "  The r e p o r t ,  dated -8 months a f t e r  our  
r e q u e s t  t o  the  A p p l i c a n t ,  s ta tes  tha t  "The d e s i g n  p r e s s J r e  c o n d i t i o n s  a re  

That t ype  of r e p o r t ,  however, does no t  c o n s i d e r  i n t e r n a l  p r e s s u r e  
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300 p s i g  a t  300'F f o r  the pump.'' The r e p o r t  does no t  i n d i c a t e  t h a t  t h e  
d e s i g n  c o n d i t i o n s  came from t h e  Design S p e c i f i c a t i o n ,  b u t ,  i n  f a c t ,  t h o s e  
c o n d i t i o n s  are s t a t e d  i n  Paragraph  3 . 2 . 1 . 1  of t h e  Design S p e c i f i c a t i o n ,  

The "Pres su re  Boundary C a l c u l a t i o n "  r e p o r t  r e f e r s  t o  t h e  pump Design 
S p e c i f i c a t i o n  on t h e  cover  s h e e t ;  a l t h o u g h  i t  was i d e n t i f i e d  as t h e  "Cus- 
tomer Purchase  Order No. -283," i t  used t h e  wrong number (-283 should be 
-238, which presumably i s  a typograph ica l  e r r o r ) .  I n  c o n j u n c t i o n  wi th  
our  r e q u e s t  that  the " i n p u t  d a t a  are c l e a r l y  t r a c e a b l e  t o  and a g r e e  with 
t h e  Design S p e c i f i c a t i o n "  ( s e e  Table 2 ) ,  t h e  r e p o r t  i d e n t i f i e s  nozz le  
l o a d s  by i n c l u d i n g  a copy of a page from t h e  Design S p e c i f i c a t i o n .  Of 
a l l  t h e  "Design Reports"  t h a t  we re\ iewed , t h i s  p a r t i c u l a r  r e p o r t  eon- 
s t i t u t e s  a ve ry  rare example of where t h e  i n p u t  d a t a  are c l e a r l y  trace- 
a b l e  t o  t h e  Design S p e c i f i c a t i o n .  

5.3 In - se rv ice  T e s t i n g  of Pumps 

C e r t a i n  pumps are r e q u i r e d  t o  p e r f o r a  a s p e c i f i c  f u n c t i o n  i n  shu t -  
t i n g  down a r e a c t o r  o r  i n  m i t i g a t i n g  t h e  consequences of an a c c i d e n t .  
These pumps may n o t  be used i n  r o u t i n e  o p e r a t i o n ;  t h u s ,  t h e i r  a b i l i t y  t o  
f u n c t i o n  when c a l l e d  upon i s  checked under Code S e c t i o n  X I ,  Subsec t ion  
IWP, " I n s e t v i c e  T e s t i n g  of Pumps i n  Nuclear  Power Plants ."  Such t e s t i n g  
may r e q u i r e  t a p s ,  v a l v e s ,  I n s t r u m e n t a t i o n ,  o r  by-pass l i n e s .  The Code 
c a u t i o n s  ( s e e  NCA 1110) t h a t  t h e  r u l e s  f o r  i n - s e r v i c e  i n s p e c t i o n  may 
i n f l u e n c e  Code c o n s t r u c t i o n ,  and Code Paragraph NCA-3752(a)(6) p o i n t s  o u t  
t h a t  t h e  Design S p e c i f i c a t i o n  should r e f e r e n c e  a p p r o p r i a t e  documents. 
N e v e r t h e l e s s ,  it appea r s  from our  a u d i t s  t h a t  t h e  a b i l i t y  t o  e v e n t u a l l y  
perform i n - s e r v i c e  t e s t i n g  of pumps i s  be ing  neg lec t ed  i n  t h e  cons t ruc -  
t i o n  s t a g e .  (See Chap. 11, recommendation 11.7.) 
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6 .  VALVES 

Because t h e  number of d i f f e r e n t  s a f e t y - r e l a t e d  v a l v e s  i s  l a r g e ,  i t  
i s  no t  f e a s i b l e  t o  p repa re  a Design S p e c i f i c a t i o n  f o r  each t y p e  of valve. 
For example,  w e  estimate t h a t  t h e r e  are about  500 d i f f e r e n t  2 1/2-in.  and 
l a r g e r  v a l v e s  i n  a n u c l e a r  power p l a n t  t h a t  are Code Class 1, 2, or  3. 
They are d i f f e r e n t  i n  nominal s i z e ,  t ype  ( g l o b e ,  g a t e ,  check,  and b u t t e r -  
f l y ) ,  and p r e s s u r e  class (300, 600, and 900). We estimate t h a t  about  100 
of t h o s e  500 t y p e s  of v a l v e s  would have e i t h e r  n o t o r  o r  a i r  o p e r a t o r s .  

when s u b j e c t e d  t o  i n t e r n a l  pressure and l o a d s  imposed by the a t t a c h e d  
p i p i n g .  The r i g i d i t y  is needed t o  minimize seat l eakage  and ,  f o r  g a t e  
v a l v e s ,  t o  prevent  b ind ing  of t h e  d i s k  i n  t h e  body. Genera l ly ,  t h e  
r i g i d i t y  requi rements  are s u f f i c i e n t  t o  ensu re  p r e s s u r e  boundary ade- 
quacy. 

Valve bod ies  must be s u f f i c i e n t l y  r i g i d  t h a t  t h e  v a l v e  will o p e r a t e  

6.1 Design S p e c i f i c a t i o n s  

A r e p r e s e n t a t i v e  s p e c i f i c a t i o n  f o r  va lves  r ece ived  f o r  review was 
t i t l e d :  

Techn ica l  P r o v i s i o n s  f o r  Nuclear  S e r v i c e  Valves ,  2 1 / 2  Inches  
and La rge r ,  f a r  t h e  (Name of Owner), (Name of P l a n t )  

The t i t l e  page gave a s p e c i f i c a t i o n  number, t h e  r e v i s i o n  number a s  9 ,  and 
t h e  d a t e  of October 13, 1982. S e p a r a t e l y ,  we  r ece ived  a s i n g l e  s h e e t  
e n t i t l e d  : 

C e r t i f t c a t i o n  of Design S p e c i f i c a t i o n  f o r  Nuclear S e r v i c e  
Valves ,  2 1 / 2  Inches and Smal l e r ,  (Name of Owner), (Name of 
P l a n t  ) 

Tha t  sheet  shows t h e  r e v i s i o n  as number 11, and the  date of February  3, 
1984. The c e r t i f i c a t i o n  reads :  

I., (Name of c e r t i f i e r ) ,  t h e  unders igned  c e r t i f y  t h a t  t h i s  
d e s i g n  s p e c i f i c a t i o n  sa t i s f ies  t h e  requi rements  of ASME 
B o i l e r  and P r e s s u r e  Vessel Code, S e c t i o n  111, 1974 E d i t i o n  
wi th  Addenda through Summer 1975, S u b a r t i c l e  NA-3250. 

Because NA-3250 i n c l u d e s  t h e  words " c o r r e c t  and complete ,I' it appears  
t h a t  t h e r e  i s  a series of 11 r e v i s i o n s ,  each  of which was c e r t i f i e d  t o  be 
c o r r e c t  and complete.  Presumably,  t h e r e  w i l l  be wore r e v i s i o n s  be fo re  
t h e  document i s  really correet and complete. 

by t h e  fo l lowing :  
The scope o f  t h e  "Design S p e c i f i c a t i o n "  d i s c u s s e d  above i s  i n d i c a t e d  
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1.0 SCOPE OF WORK 

T h i s  s p e c i f i c a t i o n  d e f i n e s  the requ i r emen t s  f o r  manual and 
power a c t u a t e d  (Automatic o r  Remote) S t e e l  Gate, Globe and 
Check Va lves ,  2-1/2 Inches and La rge r  f o r  n u c l e a r  power p l a n t  
s e r v i c e ,  Code Classes 1, 2 and 3,  as d e f i n e d  i n  t h e  American 
S o c i e t y  of Mechanical Eng inee r s  B o i l e r  and P r e s s u r e  Vessel 
Code, S e c t i o n  I11 - Nuclear  Power P l a n t  Components. 

Later i n  t h e  document, it becomes a p p a r e n t  that the  s p e c i f i c a t i o n  is 
e s s e n t i a l l y  f o r  v a l v e s  covered by ANSI B16.5 (Ref. 3 ) ,  up t o  1973, and by 
ANSI B16.34 (Ref. 4 )  t h e r e a f t e r .  T"iose s t a n d a r d s  cover  7 "Classes ," 
about  12 nominal s i z e s  i n  2 1/2 NPS and l a r g e r  and ( i n  1971) 13 d i f f e r e n t  
s teels .  Cons ide r ing  t h e  3 t y p e s  of v a l v e s  (Gate, Globe, and Check),  t h e  
S p e c i f i c a t i o n  c o v e r s  -3300 d i f f e r e n t  va lves .  

f o r  t h e  v a l v e s  by t h e  s e n t e n c e :  
The document addres sed  t h e  Design P r e s s u r e  and Design Temperature 

The d e s i g n  c o n d i t i o n s  used f o r  a l l  v a l v e s  f u r n i s h e d  by t h e  
c o n t r a c t o r  s h a l l  a l l o w  t h e i r  u se  a t  a l l  p re s su re - t empera tu re  
c o n d i t i o n s  al lowed by t h e  Code f o r  t h e i r  pr imary-pressure 
r a t i n g  and Code Class. 

Th i s  i m p l i e s  that  some e n g i n e e r  must de t e rmine  t h a t  t h e  Design P r e s s u r e  
and Design Temperature a t  t h e  l o c a t i o n  where t h e  va lve  is i n s t a l l e d  i s  
less than  t h e  a l l o w a b l e  p re s su re - t e inpe ra tu re  combinat ion f o r  t h e  par -  
t i c u l a r  va lve .  For  Class 2 o r  3 v a l v e s ,  t h i s  means t h a t  some i n d i v i d u a l  
must look a t  a pre-1973 v e r s i o n  of ,ANSI B16.5 because t h e  1974 Code 
(e.g., NC-3511) s t a t e s :  "The desig:? s h a l l  conform t o  the a p p l i c a b l e  
r e q u i r e m e n t s  f o r  ANSI B16.5 i n c l u d i n g  p r e s s u r e  t empera tu re  r a t i n g s . "  
With respect t o  t h e  r e t e n t i o n  i s s u e  r a i s e d  i n  S e c t .  4 ,  t h e  q u e s t i o n  
arises:  W i l l  t h e  r e a d e r  of t h i s  dozument i n ,  s a y ,  t h e  y e a r  2006 have a 
pre-1973 v e r s i o n  of ANSI B16.5 a v a i l a b l e ?  

6.2 Design Reports  

A s  s t a t e d  i n  Sec t .  5.2, up u n t i l  t h e  1980 Code, i t  was not  clear 
what d e s i g n  documentat ion,  i f  any,  was r e q u i r e d  f o r  Class 2 o r  3 v a l v e s .  
What we did r e c e i v e  f o r  Class 2 and 3 v a l v e s ,  i n  r e sponse  t o  ou r  r e q u e s t  
No. 3 of Tab le  2 ,  were documents r e l a t i n g  t o  t h e  adequacy of v a l v e s /  
o p e r a t o r s  f o r  seismic l o a d i n g s .  Noie of t h e s e  documents,  however, 
add res sed  t h e  adequacy of t h e  v a l v e ?  f o r  i n t e r n a l  p r e s s u r e  l o a d i n g .  

t i t l e d  "Design Report  of 12 Inch-900 Lb. Carbon S t e e l  Flex Wedge Gate 
Valve w i t h  SMB-1-60 Operator." The f i r s t  57 pages of t h i s  116-page 
r e p o r t  are devoted t o  e v a l u a t i n g  t h e  adequacy of t h e  v a l v e  body € o r  
i n t e r n a l  p r e s s u r e  f o l l o w i n g  the crude e n g i n e e r i n g  guidance g iven  i n  
NB-3500 o f  t h e  1977 Code. The remaining -60 pages are devoted t o  seismic 
a n a l y s i s  of t h e  va lve -ope ra to r  a s s e a b l y .  Th i s  is a wel l -organized r e p o r t .  

The r e p o r t  ment ions " t h e  d e s i g i  s p e c i f i c a t i o n "  i n  s e v e r a l  places .  
Apparen t ly  t h i s  i s  r e f e r r i n g  t o  t h e  Techn ica l  Requirements p repa red  by 

We d i d  r e c e i v e  two Design Reports  f o r  Class 1 va lves .  One is en- 
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the AE f o r  the p l a n t .  A Design P r e s s u r e  is shorn ,  but  where it came from 
i s  no t  i n d i c a t e d .  It does not- a g r e e  w i t h  the  Design P r e s s u r e  g i v e n  i n  
t h e  r e f e r e n c e d  Techn ica l  Requirements .I 

ments; t h u s ,  i f  a Design Report  i s  prepared f o r  each Class 1 v a l v e ,  50 
Design Reports  o r i g i n a t e  from t h i s  Techn ica l  Requirements document. 
Under t h e  p r e s e n t  Code, which r e q u i r e s  Design Reports  f o r  Code Class 1 ,  
2 ,  and 3 components, 360 Design Reports  o r i g i n a t e  from t h i s  Techn ica l  
Requirements document. 

About 40 Code Class 1 v a l v e s  are inc luded  i n  t h e  Techn ica l  RequLre- 

The second Design Report f o r  Class 1 v a l v e s  i s  e n t i t l e d :  

S t r e s s  Report  f o r  (Name of O r g a n i z a t i o n )  Class 1 Nuclear 
Va lves ,  6-Inch and La rge r  Gate Valves.  

Th i s  942-page r e p o r t  l ists  46 v a l v e s  i n  s i z e s  6 NPS through 16 NPS. The 
r e p o r t  s t a r t s  wi th  18 pages of r easonab ly  clear g e n e r a l  i n f o r m a t i o n ,  bu t  
t ha t  i s  fol lowed by 413 pages c o n s i s t i n g  of c o p i e s  of computer p r i n t o u t  
s h e e t s  w i t h  many undefined symbols. P o r t i o n s  QE t h e s e  sheets are i l l e g i -  
b l e .  We s u s p e c t  t h a t  t h i s  would happen i n  any r e p r o d u c t i o n  of t h e  r e p o r t ;  
t h e  computer p r i n t o u t  s h e e t s  are probab ly  of inadequa te  q u a l i t y  t o  repro- 
duce l e g i b l y .  

438-942 of t h e  r e p o r t  where, a p p a r e n t l y ,  t h e  b a s e s  of the computer o u t p u t  
are exp la ined .  From pages 438 t o  942, it appea r s  t h a t  e n g i n e e r i n g  evalua-  
t i o n s  similar t o  t h o s e  f o r  the. 12"-900 Class Valve have been performed 
f o r  -30 t o  40 d i E f e r e n t  va lves .  Mainly because of i l l e g i b i l i t y  of 
impor t an t  p o r t i o n s  of the c o p i e s  of t h e  computer sheets, we were unable  
t o  a s c e r t a i n  e x a c t l y  how many d i f f e r e n t  v a l v e s  are covered. 

However, i f  t h e  r e a d e r  of t h e  r e p o r t  p e r s i s t s ,  he w i l l  g e t  t o  pages 

6.3 I n - s e r v i c e  T e s t i n g  of Valves 

C e r t a i n  v a l v e s  are r e q u i r e d  t o  perform a s p e c i f i c  r u n c t i o n  i n  shu t -  
t i n g  down t h e  r e a c t o r ,  i n  m i t i g a t i n g  t h e  consequences of an  a c c i d e n t ,  O K  

i n  p rov id ing  o v e r p r e s s u r e  p r o t e c t i o n .  These v a l v e s  may not  be used i n  
r o u t i n e  o p e r a t i o n ;  t h u s ,  t h e i r  a b i l i t y  t o  f u n c t i o n  when c a l l e d  upon t o  do 
s o  is checked under Sect .  X I  Subsect .  I W V ,  " I n s e r v i c e  T e s t i n g  of Valves 
i n  Nuclear Power P lan t s . "  F u r t h e r ,  f o r  some v a l v e s  t h e  l e a k  ra te  must b e  
checked. The t e s t i n g  may r e q u i r e  p r e s s u r e  taps  downsteeam t e l l t a l e  con- 
n e c t i o n s ,  etc. A s  d i s c u s s e d  i n  S e c t ,  5.3 f o r  pumps, it. appears t h a t  t h e  
a b i l i t y  t o  e v e n t u a l l y  perform i n - s e r v i c e  t e s t i n g  of v a l v e s  i s  being ne- 
g l e c t e d  i n  t h e  c o n s t r u c t i o n  s t a g e  ( s e e  recommendation 11.7). 

6.4 D i f f e r e n t i a l  ODerat i r in  P r e s s u r e  

C e r t a i n  v a l v e s  must have t h e  c a p a b i l i t y  t o  open and/or  c lose  with 
s p e c i f i e d  d i f f e r e n t i a l  p r e s s u r e  a c r o s s  t h e  seat. Apparen t ly ,  i n  t h e  p a s t  
v a l v e  manufac tu re r s  have been asked t o  quo te  011 valves wi thou t  being 
informed of t h e  s p e c i a l  o p e r a t i n g  r equ i r emen t s .  While va lve  o p e r a b i l i t y  
requi-rements a r e  o u t s i d e  t h e  scape  o f  t h e  Code, the Code [NCA-3252(a)(6)1 
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does r e q u i r e  t h a t  t h e  Design S p e c i f i c a t i o n  make r e f e r e n c e  t o  a p p r o p r i a t e  
documents t h a t  s p e c i f y  o p e r a t i n g  requi rements .  The Design S p e c i f i c a t i o n  
should  c l e a r l y  i n d i c a t e  ( d i r e c t l y  or by r e f e r e n c e )  v a l v e  o p e r a b i l i t y  
r equ i r emen t s ,  and p o t e n t i a l  va lve  manufac turers  should be made aware of 
t h o s e  requi rements  at t h e  earliest  f e a s i b l e  s t a g e  i n  t h e  procurement 
p rocess .  An a d d i t i o n  t o  Code Appendix B i s  sugges ted  (see recommendation 
11.8). 
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7. P I P I N G  AND P I P I N G  SUPPORTS 

I n  r e l a t i o n s h i p  t o  Code r equ i r emen t s  t h e  fo l lowing  q u e s t i o n s  a r i s e :  

1. What i s  p i p i n g ?  
2. What i s  it p ip ing  system? 

The word "piping" i s  used i n  many p l a c e s  i n  t h e  Code. For example,  i t  is  
used i n  NC-1131 as shown i n  Appendix A. The words i n  t h e  f irst  s e n t e n c e ,  
I 1  p i p i n g  or a n o t h e r  component," s u g g e s t  t h a t  p i p i n g  might be a component. 
However t h e  second s e n t e n c e  d e f i n e s  boundar i e s  f o r  v e s s e l s  , t a n k s  , pumps ~ 

and v a l v e s  but  does no t  d e s c r i b e  t h e  boundar i e s  of p ip ing .  The gap i n  
N C - 1 1 3 1  i s  brought  o u t  by t h e  q u e s t i o n :  Suppose a v a l v e  i s  welded to  a 
pump n o z z l e ,  t hen  where is t h e  v a l v e  boundary and where i s  the  pump 
boundary? 

ing  NCA-1210, "Components ,I' which r eads :  
The words ' 'p iping system" occur  several places i n  t h e  Code, i nc lud -  

The components of a n u c l e a r  power p l a n t  i n c l u d e  items such as 
v e s s e l s ,  c o n c r e t e  r e a c t o r  v e s s e l s ,  c o n c r e t e  con ta inmen t s ,  
p i p i n g  s y s t e m s ,  pumps, v a l v e s ,  c o r e  suppor t  s t r u c t u r e s ,  and 
s t o r a g e  tanks.  Data Reports  and Stamping s h a l l  be as r e q u i r e d  
i n  NCA-8000. 

