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PROCUREMENT OF TYPE 316 STAINLESS STEEL REFERENCE HEAT 
FOR LMFBR RESEARCH AND DEVELOPMENT PROGWS~ 

R. J .  Beaver and W. R. Mar t in  

ABS TRACT 

Var ious  s i z e s  of p l a t e ,  s h e e t ,  p i p e ,  rounds ,  and f o r g i n g s  
were produced from a 200-ton a i r -mel ted  h e a t  of t y p e  316 s t a i n -  
less s tee l ,  h e a t  8092297, made by t h e  Republ ic  S tee l  Corpora t ion .  
These i t e m s  w e r e  procured by t h e  Union Carb ide  Nuclear  D i v i s i o n  
and are s t o c k p i l e d  a t  t h e  Oak Ridge N a t i o n a l  Labora tory  f o r  
disbursement  as r e f e r e n c e  material t o  ERDA c o n t r a c t o r s  
r e s p o n s i b l e  f o r  r e s e a r c h  and development a s s o c i a t e d  w i t h  t h e  
Liquid Metal F a s t  Breeder  Reactor  Program. T h i s  r e f e r e n c e  
material i s  c h a r a c t e r i z e d  by s i n g u l a r  c o n t r o l  of chemical  
composi t ion;  s p e c i f i c  t r a c e a b i l i t y  of i t e m s  t o  each i n g o t  
cast; and of t h e  h i g h e s t  q u a l i t y  complying w i t h  t h e  re- 
qui rements  of t h e  RDT Standard F 2-4T, Quality V e r i f i c a t i o n  
Requirements and t h e  RDT material  s t a n d a r d s .  

requi rements  f o r  t h i s  r e f e r e n c e  material are p r e s e n t e d  and 
t h e  procurement s p e c i f i c a t i o n ,  ORNL-MC-316 appended. 
P r o c e s s i n g  and i n s p e c t i o n  a c t i v i t i e s  are d e s c r i b e d ,  and 
t r a c e a b i l i t y  of each  i t e m  t o  t h e  i n g o t  cast i s  p r e s e n t e d  i n  
d e t a i l .  The s p e c i f i c  r e s u l t s  o b t a i n e d  as v e r i f i c a t i o n  of 
t h e  chemical  composi t ion and t h e  mechanical  p r o p e r t i e s  are 
l i s t e d  f o r  each  s i z e  of i t e m  procured.  

The c o n s i d e r a t i o n s  involved  i n  e s t a b l i s h i n g  s p e c i f i c a t i o n  

,- 

INTRODUCTION 

I n  A p r i l  1972, ORNL w a s  s e l e c t e d  as t h e  s t o c k p i l e  p o i n t  f o r  t h e  
r e f e r e n c e  h e a t  of t y p e  316 s t a i n l e s s  s t ee l  t o  be used i n  RRD Programs on 
mechanical  p r o p e r t y  s t u d i e s  and s t r u c t u r a l  tests f o r  e leva ted- tempera ture  
des ign . '  
i n v e n t o r y  requi rements  of f i v e  p a r t i c i p a t i n g  o r g a n i z a t i o n s .  T h i s  p l a n  

A p l a n  w a s  formula ted  based on t h e  a n t i c i p a t e d  usage  and 

'Letter, H. M. Roth t o  A. M. Weinberg, "Establ ishment  of 316H 

2Letter,  A. M. Weinberg t o  R. J.  Hart, "Establ ishment  of Type 316 

S t a i n l e s s  S tee l  S t o c k p i l e , "  A p r i l  1 2 ,  1972. 

S t a i n l e s s  S tee l  S t o c k p i l e  a t  ORNL," A p r i l  26, 1972. 
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i d e n t i f i e d  t h e  s u p p o r t  e f f o r t  t h a t  would b e  r e q u i r e d .  The e s t i m a t e d  
requi rements  were e s t a b l i s h e d  and some m o d i f i c a t i o n s  were made. The 
f i n a l i z e d  requi rements  are l i s t e d  i n  Table  1. This  p l a n  i n c l u d e d  pro- 
curement i n  accordance w i t h  t h e  requi rements  of t h e  RDT Standards .  The 
approach w a s  t o  (1) e s t a b l i s h  t e c h n i c a l  and q u a l i t y  v e r i f i c a t i o n  
r e q u i r e m e n t s ,  p e r s o n a l  c o n t a c t s  w i t h  p o t e n t i a l  s u p p l i e r s ,  a d e t a i l e d  
s p e c i f i c a t i o n  and r e q u e s t  f o r  b i d s ;  ( 2 )  e v a l u a t e  t h e  b i d s  and e s t a b l i s h  
t h e  lowes t  a c c e p t a b l e  b i d d e r ;  ( 3 )  determine  t h a t  t h e  s u p p l i e r ' s  q u a l i t y  
v e r i f i c a t i o n  program i s  i n  compliance w i t h  t h e  requi rements  of t h e  
RDT F 2-4T Standard ,  Quality Ver i f ica t ion  Requirements; ( 4 )  approve a l l  
q u a l i t y  v e r i f i c a t i o n  p l a n s  and procedures  r e l a t e d  t o  t h e  procurement 
program; (5) e s t a b l i s h  , p e r i o d i c  s u r v e i l l a n c e s  of t h e  s u p p l i e r ' s  p r o g r e s s  
d u r i n g  t h e  procurement program; (6 )  w i t n e s s  a l l  p e r t i n e n t  n o n d e s t r u c t i v e  
t e s t i n g ;  (7)  review a l l  c e r t i f i c a t i o n  documents and a s s o c i a t e d  tes t  r e p o r t s ,  
h e a t - t r e a t m e n t  c h a r t s ,  and t r a c e a b i l i t y  r e c o r d s  f o r  compliance w i t h  t h e  
t e c h n i c a l  and q u a l i t y  v e r i f i c a t i o n  requi rements  of t h e  s p e c i f i c a t i o n ;  and 
(8) conduct o v e r i n s p e c t i o n s  upon r e c e i p t  a t  t h e  OWL s i t e .  The management 
a c t i v i t i e s  are i l l u s t r a t e d  by t h e  f low diagram of Appendix A. 

PREAWARD ACTIVITIES 

A f t e r  a series of c o n t a c t s  w i t h  numerous s u p p l i e r s  of t y p e  316 
s t a i n l e s s  s teel ,  meet ings  were e s t a b l i s h e d  w i t h  t h e  i n t e r e s t e d  s u p p l i e r s :  
Allegheny Ludlum Stee l  Corpora t ion ,  U.S. S t e e l  Corpora t ion ,  Republ ic  
S tee l  Corpora t ion ,  and Carpenter  Technology Corpora t ion .  The o b j e c t i v e s  
of t h i s  meet ing were t o  de te rmine  l i m i t a t i o n s  on chemical  composi t ions ,  
c o n s i d e r a t i o n s  of m e l t i n g  p r a c t i c e s ,  f e a s i b i l i t y  of f i n i t e  t r a c e a b i l i t y  
from m e l t  t o  f i n i s h e d  product  ( e . g . ,  A i r c r a f t  I d e n t i t y  System) and i n t e r e s t  
i n  producing 200 t o n s  of t y p e  316 s t a i n l e s s  s teel  i n  v a r i o u s  product  
forms t o  t h e  RDT Standards  requi rements .  

on J u n e  7 ,  1972, w i t h  t h e  c o o r d i n a t o r s  and r e s p o n s i b l e  t e c h n i c a l  
r e p r e s e n t a t i v e s . 3  A t  t h a t  t i m e  t h e  product  l i s t  w a s  revamped and t h e  
b a s i c  t e c h n i c a l  requi rements  e s t a b l i s h e d .  S h o r t l y  t h e r e a f t e r  t h e  r e v i s e d  
procurement p l a n  w a s  i s s u e d .  A d e t a i l e d  s p e c i f i c a t i o n  w a s  p r e p a r e d ,  
i d e n t i f i e d  as OWL-MC-316, and w a s  c a r e f u l l y  reviewed by t h e  r e s p o n s i b l e  
t e c h n i c a l  p e r s o n n e l ,  i n c l u d i n g  t h e  ORNL RDT Standards  writer. The RDT 
Standards  were t h e  u n d e r l y i n g  b a s e s  i n  t h i s  procurement and are r e f e r e n c e d  
i n  t h e  s p e c i f i c a t i o n .  The l a t e s t  r e v i s i o n  of t h i s  s p e c i f i c a t i o n  i s  
i n c l u d e d  i n  Appendix B. The c o n s i d e r a t i o n s  i n  deve loping  t h i s  s p e c i f i c a t i o n  
were as f o l l o w s :  

1. The scope  s t a t e m e n t  t h a t  t h e  material w a s  in.tended f o r  u s e  i n  
r e s e a r c h  and development programs a s s o c i a t e d  w i t h  h igh- tempera ture  n u c l e a r  
a p p l i c a t i o n s .  

Subsequent t o  t h e s e  d i s c u s s i o n s ,  a t e c h n i c a l  r e v i e w  meet ing w a s  h e l d  

3Let te r ,  W.  R. Mar t in  t o  D i s t r i b u t i o n ,  "Notes from 316 S t a i n l e s s  S t e e l  
Reference Heat R e v i e w  Meeting on June  5 ,"  June  7 ,  1972. 

4Let ter ,  A. M. Weinberg t o  AEC ORO, "Revised P l a n  f o r  Es tab l i shment  
of Type 316 S t a i n l e s s  S t e e l  S t o c k p i l e  a t  ORNL," Aug. 1 7 ,  1972. 
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2 .  The i d e n t i t y  of r e f e r e n c e  s t a n d a r d s  w i t h  RDT S t a n d a r d s ,  and ,  
where a p p l i c a b l e ,  t h e  i d e n t i f i c a t i o n  of p e r t i n e n t  ASTM s t a n d a r d s .  A l l  
b a s i c  and a p p r o p r i a t e  o p t i o n a l  p r o v i s i o n s  were a p p l i e d .  

e s t a b l i s h e d  by ASME s t a n d a r d s .  

material  s t a n d a r d s  i s  shown i n  Table  2. The p r e v i o u s  n e g o t i a t i o n  meet ings  
w i t h  t h e  p o t e n t i a l  s u p p l i e r s  had i n d i c a t e d  t h a t  t h e s e  chemis t ry  requi rements  
of t h e  OWL-MC-316 S p e c i f i c a t i o n  w e r e  r e a s o n a b l e .  

3 .  No m o d i f i c a t i o n  of t h e  c o n v e n t i o n a l  d imens iona l  t o l e r a n c e s  

4 .  A r e s t r i c t i o n  i n  chemis t ry  t o l e r a n c e s .  Comparison w i t h  t h e  RDT 

Table  2. Comparison of Chemical Compositions 

Contents ,  w t  % 
Chemical Element 

RDT S t a n d a r d s  ORNL-MC-316 Rev. la 

C 

Mn 

P 

S 

S i  

N i  

C r  

Mo 

co  

cu 
N 

Cb + T a  

B 

T i  

0.04 t o  0.10 

2.00 max 

0.030 max 

0.030 rnax 

0.75 max 

11.00 t o  14.00 

16.0  t o  18.00 

2.0 t o  3 . 0  

None 

None 

None 

b 

None 

None 

0.050 t o  0.080 

1 . 5 0  t o  2.00 

0.02 t o  0.03 

0.010 t o  0.025 

0.30 t o  0.60 

13.25 t o  13.75 

16 .5  t o  1 7 . 5  

2.20 t o  2.50 

0.10 max 

0.20 max 

0.05 rnax 

0.020 max 

0.003 max 

0.020 max 

a 

bThe Cb + T a  c o n t e n t  s h a l l  be n o t  less t h a n  t e n  

For s i n g l e  h e a t .  

t i m e s  t h e  carbon c o n t e n t  and n o t  more t h a n  1.00%. 

5 .  The requi rement  f o r  chemical  a n a l y s e s  at i n t e r m e d i a t e  l o c a t i o n s  
on t h e  i n g o t s  and a f t e r  pr imary breakdown of t h e  s e m i f i n i s h e d  s t o c k  f o r  
i n f o r m a t i o n  purposes  only .  

a t t a c k  by u s i n g  P r a c t i c e  E of ASTM A262. 
6. The requi rement  t o  tes t  f o r  s u s c e p t i b i l i t y  t o  i n t e r g r a n u l a r  



5 

7. The e x e r c i s e  of t h e  o p t i o n a l  p r o v i s i o n  of RDT M 3-3T r e q u i r i n g  

8 .  The d i s a l l o w a n c e  of r e p a i r  of any of t h e  i t e m s  by welding.  
9. The requi rement  of a. s p e c i f i c  d e f i n i t i o n  of s u r f a c e  c o n d i t i o n  

10. The r e s t r i c t i o n  of t h e  s o l u t i o n  h e a t  t r e a t m e n t  tempera ture  t o  

11. The requirement  t h a t  t h e  i n t e r g r a n u l a r  c o r r o s i o n  tes t  be a p p l i e d  

12. The requi rement  f o r  l i q u i d  p e n e t r a n t  examinat ion of t h e  s u r f a c e s  

t r a n s v e r s e  t e n s i l e  tes ts  f o r  p i p e  8 i n .  i n  d iameter  and l a r g e r .  

re la t ive t o  d e f e c t s .  