The f i r s t  s e n t e n c e  s ta tes  t h a t  a p ip ing  system is a component. I n  
NCA-8000, we see t h a t  p ip ing  systems are t o  be stamped accord ing  t o  t h e i r  
Code Class. However, p ip ing  systems are o f t e n  i d e n t i f i e d  i n  terms of 
t h e i r  f u n c t i o n .  Table  7" shows t h o s e  f u n c t i o n a l  p ip ing  systems i n  a 
p res su r i zed -wa te r  r e a c t o r  (PWR) i n  which c e r t a i n  p o r t i o n s  a re  c o n s t r u c t e d  
t o  d i f f e r e n t  Code Classes. An obvious Code-requirements problem i s  t h a t  
most p i p i n g  sys t ems ,  when d e f i n e d  by f u n c t i o n ,  i n v o l v e  more than one Code 
Class 

The p reced ing  s i t u a t i o n  r e f l e c t s  i t s e l f  i n  Design S p e c i f i c a t i o n s  and 
Design R e p o r t s ,  t o  w i t ,  t h e  Code has  not y e t  a d e q u a t e l y  d i g e s t e d  t h e  com- 
p l e x i t i e s  of p i p i n g  o r  p ip ing  s y s t e m  even though a Code d e f i n i t i o n  f o r  a 
p ip ing  system h a s  € i n a l l y  been developed ( A r t i c l e  NCA-9000, Ref. 1, 1986 
ed. S86 a d . ) ,  t h a t  i s ,  

A p i p i n g  system is an assembly of p i p i n g ,  p i p i n g  s u p p o r t s ,  
components, and i E  a p p l i c a b l e ,  component s u p p o r t s  of one o r  
more Code Classes, wi th  a d e f i n e d  f u n c t i o n  as d e s c r i b e d  i n  
t h e  Design S p e c i f i c a t i o n  f o r  t h e  p i p i n g  system. 

* 
Tab le  3 i s  t aken  from one of t h e  p ip ing  d e s i g n  s p e c i f i c a t i o n s  

r ece ived  d u r i n g  our a u d i t .  
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Tab le  3.  F u n c t i o n a l l y  d e s i g n a t e d  p i p i n g  systems i n  a PWRa 

ASME c l a s s i f i c a t i o n  Other 
System 

1 2 3 ANSI 8-31.1 

1. 
2. 
3. 
4. 
5. 
6 .  
7. 
8. 
9. 

10. 
11. 
12. 
13. 
14. 
15. 
16. 
17. 
18. 
19. 
20. 

21. 

22. 

23. 

24. 
25. 
26. 
27. 
28. 

Reac to r  c o o l a n t  
R e s i d u a l  heat removal 
S a f e t y  i n j e c t i o n  
Chemical and volume c o n t r o l  
Primary component c o o l i n g  water 
Spent f u e l  pool c o o l i n g  c l eanup  
Reac to r  makeup water 
Containment s p r a y  
Steam g e n e r a t o r  blowdown 
Sample 
S e r v i c e  water 
Ni t rogen  gas service 
R a d i o a c t i v e  gaseous waste 
Demineral ized water 
F l o o r  and equipment d r a i n s  
Main steam 
Condensate 
Feedwa t er 
Diesel g e n e r a t o r  a i r  
Diesel g e n e r a t o r  f u e l  and 

l u b e  o i l  
Diesel g e n e r a t o r  c o o l i n g  
water 

P o s t a c c i d e n t  containment  
combus t ib l e  g a s  c o n t r o l  

Reac to r  c o o l a n t  system p r e s s u r -  
i z e r  r e l i e f  p i p i n g  

De le t ed  
Eq u i pmen t vent  
Containment on - l ine  purge 
Waste p r o c e s s  l i q u i d  
Fire p r o t e c t i o n  

X X 
X X 
X X 
X X 

X 

X 
X 
X 

X 
X 
X 
X 
X 

X 

X 

X X 

X 
X 
X 
X 

X 
X 

X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 
X X 

X 
X 

x X 
X X 
X X 
X X 
X X 

X X 

X 

X 
X 
X 
X 

“Taken f rorn one of t h e  p i p i n g  d e s i g n  s p e c i f i c a t i o n s  reviewed 
d u r i n g  our a u d i t .  
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7.1 Design Specifications 

Our audits included 12  "Design Specifications" f o r  piping. These 
vary greatly in format and coverage. The largest of the specifications 
consisted of -750 pages. It is entitled: 

Specification for Piping Engineering and Design, (Plant 
Name), (Owner Name) 

T h i s  specification includes the usual certification that it is correct 
complete, and in compliance with NA-3250. However, on page 2 of the 
specification, we read that this is not so. This specification, in con- 
junction with two other specifications, comprises a complete design 
specification. 

are essentially one-page documents. An example of one such Design Speci- 
fication is shown in Table 4 .  

systems with Code Class 1, 2 ,  OK 3 included therein, plus many other 
piping systems such as "Sanitary Systems." Other design specifications 

A t  the other extreme, we have received Design Specifications that 

Some of the "design specifications" attempted to cover all piping 

Table 4 .  Example of a single-page piping design specificationa 

Î _ 

CE R l? I F I C  AT I O N  

I, the undersigned, do hereby certify that this Design Specification is 
in compliance with the requirements of Subsubarticle NA-3250 of Section 
I1i of the ASME Boiler a n d  Pressure Vessel Code, Nuclear Power P l a n t  
Components. This Design Specification is comprised of the following 
documents. 

DOCUMENT TITLE REVISION NO 

400-36 HPCS System Piping Design ASME 111 1 

400-15 Piping Fie1.d Fabrication and Erection 3 
ASME L I T  

400-15 Piping Shop Fabrication ASME 111 5 

400-17 Field TesE of Piping ASME 111. 4 

400-7.'+ Piping Seismic Loading Data ASME TIL 0 

400-02 Piping Materials (ASME Section 111 <>?Lij.) 7 
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were much more l i m i t e d  i n  scope ,  f o r  example,  a Design S p e c i f i c a t i o n  t h a t  
covered  t h e  Code Class 1 and 2 p o r t i o n s  of t h e  h igh -p res su re  c o r e  spray 
(HPCS) system. 

Some of t h e  ' 'p iping d e s i g n  s p e c i f i c a t i o n s "  cover  v a l v e s  even though,  
s i n c e  1971, t h e  Code h a s  i d e n t i f i e d  v a l v e s  as components w i t h  s e p a r a t e  
Code requi rements  (e.g., NB/NC/ND-3'300) a p p l i c a b l e  t o  t h e i r  c o n s t r u c t i o n .  

Some of t h e  d e s i g n  s p e c i f i c a t i o n s  cover  p i p i n g  s u p p o r t s ;  some do 
not .  We d i d  r e q u e s t  and r e c e i v e d  s e v e r a l  d e s i g n  s p e c i f i c a t i o n s  €o r  sup- 
p o r t s  o r  p i p i n g  s u p p o r t s ,  o r ,  i n  one case, "p ip ing  suspens ions , "  We view 
t h e  s e p a r a t i o n  of p i p i n g  s u p p o r t s  from p i p i n g  systems as an u n d e s i r a b l e  
d i v i s i o n  of r e s p o n s i b i l i t i e s .  One of our  recommendations is t h a t  b o t h  
Design S p e c i f i c a t i o n s  and Design Repor t s  should  cover  t h e  p i p i n g  and i t s  
s u p p o r t s .  

A common c h a r a c t e r i s t i c  of a l l  12 of t h e  d e s i g n  s p e c i f i c a t i o n s  we 
reviewed is  t h a t  t h e y  i n c o r p o r a t e  many o t h e r  s p e c i f i c a t i o n s ,  d rawings ,  
d e s i g n  manuals ,  etc. Table  4 r e p r e s e n t s  a minimum l i s t  of what might be 
c a l l e d  f i rs t - t ier ,  subdocuments. More t y p i c a l l y  t h i s  k ind  of l i s t  
i d e n t i f i e s  some 10 t o  20 f i r s t - t i e r ,  subdocuments. Those subdocuments 
u s u a l l y  i n c o r p o r a t e  a d d i t i o n a l  sub-subdocuments. We estimate t h a t  t h e  
t o t a l  number of "Owner" s p e c i f i c a t i o n s  would be between 50 and 100, 
Those documents would be s u b j e c t  t o  p e r i o d i c  r e v i s i o n .  The number of 
drawings  (e .g . ,  P & I . D . s ,  f a b r i c a t i o n ,  i s o m e t r i c s )  would,  of c o u r s e ,  
va ry  w i t h  how many d i f f e r e n t  p i p i n g  sys tems a r e  covered by t h e  d e s i g n  
s p e c i f i c a t i o n s .  For  a l l  of t h e  sys tems i n d i c a t e d  i n  Table  3 ,  t h e  number 
of drawings could  t o t a l  several hundred. 

A f o r m a l € s t i c  problem encountered  wi th  p i p i n g  d e s i g n  s p e c i f i c a t i o n s  
i s  t h a t ,  i n  some c a s e s ,  t h e r e  i s  more than  one S p e c i f i c a t i o n  c e r t i f i e d  t o  
be c o r r e c t  and complete  and i n  accordance  w i t h  NA-3250 o r  NCA-3251, €o r  
example,  a s p e c i f i c a t i o n  f o r  "Piping; Eng inee r ing  and Design," a s p e c i f i -  
c a t i o n  f o r  "Shop F a b r i c a t e d  P i p i n g  , I '  and a t h i r d  s p e c i f i c a t i o n  f o r  "F ie ld  
F a b r i c a t i o n  and E r e c t i o n  of Piping." 

7.2 Design Repor ts  

Our a u d i t s  i nc luded  13 "Design Reports." E igh t  of t h e s e  cover  Code 
Class 2 a n d / o r  3 p i p i n g ;  t h e  remaining f i v e  cover  Code Class 1 p ip ing .  
We w i l l  d i s c u s s  t h e s e  s e p a r a t e l y .  

7.2.1 "Design Repor ts"  f o r  Code C las s  2 / 3  Pip ing  

While a l l  a r e  d i f f e r e n t  , t h e  e i g h t  "des ign  r e p o r t s "  we r e c e i v e d  
g e n e r a l l y  do a good j o b  of summarizing t h e  e v a l u a t i o n s  c a r r i e d  o u t  under  
t h e  vague term: p ip ing .  Table  5 ,  taken  froin one of t h e  "des ign  r e p o r t s , "  
i n d i c a t e s  t h e  g o a l s  of t h e s e  "des ign  r e p o r t s  .I1 

These "des ign  r e p o r t s "  have t i t l es  such as "Pipe Line Package , I '  

"Pipe S t r e s s  C a l c u l a t i o n , "  o r ,  s imp ly ,  "Calcula t ion ."  The word "Package" 
pe rhaps  b e s t  d e s c r i b e s  t h e  documents. These packages are i d e n t i f i e d  3y a 
number, and t h e  p i p i n g  t h a t  is i n c l u d e d  i s  d e s c r i b e d  by one or  more draw- 
i n g s .  The p i p i n g  is a l s o  i d e n t i f i e d  by i t s  € u n c t i o n ,  as i n d i c a t e d  i n  
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Table 5 .  Goalsa of a Class 2 1 3  p i p i n g  system d e s i g n  r e p o r t  

1. Show t h a t  t h e  s u b j e c t  p i p i n g  system h a s  been designed t o  meet a l l  
Code r equ i r emen t s  € o r  stress c o n s i d e r a t i o n s .  

2. Summarize p i p i n g  l o a d s  and d i sp lacemen t s  f o r  t h e  d e s i g n  of anchor s  
and s u p p o r t s .  

3.  Summarize p i p i n g  l o a d s  a p p l i e d  t o  equipment and show t h a t  t hey  do 
n o t  exceed a l l o w a b l e  loads .  

4 .  Summarize v a l v e  seismic a c c e l e r a t i o n s  where a p p l i c a b l e  t o  show t h a t  
t hey  do not  exceed a l l o w a b l e  a c c e l e r a t i o n s .  

5 .  Summarize p i p i n g  d i sp lacemen t s  f o r  f l o o r  and w a l l  p e n e t r a t i o n s .  

6 .  Summarize stresses f o r  p i p e  b reak  a n a l y s i s .  

nTaken from one of t h e  "Design Reports" (packages )  f o r  Class 213  
p i p i n g  r ece ived  d u r i n g  our  a u d i t .  

Table  3 .  However, a package u s u a l l y  cove r s  o n l y  a p o r t i o n  of a func- 
t i o n a l  p i p i n g  system. R a t h e r ,  each package cove r s  what would be c a l l e d  
an " a n a l y t i c a l  p i p i n g  system." We estimate t h a t ,  f o r  a l l  of t h e  Code- 
covered p i p i n g  i n  a s i n g l e  n u c l e a r  power p l a n t ,  -250 of these roughly 
100-page packages are produced. 

7.2.2 Design Repor t s  f o r  Code Class 1 P i p i n g  

The f i v e  Design ( o r  S t r e s s )  Reports  f o r  Class 1 Pip ing  r e c e i v e d  show 
much g r e a t e r  v a r i a t i o n  i n  coverage t h a n  t h e  e i g h t  "packages" f o r  Class 
2 / 3  p ip ing .  One Design Repor t ,  on r e c i r c u l a t i o n  p i p i n g  i n  a BWR, con- 
s is ts  of two volumes w i t h  c o n t e n t s  as i n d i c a t e d  i n  Table 6. Volume 1 
c o n t a i n s  3 4 4  pages ,  and Volume 2 c o n t a i n s  185 pages.  A s  i n d i c a t e d  by 
Table  6 and the number of pages ,  t h i s  Design Report  p rov ides  s u f f i c i e n t  
i n f o r m a t i o n  t o  be p o t e n t i a l l y  u s e f u l  i n  t h e  f u t u r e .  

PWR. About 4 5  pages of t h e  50-page r e p o r t  c o n s i s t  a lmost  e n t i r e l y  of 
r e p e t i t i o n  of text  from t h e  Code o r  r e p e t i t i o n  of t ex t  from t h e  F i n a l  
S a f e t y  Analysis  Report  (FSAR).  We view t h a t  as u n d e s i r a b l e ;  see our  
recommendation 11.5, second pa rag raph  under C-1131. 

Another Class 1 Design Report  i s  on pr imary c o o l a n t  loop p i p i n g  i n  a 

7.3 Weld I n s p e c t a b i l i t y  - 

Welded j o i n t s  may r e q u i r e  i n s p e c t i o n  under Sect .  X I ,  Rules f o r  
In - se rv ice  I n s p e c t i o n  of Nuclear Power P l a n t  Components. To perform 
those i n s p e c t i o n s ,  the welds must be accessible. F u r t h e r ,  t h e  d e t a i l s  of 
the welds m u s t  be such t h a t  a meaningful v o l u m e t r i c  examinat ion (e .g . ,  
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Table 6.  Scoped of a des ign  r e p o r t  f o r  Class 1 
r e c i r c u l a t i o n  p ip ing  i n  a BWR 

Volume 1 

1. Provides  a summary of t h e  most s e v e r e  stress i n t e n s i t i e s  throughout  
t h e  p i p i n g  system f o r  t h e  d e s i g n  and o p e r a t i n g  c o n d i t i o n s  d e f i n e d  i n  
t h e  Design S p e c i f i c a t i o n .  

2. Shows t h a t  a l l  p i p e  and f i t t i n g s  i n  t h e  p ip ing  system s a t i s f y  t h e  
P r e s s u r e  Design requi rements  of A r t i c l e  NB-3600 of ASME 111 f o r  t h e  
c o n d i t i o n s  s p e c i f i e d  i n  t h e  DesLgn S p e c i f i c a t i o n .  

3. Conta ins  a l i s t i n g  of t h e  f o r c e s ,  moments, and d e f l e c t i o n s  a t  v a r i -  
ous nodes throughout  t h e  p ip ing  s y s t e m  f o r  a l l  loadings .  

4 .  Conta ins  t h e  d e t a i l e d  r e s u l t s  of t h e  ASME 111 a n a l y s i s  r e q u i r e d  by 
S u b a r t i c l e  NB-3650 f o r  a l l  impor tan t  j o i n t s  i n  t h e  p ip ing  sys tem.  

Volume 2 

1. Summarizes t h e  l o a d s  a c t i n g  on t h e  component s u p p o r t s ,  t h e  vessel 
n o z z l e ,  and a l l  pipe-mounted equipment. 

2. Compares t h e  t o t a l  l oad ing  on equipment t o  t h e  a l lowab le  l o a d s  as 
s p e c i f i e d  i n  t h e  Design S p e c i f i c a t i o n .  

“Taken from one of t h e  Design Reports  f o r  Class 1 p ip ing  r e c e i v e d  
du r ing  out  a u d i t  . 
u l t r a s o n i c )  can be made. The Code c a u t i o n s  ( s e e  NCA 1110) t h a t  t h e  r u l e s  
f o r  i n - s e r v i c e  i n s p e c t i o n  may i n f l u e n c e  Code c o n s t r u c t i o n .  N e v e r t h e l e s s ,  
i t  appea r s  from our a u d i t s  t h a t  requi rements  f o r  weld i n s p e c t a b i l i t y  a r e  
be ing  neg lec t ed  i n  t h e  c o n s t r u c t i o n  s t a g e .  (See recommendation 11.4(d)  
under  8-6110.) 
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8. PRESSURE DESIGN 

With t h e  e x c e p t i o n  of p r e s s u r e  d e s i g n ,  our  reviews of Design Speci-  
f i c a t i o n s  and Design Repor t s  l e d  t o  the conc lus ion  t h a t  the documents 
r e c e i v e d  were adequa te .  The Design Specif  i c a t i o r i s  f o r  pumps and v a l v e s  
appea r  adequa te  i n  the s e n s e  that  they  should l e a d  t o  purchase and in-  
s t a l l a t i o n  of pumps and v a l v e s  of good i n d u s t r i a l  q u a l i t y  and,  t h u s ,  have 
t h e  d e s i r e d  o p e r a t i n g  a b i l i t y  and long-time r e l i a b i l i t y .  The Design 
S p e c i f i c a t i o n s  f o r  p i p i n g  shou ld  l e a d  t o  i n s t a l l e d  p i p i n g  of good indus -  
t r i a l  q u a l i t y .  Bu t ,  because of u n r e a l i s t i c  ea r thquake  r equ i r emen t s  and ,  
t o  a lesser e x t e n t ,  p o s t u l a t e d  p i p e  b reak  r e q u i r e m e n t s ,  n u c l e a r  power 
p l a n t  p i p i n g  has many more s u p p o r t s  and r e s t r a i n t s  (e.g. ,  snubber s )  t han  
a r e  used i n  i n d u s t r i a l  p i p i n g .  These added r e s t r a i n t s  may a c t u a l l y  
reduce t h e  r e l i a b i l i t y  of n u c l e a r  power p l a n t  p i p i n g  as compared w i t h  
i n d u s t r i a l  p ip ing .  