1950 ? 50'F. 

t o  a l l  p i p e  r e g a r d l e s s  of whether o r  n o t  t h e  p i p e  w a s  quenched i n  water. 

of a l l  i t e m s  except  t h e  i n s i d e  s u r f a c e s  of p i p e  and t h e  s u r f a c e s  of t h e  
f i n i s h e d  f o r g i n g s .  

13. The r e q u i r e m e n t s  f o r  u l t r a s o n i c  t e s t i n g  of a l l  i t e m s  i n c l u d i n g  
t h e  b a s i c  as w e l l  as t h e  a p p r o p r i a t e  o p t i o n a l  p r o v i s i o n s  of t h e  RDT 
Standards .  

manufac tur ing  t o  permi t  u l t r a s o n i c  i n s p e c t i o n  a t  1 MHz. 

of t h e  i t e m s  t o  l o c a t i o n  of t h e  mater ia l  i n  t h e  i n g o t .  

o b t a i n e d  i n  January  1973 (Ref. 5 ) .  

14. The requi rement  t h a t  each f o r g i n g  b e  worked s u f f i c i e n t l y  d u r i n g  

15. Requirements f o r  t r a c e a b i l i ' t y  t o  a s s u r e  t h e  s p e c i f i c  i d e n t i t y  

F i n a l  a u t h o r i z a t i o n  by t h e  AEC t o  proceed w i t h  procurement w a s  

CONTRACT AWARD A C T I V I T I E S  

The r e q u e s t  f o r  p r o p o s a l s  w a s  i n i t i a t e d  i n  February  1973. A f t e r  a 
series of n e g o t i a t i o n s  and r e b i d d i n g  by t h e  f i v e  s u p p l i e r s  s u b m i t t i n g  
p r o p o s a l s ,  Republ ic  S t e e l  w a s  t h e  low b i d d e r  and on October 1 2 ,  1973, t h e y '  
were r e l e a s e d  t o  f u r n i s h  t h e  o r d e r .  None of t h e  s u p p l i e r s  were r e s p o n s i v e  
t o  p r o v i d i n g  t h e  16- and 28-in.-diam pipe .  
w e r e  made w i t h  Rollmet ,  I n c . ,  t o  p r o v i d e  t h e s e  s i z e s  of p i p e  on a b e s t  
e f f o r t s  b a s i s  u s i n g  f o r g i n g s  produced from t h e  r e f e r e n c e  h e a t  and provided 
t o  Rollmet by ORNL. I n  t h e  i n t e r i m  i t  w a s  d i s c o v e r e d  t h a t  t h e  2 1 /2- in . -  
OD x 5/8-in. -wal l  p i p e  could b e  provided o n l y  t o  a 0.560-in. nominal w a l l  
t h i c k n e s s .  ' T h i s  change w a s  a c c e p t a b l e  t o  W A R D ,  b u t  ORNL r e p l a c e d  t h e i r  
o r d e r  of t h i s  s i z e  p i p e  w i t h  2 1/2-in.-diam round. 

i n  January  1974. 
i n  e a r l y  1975. 
i n  mid-August 1974 t o  C a r l t o n  Forge,  t h e  Rollmet s u b c o n t r a c t o r ,  f o r  
manufac tur ing  t h e  f o r g e d  r i n g s  from which t h e  two s i z e s  w e r e  made. 

$2.00 f o r  t h e  s h e e t ,  p l a t e ,  and rounds manufactured a t  t h e i r  Canton- 
M a s s i l l o n  f a c i l i t i e s .  The p r i c e  p e r  pound f o r  t h e  p i p e  i t e m s  manufactured 
f o r  Republ ic  Steel  a t  t h e  Ellwood C i t y  P l a n t  of t h e  U.S. S t e e l  averaged 
$4.48. The c o s t  of t h e  16- and 28-in.-diam p i p e  manufactured on a b e s t  
e f f o r t s  b a s i s  by Rollmet averaged $11.70 p e r  pound. 

Subsequent n e g o t i a t i o n s  

Procurement ac t iv i t i e s  f o r  t h e  16- and 28-in.-diam p i p e  were i n i t i a t e d  
The purchase  o r d e r  w a s  p laced  i n  J u n e  1974 f o r  d e l i v e r y  

The f o r g i n g s  procured  from Republ ic  S t e e l  w e r e  shipped 

The p r i c e  p e r  pound o f f e r e d  by Republ ic  S tee l  v a r i e d  from $1.63 t o  

~ 

5Letter,  W. D.  Adams t o  W. R. M a r t i n ,  "Revised P l a n  f o r  Es tab l i shment  
of Type 316 S t a i n l e s s  Steel  S t o c k p i l e  a t  ORNL," J a n .  4 ,  1973. 
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SUPPLIER A C T I V I T I E S  

Q u a l i t y  V e r i f i c a t i o n  Programming 

On November 13-14, 1973, t h e  Q u a l i t y  V e r i f i c a t i o n  Programming of t h e  
Canton-Massil lon f a c i l i t i e s ,  Republ ic  S t e e l ,  and t h e  Ellwood C i t y  Works 
of U.S. S tee l  w a s  reviewed by a team t h a t  inc luded  t h e  ORNL QA Audi tor .  
The review i n d i c a t e d  t h a t  except  f o r  some m o d i f i c a t i o n s  and a d d i t i o n s  t o  
t h e  Q u a l i t y  V e r i f i c a t i o n  P l a n s  r e q u i r e d  by t h e  OWL-MC-316 S p e c i f i c a t i o n ,  
t h e  Republ ic  S tee l  and U.S. S tee l  Q u a l i t y  V e r i f i c a t i o n  P l a n s  were 
a c c e p t a b l e . 6  The a d d i t i o n s  and m o d i f i c a t i o n s  r e q u i r e d  as a r e s u l t  of t h i s  
a u d i t  were approved by ORNL on December 1 4 ,  1973. The Rollmet Q u a l i t y  
V e r i f i c a t i o n  P l a n  and a s s o c i a t e d  procedures  were submi t ted  i n  August 1974. 
Several resubmiss ions  were r e q u i r e d ,  and in 'December 1974 a l l  of t h e  
Rollmet p l a n s  and procedures  were approved. The approved Q u a l i t y  
V e r i f i c a t i o n  P l a n s  and a s s o c i a t e d  procedures  are summarized i n  Appendix C .  

P roduct ion  Schedules  

The p l a t e ,  s h e e t ,  f o r g i n g ,  and b a r  i t e m s  w e r e  scheduled f o r  June  t o  
August 1974 d e l i v e r y  and t h e  p i p e  (except  t h e  16- and 28-in.-diam p i p e )  
scheduled f o r  d e l i v e r y  by December 1974. D e l i v e r y  of t h e  b a r  i t e m s  and 
t h e  2-in.  p l a t e  w a s  t a r d y ,  but  d e l i v e r y  by Republ ic  S tee l  w a s  completed 
by t h e  end of December 1974. 

The 16- and 28-in.-diam p i p e  produced by Rollmet w a s  scheduled i n t o  
p r o d u c t i o n  upon r e c e i p t  of t h e  f o r g i n g s  from ORNL i n  August 1974. F i n a l  
r e c e i p t  a t  ORNL of t h e  f i n i s h e d  p i p e  w a s  A p r i l  1975. 

The Melt 

The t y p e  316 s t a i n l e s s  s teel  r e f e r e n c e  h e a t  w a s  a i r  mel ted  i n  a 
200-ton e l e c t r i c  f u r n a c e  a t  Republ ic  S t ee l ' s  No. 4 Melt Shop of t h e  S tee l  
D i v i s i o n ,  Canton, Ohio. T h i s  h e a t ,  8092297, w a s  made i n  February  1974 
a f t e r  an  i n i t i a l  h e a t  had been a t tempted  i n  l a t e  January  but  w a s  d i v e r t e d  
because of an  0.012 w t  % Pb c o n c e n t r a t i o n .  

Twenty-nine i n g o t s  were produced. The pouring sequence w a s  as f o l l o w s :  

Pouring I n g o t  S i z e  Approximate Weight 
Sequence ( i n .  ) ( I b )  

1 25 x 27 
2 25 x 27 

12,000 
12,000 

6Letter,  R. J.  Beaver t o  D i s t r i b u t i o n ,  
a t  Republ ic  S tee l  Corp. and U.S .  S t e e l  Corp. 
Procurement," Nov. 20, 1973. 

"Evalua t ion  of QA Programming 
- Type 316 Reference Heat 
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Pouring 
Sequence 

3 
4 
5 
6 
7 
8 
9 

10 
11 
1 2  
13 
1 4  
1 5  
1 6  
17 
18 
19 
20 
2 1  
22 
23 
24 
25 
26 
27 
28 
29 

I n g o t  S i z e  
( i n . )  

25 X 27 
43 oc tagon 
43 oc tagon 
43 oc tagon 
43 octagon 
20 x 4 1  
20 X 4 1  
20 x 4 1  
20 X 4 1  
20 x 4 1  
20 x 4 1  
20 X 4 1  
20 x 4 1  
20 X 4 1  
25 x 27 
25 x 27 
25 X 27  
25 X 27 
25 X 27 
25 x 27 
25 x 27 
25 x 27 
25 x 27 
25 X 27 
25 x 27 
25 x 27 
25 X 27 

Approximat e Weight 
(1b) 

12,000 
25,390 
25,390 
25,390 
25,390 
14,670 
14,670 
14,670 
14,670 
14,670 
14,670 
14,670 
14,670 
14,670 
12,000 
12,000 
12,000 
12,000 
12,000 
12,000 
12,000 
12,000 
12,000 
12,000 
12,000 
12,000 
12,000 

The l a d l e  a n a l y s e s ,  based on t h e  average  of samples t a k e n  d u r i n g  
pour ing  of i n g o t s  3 and 1 3 ,  are shown i n  Table  3.  
a sample d u r i n g  pour ing  of t h e  last  i n g o t  i n  accordance w i t h  t h e  q u a l i t y  
v e r i f i c a t i o n  p l a n  f a i l e d .  

An a t t e m p t  t o  o b t a i n  

I d e n t i f i c a t i o n  System 

The i d e n t i t y  of each  i n g o t  w a s  m a i n t a i n e d ,  and a l l  product  forms 
manufactured are t r a c e a b l e  t o  t h e  i n g o t  from which t h e y  w e r e  produced. 
The A i r c r a f t  I d e n t i t y  System w a s  'used as t h e  i d e n t i f i c a t i o n  system f o r  
t r a c e a b i l i t y .  I n  t h i s  system, t h e  a l p h a b e t i c  l e t t e r i n g  sequence,  A ,  B ,  
C ,  e tc . ,  r e p r e s e n t s  t h e  l o c a t i o n  from t h e  t o p  t o  t h e  bottom of t h e  i t e m  
be ing  i d e n t i f i e d .  The system i s  i l l u s t r a t e d  i n  F i g .  1. Because of s i z e  
l i m i t a t i o n s ,  rounds 2 1 / 2  i n .  i n  d iameter  and less were excepted t o  t h i s  
system and were simply i d e n t i f i e d  n u m e r i c a l l y ,  bu t  t r a c e a b l e  t o  an  
A i r c r a f t  I d e n t i f i e d  b i l l e t  from which t h e  rounds were produced. The 
s h e e t  p r o d u c t s  were a l s o  i d e n t i f i e d  n u m e r i c a l l y  but  t r a c e a b l e  t o  l o c a t i o n  
i n  t h e  i n g o t .  
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TOP INGOT 

Table  3 .  Ladle  Analyses of Republ ic  S t e e l  
(Heat 8092297) 

BOTTOM 

~~ 

Chemical Element Ladle Analyses 
(wt %) 

C 

Cr 

Ni 

Mn 

Si 

P 

S 

Mo 

co 

cu 

N 
Cb + Ta 
Ti 

B 
Pb 

Sn 

0.057 

17.25 

13 .48  

1 .86  

0 .58  

0.024 

0.019 

2.34 

0.02 

0.10 

0.030 

a 

0.02 

0.0005 

0.003 

0.004 

AIRCRAFT IDENTITY 
(AN EXAMPLE) 

aNot detectable at level of 0.01 wt %. 