I n  our  view, p r e s s u r e  d e s i g n  f o r  pumps and v a l v e s  is not  a major 
concern because t h e  r i g i d i t y  r equ i r emen t s  f o r  o p e r a b i l i t y  are u s u a l l y  
such  that  t h e  p r e s s u r e  boundary adequacy is  as su red .  However, t h e r e  
cou ld  be e x c e p t i o n s ,  such as the c a s i n g  b o l t i n g  on some pumps and v a l v e  
bonnet b o l t i n g  on some non-B16.34 va lves .  I f  "something" conce rn ing  t h e  
p r e s s u r e  boundary of pumps and v a l v e s  needs check ing ,  w e  t h i n k  t h e  b o l t -  
i n g  shou ld  be i n c l u d e d  i n  the "something." 
6.2, most of t h e  "Design Reports ' '  w e  have r e c e i v e d  do not a d d r e s s  p re s -  
s u r e  des ign .  

would rank t h o s e  e v a l u a t i o n s  concerned w i t h  normal o p e r a t i o n  such as 
weight  and thermal  expansion as of second imporranee.  Th i s  r ank ing  ar ises  
n o t  S O  much from concern about  t h e  p i p i n g  p r e s s u r e  boundary i n t e g r i t y ,  b u t  
r a t h e r  i t s  r e l e v a n c e  t o  such aspects as equipment nozz le  l o a d s ,  suppor t  
l o a d s ,  c l e a r a n c e s  € o r  normal p i p e  movements, and adequa tc  s u p p o r t i n g  s o  
t h a t  d r a i n i n g  and v e n t i n g  can be o b t a i n e d ,  t h u s  avo id ing  p o t e n t i a l  water 
hammer c o n d i t i o n s .  We would rank t h o s e  e v a l u a t i o n s  concerned w i t h  pos tu -  
l a t c d  c o n d i t i o n s  such as extreme ea r thquakes  and p ipe  b reaks  as of t h i r d  
importance.  What we  saw i n  t h e  "Design Reports"  w a s  coverage i n  i n v e r s e  
r a t i o  t o  t h e  above ranking.  

For  p i p i n g ,  p r e s s u r e  d e s i g n  r equ i r emen t s  are g iven  i n  NR/NC/ND-3040 
of t h e  Code. While there are  some e x c e p t i o n s ,  most of t h e  Design Repor t s  
( S t r e s s  R e p o r t s ,  packages)  comple t e ly  i g n o r e  t h e  p r e s s u r e  d e s i g n  r e q u i r e -  
ments of t h e  Code. 

e r o s i o n  a l l o w a n c e ,  A ,  must be s e l e c t e d .  The Code does not  s a y  what v a l u e  
of A t o  use.  I n  some cases, t h e  s e l e c t i o n  of an a p p r o p r i a t e  v a l u e  f o r  A 
could be as s i g n i f i c a n t  as t h e  d e s i g n  p r e s s u r e .  An example i s  i n  blow- 
down l i n e s  where a drop i n  p r e s s u r e  creates f l a sh ing - f low c o n d i t i o n s  t h a t  
c a n ,  i n  time, cause s i g n i f i c a n t  e r o s i o n  of t h e  p i p i n g  p r e s s u r e  boundary. 
Another example is wet-steam f l o w  through an elbow. Some of t h e  p i p i n g  
Design S p e c i f i c a t i o n s  do a d d r e s s  c o r r o s i o n  a l lowance  a t  l eas t  per€unc-  
t o r i l y ,  but o t h e r s  do n o t ,  None of the  Design Specifications addressed 
e r o s i o n  p o t e n t i a l .  Indeed ,  some A p p l i c a n t s  had g r e a t  d i f f i c u l t y  i n  f i n d -  
i n g  o u t  what v a l u e  o f  A they used t o  check compliance w i t h  NB/NC/ND-3640. 

A s  remarked i n  S e c t s .  5.2 and 

I n  our view, p r e s s u r e  d e s i g n  i s  of f i r s t  importance f o r  p ip ing .  We 

To check compliance w i t h  NB/NC/ND-3640, a v a l u e  of t he  c o r r o s i o n /  
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Our recommendations 11.3 and 11.5 i n  Sec t .  11 are mot iva t ed ,  i n  
p a r t ,  by an  i n t e n t  t o  r e s t o r e  p r e s s u r e  d e s i g n  t o  major impor tance  s ta tus .  
I n  recommendation 11.3, we l i s t  Design P r e s s u r e ,  Design Temperature ,  and 
Cor ros ion /Eros ion  a l lowance  t o  d i r e c t  a t t e n t i o n  t o  t h e  p r e s s u r e  des ign .  
By s u g g e s t i n g  t h a t  Design Repor ts  i n c l u d e  a l e a d i n g  s e c t i o n  on p r e s s u r e  
d e s i g n ,  i n  11.5, w e  a g a i n  d i r e c t  a t 5 e n t i o n  t o  t h a t  very impor t an t  t a s k .  
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9. FORMALISTIC ASPECTS OF DESIGN SPECIFICATIONS AND REPORTS 

9.1 C e r t i f i c a t i o n s  

S ince  i t s  i n c e p t i o n  i n  1963, t h e  Code has  r e q u i r e d  c e r t i f i c a t i o n  of 
Design S p e c i f i c a t i o n s .  S t a r t i n g  i n  1971, t h e  Code has  used t h e  words 
" s h a l l  be c e r t i f i e d  t o  be c o r r e c t  and complete and t o  be i n  accordance  
wi th  the requi rements  of NA ( o r  NCA)-3250." 

c a t i o n s "  were being c e r t i f i e d  as "complete and c o r r e c t "  when, i n  f a c t ,  
t h e y  were subsequen t ly  r e v i s e d ;  i n  some cases, t h e  c e r t i f i e d  documents 
themsalues s a i d  t hey  were no t  complete.  

Design S p e c i f i c a t i o n  is c o r r e c t  and complete .  He might s ay  t h a t  " i n  h i s  
judgement" or  " t o  t h e  b e s t  of h i s  knowledge and b e l i e f "  t h e  Design Spec i -  
f i c a t i o n  i s  c o r r e c t  and complete.  Indeed ,  some of t h e  c e r t i f i c a t i o n s  do 
i n c l u d e  such words. 

However, t h e r e  does seem t o  be a u s e f u l  r o l e  t h a t  C e r t i f i c a t i o n  can 
p l ay .  That r o l e  would be an  i n d i c a t i o n  oE when t h e  Design S p e c i f i c a t i o n  
i s  f i n a l i z e d  i n  t h e  Eorm i n  which i t  would be r e q u i r e d  t o  be r e t a i n e d  f o r  
the l i f e  of t h e  p l a n t .  

we r ece ived  about  50 documents t h a t  were i d e n t i f i e d  by t h e  c e r t i f i c a t i o n s  
t o  be Code-required Design S p e c i f i c a t i o n s .  However, when we asked i f  
t h e s e  were f i n a l i z e d ,  t h e  answer was e s s e n t i a l l y ,  "not necessa r i ly . ' f  
(See recommendations i n  11.1 and 11.2.) 

I n  Sec t s .  5.1 and 6.1, we d i s c u s s e d  t h e  a s p e c t  t h a t  "Design S p e c i f i -  

I n  a broader  s e n s e ,  we doubt t h a t  any c e r t i f i e r  can say t h a t  a 

A s  a b i t  of background to  t h e  " f i n a l i z e d "  a s p e c t ,  d u r i n g  ou r  a u d i t  

9.2 C o r r e l a t i o n  Between Design S p e c i f i c a t i o n s  
and Design Repor ts  

The f i r s t  s en tence  under NCA-3256 r eads  ( s e e  p a  2 of Appendix A ) :  

The Design S p e c i f i c a t i o n s  i n  t h e i r  e n t i r e t y  s h a l l  become a 
p r i n c i p a l  document govern ing  d e s i g n  and c o n s t r u c t i o n  of 
i t e m s .  

The f i r s t  sen tence  under NCA-3260 r e a d s  ( s e e  p. 2 of Appendix C ) :  

The Design Report  *.. s h a l l  be reviewed by t h e  Qwner o r  
h i s  des ignee  t o  de te rmine  t h a t  a l l  t h e  Design and S e r v i c e  
Loadings as s t a t e d  i n  the Design S p e c i f i c a t i o n  have been 
e v a l u a t e d ,  . . . 

The Design Reports  ( i . e * ,  Stress Repor t s ,  packages ) ,  i n  most cases, 
acknowledge t h e  e x i s t e n c e  of a Design S p e c i f i c a t i o n  by i n c l u d i n g  i t  in a 
l o n g  l i s t  of r e f e r e n c e s .  However, o t h e r  than  t h i s  prof orma r e c o g n i t i o n  
c o r r e l a t i o n  of Design S p e c i f i c a t i o n  l o a d i n g s  w i t h  Design Repor ts  was not  
a p p a r e n t .  
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The problem lies partly in the Code definition and use of the word 
"construction . ' I  

An all-inclusive term comprisi3g materials, design, fabrica- 
tion, examination, testing, inspection, and certification 
required in the manufacture anld installation of an item. 

Despite this definition, which has been in the Code since 1971, there are 
several places in the Code where phrases like "design and construction" 
are used, for example, the first sentence under NCA-3256. 

construction, not just design. Perhaps the title should be Construction 
Specification. The Design Specifications received have attempted to 
provide a complete basis for construction; that is, aspects like mate- 
rials, fabrication, examination, testing, inspection, and certification 
are addressed. Thus, the design requirements (e.g., design pressure and 
temperature) tend to get buried among the many other parts of the Design 
Specification. (See recommendation in 11.3.) 

A "Design Specification" is required to provide a complete basis for 
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10. CODE A P P E N D I X E S  B AND C 

10.1 Design S p e c i f i c a t i o n s ,  Code Appendix B 

Code Appendix B, "Owner's Design S p e c i f i c a t i o n  ,I1 is  i n c l u d e d  h e r e i n  
as Appendix B; i t  i s  e s s e n t i a l l y  t h e  same as Appendix B i n  t h e  1980 Code. 
From 1971 t o  1980, Code Appendix B was e s s e n t i a l l y  as shown he re .  

I n  reviewing the "Design S p e c i f i c a t i o n s "  r e c e i v e d  d u r i n g  ou r  a u d i t s ,  
w e  d e t e c t  l i t t l e  ev idence  t h a t  t h e  wri ters  were aware of t h e  e x i s t e n c e  of 
Code Appendix B. I n  p a r t i c u l a r ,  t h e  s u g g e s t i o n  t h a t  "Design S p e c i f i c a -  
t i o n s  should be as uniform throughout  t h e  n u c l e a r  i n d u s t r y  as is reason-  
a b l y  a t t a i n a b l e "  h a s  not  been fol lowed.  

11.3, s e g r e g a t i o n  of d e s i g n  d a t a  i n  t h e  Design S p e c i f i c a t i o n  would sub- 
s t a n t i a l l y  improve Design S p e c i f i c a t i o n s  f o r  pumps, v a l v e s ,  and p i p i n g .  

such guidance e x i s t s  i n  Art ic le  B-6000 on S p e c i f i c  P ip ing  Requirements.  
Our recommendation i s  shown i n  11.4. Our m o t i v a t i o n ,  i n  p a r t ,  i s  t o  
reduce t h e  extreme d i v e r s i t y  found i n  p i p i n g  Design s p e c i f i c a t i o n s  d u r i n g  
our  a u d i t s .  

Code Appendix B ,  Art ic le  B-11000, i n c l u d e s  a "Reference L i s t  of 
Regu la to ry  Requirements." Even a t  t h i s  t i m e ,  t h i s  l i s t  needs t o  be up- 
d a t e d  and supplemented by r e l e v a n t  NRC S tanda rd  Review P lan  i n s t r u c t i o n s .  
It is p o s s i b l e  t h a t ,  when and i f  c o n s t r u c t i o n  of n u c l e a r  power p l a n t s  i n  
t h i s  coun t ry  is r e s t a r t e d ,  s u b s t a n t i a l  changes i n  r e g u l a t o r y  p o l i c i e s  
w i l l  have occur red .  There is ongoing work, p a r t i c u l a r l y  w i t h  r e s p e c t  t o  
p o s t u l a t e d  p i p e  b reaks  and r ea l i s t i c  ea r thquake  e v a l u a t i o n s ,  t h a t  could 
s u b s t a n t i a l l y  change e x i s t i n g  r e g u l a t o r y  p o l i c i e s  and,  t h u s ,  change 
Design S p e c i f i c a t i o n s  and Design Reports .  However, a l i s t  of Regu la to ry  
Requirements p robab ly  w i l l  c o n t i n u e  t o  be a n  impor t an t  aspect  of Design 
S p e c i f i c a t i o n s ;  t h u s ,  an updated v e r s i o n  of Article H--11000 w i l l  be an 
essent ia l  p a r t  of Code Appendix B. 

A s  d i s c u s s e d  i n  Sec t .  9.2 and as i n d i c a t e d  by out' recommendation 

For p i p i n g ,  a d d i t i o n a l  guidance i s  needed. An a p p r o p r i a t e  p l a c e  f o r  

10.2 Design R e p o r t s ,  Code Appendix C 

Code Appendix C is inc luded  h e r e  as Appendix D. A s  d i s c u s s e d  ear- 
l i e r  i n  S e c t .  3 ,  Code Appendix C i s  b a s i c a l l y  w r i t t e n  l o r  Class l v e s s e l s .  
However, i t  is poor guidance f o r  Class 1 pumps, v a l v e s ,  o r  p ip ing .  Note,  
f o r  example,  t h a t  i n  C-1330 and C-1340, t h e  r e l e v a n t  s u b a r t i c l e s  NB-3400 
f o r  pumps, NB-3500 f o r  v a l v e s  and NB-3600 f o r  p i p i n g ,  are not  i nc luded .  

Eollowing words added t o  NGA-3551.1: "It is t h e  r e s p o n s i b i l i t y  of t h e  N 
Cer t i f ica te  Holder t o  f u r n i s h  a Design Report  f o r  each component and sup- 
p o r t ,  excep t  as  provided i n  MCA-3551.2." (NCA-3551.2 is on load c a p a c i t y  
d a t a  s h e e t s  f o r  component s u p p o r t s  .) The 1971-1977 Codes f e q u i r e d  Design 
(Stress) Repor t s  f o r  Class 1 components, f o r  example,  Class 1 pumps, 
v a l v e s  and p ip ing .  

The 1980 Code g r e a t l y  expanded t h e  number of Design Repor t s  by t h e  



Code Appendix C (Appendix D h e r e )  is almost  comple te ly  i r r e l e v a n t  t o  
Code Class 2 o r  3 pumps, v a l v e s ,  and p ip ing .  Accordingly,  Appendix C 
needs a major rewrite t o  encompass what t h e  Code now r e q u i r e s  f o r  Design 
Reports .  Before such a rewrite is under taken ,  however, c a r e f u l  cons ide ra -  
t i o n  should  be g iven  t o  what should  be i nc luded  i n  a Design Report .  

U n t i l  r e c e n t l y ,  t h e  f i r s t  s en tence  i n  NCA-3531.1 read  : 

The Design Report  i s  t h e  d e s i g n  document which i n c l u d e s  
stress a n a l y s i s  o r  c a l c u l a t i o n s  o r  bo th  t o  show t h a t  t h e  
a l l o w a b l e  L i m i t s  are not  exceedzd f o r  t h e  l o a d i n g s  s p e c i f i e d  
i n  t h e  Design S p e c i f i c a t i o n s .  

I f  t h i s  were i n t e r p r e t e d  t o  mean t h a t  a11 s t r e s s  a n a l y s e s  and c a l c u l a -  
t i o n s ,  i n c l u d i n g  computer p r i n t o u t s ,  should be embodied i n  t h e  Design 
Repor t ,  t h e  Design Report  f o r  a s i n g l e  f u n c t f o n a l  p ip ing  sys tem could be 
s e v e r a l  f e e t  thhck.  Because t h e  Design Report  m u s t  be made a v a i l a b l e  t o  
t h e  I n s p e c t o r  and f i l e d  a t  t h e  s i t e ,  t h i s  would r e p r e s e n t  a l a r g e  amount 
of paper  d u p l i c a t i o n  and f i l i n g  space. 

t h e  fo l lowing .  
A s  an o p p o s i t e  ex t reme,  t h e  Design Report  [night c o n s i s t  s i m p l y  of 

Stress Analys is  and c a l c u l a t i o n s  have been made which show 
t h a t  t h e  a l lowab le  L i m i t s  are no t  exceeded f u r  t h e  l o a d i n g s  
s p e c i f i e d  i n  t h e  a p p l i c a b l e  Design S p e c i f i c a t i o n  XXXX. 
Detail stress a n a l y s e s  and c a l c a l a t i o n s  a r e  con ta ined  i n  t h e  
ABC Company F i l e  YYY. 

The Design Reports  ( S t r e s s  Repor t s ,  packages)  we rece ived  are compromises 
between t h e s e  extreme p o s s i b i l i t i e s .  

Tables  5 and 6 l i s t  the  c a t e g o r i e s  of infor iua t ion  t h a t  should be in-  
c luded i n  Design Repor ts  f o r  p ip ing .  The "Design Reports"  r ece ived  i n d i -  
cate t h a t  t he  in fo rma t ion  can be adequa te ly  summarized i n  about  100 pages.  

ponents  and component suppor t s .  Because "components" i n c l u d e  v e s s e l s ,  
con ta inmen t s ,  and c o r e  s u p p o r t  s t r u c t u r e s ,  a complete rewrite of Code 
Appendix C is beyond t h e  scope of t h i s  r e p o r t .  ilowever, i t  would be 
h e l p f u l  t o  rewrite Code Appendix C iAi p a r a l l e l  w i t h  t h e  format  of Code 
Appendix B,  t h a t  i s ,  a g e n e r a l  s e c t i o n  fol lowed by s p e c i f i c  s e c t i o n s  f o r  
each  t y p e  of component. 

of Design Repor ts  f o r  p ip ing .  