ORNL-DWG 75- t lOO2 

.... 

..m. END OF PRODUCT THAT IS IDENTIFIED BY LETTER(S) 

F i g .  1. A i r c r a f t  I d e n t i t y  System Used f o r  T r a c e a b i l i t y  of Product  
Forms. 
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P l a t e  Product ion  

The 112- and 5 /8- in . - th ick  p l a t e s  w e r e  produced from 25  x 27 i n .  
i n g o t s  2 and 3. These i n g o t s  were bloomed on t h e  35-in. Canton blooming 
m i l l  t o  18 X 4 i n .  blooms. Each bloom w a s  c u t  i n t o  t h r e e  s e c t i o n s ,  

' i d e n t i f i e d  as A, B ,  and C y  r e s p e c t i v e l y .  P l a t e s  were h o t  r o l l e d  on t h e  
South Works P l a t e  M i l l  t o  approximate ly  4 f t  wide X 8 f t  long.  T h i s  
o p e r a t i o n  r e q u i r e d  r o l l i n g  i n  a d i r e c t i o n  t r a n s v e r s e  t o  t h e  o r i g i n a l  
d i r e c t i o n  of t h e  p r e v i o u s  blooming o p e r a t i o n .  

The 1- and 2- in . - th ick  p l a t e s  were processed  s i m i l a r l y  except  t h a t  
t h e  i n g o t  s i z e  w a s  20 X 41 i n .  and w a s  bloomed t o  34 X 5 i n .  s l a b s .  I n  
t h e s e  p l a t e  s i z e s  one s e c t i o n  c u t  from t h e  bloom c o n s t i t u t e d  one p l a t e  
r o l l e d  t o  s i z e .  

The A i r c r a f t  I d e n t i t y  and t r a c e a b i l i t y  of t h e  p l a t e s  a c c e p t e d  are 
i d e n t i f i e d  i n  Table  4. 

A l l  s i z e s  of p l a t e s  were s o l u t i o n  annea led  a t  1950 ? 50'F. 

Table  4 .  T r a c e a b i l i t y  and I d e n t i f i c a t i o n  of P l a t e s  Produced from 
Republic  S t e e l  Heat 8092297 and P r e s e n t e d  f o r  ORNL Acceptance 

Plate Identity 

1/2-in.-Thick 5/8-in.-Thick 1-in. -Thick Z-in.-Thick 
Ingot 2 Ingots 2 and 3 Ingots 9, 10, 11, 13, 14 Ingots 9, 10, 11, 1 2 ,  14, 15, 16 

Bloom Plate Bloom Plate Bloom Plate Bloom Plate 
_ _ _ _ _ _ _ ~ ~ ~  

2AB 
2 AC 2B 

2 CA 
2CB 2C 

2A 

2B 

3A 

3B 

3c 

2 BA 
2BB 
2BC 

2cc 

3AA 
3AB 
3AC 

3BA 
3BB 
3BC 

3 CA 
3CB 
3cc 

9A 9A 
9B 9B 
9c 9c 

10A 10A 
10B 10B 
1oc 1oc 

11A 11A 
11B 11B 
11c 11c 

13A 13A 
13B 13B 
13C 13C 
13D 13D 
13E 13E 
13F 13F 

14B 14B 
14C 14C 
14D 14D 
14E 14E 
14F 14F 

9D 9D 
9E 9E 

10D 10D 

11D 11D 
11E 11E 

12A 12A 
12B 12B 
13C 12c 
12D 12D 

14A 14A 

15A 15A 
15B 15B 
15C 15C 
15D 15D 

16C 16C 
16D 16D 
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Sheet  Product ion  

Both t h e  0.125- and 0.060-in.- thick s h e e t  were produced from i n g o t  8 ,  
20 X 4 1  i n .  i n  s i z e ,  which w a s  bloomed on t h e  Canton 35-in. m i l l  t o  
37 1 1 2  x 5 314 i n .  T h i s  s l a b  w a s  h o t  r o l l e d  on t h e  Cleveland 84-in.  
s t r i p  m i l l  t o  0.250 x 38 i n .  
w a s  c o l d  r o l l e d  on t h e  54-in. r e v e r s i n g  m i l l  a t  t h e  Enduro Works t o  
0.125-in.  gage,  and t h e n  s o l u t i o n  annealed a t  1950 ? 50'F ( b r i g h t  a n n e a l i n g ) .  
A f t e r  c u t t i n g  t h e  c o i l  i n t o  s h e e t s ,  t h e  s h e e t s  were s t r e t c h e r  l e v e l e d  
and squared by s h e a r i n g .  

I d e n t i t y  System i n  t h a t  each s h e e t  w a s  n u m e r i c a l l y  i d e n t i f i e d  s e q u e n t i a l l y .  
Throughout a l l  o p e r a t i o n s  t h e  t r a c e a b i l i t y  w a s  p e r s o n a l l y  monitored by 
Republ ic  S tee l ' s  product  m e t a l l u r g i s t ,  who a s s u r e d  t h a t  t h e  numer ica l  o r d e r  
r e p r e s e n t e d  p o r t i o n s  of material  from t h e  i n g o t  i n  a sequence from t o p  t o  
bottom. The i n i t i a l  196-in.  l e n g t h  of 0.125-in.  s h e e t  from t h e  r e v e r s i n g  
m i l l  w a s  removed as s c r a p  p r i o r  t o  i d e n t i f y i n g  t h e  s h e e t  numer ica l ly .  
Twenty 0 .125- in . - th ick  s h e e t s  were c u t  from t h e  0.125-in.- thick c o i l  and 
i d e n t i f i e d  s e q u e n t i a l l y  1 through 20. 

t h e  s a m e  r e v e r s i n g  m i l l ,  s o l u t i o n  annea led ,  s t r e t c h e r  l e v e l e d ,  and squared 
u s i n g  t h e  same p r o c e s s i n g  used i n  producing t h e  0.125-in.- thick s h e e t .  
The s h e e t s  c u t  from t h i s  0 .060-in.- thick c o i l  w e r e  i d e n t i f i e d  s e q u e n t i a l l y  
20 through 88. The las t  196 i n .  of t h e  c o i l  w a s  removed as s c r a p .  The 
i d e n t i t y  of t h e  s h e e t s  p r e s e n t e d  f o r  i n s p e c t i o n  i s  shown i n  Table  5.  

Subsequent t o  a n n e a l i n g ,  t h i s  ' 'hot band" 

The i d e n t i t y  system approved f o r  t h e  s h e e t  d e v i a t e d  from t h e  A i r c r a f t  

The 0.125-in.- thick band w a s  c o l d  r o l l e d  t o  0.060-in.  t h i c k n e s s  on 

a Table  5. T r a c e a b i l i t y  and I d e n t i f i c a t i o n  of S h e e t s  
Produced from Republic  S t e e l  Heat 8092297 and 

P r e s e n t e d  f o r  ORNL Acceptance 

0.125-in. Sheet Identity 
2 15 
9 16 
10 17 

12 19 
14 20 

11 i a  

0.060-in. Sheet Identity 
38 50 62 75 
39 51 63 77 
40 52 64 78 
41 53 65 79 
42 54 66 a0 
43 55 67 ai 
44 56 69 a2 
45 57 70 a3 
46 5a 71 a4 
47 59 72 a5 

49 61 74 a7 
aa 

48 60 73 86 

aAll sheets traceable to 0.250-in.-thick "hot bands" 
8368-4030. "Hot band" traceable to 37 :/2 X 5 314 in. s l a b  
bloomed from ingot 8. 
in ingot from top proceeding to bottom. 

Numerical sequence represents location 
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Product ion  of Rounds 

A l l  rounds were produced from 25 X 27 i n .  i n g o t s ,  bloomed t o  
9 X 7 314 i n .  on t h e  35-in.  Canton m i l l ,  c u t  i n t o  A i r c r a f t  I d e n t i f i e d  
m u l t i p l e s ,  and h o t  r o l l e d  on t h e  18-in.  M a s s i l l o n  m i l l  th rough a series 
of i n t e r m e d i a t e  breakdowns t o  s l i g h t l y  above f i n a l  product  d i a m e t e r .  A l l  
rounds were s o l u t i o n  annealed a t  1950 f 50°F and subsequent ly  s t r a i g h t e n e d .  
Turning and g r i n d i n g  t o  f i n a l  s i z e  w a s  done by t h e  Union Drawn D i v i s i o n .  
The i d e n t i t i e s  of t h e  rounds are l i s t e d  i n  Table  6. The only  s i z e  w i t h  
i n d i v i d u a l  A i r c r a f t  I d e n t i t y  w a s  t h e  4 1/2-in.-diam round. A l l  1-in.-diam- 
rounds were g iven  t h e  same numer ica l  i d e n t i t y  t r a c e a b l e  t o  t h e  A i r c r a f t  
I d e n t i f i e d  r e r o l l  b i l l e t  from which t h e y  were produced. The 2-in.-diam 
and 2 1/2-in.-diam rounds were n u m e r i c a l l y  i d e n t i f i e d  i n  sequence t r a c e a b l e  
t o  t h e  r e r o l l  b i l l e t  from which t h e y  were produced, w i t h  t h e  "X" i n  t h e  
i d e n t i t y  i n d i c a t i n g  t h e  round c u t  from t h e  bottom h a l f  of t h e  round pro- 
duced from t h e  r e r o l l  b i l l e t .  

Rounds 1 i n .  i n  Diameter 

The 1-in.-diam rounds w e r e  h o t  r o l l e d  from i n g o t  26. Three 
9 x 7 314 i n .  blooms were produced: 26A, 26B, and 26C. Subsequent 
c u t t i n g  produced m u l t i p l e s  26AA, 26AB, 26BA, 26BB, 26CA, and 26CB. The 
9 X 7 314 i n .  blooms were h o t  r o l l e d  t o  4 X 4 i n .  r e r o l l  b i l l e t s  i d e n t i f i e d  
as 26AAA, 26ABA, 26BAA, 26BBA, and 26CAA (26CB w a s  d i v e r t e d  t o  t h e  
2-in.-diam b a r  p r o d u c t i o n ) .  

Rounds 2 i n .  i n  Diameter 

The 2-in.-diam rounds are t r a c e a b l e  t o  i n g o t s  24, 25,  and 26. Three 
9 X 7 314 i n .  blooms were produced from i n g o t  25: 25A, 25B, and 25C. 
Subsequent c u t t i n g  produced m u l t i p l e s  25AA, 25AB, 25BA, 25BB, 25CA, and 
25CB. M u l t i p l e  26CB (from i n g o t  26) and 24CA and 24CB (from i n g o t  24) 
were added t o  t h i s  product ion .  These m u l t i p l e s  were h o t  r o l l e d  t o  
5 3/4- in .  r e r o l l  b i l l e t s  i d e n t i f i e d  as 24CAA, 24CBA, 25AAA, 25ABA, 25BAA, 
25BBA, 25CAA, 25CBA, and 26CBA. 

Rounds 2 112 i n .  i n  Diameter 

The 2 1/2-in.-diam rounds are t r a c e a b l e  t o  i n g o t  24. Three 
9 x 7 314 i n .  blooms w e r e  produced, 24A, 24B, and 24C. Subsequent c u t t i n g  
produced m u l t i p l e s  24AA, 24AB, 24BA, 24BB, 24CA, and 24CB (24CA and 24CB 
were d i v e r t e d  t o  t h e  2-in.-round p r o d u c t i o n ) .  The 9 X 7 314 i n .  m u l t i p l e s  
were h o t  r o l l e d  t o  5 314 in,. s q u a r e  r e r o l l  b i l l e t s  producing 24AAA, 24ABA, 
24BAA, and 24BBA. 

Rounds 4 112 i n .  i n  Diameter 

The 4 1/2-in.-diam rounds are t r a c e a b l e  t o  i n g o t s  20 and 23. Seven 
9 x 7 314 i n .  blooms w e r e  produced,  20A, 20B, 2OC, 20D, 2 3 A ,  23B, 23C, 



Table  6. T r a c e a b i l i t y  and I d e n t i f i c a t i o n  of Rounds Produced from Republ ic  S tee l  Heat 8092297 and 
Presented  f o r  ORNL Acceptance 

l-in.-Diam 2-in. -Dim 2 1/2-in.-Diam Ingots 4 l/Z-in.-Diam 20 and 23 
Ingot 26 Ingots 24, 25, 26 Ingot 2 4  

Bloom Bloom Reroll Number Reroll Number Bloam Bloom Reroll Number Identity 
____~ 

Bloom Identity 
Multiple Billet of  Rounda i%tt% Multiple Billet of Rounds Multiple Billet o f  Rounds a f  Rounds Multiple of Rounds 

26A 26AA 26AAA 38 All Is 24C 
26AB 26ABA 36 All 2s 

26B 26BA 26BAA 32 All 3s 
26BB 26BBA 36 All 4 s  

26c 26CA 26CAA 33 A l l  5s 

25A 

258 

25C 

26C 

24CA 

24CB 

25AA 

25AB 

25BA 

25BB 

25CA 

25CB 

26CB 

'Cut into two short nieces. 