Code Appendix C should be r e w r i t t e n  t o  cover  Class 1, 2 ,  and 3 com- 

Our recommendation 11.5 g i v e s  a p p r o p r i a t e  gui-dance f o r  p r e p a r a t i o n  



28 

11. RECOMMENDATIONS 

11.1 NCA-3255, C e r t i f i c a t i o n  of Design S p e c i f i c a t i o n s  

Appendix A shows t h e  p r e s e n t  Code wording. We recommend t h a t  t h e  
words " c o r r e c t  and complete  and t o  be" i n  t h e  f i r s t  s e n t e n c e  be d e l e t e d  
and a second s e n t e n c e  added. The f i r s t  two s e n t e n c e s  would then  read:  

The Design S p e c i f i c a t i o n s  s h a l l  be c e r t i f i e d  t o  be i n  com- 
p l i a n c e  wi th  t h e  requi rements  of NCA-3250 by one or more 
R e g i s t e r e d  P r o f e s s i o n a l  Eng inee r s ,  competent i n  t h e  a p p l i c a b l e  
f i e l d  of d e s i g n  and r e l a t e d  n u c l e a r  power p l a n t  requi rements  
and q u a l i f i e d  i n  accordance  w i t h  t h e  r equ i r emen t s  of ANSI/ASME 
N626.3-1979. The c e r t i f i c a t i o n  s h a l l  be made t o  i n d i c a t e  t h a t  
t h e  Design S p e c i f i c a t i o n  i s  i n  f i n a l  form. 

11.2 NCA-3555, C e r t i f i c a t i o n  of Design Report  

Appendix C shows t h e  p r e s e n t  Code wording. We recommend t h a t  t he  
second s e n t e n c e  be expanded t o  read:  

The Design Report  s h a l l  be c e r t i f i e d  only  a f t e r  a l l  des ign  
requi rements  of t h i s  S e c t i o n  have been m e t  and s h a l l  be made 
t o  ind i .ca te  that t h e  Design Report  is i n  f i n a l  form. 

11.3 Appendix 5, 82110.1 

Page B-6 of Appendix B shows t h e  p r e s e n t  Code wording. I n  reviewing 
Code Appendix B ,  we noted s e v e r a l  i n c o r r e c t  r e f e r e n c e s  t o  Code t e x t ;  f o r  
example,  i n  B-2112.4, r e f e r e n c e d  paragraph  NCA-2145 does n o t  e x i s t .  These 
r e f e r e n c e s  need t o  be c o r r e c t e d .  We a l so  recommend t h a t  t h e  fo l lowing  be 
added t o  8-21 10.1 : 

( d )  Those d a t a  t h a t  p rovide  a d i r e c t  bas i s  f o r  t h e  
Design Report  (NCA4-3551. 1) should  be s e g r e g a t e d  and i d e n t i -  
f i e d  as d a t a  co be used i n  t h e  Design Report .  Examples of 
such d a t a  a r e :  

Code Class  
Design P r e s s u r e  
Design Temperature 
M a t e r i a l  
Cor ros ion IEros ion  Allowance 

To t h e  e x t e n t  f e a s i b l e ,  t h i s  p o r t i o n  o f  t h e  Design S p e c i f i c a t i o n  should  
be  prepared  so t h a t  i t  can be copied  and used d i r e c t l y  i n  the Design 
Report .  



11.4 Appendix B ,  B-6000, S p e c i f i c  P i p i n g  Requirements 

Ar t ic le  B-6000 i n  Appendix B shows t h e  p r e s e n t  wording. We recom- 
mend t h a t  B-6110 be r e v i s e d  t o  t h e  fo l lowing .  

B-6110 GENERAL REQUIREMENTS 

P r e p a r a t i o n  o f  Design S p e c i f i c a t i o n s  f o r  p i p i n g  c o n s t i -  
t u t e s  a d i f f i c u l t  t a s k  because of t h e  l a r g e  number of func- 
t f o n a l  p i p i n g  systems and t h e  c o m p l e x i t i e s  of each f u n c t i o n a l  
system. The format  shou ld  be such  t h a t  c o r r e l a t i o n  w i t h  sub- 
sequen t  Design Repor t s  (NCA-3260) is f a c i l i t a k e d .  The fol low- 
i n g  format  i s  sugges t ed .  

( a )  The Design S p e c i f i c a t i o n ,  p e r  se ,  should be a r e l a t i v e l y  
b r i e f  document which p r o v i d e s  an index  t o  a l l  o t h e r  
a p p l i c a b l e  documents. It shou ld  i n c l u d e  a l i s t  of func- 
t i o n a l  p i p i n g  systems cove red and t h e i r  Code Classes. 

(b) A s p e c i f i c a t i o n  ( indexed i n  t h e  Design S p e c i f i c a t i o n )  
which c o v e r s  r equ i r emen t s  f o r  materials, f a b r i c a t i o n ,  
examina t ion ,  t e s t i n g ,  i n s p e c t i o n ,  q u a l i t y  c o n t r o l  and 
c e r t i f i c a t i o n .  

( c )  S p e c i f i c a t i o n s  ( indexed i n  t h e  Design S p e c i f i c a t i o n )  f o r  
each f lunc t iona l  p i p i n g  system; g i v i n g ,  i n  p a r t i c u l a r ,  t h e  
d a t a  which p rov ide  a d i r e c t  b a s i s  f o r  t h e  Design Report ;  
see B-2110.1. 

t h a t  i d e n t i f i e s  welds  which w i l l  be s u b j e c t e d  t o  i n s e r -  
v i c e  examina t ion  and r equ i r emen t s  a s s o c i a t e d  t h e r e w i t h ,  
such as a c c e s s i b i l i t y  and d e s i g n  amenable t o  v o l u m e t r i c  
examinat ion.  

( d )  A S p e c i f i c a t i o n  ( indexed i n  t h e  Design S p e c i f i c a t i o n )  

11.5 Appendix C ,  Design Report  P o r t € o n  for Pip ing  

Code Appendix C is i n c l u d e d  here as Appendix D. A s  d i s c u s s e d  i n  
S e c t .  10.2, Appendix C needs a complete  rewrite. The f o l l o w i n g  recom- 
mendation is r e s t r i c t e d  t o  p ip ing .  

c-1000 I 
c-lllo 
c-1120 

No change from p r e s e n t  wording 

C-1130 ] 
C-11.31 General  Requirements 

Because t h e  major purpose of t h e  Design Report  is t o  document t h e  
d e s i g n  i n  a way t h a t  will f a c i l i t a t e  an independent  review,  i t  is impor- 
t a n t  t h a t  it be s i m p l e  t o  f o l l o w  and f r e e  E r o m  ambigui ty .  Nomenclature,  
d e f i n i t i o n s ,  and symbols used s h o u l d  be i n  agreement w i t h  those  e s t a b -  
l i s h e d  i n  NB/NC/ND-3600 f o r  Class 1,  2 ,  and 3 p i p i n g ,  r e s p e c t i v e l y .  
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Where a d d i t i o n a l .  terms, d e f i n i t i o n s  o r  e x p r e s s i o n s  are r e q u i r e d ,  t hey  
shou ld  be c l e a r l y  d e f i n e d  and e x p l a i n e d  and a d e q u a t e l y  r e f e r e n c e d .  

The Design Report  should be as s u c c i n c t  as f e a s i b l e .  Toward t h i s  
g o a l ,  r e p e t i t i o n  of Code text: should be avoided.  Where needed, s p e c i f i c  
r e f e r e n c e s  t o  Code text  should be used; f o r  example, NH-3643.3. Simi- 
l a r l y ,  i n f o r m a t i o n  a v a i l a b l e  i n  t h e  p l a n t  S a f e t y  Ana lys i s  Repor t ,  such as 
d e t a i l e d  d e s c r i p t i o n s  of dynamic a n a l y s i s  methods o r  d e s c r i p t i o n s  of com- 
p u t e r  programs, should be s p e c i f  i c a l l y  r e f e r e n c e d  but  not r e p e a t e d  i n  t h e  
Design Report .  G e n e r a l l y ,  an e f f o r t  should be made t o  keep t h e  Design 
Report  t o  less t h a n  100 pages.  

c o n s e c u t i v e l y  so t h a t  t h e  i n t e n d e d  c o n t e n t s  of t h e  Design Report  will be 
clear.  

p r e o p e r a t i o n a l  t e s t i n g ,  because t h a t  c o n s i d e r a t i o n  may d i c t a t e  t h e  amount 
of d e t a i l  i nc luded  i n  the  Design Report. 

The Design Report  should have a Table of Contents  and pages numbered 

C o n s i d e r a t i o n  should be g iven  t o  t h e  use of Design Reports  d u r i n g  

C-1132 Contents  

The Design Report  should c o n t a i n  s e c t i o n s  cove r ing :  

Tden t i f  i c a t i o n s  
Data from Design S p e c i f i c a t i o n  
P r e s s u r e  Design 
P ip ing  Loads f o r  t h e  Design of Anchors and Supports  
P ip ing  Loads Applied t o  Equipment 
Valve Seismic A c c e l e r a t i o n s  
P ip ing  Displaceme tits 
Other  E v a l u a t i o n s  
Refe rences  

The c o n t e n t s  of t h e s e  s e c t i o n s  are d e s c r i b e d  f u r t h e r  i n  C-1200. 

C-1200 Details of Contents  

C-1201 I d e n t i f i c a t i o n s  

I d e n t i f y  : 

( a )  

( b )  ‘The Code Class o r  Classes 
( c )  The a p p l i c a b l e  Design S p e c i f i c a t i o n  and its r e v i s i o n  number 
( d )  The a p p l i c a b l e  Code E d i t i o n  and Addenda 
( e )  Code Cases used ,  if any 

The p i p i n g  system by f u n c t i o n  (e.g. ,  main steam) and drawing 
numbers 

C-1202 Data from t h e  Design S p e c i f i c a t i o n  

The Design parameters t o  be used i n  t h e  Design Report should 
be summarized. I d e a l l y ,  t h e  Design S p e c i f i c a t i o n  w i l l  have 
t h e s e  d a t a  s e g r e g a t e d  so t h a t  t hey  may be copied and made 
i n t o  t h i s  p a r t  of the. Design Repor t ,  
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C-1203 P r e s s u r e  Design 

Th i s  s e c t i o n  shou ld  summarize t h e  e v a l u a t i o n s  r e q u i r e d  by NB/NC/ND- 
3 6 4 0 .  The c o r r o s i o n / e r o s i o n  a l lowance ,  A,  should  be inc luded  i n  t h e  
e v a l u a t i o n s .  

C-1204 A n a l y s i s  of P i p i n g  .Systems 

T h i s  s e c t i o n  shou ld  summarize t h e  e v a l u a t i o n s  r e q u i r e d  by NB/NC/ND- 
3650. A t a b u l a r  summary of s e v e r a l  of t h e  h i g h e s t  s t r e s s e d  l o c a t i o n s ,  
w i t h  c a l c u l a t e d  and a l l o w a b l e  stresses, should  be inc luded .  

For  Class 1 p i p i n g ,  a f a t i g u e  e v a l u a t i o n  i s  requ i r ed .  A s e p a r a t e  
t a b u l a r  summary of s e v e r a l  of t h e  h i g h e s t  usage f a c t o r  l o c a t i o n s ,  w i t h  
t h e i r  usage  f a c t o r s ,  shou ld  be inc luded .  

Th i s  s e c t i o n  should  i n c l u d e  a l l  S t r e s s  I n d i c e s  f o r  Class 1 p i p i n g  
and S t r e s s  I n t e n s i f i c a t i o n  F a c t o r s  f o r  C l a s s  2 o r  3 p i p i n g  which are n o t  
o b t a i n e d  d i r e c t l y  from t h e  Code; and a j u s t i f i c a t i o n  f o r  t h e  S t r e s s  
I n d i c e s  o r  S t r e s s  I n t e n s i f i c a t i o n  F a c t o r s  used shou ld  be inc luded .  

The l o c a t i o n  a t  which d e t a i l e d  results are f i l e d  and a f i l e  i d e n t i f i c a -  
t i o n  should  be  inc luded .  

Computer programs used i n  t h e s e  e v a l u a t i o n s  should  be i d e n t i f i e d .  

C-1205 P ip ing  Loads f o r  t h e  Design of Anchors and Suppor ts  

Th i s  s e c t i o n  should :  

( a )  T a b u l a t e  c a l c u l a t e d  l o a d s  on anchor s  and s u p p o r t s  
( b )  Reference  anchor / suppor t  c a l c u l a t i o n s  which show t h a t  

t h e  a n c h o r s / s u p p o r t s  are capab le  of w i ths t and ing  t h e  
c a l c u l a t e d  l o a d s  

C-1206 P i p i n g  Loads Applied t o  Equipment 

Th i s  s e c t i o n  shou ld  i n c l u d e  a t a b u l a t i o n  of c a l c u l a t e d  l o a d s  a c t i n g  
on equipment (e.g., pumps) and t h e  a l l o w a b l e  l o a d s  f o r  t h a t  equipment.  
The a l l o w a b l e  l o a d s  f o r  t h e  equipment shou ld  be inc luded  i n  t h e  S e c t i o n  
on Data from t h e  Design S p e c i f i c a t i o n .  

C-1207 Valve Seismic A c c e l e r a t i o n  

I f  v a l v e s  wi th  o p e r a t o r s  a r e  i n  t h e  p i p i n g  s y s t e m  and i f  t h e s e  
v a l v e s  and o p e r a t o r s  are q u a l i f i e d  i n  terms of maximum p e r m i s s i b l e  
a c c e l e r a t i o n s ,  t h e n  t h i s  s e c t i o n  shou ld  i n c l u d e  a t a b u l a t i o n  of ca lcu-  
l a t e d  v a l v e  a c c e l e r a t i o n s  and t h e i r  a l l o w a b l e  a c c e l e r a t i o n s .  The a l low-  
a b l e  a c c e l e r a t i o n s  shou ld  be inc luded  i n  t h e  S e c t i o n  on Data from t h e  
Design S p e c i f i c a t i o n s .  

C-1208 P i p i n g  Disp lacements  

Th i s  s e c t i o n  should  i n c l u d e  t a b u l a t i o n s  of d i sp lacement  t h a t  might 
l e a d  t o  i n t e r f e r e n c e  between p i p i n g  and a d j a c e n t  s t r u c t u r e s ;  e.g. ,  a t  
f l o o r  and w a l l  p e n e t r a t i o n s .  I f  i t  i s  a n t i c i p a t e d  t h a t  t h e  d a t a  i n  t h i s  
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s e c t i o n  may be used i n  p r e o p e r a t i o n a l  t e s t i n g ,  t h e  d i sp lacemen t s  needed 
f o r  such  t e s t i n g  should be i n c l u d e d .  

C-1209 Other  E v a l u a t i o n s  

Examples might be: p o s t u l a t e d  p i p e  b r e a k s ,  dynamic e f f e c t s  of r a p i d  
v a l v e  c l o s u r e  and dynamic e f f e c t s  a s s o c i a t e d  w i t h  BWR s u p p r e s s i o n  pools .  
Th i s  s e c t i o n  should summarize the  eva1uation.s and show t h a t  t he  a p p l i -  
c a b l e  d e s i g n  c r i t e r i a  have been m e t  e 

C-1210 Refe rences  

This s e c t i o n  should i n c l u d e  a l l  r e f e r e n c e s ,  o t h e r  t han  those  i n  
C-1202, used i n  t h e  Design Report .  I n  p a r t i c u l a r ,  computer programs used 
shou ld  be r e fe renced .  

11.6 P i p i n g  Supports  

I n  i n d u s t r i a l  p i p i n g  codes ,  such  as ANSI 831.1 f o r  I’ower P i p i n g ,  
p i p i n g  s u p p o r t s  are inc luded  as p a r t  of p i p i n g  systems.  I n  s e p a r a t i n g  
p i p i n g  s u p p o r t s  from p i p i n g s  t h e  Code appea r s  t o  have i n t r o d u c e d  unneces- 
s a r y  c o m p l i c a t i o n s  i n  keeping t r a c k  of p i p i n g  s u p p o r t  c o n s t r u c t i o n  and 
c o r r e l a t i o n  w i t h  p i p i n g  des ign .  We b e l i e v e  t h a t  Design S p e c i f i c a t i o n s  
f o r  n u c l e a r  p i p i n g  systems should a l s o  i n c l u d e  t h e  p i p i n g  s u p p o r t s .  
F u r t h e r ,  Design Reports  f o r  n u c l e a r  p i p i n g  should a l s o  i i ic lude n e c e s s a r y  
c a l c u l a t i o n  summaries and s u p p o r t  drawings.  

Code. With more r e a l i s t i c  e v a l u a t i o n  of e a r t h q u a k e s ,  t h e  number of seis-  
m i c  p ip ing  s u p p o r t s ,  p a r t i c u l a r l y  s n u b b e r s ,  w i l l  be s u b s t a n t i a l l y  reduced. 
I n  zones of low seismic r i s k ,  such as Uniform Bu i ld ing  Code Zones 0 and 1 ,  
perhaps seismic s u p p o r t s  a r e  not needed f o r  n u c l e a r  p ip ing  s y s t e m .  Th i s  
e l i m i n a t i o n  of s u p p o r t s  would invo lve  Regu la to ry  changes,  which might be 
made d u r i n g  the  same time pe r iod  as t h e  Code changes needed t o  d e f i n e  
p i p i n g  systems as i n c l u d i n g  p i p i n g  s u p p o r t s .  

I f  adop ted ,  t h i s  recommendation would r e q u i r e  major changes i n  t h e  

11.7 In - se rv ice  T e s t i n g  of Pumps and Valves 

In Sects. 5.3 and 5.3 we p o i n t  o u t  that, the a b i l i t y  t o  perform 
i n - s e r v i c e  t e s t i n g  of pumps and v a l v e s  a p p a r e n t l y  is  being n e g l e c t e d  i.n 
t h e  c o n s t r u c t i o n  s t a g e .  To c o r r e c t  t h i s  problem, we recommend Lhat 
NCA-3252(a) ( s e e  Apprridix A)  be r e v i s e d  by changing t h e  p r e s e n t  ( 7 )  t o  
( 8 )  and i n s e r t i n g  a new ( 7 ) :  

( 7 )  Vhen i n s e r v i c e  t e s t i n g  of t h e  o p e r a b i l i t y  o f  a pump o r  
va lve  i s  r e q u i r e d ,  s p e c i a l  needs f o r  such  t e s t i n g  (e.g. ,  
press:ire t a p s ,  by-passes) s h a l l  be i d e n t i f i e d  i n  t h e  
Uesign S p e c i f i c a t i o n  f o r  implementat ion i n  t h e  con-- 
s t r u c t i o n  s t a g e .  