24CAA 

24CBA 

25AAA 

25ABA 

25BAA 

2 5 BBA 

25CAA 

25CBA 

26CBA 

10 

10 

7 

10 

10 

8 

10 

11 

10 

24.4 24AA 24AAA 1, 1x 5 
2 ,  2x  
3 ,  3x 

5, 5x 

11. 11x 

4, 4x 24AB 24ABA 
24B 24BA 24BAA 

1 

5 

12; 12x 
13, 13X 
1 4 ,  14X 
20 
21, 21x 
2 2 .  22x 
. 23X 
24X 

30, 30X 
31. 31X 
32, 32X 
33, 33x 
34, 34x 
40, 40X 
4 1 .  41X 
4 2 ;  42X 
43, 43x 
44, 44x 
50, 50X 

51X 
52, 52X 
53 

54x 
55 
60, 60X 
61, 61X 
62, 62X 
63, 63X 
64, 64X 
70. 70X 
71; 71X 
1 2 ,  72X 
73, 73X 
14. 74X 
75 
80. 80X 
81; 81X 
8 2 ,  82X 
83. 83X 

2488 24BBA 7 

1, 1x 20c 20CA 

3x 20CB 
lox 200 20DA 

2 ,  2x 

20,  20x 
2 1  2 3A 2 3AA 
2 2  
23 23AB 
30, 30X 238 23BA 
31, 31K 
32. 32X 2388 

23C 23CA 33 

23CB 
23D 23DA 

23DB 

20cm 
20cab 
20CB 
20DAA" 
ZODAB 
23AAA 
2 3AAB 
23AB 
23BAA 
23BAB 
2388 
23CA.4 
23CAB 
23CB 
23DM 
2 3DAB 
2 3DB P 

10 



13 

and 23D. (Blooms 20A and 20B were d i v e r t e d  t o  o t h e r  a p p l i c a t i o n s . )  The 
remaining 9 x 7 3 / 4  i n .  blooms w e r e  h o t  r o l l e d  t o  4 3/4-in.-diam rounds ,  
and A i r c r a f t  I d e n t i f i e d .  

P i p e  Product ion  

A l l  p i p e  i t e m s  except  t h e  16- and 28-in.-diam p i p e  were produced a t  
t h e  Ellwood C i t y  Works of U.S. S t e e l ,  t h e  s u b c o n t r a c t o r  s e l e c t e d  by t h e  
Republ ic  S t e e l .  Rounds of t h e  a p p r o p r i a t e  d i a m e t e r s  r e q u i r e d  by U.S. S t e e l  
were provided by Republ ic  S tee l  from h e a t  8092297. Seamless p i p e  w a s  
produced u s i n g  t h e  Mannesman p r o c e s s  i n  which t h e  round,  a f t e r  be ing  h e a t e d  
t o  t e m p e r a t u r e ,  i s  squeezed between r o t a t i n g  r o l l s  w h i l e  be ing  r o t a t e d  a t  
h i g h  speed and drawn through t h e  m i l l  over  a p i e r c i n g  p o i n t  l o c a t e d  between 
t h e  r o l l s .  Subsequent t o  t h e  p i e r c i n g  o p e r a t i o n  t h e  p i p e  i s  reduced e i t h e r  
by p lug  r o l l i n g  and r e e l i n g  o r  b a r  r o l l i n g  and s i z i n g .  
s o l u t i o n  annealed a t  1950 k 50°F. 

p i p e  were produced from i n g o t s  20, 2 1 ,  22, and 27. These i n g o t s  were h o t  
r o l l e d  on t h e  35-in.  Canton m i l l  t o  9 X 7 3 / 4  i n .  blooms, and, i n  t h e  case 
of t h e  rounds f o r  t h e  2-in. sched 160 p i p e ,  t o  8 x 6 3 / 4  i n .  blooms. Subse- 
q u e n t l y  t h e s e  blooms were h o t  r o l l e d  t o  t h e  a p p r o p r i a t e  d iameter  on t h e  
18-in.  M a s s i l l o n  m i l l  and turned  a t  t h e  Union Drawn D i v i s i o n  t o  t h e  
fo l lowing  f i n a l  s i z e s  r e q u i r e d  by U.S. S t e e l :  

A l l  p i p e  w a s  

The rounds provided  t o  U.S. S tee l  f o r  a l l  except  t h e  8-in.  sched 80 

3 1/2-in.-diam round f o r  2-in.  sched-160 p i p e  
3 3/4-in.-diam round f o r  2 1/2-in.-OD x 0.560-in.-wall  p i p e  
4 l /Z-in.-diam round f o r  4-in.  sched-160 p i p e  

The 8-in.-diam rounds r e q u i r e d  by U.S. S tee l  f o r  t h e  8- in .  sched 80 
p i p e  were produced from i n g o t s  1, 17,  18, and 19 .  These i n g o t s  w e r e  h o t  
r o l l e d  i n t o  24 X 1 5  i n .  blooms on t h e  Canton 35-in. m i l l ,  h o t  forged  i n t o  
8 l/Z-in.-diam rounds at  t h e  South Works, and t u r n e d  t o  f i n a l  s i z e  a t  
t h e  Union Drawn D i v i s i o n .  