3 3 

11.8 Valve D i f f e r e n t i a l  ODeratina Pressure 

I n  S e c t .  6 . 4  we noted t h a t  v a l v e  manufac tu re r s  have been asked t o  
quo te  on v a l v e s  wi thou t  be ing  informed of s p e c i a l  o p e r a t i n g  r equ i r emen t s .  
To avoid  p o t e n t i a l  problems,  we recommend t h a t  B-5210 (see Appendix B) be 
r e v i s e d  by adding  t h e  s e n t e n c e :  

The Design S p e c i f i c a t i o n  ( d i r e c t l y  or  by r e f e r e n c e )  should  
i n d i c a t e  t h o s e  v a l v e s  which musit be capab le  of opening  and /o r  
c l o s i n g  a g a i n s t  a d i f f e r e n t i a l  p r e s s u r e  a c r o s s  t h e  seat ,  and 
t h e  magnitude of t h a t  d i f f e r e n t i a l  p r e s s u r e ,  
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Appendix A 

CODE REQUIREMENTS FOR DESIGN SPECIFICATIONS 

NCA-3250 PROVISION OF DESIGN 
SPECIFICATIONS 

NCA-3251 Provision and Correlation 

It is the responsibility of the Owner to provide, or 
cause to be providcd, Design Specifications for compo- 
nents, appurtenances, and component supports. The 
Owner, either directly or through his designee, shall 
be responsible for the proper correlation of all Design 
Specifications. Separate Design Specifications are not 
required for parts, piping subassemblies, appurte- 
nances, or component supports when they are in- 
cluded in the Design Specification for a component 
QMCA-12 10). However, the applicable data from the 
component Design Specification (Division 1) d e  

e) shall be providcd in suficicnt documented 
detail to form the basis for Fabrication in accordance 
with this Section. 

. .  

NCA-3252 Contents of Design Specifications4 

(a) The Design Specifications shall contain 
sufficient detail to provide a complete basis for 

Division 1 construction in 
accordance with this Section. Such requirements shall 
not result in construction which fails to conform with 
the rules of this Section. All Design Specifications 
shall includc (1) through (7) bclow: 

( I )  the functions and boundaries of the items 
covered (NCA-3254); 

(2) the design requirements WCA-21 lO(a) and 
(b) and NCA-21401 including all required overpres- 
sure protection requirements [NCA-3220(k)]; 

(3) the environmental conditions, including radi- 
ation; 

(4) the Code classification of the items covered 

(5) material requirements including impact test 
requirements; 

(6) when operability of a component is a require- 
ment, the Design Specification shall make reference to 
other appropriate documents which specify the operat- 
ing requirements; 

(7) the. effective Code Edition, Addenda, and 
Code Gases to be used for construction. 

. . .  

(NCA-2000); 

NCA-3253 Classification of Components, Parts, 
and Appurtenances 

The: Owner, either directly or through his designee, 
shall establish the Code classification of the items 
which comprise the nuclear power plant. 

NCA-3254 +Boundaries of Jurisdiction 

In order to define the boundaries of components 
with respect to adjacent components and other struc- 
tures, the Design Specifications shall include: 

(a) the locations of each such boundary; 

(b) the forces, moments, strains, or displacements 
which are imposed at each such boundary; 

(c) the structural characteristics of the attached 
components or structures, whether or not they are 
within this Section’s jurisdiction when such compo- 
nents o r  structures provide constraints to the move- 
ment of components or appurtenances; 

(d) when the foundation support is constructed as 
an integral part of the concrete reactor vessel or 
concrete containment, it shall be included within this 
Section’s Division 2 jurisdiction to the extent required 

NCA-3254.1 Definition of Division 1 Doundaries 
(a) The boundaries for Class 1 components are 

(b) The boundaries for Class 2 components are 

(c) The boundaries for Class 3 connponents are 

. 

by NCA-2132. 

given in NB- 1 130. 

given in NC-I 130. 

given in ND-1130. 

NCA-3255 Certification of the Design 
Specifications 

The Design Specifications shall be certified to be 
correct and complete and to be in compliance with the 
requirements of NCA-3250 by one or more Registered 
Profcssional Engineers, competent in the applicable 
field of design and related nuclear power plant 
requirements and qualified in accordance with the 
requirements of ANSVASME N626.3-1979. These 
Registered ProfcssionaI Engineers are not required to  
be independent of the organization prsparing- the 

‘See Appendix B, except that for core support structures see 
Appendix J. 
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NCA-3256 Filing of Design Specifications 

(0) The Design Specifications in their entirety shall 
become a principal document governing design and 
construction of items. A copy of the Design Speci- 
fication shall be made available to the Inspector at the 
manufacturing site before fabrication begins, and a 
copy shall be filed at the location of the installation 
and made available to the enforcement authorities 
having jurisdiction over the. plant installation befbre 
components or appurtcnances are placed in service. In 
the case of parts, piping subassemblies, appurtenances, 
and component supports, the Design Specifications 
need not be made available to the Inspector at the 
fabrication site (NCA-325 1). However, the applicable 
data from the Design Specifications which fonn the 
basis for fabrication shall be made available to the 
Inspector at the fabrication site. -- 

(b) For pumps nnd valves 4 in. nominal pipe size 
and less, for linear supports used as mechanical 
snubbers, and for component standard supports, the 
Certificate Holder may provide his own Design 
Specification in accordance with NCA-3252 as a basis 
for construction. Prior to installation, the Owner or 
his designee shall be responsible for reconciling the 
Certificate Holder’s Design Specification with his own 
Design Specification. 

NC-1130 BOUNDARIES OF JURISDICTION 
APPLICABLE TO THIS 
SUBSECTION 

NC-1131 Boundary of Components 

The Design Specification shall define the boundary 
of a component to which piping or another component 
is attached. The boundary shall not be closer to a 
vessel, tank, pump, or valve than: 

(a) the first circumferential joint in welded connec- 
tions (the connecting weld shall be considered part of 
the piping); 

(b) the face of the first flange in bolted connections 
(the bolts shall be considered part of the piping); 

(c) the first threaded joint in screwed connections. 
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B-1000 
18-1 100 
B-11 IO 
B-1120 
B-1120.1 
8-1 120.2 

8-1200 

€3-2000 
B-2 100 

B-2 I 10 
B-2110.1 
B-2110.2 
B-2110.3 
B-2110.4 
B-2110.5 
B-2110.6 
B-2 1 10.7 
18-2111 
18-21 11.1 
B-2111.2 
B-2111.3 
B-2111.4 
B-2112 
B-2 1 12.1 
B-2112.2 
B-2112.3 

B-2112.4 
B-2113 
B-2113.1 

B-2113.2 
B-2120 
8-2121 
8-2  122 
B-2122.1 
B-2122.2 
B-2 122.3 
B-2 123 

A p p e n d i x  B 

CODE GUIDANCE FOR PREPARATION OF DESIGN S P E C I F I C A T I O N S  

APPENDIX B 
OWNER'S DESIGN SPECIFICATIONS 

Introduction and Scope ..................................................................... 
Introduction .................................................................................. 
Objective ...................................................................................... 
Format ........................................................................................ 
General ....................................................................................... 
Nomenclature. Definitions. and Symbols ................................................. 
Scope of Certified Design Specification .................................................. 

Generic Requirements ...................................................................... 
Certified Design Specification Requirements ............................................. 
General ....................................................................................... 
Contents of the Certified Design Specification .......................................... 
Certification .................................................................................. 
Permanent Records ......................................................................... 
Handling, Storage, and Shipping., ........................................................ 
Identification of Enforcement Authorities ................................................ 
Filing., ........................................................................................ 
Review of Design Report .................................................................. 

Responsibility ................................................................................ 
Classification ................................................................................. 

Multiple Code Class Components ........................................................ 
Optional Use of Code Classes ............................................................. 

Design Basis and Service Limits .......................................................... 
Plant and System Service Conditions .................................................... 
Design Loadings ............................................................................. 
Establishment of Component and Component Support Design and 

Service Limits ............................................................................. 
Test Loadings ................................................................................ 
N Certificate Holder's Respons.. bilities ................................................... 
Manufacturers of Small Pumps and Valves and of Component 

Standard Supports ........................................................................ 
Compliance with N Certificate Holder's Responsibilities .............................. 
Design ........................................................................................ 

Special Requirements ....................................................................... 

Loadings ...................................................................................... 
Design Loads ................................................................................ 
Design Pressure .............................................................................. 

'Design Temperature ......................................................................... 
Design Mechanical Loads .................................................................. 
Service Loads ................................................................................ 

511 
511 
511 
51.1 
511 
511 
511 

512 
512 
512 
512 
512 
512 
512 
512 
512 
512 
512 
512 
512 
512 
512 
512 
512 
513 

513 
513 
513 

513 
513 
513 
513 
513 
513 
513 
513 
5 I4 
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18-2123.1 
B-2123.2 
H-2123.3 
B-2 124 
B-2 125 
B-2 126 
H-2 130 
B-2131 
0 -2  132 
B-2 140 
B-2 150 
B-2151 
R-2152 
73-2153 
73-2154 
B-2155 
B-2 160 
B-2161 
B-2161.1 
R-2 16 1.2 
B-2 162 
B-2 163 
B-2164 
R-2 1 6 1  . I 
U-2 164.2 

B-2 165 

B-22 10 
B-2220 

B-2200 

B-2300 

B-3000 
18-3 100 

B-4000 
B-4 100 
B-4110 
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ARTICLtE B-1000 
INTRODUCTION AND SCOPE 

B-1100 INTRODUCTION 

B-1110 OBJECTIVE 

(a) The objective of this Appendix is to provide a 
guide for the preparation of the Design Specification 
required by this Section. The writer of the Design 
Spccification is not  restrictcd as to what can bc 
included therein except that, as a minimum, the 
information required by this Section must be included. 
Additional, but not less restrictive, requirements 
which modify the rules of this Section to make them 
complete for a specific component or to provide more 
specific or restrictive requirements should be iden- 
tified. 

(6) It is recognized that in order to prepare a 
document that provides a complete basis for construc- 
tion of an item for a nuclear power plant, a number of 
considerations outside the scope of this Section may 
need to be addressed. Some of these which are 
addressed in this Appendix are: 

(I) load combinations 
(2) operability 
(3) regulatory requirements 

The additional guidance provided in this Appendix for 
these considerations is not required by this Section, is 
not a part of the Certification process, and should not 
be interpreted as extending the duties of the Inspector. 

B-1120 FORMAT 

€3-1120.1 General. Design Specifications should be 
as uniform throughout the nuclear industry as is 
reasonably attainable. The format of this Appendix is 

presented as a guide to uniformity and is divided into 
major categories as follows: 

(a) Generic Requirements applicable to all compo- 
nents (B-2000); 

(b) Specixc Requirements applicable to each compo- 
nent (B-3000 through B- 10000, inclusive); 

(c) Included in both the Generic and Specific 
Requirements are those considerations outside the 
scope of this Section (operability' and regulatory2 
requirements) which have an eKect on construction 
but which are not required by this Section to be a part 
of the Certified Design Specification. 

B-1120.2 Nomenclature, Definitions, and Symbols. 
Nomenclature, definitions, and symbols should be in 
agreement with those established in the applicable 
Article. Should a conflict exist between Articles, the 
Design Specification should be clear as to what is 
intended in each case. 

B-1200 SCOPE OF CERTIFIED 
DESIGN SPECIFICATION 

The Certified Design Specification should contain in 
sufficient detail the information which this Section 
requires to be provided. Operability' and regulatoryz 
requirements which are beyond the jurisdiction of this 
Section are not covered by the Code required Cer- 
tification of the Design Specification (NCA- 1 1 10). 

'Applicable operability requirements are contained in the Subarti- 
cles designated 200 in this Appendix, such as 8-2200, D-3200,  etc. 

'Applicable regulatory requirements are contained in the Subarti- 
cles designated 300 in this Appendix, such as B-2300, 8-3300, etc. 
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TICLE IB-2600 
GENERIC REQUIREMENTS 

H-2100 CERTIFIED DESIGN 
SPECIFICATION 
REQUIREMENTS 

The information in this Article addresses those 
portions of the Certified Design Specification which 
are generic in nature and therefore applicable to the 
construction of all Section I11 items. 

B-2110 GENERAL 

B-2110.1 Contents of the Certified Design Spec- 
ification 

(a) NCA-3252 provides the minimum requirements 
for the contents of the Certified Design Specification. 

(b) With respect to NCA-3252(a), it is important to 
recognize that the boundary defines an interface 
bctwcen two items that are dependent on each other 
for the transmittal of loads. In order to properly 
design the item on either side of the boundary, the 
effect of the attached item is required. The effect may 
be furnished directly by supplying the forces and 
moments that are transmitted across the boundary or, 
alternatively, by providing sufficient information to 
enable the designer to determine the interaction across 
the boundary. 'This Section provides rules to accom- 
plish this in NCA-3254. 

(c) Any Code Cases applicable to the construction 
of an item should be included in the Design Speci- 
fication. 

13-2110.2 Certification. NCA-3255 provides the 
requirements for Certification of the Design Speci- 
fication. The required certification is not applicable to 
supplementary, regulatory, or operability require- 
ments which are outside of the scope of this Section. 

B-2110.4 Handling, Storage, and Shipping. The 
Design Specification should include any special mea- 
sures to control handling, storage, and shipping of the 
component (NCA-4134.13). 

'B-2110.5 Identification of Enforcement Authorities. 
The Design Specification should include identification 
of enforcement authorities at locations of component 
installation with whom Data Reports must be filed. 

8-2110.6 Filing. NCA-3256 provides the require- 

'5-2110.7 Review of Design Report. NCA-3260 
provides the requirements for review of the Design 
Report. 

ments for filing of the Design Specification. 

B-2111 Classification 

B-2111.1 Responsibility. NCA-21 I O  provides the 
requirements for classification of equipment. 

l3-2111.2 Multiple Code Class Components. NCA- 
2133 provides the requirements for multiple Code 
Class components. 

B-2111.3 Optional. Use of Code Classes. NCA-2134 
provides the reqiiirements for optional use of Code 
Classes. 

B-2111.4 Special Requirements. NCA-2160 pro- 
vides the requirements for contractual arrangements 
that are beyond the scope of this Section. 

B-2112 Design Basis and Service Limits 

B-2112.1 Plant and System Service Conditions. The 
definition of plant and system service conditions, arid 
the determination of their significance to the design 
and operability of components and supports of a 

B-2110.3 Pcrmanent Records. NCA-4134.17 pro- 
vides the requirements for the continued maintenance 
and retention location for permanent records. 

nuclear power system, may be derived from systems 
safety criteria documents for specific types of nuclear 
power systems and may be found in the requirements 
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of regulatory authorities having jurisdiction at the site 

B-2112.2 Design Loadings. The Design Spec- 
ification shall include the Design Pressure [NCA- 
2142.l(a)], the Design Temperature [NCA-2142.l(b)], 
and the Design Mechanical Loads [NCA-2142.l(c)]. 

B-2112.3 Establishment of Component and Compo- 
nent Support Design and Service Limits 

(a) For Class 1, MC, and CS components, and for 
Class 2 and 3 piping and its supports, Design and 
Service Loads should be specified and appropriate 
Service Limits designated [NCA-2 142(a)]. 

(b) For Class 2 and 3 components and supports, 
other than piping and its supports, two options are 
available as follows: 

( I )  Design and Service Loads may be specified 
and appropriate Service Limits designated. 

(2) Service Loadings are not required to be 
identified when the Design Pressure, Design Tempera- 
ture, and Design Mechanical Loads result in stresses 
that are at least as high, relative to allowable values, as 
any which may occur for any Service Loading [NCA- 
2142(a)]. 

B-2112.4 Test Loadings. NCA-2 145 provides the 
rules for consideration of Test Loadings. 

[NCA-2 141 (b)]. 

E-2113 N Certificate Holder’s Responsibilities 

B-2113.1 Manufacturers of Small Pumps and 
Valves and of Component Standard Supports. Manu- 
facturers of small pumps and valves (4 in. NPS and 
smaller) and component standard supports (including 
snubbers) who elect to provide their own Design 
Specification are responsible for compliance with the 
requirements of NCA-3256(b). 

B-2113.2 Compliance with N Certificate Holder’s 
Responsibilities. When the completed Code item 
involves work by more than one organization, the 
Design Specification shall be provided to the organiza- 
tion having overall responsibility. 

6-2120 DESIGN 

B-2121 Loadings 

The Owner or Owner’s designee shall identify the 
loadings and designate the appropriate Design and 
Service Limits for each component or support. The 
loadings that should be taken into account in design- 
ing a component include, but are not limited to, the 
following: 

(a) internal and external pressure; 
(b) weight of the component and normal contents 

under service test conditions, including additional 
pressure due to static and dynamic head of liquids and 
fluid flow effects; 

(c) superimposed loads, such as other components, 
operating equipment, insulation, or corrosion resistant 
or erosion resistant linings and piping; 

(d) vibrations and earthquake loads; 
(e) reactions of supporting lugs, rings, saddles, or 

(f) temperature effects; 
(g) restrained thermal expansion; 
(h) anchor and support movement effects; 
(i) environmental loads, such as wind and snow. 

other types of supports; 

B-2122 Design Loads 

B-2122.1 Design Pressure. NCA-2142. I(a) and 
NB/NC/ND/NE-3112.1 provide the required 
definitions for Design Pressure. 

B-2122.2 Design Temperature. NB/NC/ND/- 
NE/NF/NG-3112 and NCA-2142. I(b) provide the 
requirements for Design Temperature. The Design 
Temperature shall be used in computations involving 
the Design Pressure and coincidental Design Mechan- 
ical Loads. The actual metal temperature at the point 
under consideration shall be used in all computations 
where the use of the actual service pressure is 
required. Where a component is heated by tracing, 
induction coils, jacketing, or by internal heat genera- 
tion, the effect of such heating shall be incorporated in 
the establishment of the Design Temperature. 

B-2122.3 Design Mechanical Loads 
(a) The specified Design Mechanical Loads should 

be selected so that when combined with the effects of 
Design Pressure, they represent the most severe 
coincident loadings for which the Level A Service 
Limits on primary stress are applicable. 

(b) The determination of most severe coincident 
loadings may result in specification of pairs of Design 
Conditions since the one most severe combination may 
not be readily predicted. The specification may specify 
the maximum Design Mechanical Load for any 
situation which, when taken with the Design Pressure, 
would result in the worst combination of Design 
Conditions even though they may not be coincident. 

(c) The Design Mechanical Loads that are consid- 
ered are somewhat dependent on the component, its 
location, its attachment to other components, and for 
a Class 2 or 3 component, whether Service Loadings 
are to be specified (refer to 8-21 12.3 and NCA-2142). 
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€3-2123 Service Loads 

In order t o  properly specify Service Limits for the 
various types of loadings, the Owner or Owner’s 
designee should recognize the basis for the establish- 
ment of those Limits. These are given in NCA-2142.2. 

B-2123.1 Service Limits A and B 
(u) For Class 1, MC, and CS components and for 

Class 2 vessels designed to NC-3200, Service Limits A 
and B are provided in order to evaluate the effect of 
system operating loads on the fatigue life of the 
component. For a fatigue analysis the loads applicable 
to the component being considered should be de- 
scribed in terms of quantities that the designer may 
use [NB-3222.4(e)]. The variation with respect to time 
of pressure, temperature, flow rate, etc., as well as the 
number of times these changes occur in the life of the 
component, is needed. In this regard, a service cycle is 
defined in NB-3213.15 as: “. . . the initiation and 
establishment of new conditions followed by a return 
to the conditions which prevailed at the beginning of 
the cycle.” Thus, as an example, the conditions 
associated with plant startup do not constitute a 
service cycle. Startup and shutdown together consti- 
tute a service cycle, and if there are n, startups in the 
Design Specification, there should be the same number 
of shutdowns. 

(b) Figure B-2123-1 is an illustration of the time- 
dependent load information which the designer needs. 
(Note that it provides only the startup portion of a 
service cycle.) 

(c) For Class 2 and 3 piping and its supports, it is 
not necessary to define each service cycle in detail. 
What is needed is the maximum range of conditions 
and the number of occurrences to which the piping 
will be subjected. For example, the minimum tempera- 
ture conditions could be 40°F while the maximum is 
456°F. If  all other service cycles did not impose a 
temperature condition less than the minimum or 
greater than the maximum, they would not have to be 
specified. .4n exception to this would be ranges of 
temperatures that occurred more than 7008 times 
which resulted in significant stresses. 

fd) For all other Class 2 and 3 components and 
component supports, it is not necessary to define each 
service cycle in detail since no fatigue analysis is 
required. It is important for the designer to know the 
maximum loading condition on the cornponent for 
these Service Limits. 

B-2132.2 Service I h i t  C. Service Limit C is 
provided in order to evaluate the effect of plant 
operating loads on the structural integrity of a 

component for situations which are not anticipated to 
occur for a sufficient number of times to affect fatigue 
life and for which large deformations in areas of 
structural discontinuities are not objectionable. Since 
the occurrence of stress associated with this Limit niay 
result in removal of the component from service for 
inspection or repair, the Owner should review the 
selection of this Limit for compatibility with estab- 
lished system safety criteria. 

E-2123.3 Service Limit D. Service Limit D is 
provided in order to evaluate the effect of plant 
operating loads on the structural integrity of a 
component for situations in which gross general 
deformations, loss of dimensional stability, and dam- 
age requiring repair, excluding loss of pressure retain- 
ing function, are not objectionable. Since the occur- 
rence of stress associated with this Limit may require 
removal of the component from service, the Owner 
should review the selection of this Limit for cornpati- 
bility with established system safety criteria. 

0-2124 Test Loads 

Loads due to  tests beyond those allowed by this 
Section should be classified in the appropriate Service 
Limit in accordance with NCA-2142.2(b) (NCA- 
2145’). 

B-2125 Load Combinations 

In order to provide a complete definition of service 
loads, the combination of specific events must be 
considered. Since these combinations are a function of 
specific systems which make up a part of a specific 
type nuclear facility, this Section does not directly 
address this other than to provide different Stress 
Limits for various loadings. Specific guidance is 
provided in the approved Safety Analysis Report 
(SAR) for the plant. 

0-2126 Deforniation Limits 

The Code does not provide specific deformation 
limits other than those that would be associated with a 
given allowable stress. If control of deformation is a 
requirement, the deformation limits should be pro- 
vided. 
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B-2130 MATERIALS 

B-2131 General Requirements 

The Design Specification should provide informa- 
tion relative to materials as listed in (a) through (g) 
below: 

(a) any hydrostatic testing or service temperature 
limits; 

(b) any reductions to design stress intensity values, 
allowable stress, or fatigue curves necessitated by 
environmental conditions; 

(c) any restrictions on cladding materials; 
(d) materials which are acceptable from the stand- 

(e) any restrictions on heat treating; 
cfl any requirements with respect to  cleanliness; 
(g) impact test requirements (18-2132); 
(h) any corrosion or erosion allowances; 
(i) postweld heat treatment times applied to the 

material or item after it is completed must be specified 

points of environment and location; 

(NEa/NC/ND/NE/NF/NC-4622). 

13-2132 Impact Tests 

For those cases where impact testing is optional, the 
Design Specification should statc whcthcr or riot 
impact testing of the pressure retaining material of the 
component or the support material is required. The 
test temperature should be specified and the tests 
become part of the appropriate Subsection. 

B-2140 FABRICATION 

The Design Specification should specify any unu- 
sual restrictions on fabrication processes or techniques 
thal would be deleterious to the suitability of the 
component in the expected service environment. 

R-9150 TESTING 

8-2151 Pneumatic Test 

The Design Specification should identify if a pneu- 
matic test should be used in lieu of hydrostatic testing 
for those components and appurtenances required to 
be  pressure tested in accordance with the rules of this 
Section (NB-6111, NB-6112, NE-61 12). 

B-2152 Restriction on Testing 

Any restrictions on the use of the test fluid should 
be provided (NB-6112, N E 4 1  12). When selecting a 

fluid for the test, it should be determined that the test 
fluid does not have deleterious effects and that the test 
fluid may be safely used at the pressure and tempera- 
ture specified for the test. 

R-2153 Bellows Type Expansion Joints 

Any requirements that supplement hydrostatic or 
pneumatic testing of bellows type expansion joints 
should be included. 

€3-2154 Leak Tightness 

Leak tightness requirements for areas, such as 
permanent seals, seats, and gasketed joints for pressure 
retaining components or appurtenances, should be 
included (NB-62 15). 

B-2155 Additional Testing 

If testing in addition to pressure testing is required, 
the loads due to such testing should be classified in 
accordance with NCA-2 142.2(b) (NCA-2145). 

B-2160 OVERPRESSURE PROTECTION 

B-2161 General Requirements 

conditions of pressure and coincident temperature that 
are in excess of design or service loadings and their 
combinations and associated limits specified in the 
Design Specifications, system overpressure protection 
is required for vessels, piping, pumps, and valves in 
service and subjected to the consequences 0f the 
application of these conditions (refer to NB/NC/ND- 

B-2161.2 Integrated Overpressure Protection. It 
should be recognized that the overpressure protection 
of pressure retaining components in a system require 
consideration of the pressure transients which may be 
imposed on the systems during all service loadings and 
testing conditions described in the component Design 
Specifications [refer to NB-7 I20(a)]. 

B-2161.1 Scope. For steady state or transient S84 

71 IO). 

B-2162 l k s i g n  Secondary Pressure 

The design secondary pressure shall be specified in 
the Design Spec cation (refer to NB-7 1 1 I(d) and 
NC/ND-7 1 12), 

si34 



S84 B-2163 Maximum Anticipated Pressure and 
Temperature 

The Design Specification should identify the maxi- 
mum anticipated pressure and coincident temperature 
among any systems components under the operating 
conditions of the system as a consequence of any 
transients occurring either within the system or in 
associated systems which may affect the system for 
which overpressure protection is intended (refer to 
NB/NC/ND-7300). Service conditions such as at 
startup and shutdown may require protection against 
nonductile failure [NB-321 l(d)] at pressures lower 
than the component design pressure. 

S84 B-2164 Pressure Relief Valve Operating 
Requirements 

E-2164.1 Blowdown Requirements. The Design 
Specification may specify blowdown requirements 
with a greater tolerance than the values stated in 

D-2164.2 Popping Point Tolerance. The Design 
Specification may specify a popping point tolerance 
greater than the value stated in NB/NC/ND-7500. 

NB/NC/ND-7500. 

B-2165 Pressure Relief Valve Operating 
Characteristics (Refer to ANSI 
N278.1) 

As applicable, the following pressure relief valve 
operating characteristics should be specified in the 
Design Specification when overpressure protection is 
dependent upon these factors: 

(a) set pressure; 
(b) set pressure range; 
(c) set pressure tolerance; 
(d) discharge capacity with due allowance for the 

(e) accumulation; 
cfl blowdown; 

effect of the back pressure on the capacity; 

(g) static and dynamic back pressure, minimum and 
maximum; 

(h) response time (maximum time delay between 
attainment of set pressure or reception of the energiz- 
ing signal by the solenoid and valve lift). 

B-2200 OPERABILITY 
B-2210 INTRODUCTION 

Operability requirements are outside the scope of 
this Section (NCA-2 142); however, the Owner or 
Owner’s designee is required to identify any such 
requirements in the Design Specifications (NCA- 
3252). 

B-2220 ACTIVE PUMPS OR VALVES 

The Design Specification should indicate if the 
specified pump or valve must perform a mechanical 
motion during tlic coursc of accomplishing a system 
safety function during or following the specified plant 
event. Such a pump or valve is designated as an active 
component. 

B-2300 REGULATORY 
REQUIREMENTS 

In the process of preparing a Design Specification, it 
is important to refer to and rely on the requirements 
contained in SAR documents since they provide the 
basis for complying with existing regulatory require- 
ments. Conflicts between a Design Specification and 
the SAR could lead to construction of items not in 
compliance with the license requirements. A reference 
list of regulatory documents is provided in B-11000 
which may be used in determining the applicable 
requirements to be included in Design Specification. 
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ARTICLE 33-4000 
SPECIFIC PUMP REQUIREMENTS 

B-4100 CERTIFIED DESIGN B-4220 DESIGN 

The Design Specification should include all applica- 
ble and pertinent information considered important to 
the functional operability of the Pump. 

SPECIFICATION 
R E Q U I R E M E N T S  

In addition to the Design Specification Require- 
ments indicated in B-2000, Generic Requirements, the 
Design Specification for pumps should include the 
other requirements of B-4110 and B-4120. 

B-4110 GENERAL REQUIREMENTS 

Covered by B-2110. 

B-4120 DESIGN 

B-4121 Loads From Connected Piping 

The forces and moments produced by the connected 
piping on each pump inlet and outlet should be 
included (NB/NC/ND-3415). 

B-4122 Earthquake Loadings 

consideration of earthquake loading. 
NB/NC/ND-3417 provide the requirements for 

I3-4200 OPERABILITY 
REQUIREMENTS FOR PUMPS 

B-4230 QUALIFICATION 

B-4231. Methods 

The method of pump qualification, if any, for 
functional operability should be defined in the Design 
Specification. Qualification by analysis, test, or combi- 
nations thereof should be specified. Available Codes or 
Standards which cover these areas should be referred 
to and used to the maximum extent possible. 

B-4232 Analysis 

Acceptable methods of analysis should be identified. 
The following areas, as a minimum, should be 
addressed: 

(a) required analysis; 
(b) load combinations, including deadweight, ther- 

(c) allowable stresses for the various loading condi- 
mal loads, nozzle loads, seismic loads, etc.; 

tions. 

B-4210 GENERAL REQUIREMENTS 
B-4233 Testing 

B-4211 Applicability 

The inclusion Of fUnCtiCd operability requirements 
in the Design Specifications should be based on the 
functional requirements of the pump being specified. 
These requirements should be specified oaly if the 
pumps are considered to be active pumps. 

Acceptable methods of testing should be identified. 
be The following areas, as a minimum, 

addressed: 
(a) required tests and test sequences 
(6) imposed loads and pump function during 
(cl acceptance criteria 



B-4240 FUNCTIONAL OPERABILITY 
PRODUCTION TESTS 

Any special functional operability tests to be eon- 
ducted on production pumps should be specified in the 
Design Specification. 

B-4250 DOCUMENTATION 

Documentation requirements for functional qual- 
ification or production tests should be specified. 

B-4300 REGULATORY 
REQUIREMENTS 

a reference list is given in B- 1 1000. 
Regulatory requirements are covered in B-2300 and 
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ARTICLE €3-5000 
SPECIFIC VALVE REQUIREMENTS 

B-5100 CERTIFIED DESIGN 
SPECIFICATION 
REQUIREMENTS 

B-5121.7 Body Contours at Weld Ends. NE-3544.8 
provides the requirements concerning alternative body 
contours a t  weld ends of valves. 

In addition to the Design Specification requirements 
indicated in B-2000, Generic Requirements, the De- 
sign Specification for valves should include the other 
requirements of B-5 1 10 and B-5 120. 

B-5121.8 Bypass Piping. The Design Specification 
shall state which organization is responsible for the 
bypass piping design, if the responsible organization is 
not the piping system designer [NB-3546.3(b)]. 

B-5122 Class 2 Valves 

B-5110 GENERAL REQUIREMENTS B-5122.1 Alternative Rules. The Design Spec- 

Covered by B-2 1 10. 

H-5120 DESIGN 

B-5121 Class 1 Valves 

B-5121,l Pipe Reactions for Valves Designed to 
Alternative Design Rules. NB-35 12.2 provides the 
requirements concerning pipe reactions. 

B-5121.2 Earthquake Loadings. NB-3524 provides 
the requirements concerning earthquake loadings. 

8-5121.3 Level C Service Limits. NB-3526 provides 
the requirements concerning valve function during 
loading for which Level C Service Limits are specified. 

13-5121.4 Pipe Reaction Stress. NB-3526.2 provides 
the requirements concerning pipe reaction stress 
Computation for Level C Service Limits. 

B-5121.5 Level D Service Limits. NB-3527 pro- 
vides the requirements concerning valve function 
during loadings for which Level D Service Limits are 
specified. 

B-5121.6 Hydrostatic Tests. NB-353 1.2(c) provides 
the requirements concerning alternative test pressures, 
seat leakages, and test durations. 

ification shall specify whether the alternative rules of 
NC-3513 are permitted to be used. 

B-5122.2 Hydrostatic Tests. NC-35 14 provides the 
requirements concerning alternative test pressures, 
seat leakages, and test durations. 

B-5123 Class 3 Valves 

B-5123.1 Alternative Rules. The Design Spec- 
ification shall specify whether the alternative rules of 
ND-3513 are permitted to be used. 

B-5123.2 Hydrostatic Tests. ND-35 14 provides the 
requirements concerning alternative test pressures, 
seat leakages, and test durations. 

B-5200 OPERABILITY 
REQUIREMENTS FOR VALVES 

~ - 5 2 1 ~  INTRODUCTION 

Operability requirements are outside t he  scope of 
this Section (NCA-2 142); however, the Owncr o r  
Owner’s designee is required to identify any v a l v e  
operability requirements i n  the Design Specification 
[NB-352h(b) and NB-35271. 
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B-5220 DESIGN 

The Design Specification should include all applica- 
ble and pertinent information required. A document 
pertaining to this information is ANSI N278.1. 
Additional information not covered in ANSI N278.1, 
but considered important to the functional operability 
of the valve should also be included. NB-3524, NC- 
3520, and ND-3520 provide guidance for analysis of 
valves with extended masses. 

B-5230 QUALIFICATION 

B-5231 Methods 

The method of valve qualification, if any, for 
functional operability should be defined in the Design 
Specification. Qualification by analysis, test, or combi- 
nations thereof should be specified. Available Codes or 
Standards which cover these areas should be refer- 
enced and used to the maximum extent possible. 

8-5232 Analysis 

Acceptable methods of analysis should be identified. 
The following areas, as a minimum, should be 
addressed: 

(a) required analysis; 
(6) load combinations, including seismic, end loads, 

(c) allowable stresses for thc various loading condi- 
mechanical loads, etc.; 

tions. 

B-5233 Testing 

Acceptable methods of testing shall be identified. 
The following areas, as a minimum, should be 
addressed: 

(a) required tests and test sequence 
(b) imposed loads and valve function during tests 
(c) acceptance criteria Y 

B-5240 FUNCTIONAL OPERABILITY 
PRODUCTION TESTS 

Any special functional operability tests to be con- 
ducted on production valves shall be specified in the 
Design Specification. 

B-5250 DOCUMENTATION 

Documentation requirements for functional qual- 
ification or production tests or both should be spec- 
ified in the Design Specification. 

B-5300 REGULATORY 
REQUIREMENTS 

Kegulalory requirements are covered i n  B-2300 arid 
a reference list is given in B-1 1OOO. 
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ARTICLE B-6000 
SPECIFIC PIPING 

B-6100 CERTIFIED DESIGN 
SPECIFICATION 
REQUIREMENT§ 

In addition to the Design Specification requirements 
indicated in B-2000, Generic Requirements, the De- 
sign Specification for piping should include the other 
requirements of €3-61 10 and 8-6120. 

B-6110 GENERAL REQUIREMENTS 

Covered by B-2110. 

B-6120 DESIGN 

B-6121 Seismic 

For piping, the loadings, movements, anchor mo- 
tions, and number of cycles due to seismic events 

REQUIREMENTS 

should be given. The associated Service Loadings 
which occur with, or as a result of, the specified 
seismic events should be stated. 

8-6122 Other Dynamic Loads 

Dynamic loadings. such as thosc resulting from 
sudden valve or pump operation, should be given. As a 
minimum, the information needed to determine this 
loading should be given (such as pressures, tempera- 
tures, flow rates, valve operating times). 

B-6123 Peak Pressure 

Peak pressure for Level B, C, and D Service Limits 
must be restricted to certain values in accordance with 
NC/ND-3611.2(~)(2), (3), and (4). I n  categorizing 
Service Loadings into appropriate Service Limits, the 
Design Specification should include the peak pressure. 
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Appendix C 

CODE REQUIREMENTS FOR DESIGN REPORTS 

NCA-3550 REQUIREMENTS FOR DESIGN 
DOCUMENTS 

NCA-3551 Design Documents 

(a) The Design Report and the drawings used for 
design and construction are the primary Design 
Documents. For some component supports, a Load 
Capacity Data Sheet is used in lieu of a Design 
Report. When a Load Capacity Data Sheet is used, the 
provisions of NCA-3554 and NCA-3556 shall also 
apply. The design shown by the drawings used for 
construction shall comply with the Design Speci- 
fications and the rules of this Section and shall be in 
agreement with the other Design Documents. 

(6) It is the right of an N Certificate Holder to 
subcontract stress analysis or complete design of all or 
a portion of a component. However, the N Certificate 
Holder is responsible for the design of the component 
and for the Design Documents. 

NCA-3551.1 Design Rep01-t.~ The drawings used for 
design and construction shall be in agreement with the 
Design Report before it is certified and shall be 
identified and described in the Design Report. It is the 
responsibility of the N Certificate Holder to furnish a 
Design Report for each component and support, 
except as provided in NCA-3551.2. The Design 
Report shall be certified by a Registered Professional 
Engineer when it is for Class 1 Components and 
component supports, Class CS core support struc- 
tures, Class MC vessels and Class MC Component 
supports, Class 2 vessels designed to NC-3200 (NC- 
3131.1), or Class 2 or Class 3 components designed to 
Service Loadings greater than Design Loadings. A 
Class 2 Design Report shall be prepared for Class 1 
piping 1 in. nominal pipe size or smaller which is 
designed in accordance with the rules of Subsection 
NC. 

NCA-3551.2 Load Capacity Data Sheet. The Load 
Capacity Data Sheet shall state the load capacity of 
the component support and identify the tests’ and 
calculations used to establish the load capacity. The 
Load Capacity Data Sheet shall adequately identify 

__*--- 

See Appendix C of Div. 1 

the support. The Load Capacity Data Sheet for 
supports for Class 1 components, Class MC vessels, 
and Class 2 vessels designed to NC-3200 shall be 
certified by a Registered Professional Engineer qual- 
ified in accordance with the requirements of 
ANWASME N626.3- 1979. The Load Capacity Data 
Sheet shall specify the organization responsible for 
retaining the data substantiating the stated load 
capacity. Such data shall be on file and available for 
review. 

NCA-3554 Modification of Documents and 
Reconciliation With Design Report 

Any modification of any document used for con- 
struction, from the corresponding document used for 
design analysis, shall be reconciled with the Design 
Report by the person or organization responsible for 
the design. A revision or addenda to the Design 
Report shall be prepared and (if required by NCA- 
3551.1) certified to indicate the basis on which this has 
been accomplished. All such revised documentation 
shall be filed with the completed Design Report. 

NCA-3555 Certification of Design Report 

(a) The Design Report for Class 1 components and 
component supports, Class CS core support struc- 
tures, Class MC vessels and Class MC component 
supports, Class 2 vessels designed to NC-3200 (NC- 
3131.1), or Class 2 or Class 3 components designed to 
Service Loadings shall be certified by one or more 
Registered Professional Engineers competent in the 
applicable field of design and qualified in accordance 
with the requirements of ANWASME N626.3-1979. 
The Design Report shall be certified only after all 
design requirements of this Section have been met. 
Such Registered Professional Engineers shall be other 
than the individuals certifying the Design Spec- 
ifications (NCA-3255) but are not required by these 
rules to be independent of the organization holding the 
Certificate. 

(b) It is the intent of this Section that the cer- 
tification of the Design Report shall in no way relieve 
the N Certificate Holder of the responsibility for the 
structural integrity of the completed item for the 
conditions stated in the Design Specifications. 
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NCA-3556 Submittal of Design Report for 
Owner Review 

The N Certificate Holder shall submit to the Owner 
or his designee a copy of the completed Design Report 
for all components and supports, for review and 
documentation of review to the extent required by 
NCA-3260. 

NCA-3557 Availability of Design Report 

The N Certificate Holder shall make a copy of the 
completed Design Report, Load Capacity Sheets, and 
the drawings used for construction available to the 
Inspector. 

NCA-3260 REVIEW OF DESIGN REPORT 

(a) The Design Report which the Certificate Holder 
or the Designer provides shall be reviewed by the 
Owner or his designee to determine that all the Design 
and Scrvice Loadings as stated in the Design Speci- 
fication have been evaluated, and that the acceptance 

criteria explicitly provided for in this Section, or 
additional acceptance criteria permitted by this Sec- 
tion when established in the Design Specification, 
associated with the specified Design and Service 
Conditions, have been considered. The responsibility 
for the method of analysis and the accuracy of the 
Design Report remains with the Certificate Holder or 
the Designer. 

(bl Documentation shall be provided by the Owner 
or his designee to indicate that the review required by 
(a) above has been conducted. Prior to the stamping of 
the component, a copy of this documentation shall be 
attached to the copy of the Design Report which is 

made available to the Inspector. A copy of this 
documentation shall be included with the Design 
Report, which is filed at the location of the installation 
in accordance with NCA-4134.17 and made available 
to the regulatory and enforcement authorities having 
jurisdiction at the site of the nuclear power plant 
installation. Document distribution for Division 2 
construction is shown in Table NCA-3200-1. 
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Appendix D 

CODE GUIDANCE FOR PREPARATION OF DESIGN REPORTS 

APPENDIX C 
CERTIFICATE HOLDER’S DESIGN REPORT 

e-1000 
c-1100 

c-1110 
c-I120 
C-I130 
C-1131 
C-1132 
C-1140 
C-1150 

c-1210 
c- I220 
c- 1230 
C- 1240 
C-1250 

c- 1200 

C- 1260 
C- 1270 

C -  1300  
C-1310 

C-1311 
C-1312 

C- 1320 
C-1330 
C- 1 340 

c- 1400 
C-1410 
C- 1420 
C- 1430 

C- 1440 

C-1450 

Certificate Holder’s Design Report ....................................................... 
Introduction .................................................................................. 
Objective .................................................... 
h s i s  
Form at ........................................................................................ 
General Requirements ................................... 
Presentation of Analysis .................................................................... 
Basic Information ......................................... 
Distribution of Copies of Design Report .............. 
Thermal Analysis ............................................................................ 
Descriptions of Operating Cycles ......................................................... 
Steady State Condition ............................................................. 

................. 
...................... ........................................................ 

Geometry From Temperature Distribution Point of View ............................ 
Geometries From Stress Investigation Point of View .................................. 
Temperature-Dependent Data for Each Thermal Geometry and 
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Temperature Distribution for E. ach Geometry .......................................... 
Thermal Gradients ........................................................ 
Structural Analysis ........................................................ 
Important ‘Thermal and Mechanical Loading on Component Stru 
Mechanical Loading .......................................................... 
Thermal and Mcchanical Loading . .  
Methods of Calculations ............................................... 
Principal Stresses for Each Genmetry 
Allowable Limits .................................. ........................... 
Fatigue Evaluation ........................... 
Scope of Fatigue Evaluation ...................... 
Locations of Stress Concentrations ............................................... 
Fatigue Strength Reduction Factors as Function of Locations and 

Proper Stress Concentration 01’ Fatigue Strength Reduction Factor 

................................. 

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .  

................................ 
.................... 

Types of Stress .................... 

Application to Stresses ................................................................... 
Combined Stresses and Allowable Number of Cycles ................................. 

535 
535 
535 
535 
535 
535 
535 
536 
536 
536  
536  
536 
536 
536 

536 
536 
531 
537 
531 
531 
537 
5 3 1  

531 
531 
537 
537 
531 

537 

53x 
538 
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ARTICLE C-11080 
CERTIFICATE HOL19ERJS DESIG REPORT 

6-1100 IPVTWOIIPU(XX0N 

C-1118 OBJECTIVE 

The objective of this Appendix is to provide a guide 
for use by Certificate Holders in the preparation of 
Design Reports required by NCA-355 1.1. Desirably, 
such Design Reports should be uniform as to format 
for all of the nuclear industry. Such uniformity is 
helpful in making for easier review by the Owner 
(NCA-3260), Inspectors, regulatory agencies, o r  inde- 
pendent groups. For NF supports designed by load 
rating (NF-3260), the preparation of a load capacity 
data sheet in accordance with NCA-3551.2 fulfills the 
requirements for preparation of a Design Keport. The 
contents of this Appendix constitute only suggestions 
and are nonmandatory. 

c-1120 BASIS 

In order to meet the requirements of NCA-3551, 
the Design Report should be based upon analysis or  
testing adequate to demonstrate the validity of the 
structural design to sustain and meet in every respect 
the requirements and provisions of the relevant 
Certified Design Specifications and the requirements 
of this Section; the Keport should include, as a 
minimum, the results, conclusions, and other consid- 
erations which show that the structural design meets 
these requirenients. 

(2-1130 FORMAT 

(2-1131 General Requirements 

Since a major purpose of the Design Report is to 
facilitate an independent review of its content, it is 
important that i t  be simple to follow and free from 
ambiguity. Nomenclature, definitions, and symbols 
used should be in agreement with those established in 
Subsection NB for Class 1 components, in Subsection 

NE for Class MC vessels, in Subsection N F  for 
supports, in Subsection NG for Class CS core support 
structures, atad in Subsection N C  for vessels designed 
in accordance with NC-3200. Where additional terms, 
definitions, or expressions are required, they should be 
clearly defined and explained and adequately refer- 
enced. I t  is not the intention to limit the choice of 
analytical methods or  computational techniques used 
for obtaining the values and results required for the 
Design Report. 

C-1132 Presentation of Analysis 

The analysis in the Design Report should be in 
three sections: Thermal. Analysis, Structural Analysis, 
and Fatigue Evaluation. The desiderata listed in (a) 
through (i) below should be adhered to: 

(a) pages and figures in each section of the Report 
should be consecutively numbered; 

(b) reference data taken from other parts of the 
calculations should have the proper page number and 
section of the Report listed; 

(c) a general description of the method of analysis 
should be given; 

(d) all reference sources should be listed; 
(e) all computer programs should be properly 

identified and described; 
cf, stresses should be tabulated for each area of 

investigation; 
(g) areas which have the most severe stress condi- 

tion for design conditions or for any specified transient 
should be listed in the Report, along with the stress 
values in thcse areas; 

(h) results should be summarized and a general 
summary of all stresses should be made in each section 
of the Report; 

(i) drawings and sketches necessary for an under- 
standing of the analysis should be part of the Report; 

0) the Report should include copies of sufficient 
computer printouts to justify the governing stress 
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values used i n  the Design Report and enable indepen- (c) cylinder junction with cylinder flange; 
dciit rcvicw. Copics o f  miy manual cnlculations (d) point of support a~tachnicnt; 
prepared which establish the final design should also (e) cylinder junction with head; 
be included. cf) junction of component wall and internal baffles, 

(g) tube-to-tubesheet junction for heat exchangers; 
C-1140 BASIC INFORMATION (h) heater penetrations to component junction for 

tubesheets, and attachments; 

It should be noted that the references in this 
Appendix to basic information which is to be obtained 
from the Certified Design Specifications (NCA-3250) 
are predicated on the requirement of NCA-3252 that 
such information be provided. 

C-1150 DISTRIBUTION OF COPIES OF 
DESIGN REPORT 

Copies of the completed certified Design Report 
(NCA-3355) should be made available for the Owner’s 
review, certification, and distribution as required by 
NCA-3556, NCA-3260, and NCA-3270. The Cer- 
tificate Holder shall also make a copy available to the 
Inspector (NCA-3557). 

C-1200 THERMAL ANALYSIS 

pressurizer; 

building structure; 
(i) junction area between component supports and 

0) external attachments; 
(k)  changes in thickness within a component (such 

as a reducer, brand connection, component support, 
etc.) o r  across a welded joint (such as a socket weld, 
butt weld of different thickness, etc.); 

(1) instrument penetrations to component junction 
(such as thermowells, flow devices, etc.); 

(mlcore barrel and core support plate. 

C-1240 GEOMETRIES FROM STRESS 
INVESTIGATION POINT OF VIEW 

The final breakdown of the geometries, which will 
correspond to the method of stress calculation, should 
be indicated in the calculations. Typical areas listed in  

C-1210 DESCRIPTIONS OF OPERATING C- 1230 which are applicable to the component under 
CYCLES consideration should be included. 

Data for the various transients and operating cycles 
should be obtained from the Certified Design Spec- 
ifications. Typical cycles which should be co-nsidered 
are referenced in Appendix B. C-1250 TEMPERATURE-DEPENDENT 

DATA FOR EACH THERMAL 
GEOMETRY AND TRANSIENT 

C-1220 STEADY STATE CONDITION The Certificate Holder should specify values for all 

calculations. Refer- 
~ 1 , ~  steady State corndition to provide a thermal parameters, such as coefficients for water and air, 

equilibrium condition for normal operating transients 

ifications. 

which are required for 

should be obtained from the certified ~~~i~~ spec- ellCeS to SOUrCeS should be given for all such data used. 

C-1230 GEOMETRY FROM 
TEMPERATURE DISTRIBUTION 
POINT OF VIEW 

The geometrical structure of the component should 
be divided into suitable areas for thermal analysis. 
Sketches of the thermal model should be included inl 
the Report. The areas listed in (a) through (m) belos 
are typical of those that should be investigated: 
(0) nozzle junctions in the component wall; 
(b) stud bolts; 

C-1260 TEMPERATURE DIS’I’RIBUTION 
FOR EACH GEOMETRY 

The temperature profile of the applicable areas 
listed under C-1230 should be calculated and the 
temperature values attached to the calculations. The 
temperature distributions should be based on two or 
three dimensional heat transfer calculations. For 
calculating throcgh wall (radial) temperature distribu- 
tions to obtain values of AT, and AT, (NB-3650), one 
dimensional heat transfer calculations are acceptab1.e. 
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C-1270 THERMAL GRADIENTS 

Individual transients should be investigated sepa- 
rately for each area. The longitudinal, radial, and 
circumferential gradients should be plotted separately. 
The temperature gradients used in the stress calcula- 
tions should be plotted. 

C-1300 STRUCTURAL ANALYSIS 

(2-1310 IMPORTANT THERMAL AND 
MECHANICAL LOADING O N  
COMPONENT STRUCTURE 

C-1311 Mechanical Loading 

The mechanical loads used in the Design Report to 
calculate primary stresses should be obtained directly 
from the Design Specification (such as Design Pres- 
sure and Temperature) or from information contained 
in the Design Specification (such as seismic spectra, 
valve opening and/or closing times, etc.). 

(a) Mechanical stresses generated by: 
( I )  pressure load 
(2) deadweight load 
(3) piping load 
(4) externally applied load 
(5) seismic loads 
(6) dynamic loads 

( I )  radial gradient 
(b) Thermal stresses generated by: 

(a) thermal stress 
(6) thermal discontinuity stress 

(a) thermal stress 
(b) thermal discontinuity stress 

(2) longitudinal gradient 

C-1340 ALLOWABLE LIMITS 

Each individual stress component and combination 
of the stress components should satisfy the require- 
ments of NI3-3220, NC-3220, NE-3220, NF-3220, 
NF-3230, or NG-3220. 

C-1312 Thermal. and Mechanical Loading 

Specific reference should be made to the thermal 
transients and resulting gradients which are to be used 
for the Design Report. The internal pressure and 
external loads to be used should be in accordance with 
the time and thermal condition analyzed. Values for 
external nozzle loads should include sign convention 
of the loadings and be referenced specifically to the 
geometries. 

C-1400 FATIGUE EVALUATION 

C-1410 SCOPE 01: FATIGUE 
EVALUATION 

Fatigue evaluation when required should include 
the considerations and investigations described in this 
Subarticle. 

C-1320 METHODS OF CALCULATIONS 

The Certificate Holder should submit a short 
description of the calculation methods used in connec- 
tion with the stress analysis. All computer programs 
used in niaking calculations should be verified by 
comparing the program with the results of an appro- 
priate analytical or experimental solution. The basic 
theories on which the calculations are based and the 
assumptions should also be included. 

C-1420 LOCATIONS OF STRESS 
CONCENTRATIONS 

Stress concentration should be investigated at any 
geometrical changes in the structure, such as 
difference in wall thickness, joints and corners, and 
junctions of dissimilar metals. A list of the locations 
subject to fatigue evaluation should be included in the 
Report. For piping, K indices are given for standard 
piping components in  NB-3600 which represent elastic 
stress concentration factors. 

@-1330 PRINCTPAT. STRFSSES FOR C-1430 PATICUE STRBNCTI I 
EACH GEOMETRY REDUCTION FACTORS AS 

In calculating stress components, the requirements 
on NB-3200, NC-3200, NE-3200, NF-3220, NF-3230, 

FUNCTION OF LOCATIONS AND 
TYPES OF STRESS 

or NG-3200 should be followed, The following are 
typical of stress components that should be consid- 
ered: 

Fatigue strength reduction factors should be nurner- 
ically listed for the stresses where they are to be 
applied. The refercnces and methods of finding the 



ratigue strength reduction factors Should be included 
in the Report. 

stress component and not applied to the total stress at 
a point or to the stress intensity. 

C-1440 PROPER STRESS 
CONCENTRATION OR FATIGUE 
STRENGTH REDUCTION FACTOR 
APPLICATION TO STRESSES 

The numerical value of the individual stress compo- 
nents should be listed with and without the stress 
concentration or fatigue strength reduction factor 
applied. Factors should be applied to each individual 

C-1450 COMBINED STRESSES AND 
ALLOWABLE NUMBER OF 
CYCLES 

Where the rules do not specifically control this, as 
they do in NB-3500 and NB-3600, methods of 
combining stresses, determining principal stresses, 
determining alternating stress intensity, and determin- 
ing cumulative damage effects and allowable number 
of cycles should be shown in the Report. These results 
should be reconciled with the required values. 
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Appendix E 

CODE REQUIREMENTS FOR DESIGN DOCUMENTS I N  
1963 ANI) 

?b14Q RESPONSIBILITY 
The var ious  par t ies  involved in  t h e  work of 

producing v e s s e l s  under this Section have def- 
in i te  respons ib i l i t i es  i n  meeting Code require- 
ments.  The respons ib i l i t i es  s e t  forth here inaf te r  
relate! only to Code compliance and a re  not t o  be  
cons t rued  as involving contractual r e l a t ions  or 
l ega l  l iabil i t ies.  

N-141 Design Specification - T h e  owner re- 
quiring tha t  a v e s s e l  or v e s s e l s  be des igned ,  con- 
s t ruc ted ,  t e s t ed  and cer t i f ied  to be a Code v e s s e l  
in compliance with t h e s e  ru les  shall provide or 
cause  to be provided for e a c h  s u c h  v e s s e l  a 
spec i f ica t ion  01 functions and  des ign  require- 
ments including i t a  c lass i f ica t ion ,  re la ted  t o  op- 
erating conditions in s u c h  de ta i l  as wil l  provide 
a complete b a s i s  for des ign ,  construction, and in- 
spec t ion  in accordance with these ru les ,  
(a) The Design Specification s h a l l  be  certif ied 

as to compliance ‘with the  above requirements b y  
B reg is te red  Profess iona l  Engineer exper ienced  in 
pressure  v e s s e l  design. 

(b) A copy of t h e  Design Specification shal l  
be f i led  with the  enforcement authority re- 
spons ib le  at the  point of installation. 

N-142 Stress Report - The s t ruc tura l  integrity 
of a Class  A or Class B v e s s e l  or part  thereof in- 
cluding i t s  abil i ty to  contain p re s su re  is the 
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respons ib i l i ty  of the  manufacturer of t h e  pressure  
part. A minimum requirement i s  compliance wi th  
the NleS of t h i s  Section. As part  of t he  des ign  
respons ib i l i ty  for pressure  containment, the  manu- 
facturer or  a design agent  respons ib le  to him 
shall  make a complete s e t  of i t r e s s  a n a l y s i s  cal- 
cu la t ions  es tab l i sh ing  tha t  t he  des ign  as shown 
by the drawings compl ies  with the requirements o f  
t h i s  Sec t ion  for the  des ign  conditions that have 
been spec i f i ed  by the  u s e r  in the Design Specific- 
ation, A St re s s  Report  shall  be prepared which 
shall  inc lude  stress ca lcu la t ions  and p res su re  
part d e s i g n  drawings  and which shall b e  certif ied 
by a reg is te red  Profess iona l  Engineer,  ex- 
perienced in pressure  v e s s e l  des ign .  Copies of 
this S t r e s s  Report  s h a l l  be  fi led with the quali-  
f ied Inspec tor  a t  the manufacturer’s plant and 
with t he  enforcement authority a t  the point of in- 
s ta l la t ion  of the equipment. The f i l ing  of t h i s  
Repore s h a l l  not relieve the manufacturer of re- 
spons ib i l i ty  for t h e  s t ruc tura l  integrity of t h e  ve3- 
ael. The manufacturer is also respons ib le  for u s e  
of materials,  fabrication methods, and inspec t ion  
techniques  i n  accordance  with the  requirements 
of this Section. T h e  manufacturer sha l l  certify to 
compliance with these  requirements by the 
execution of t h e  appropriate Manufac turer’s Data 
Report. 
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GUIDELINES FOR PREPARATION OF MANUFACTURERS? STRESS 
REPORT FROM 1968 EDITION OF CODE 

APPENDIX X 

Manufacturers' Stress Report 

1. Scope - To provide guidelines for u se r s  of 
Section 111 for preparation of the S t ress  Report for 
Class A vessels in a format for easier independent 
review, review by purchaser, inspectors a n d  re- 
gulatory agencies. T h i s  Appendix is non-mad* 

tory end is provided only as suggested guide- 
l ines  to provide a more standard report for all of 
the nuclear industry. 

The  St ress  Report must be  based upon analyti- 
ca l  calculations-or experimental testing adequate 
to demonstrate the validity of the structural de- 
sign to sustain' and meet in every respec t  the 
requirements and provisions of the relevant C e r  
tified Design Specification and  the requirements 
of this section of the Code; the Report must, 
therefore, include the results,  conclusions and 
other considerations that arc considered a s  proof 
that the structural design does, in fact, meet 
these  requirements. 

2 Format - Since .  a major purpose of the 
Stie'ss Report is to facilitate an independent 
review of i ts  content, i t  i s  important that i t  be 
simple to follow and free f rom ambiguity. Nomen- 
clature, definitions and symbols used should be 
in agreement with the articles of the Code. 
Where additional terms, definitions or expressions 
a re  required, they should be clearly defined and 
explained and adequately referenced. I t  i s  not the 
intention t o  limit t h e  choice of analytikal methods 
o r  computational techniques used for obtaining 
the values and results required for the S t r e s s  
Report. 

The  analysis in the St ress  Report should be in 
two sections. (1) Thermal Analysis and (2) 
Structural Analysis, including fatigue evaluation, 
and the following requirements should be a d h e n d  
to: 

( a )  P a g e s  and figures in each section o f  the 
report should be consecutively numbered. 

( b )  Reference data taken from other parts of 
the calculations should have the proper page num- 
ber and section of the report listed. 

' (c) A general description of the method of 
analysis should be given. 

(d) All  reference sources should be l isted.  
(e) A l l  computer programs should be proper- 

l y  identified and described. 
(f) Areas which have the most severe s t r e s s  

condition at any transient should be l isted in the  
report, along with the s t r e s s  values in t hese  
areas. 

(g) Resul t s  should be summarized in each 
section of the  report, as well as a general sum- 
mary of all s t resses .  

( A ]  Drawings and ske tches  used during the  

performance of the  ana lys i s  should be part of the 
report.. 

( i )  St re s ses  shall be tabulated for each  
area of investigation in format consistent nith 
Section 111, Article 4 of the Code. 

( j )  The Report shall incIude copies of the 
computer printouts and any hand calculations 
prepared which establish the final design. 

Copies  of the completed S t ress  Report shall  
be made available for the  purchaser's' distribution 
required by the Code. I t  should be noted that r e  
ferences in  t h i s  Appendix to basic information 
that is to be  obtained from the Certified Design 
Specification is based upon the requirement of  
Pi-141 that such information be provided. 

3. Thermal Analysis 

(a) Descript ions of Operating Cycles 

Data for the various t rans ien ts  and operating * 
cycles  should be obtained from the Certified De- 
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s i p  Specif i  cation. T y p i c a l  c y c l e s  whicb should 
be  considered me: 

(1) Korrnal h e a t  up and  start up cyclee 
(2) Noma! s h u t  d a w i  and cool down 

(3) Opera t ing  t r a n s i e n t s  
(4) Scram t r a n s i e n t s  
(5 )  Emeegency condition t r a n s i e n t s  

cycles 

( b )  S teady  S ta te  Condition 

T h e  s t e a d y  state condition to provide a ther- 
mal equilibrium condition for normal operat ing 
t r a n s i e n t s  should  be obta ined  from the Cert i f ied 
Design Specif icat ion.  

( c )  Geometry from Temperature Distribution 
Point  of V i e w  

The  geometr ical  s t r i c t u r e  of the v e s s e l  should 
be divided into s u i t a b l e  a r e a s  for thermal m a -  
l y s i s .  Sketches of the  t h c m a l  model shall be 
included in  t h e  report. T h e  following areas are  
t p i c d  of t h o s e  t h a t  should be  invest igated:  

(1) Rozzle junc t ions  in the v e s s e l  wall 
(2) Stud  bol t s  and g a s k e t s  
(3) Cyl inder  junct ion with cyl inder  flange 
(4) P o i n t  of vessel support  attachment(s) 
( 5 )  Cyl inder  junct ion with headls )  

( 6 )  Junct ion of v e s s e l  wall and internal 

(7) T u b e  to t u b e  shee t  junct ion (for hea t  

(8) H e a t e r  pene t ra t ions  to v e s s e l  junct ion 
( Io r p r e s  s u  r i z e d  

(9) Junct ion area be tween v e s s e l  supports 

baff les ,  t u b e  s h e e t s  and a t tachments  

exchangers)  

m d  bui lding s t ruc ture  
(10) External a t tachments  

( d )  Geometries from Stress Investigation 
Point  af View 

Tbc final breakdown of the geometr ies ,  which 
wil l  correspond t Q  the method of stress c d c u l s -  
tion, should  be  ind ica ted  in the calculat ions.  
T y p i c a l  a r e a s  l i s t e d  i n  3(c) s h o u l d  be included. 

( e )  Temperature Dependent Data for Each 

The manufacturer  s h a l l  spec i fy  va lues  for al l  
parameters ,  such  as  coef f ic ien ts  for water  and 
air, which a r e  required for thesmal calculat ions.  
Reference to sources should be  g iven  for all such  

Thermal Geometry and Transient 

d a t a  used.  

( f )  Temperature Distribution for Each C e o -  
metJy 

' h e  temperature  profile ab the areas l i s t e d  
under  3(c)  above should  be cdccnlated and t h e  
temperature  values a t tached  to the calcblations, 
T h e  temperature  d is t r ibu t ions  should  be based 
on two or  th ree  dimensional  hea t  transfer calcu- 
la t ions.  

(g) Thermal Gradients 

Individual  transients should  be i n v e s t i g a t e d  
s e p a r a t e l y  for e a c h  area.  The longi tudinal ,  radial ,  
and circumferential g rad ien ts  should  be: plo t ted  
separa te ly .  T h e  temperature grad ien ts  u s i n g  s t r e s s  
ca lcu la t ions  should  be p l o t t e d  

4. Structural Analysis 

( a )  Important Thermal and Mechanical Load- 
ing on the V e s s e l .  Structure. 

Speci f ic  reference should  be made t o  t h e  ther-  
mal grad ien ts  which are to be u s e d  f o r . t h e  de- 
sign report. The internal  p r e s s u r e  t o  be used 
should be in ascodance  with the time and &emd 
condition analyzed.  Values for e x t e r n a l ,  nozz le  
l o a d s  should  b e  suppl ied  by the Cert i f ied De- 
sign Specif icat ion.  Direction and s ign conven- 
tion of t h e  loadings  should be indicated and refer- 
red spec i f ica l ly  to the geometries. 

( b )  Methods of Calculations 

T h e  manufacturer should sobrnit a shor t  dc- 
sc r ip t ion  of the  calculation methods u s e d  in con- 
nect ion with t h e  thermal and mechanical  s t r e s s  
analys is .  A l l  computer programs u s e d  during cal-  

cu la t ions  s h o u l d  be ident i f ied and  descsibed.  
T h e  b a s i c  theor ies  on which the c a l c u l a t i o n s  are 
b a s e d  and the assumptions should dsa be included. 

(c) Principel S t r e s s e s  for Euch Geometry 
I n  ca lcu la t ing  s t r e s s  components ,  the  require- 

m e n t s  of Sec t ion  111, Article  4 should  be fol- 
lowed. However, if the calmlation t e c h n i q u e s  
used resu l t  i n  B direct  combination of primary, 
s e c o n d a r y  and  peak s t r e s s e s ,  i t  i s  not nccek- 
sary  t o  make any separa t ion  (See Fig. K-414, 
Note 2). The' following are  typ ica l  of components  
t h a t  should  be considered: 

(1) Thermal  S t r e s s e s  Geesra ted  by: 
Q) Radial Gradient: 

Thermal stress 

Thermal  discont inui ty  stress 

Thermal. s t r e s s  
T h  e rm a 1 d i s con t i n  u i t y s t r e s s  

b )  Longitudinal Gradient 



(2) Mechanical S t resses  Generated by: 
a) Pressure  Load  
b) Dead weight load 
c) Piping load  
d) Externally applied load 
e )  Seismic loads  
1) Dynamic loads  

( d )  Allowable Limits  

Each individual s t r e s s  component and the  com- 
bination of the components sha l l  sa t i s fy  the r e  
quirements of N414. 

5. Fatigue Evaluation 

Fatigue evaluation in  accordance with the r e  
quirements of Section 111 should include the  fol- 
lowing considerations and investigations: 

(a) Locations of Stress  Concentrations 

Stress  toncentration should be investigated at 
any geometrical changes in the structure, such 
as difference in wall thickness, jo in ts  and 
corners, and junctions of dissimilar metals. A 
list of the locations subject to fatigue evalua- 
tion should be included in the report. 
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(6) Fatigue Strength Reduction Factors os 
Function of Locat ions and Type  ofs t ress  

Fatigue strength reduction factors s h d d  be 
numerically listed for the s t r e s s e s  where they 
me to be applied. The references and methods 
(theoretical or experimental) of finding the fatigue 
strength reduction factors should be included in 
the report. 

( c )  Proper S tress  Concentration or  Fatigue 
Strength Reduction .Fnc&r Applicotion to rhe Stresses 

T h e  numerical value of the individual s t r e s s  
components should be Iisted with umd without  
the st,ress concentration or tatigue strength re 
duction factor applied. Fac tors  should be applied 
to each individual. s t r e s s  component and n o t  ap- 
plied to the  t o t a l  s t r e s s  at a point or to he s t r e s s  
intensity. 

(d) Combined Stresses and Allowable Num- 
ber of C y c l e s  

Methods of combining s t resses ,  determining 
principal s t resses ,  determining alternating stress 
intensity, and determining cumulative damage 
effects and allowable number of cyc les  shall bc 
shown in the report. These results shall  be  re- 
conciled with the values called for in the C e r  
tified Design Specification or Section III by c&- 
l ist ing or other suitable means. 
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ARTICLE B-liOOO 

B-1100 IhTRODUCIlON 

B-1110 OBJECTIVE 

The objective of this Appendix is to provide a guide 
for Owners in the preparation of Design Spec- 
ifications. Desirably, such Design Specifications 
should be as uniform throughout the nuclear industry 
as is reasonably attainable. Such uniformity is helpful 
in promoting adequacy of coverage and clarity of 
intent. 

B-1120 SCOPE OF DESIGN 
SPEC1 FI CATI ONS 

The Design Specifications must contain sufficient 
detail 10 provide a complete basis for the construction 
of the plant. 

B-1130 FORMAT 

The Design Specifications shall be organized in a 
logical manner and be free from ambiguity. No- 
menclature, definitions and symbols shall be in 
agreement with those established in the applicable 
Articles. 

B-1140 DlSTRIBUTION OF COPIES OF 
THE DESIGN SPECIFICATIONS 

Copies of the Design Specifications shall be filed in 
accordance with NA-3256. 

B-1200 IR'FORMATION TO BE 
INCLUDED 

B-I210 GENERAL INFOR.MA?-ION 

The Design Specifications shall include the pro- 
visions of (a) through (i) below, as applicable: 

(a )  the functions of the components or ap- 
purtenances, including any dimensions upon which 
the functional performance depends; 

(6) the design requirements, stipulating the me- 
chanical and operational loadings including vibration 
and shock; 

(c) the environmental conditions, including ra- 
diation; 

(d) the class5cation of the component or ap- 
purtenance WA-2000); 

(e) the definition of the component and piping 
boundaries (NA-3254 and NE-] 140); 
(j) the procedure for review and certification of 

the Stress Reports by those responsible €or the Design 
Specifications; 

(g) the procedure for the preparation, certification 
and filing of the Overpressure Protection Report; 

(A) the procedure for handling the vm'ous Data 
Reports, particularly with respect to transmittal to 
enforcement authorities; 

(i) the certification of the Design Specifications 
(h'A-3255). 

B-1220 SPECIFIC INFOFZMATION 

B-1221 Relation of the Components to the 
System 

The Design Specifications should relare com- 
ponents to the system of which they are a part by 
providing the information listed in (a), (b), and (c) 
below. 

(u) For each boundary of Code applicability, other 
than piping. the following shall be provided as given 
in ( I ) .  (2), and (3) below: 

( I )  the specific dimensional location of the 
component; 

(2) the forces and moments imposed at  each 
boundary; 

(3) the s t ruc tud  characteristics of structures 
which are excluded from Code jurisdiction but which 
provide constraints to the deflections or rotations of 
components covered by the Design Specifications. 
' K c  most desirable form of defining these structural 
characteristics is to provide an influence or stiffness 
matrix for each structure. If this is not practicable. 
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sornplctely detailed drawings should be provided for 
those portions of the structures which are significant 
in providing constraint; 

(b) the provisions required 1-ir suppon location 
and access to surveillance specimens; 

(c) location, dimensions, and material of attached 
piping. 

B-1222 Materials 

T h e  Design Specifications should provide the 
following information relative to materials listed in (a) 
t l ~ ~ u g h  (s) below: 

(a)  any hydrostatic testing or service temperature 
limits; 

(6)  any reductions to design stress intensity values, 
dowab le  stresses or fatigue curves necessitated by 
environmental conditions; 

(c) any restrictions on cladding materials; 
(d)  materials which are acceptable from the stand- 

points of environment and location when cladding is 
required; 

( e )  any restrictions on heat treating furnace 
atmospheres; 

(f) any requirements with respect to  cleanliness; 
(g) impact test requirements. 

E%-1223 Design 

With the exccprion of the design related items 
covered in B- 122 1,  the major design items which shall 
be treated in the Design Specifications are those 
which specify the Design Loadings and Service 
Conditions and those requirements which are beyond 
the jurisdiction of this Section. 

B-1223.1 M g n  Loadings. The Design Loadings to 
be trea6ed should be as listed in (a) through (f) below 
but are not necessarily limited thereto: 

(a) internal and external design pressure; sec- 
ondary pressure for closed system safety, safety re- 
lief. and relief valve: applications; 

(b)  weight of the component and n o m d  contents 
under operating of test Conditions; 

(c) superimposed loads. such as other components, 
operating equipment. insulation, and corrosion re- 
sistant or erosion resistant linings and piping; 

(dj Hind loads, snow loads and earthquake loads, 
%.here specficd; 

(e) reactions of supporting lugs, rings, saddles, or 
other types of supports; 
(/I thermal expansion loads from attachments. 

PPT~sure, DmiC 1 )  ' mpemture and 

Design Mechanical Loads. The Design Loadings a ~ e  
related to and should be supplemented by the 
information listed in (a), (b), and (c) below. 
(a) Design Pressure. Tfre Design Specifications 

should state whether the Design Pressure is i n t e i d ,  
external or both an internal and an external pressure. 
The Design Specifications should include the cffecls 
of the static and dynamic heads of liquids and staate 
how these differ for different zones of the component. 

(b) Design Temperarure. The Design Specifications 
should state the maximum metal temperature which 
will exist under the specified operating conditions for 
the component and for each area in whish the metal 
tcmpcrature will differ significantly. 

(c) Design Mechanical Loadr. The Design Spec- 
ifications should stipulate the loads, the effect of 
which must be combined with the Design Pressure 
effects for comparison with the several primary stress 
intensity limits at the design temperature. 

B-122333 Operating Conditions 
(0) The Owner must stipulate in the Design 

Specifications a set of operational cycles and the 
number of occurrences of each. In defining the 
conditions to be considered for an operation cycle. a 
complete description shall be given of the time 
variation of each of the loadings and of the following 
quantities: 

(I) coolant pressure: 
(2) ssolmt temperature 
(3) flow rate 
(4) internall heat generation in the vessel 
(5) reactions of attached piping 

(b) It is also essential that the Desisn Specifications 
provide these data for the following categories of 
operating conditions when applicable: 

( I )  Level A Service Limits 
(2) Level I3 Sewice Limits 
(3) b v e l  C Senlice Limits 
(4) Level D Service Limits 

B-1223.4 System Coaasldcraaians 

(a) The system's function, the environmental con- 
ditions under which these functions are performed. 
and the loading combinations shall be evaluated from 
the system standpoint. This Section does not provide 
guidance in the identification of these system func- 
tions, conditions, and loading combinations. Such 
guidance i s  derived from systems safety criteria 
applicablc to specific types of power systems as 
specified in standards prepared by ANSI N18 or as 
may be required by regulatory authorities having 
jurisdiction at the plant site. 
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(b) Although requirements for the acceptability of 
a component are not intended to assure the functional 
adequacy of the component. t he  hi 
permitted for Level C and Level D Service Limits 
evaluation may result in dcfomations which preclude 
operability during or aftsr the event. The Owner may 
provide more restrictive limits for components which 
require close dimensional control and which are 
intended to operate during and after the event. Such 
requirements are beyond the scope of this Section. 

B-1224 Requirements Beyorad the JLarjsdich’on 
~f Section IXI 

supplementary technical requirements which arc 
beyond the jurisdiction of this Section. Some ex- 
amples are given in ( I ) ,  (21, and ( 3 )  below: 

(1)  tolerances on important dimensions for use 
as deformation limits; 

(2) definition of specific action to be taken by 
the CerPificaee HoIder with respect to any region of a 
component whish will be subject to  corrosion, 
erosion, mechanical abrasion or other environmcntal 
effects; 

(3) definition d the regions of a component 
where high fluence level may exist if the mattrid of 
the component is ferritic. 

(0) Pfie Design Specifications shall stipulate any 
additional xequircrncnts which the Owner intends to 

be incorporated in the specific system or any 

B-1225 Storage, Shipping, and 
Delivery Requirements 

addirionaj requirements inleAded PO be more specifk 
or mort restrictive than the rules of this Section. 

(31 The Design Specifications shall stipulate any 

The Design Specifications shall stipulate the rc- 
quirements for handling, storage, shipping and 
delivery of components. 
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