A s  shown i n  Table  7 ,  each  round w a s  i d e n t i f i e d  w i t h  i t s  A i r c r a f t  
I d e n t i t y  t r a c e a b l e  t o  t h e  i n g o t  from which i t  w a s  produced. 
of p i p e  w a s  produced from one A i r c r a f t  I d e n t i f i e d  round,  and each l e n g t h  
of p i p e  i s  i d e n t i f i e d  i n  t h e  r e c u r r i n g  markings w i t h  t h e  A i r c r a f t  I d e n t i t y  
of t h e  round from which i t  w a s  produced. The 16-in.  sched 30 p i p e  and t h e  
28-in.-OD x 0.375-in.-wall  p i p e  were produced a t  Rollmet by r o l l  e x t r u s i o n ,  
a r e d u c t i o n  p r o c e s s  a t  room tempera ture  t h a t  i n v o l v e s  i n t e r m e d i a t e  
a n n e a l i n g .  The 16-in.  sched 30 p i p e  w a s  produced by e x t e r n a l  r o l l  ex- 
t r u s i o n  i n  which t h e  d i e  r i n g  works t h e  material from t h e  o u t s i d e ,  
i n c r e a s i n g  t h e  l e n g t h  and d e c r e a s i n g  t h e  t h i c k n e s s  w h i l e  m a i n t a i n i n g  
c o n s t a n t  i n s i d e  d iameter .  The 28-in.-diam X 0.375-in.-wall p i p e  w a s  
produced by i n t e r n a l  r o l l  e x t r u s i o n  i n  which s o l i d  r o l l e r s  i n s e r t e d  w i t h i n  
t h e  forged  r i n g  a p p l y  p r e s s u r e  on t h e  i n t e r n a l  s u r f a c e s ,  w h i l e  a t i g h t -  
f i t t i n g  e x t e r n a l  d i e  r i n g  m a i n t a i n s  t h e  o u t s i d e  diameter w i t h i n  v e r y  c l o s e  
t o l e r a n c e s .  

One l e n g t h  



Table 7.  Traceability and Identification of Pipe Produced from 
Republic Steel Heat 809227 and Presented to ORNL for Acceptance 

2-in. Sched 160 2 1t2-h. OD X 0.560-in. Wall 4-in. Sched 160 8-in. Sched 80 
Ingots 21 and 2 2  Ingots 1, 17, 18, 19 Ingot 27 Ingot 20 

Bloom Hot Rolled Finished Bloom Hot Rolled Finished Bloom Hot Rolled Finished Forged Finished 
Round Pipe Round Pipe Round Pipe Round Pipe 

27AAA 
27AAB 
27AACa 
27AAD 

27ABA 20A 
27ABB 
27ABC 
27ABD 

27AA 

27A 

2 7AB 

2 7BAA 
27BAB 
27BAC 
27BAD 

27BA 

27B 

208 

27BBC 2788 

27BBD 

20AAA 
ZOAAB 

2OABA 
2OABB 

20ACA 
2OACB 

20ADA 
20ADB 

20BAA 
20BAB 

ZOBBA 
2OBBB 

ZOBCA 
20BCB 

POBDA 

20AA 

21A 

20AB 

20AC 
21B 

20AD 

20BA 
21c 

20BB 

ZOBC 
21D 

22A 

228 

22c 

22D 

21AA 

21AB 

21BA 

21BB 

21CA 

21CB 

21DA 

21DB 

22AA 

22AB 

22BA 

22BB 

22CA 

22CB 

22DA 

22DB 

21AAA 
21AAB 

2lABA 
21ABB 

2lBAA 
2lBAB 

21BBA 
21888 

2lCAA 
21CAB 

2lCBA 
21CBB 

21DAA 
21DAB 

21DBA 
ZlDBB 

22AAB 
22ABA 
22ABB 

22BAA 
22BAE 

22BBA 
22888 

22cAA 
22CAB 

22CBA 
22CBB 

22DAA 
22DAB 

22DBA 
22DBB 

1A 1A 

1 BA 
1BB 

1CA 
1CB 

1 DA 
1DB 

17A 17A 

1B 

1c 

1D 

17BAa 
17BB 

17CA 
17CB” 

17DA 
17DB 

18AA 
18AB a 

18ba 
18BB 

17B 

17C 

17D 

18A 

188 

18CA 
18CB 

18DA 
1BDB 

19A 19Aa 

19B 19BA 

18C 

18D 

19CA 
19CB 

19DA 
19DB 

19c 

19D 

=Cut into two pieces. 



1 5  

Forg ings  4BA, 4BB, 5AB, 5BA, and 5BB produced by Republ ic  S t e e l  w e r e  
shipped t o  C a r l t o n  Forge,  t h e  Rollmet s u b c o n t r a c t o r ,  f o r  manufactur ing 
t h e  p i p e  b lanks .  These b l a n k s  w e r e  f a b r i c a t e d  by p i e r c i n g  and f o r g i n g  t o  
a s i z e  s l i g h t l y  i n  e x c e s s  of t h e  s i z e  of t h e  f i n a l  machined b l a n k s  l i s t e d  
as f o l l o w s :  

F i n a l  P i p e  Machined Blank 

16-in.-diam 18.25 i n .  OD X 15.10 i n .  I D  x 78 i n .  
28-in.-diam 28.00 i n .  OD x 25.25 i n .  I D  x 56 i n .  

The i d e n t i t y  and t r a c e a b i l i t y  of t h e s e  p i p e s  are l i s t e d  i n  Table  8. 

Table  8. T r a c e a b i l i t y  and I d e n t i f i c a t i o n  of 16-in.  Sched 30 
and 28-in.-OD X 0.375-Wall P i p e  Produced by Rollmet from 

Forgings  Made from Republic  S t e e l  Heat 8092297 
Suppl ied  by O W L  

Traceable  t o  
S e c t i o n  of 

Forging 

Ro l l m e  t Traceable  t o  Traceable  t o  
I d  e n t i t y  Forging Ingot  

16-in.  Sched 30 P i p e  

CF-001-1A 4 BA 4B 4 
CF-001-1B 4 BA 4B 4 
CF-00 2-1A 4 BB 4B 4 
CF-00 2 - l B  4 BB 4B 4 

28-in.-OD X 0.375-in.-Wall P i p e  

CF-003 
CF-004 
CF-005 

5AB 
5 BA 
5BB 

. .  5A 
' 5B 

5 B  

5 
5 
5 

Forging P r o d u c t i o n  

The 24 X 24 i n .  f o r g i n g s  were produced from 43-in. octagon i n g o t s  4 ,  
5 ,  and 7. Forging w a s  done a t  t h e  South Works Forge Shop. The ground 
imgot w a s  i n i t i a l l y  forged  by drawing t o  34 X 34 i n . ,  ground a g a i n ,  and 
drawn t o  24 X 24 i n . ,  s o l u t i o n  annealed a t  1950"F, and machined. During 
u l t r a s o n i c  examinat ion of f o r g i n g s  4A, 4B, 5 A ,  and 5B, no response  w a s  
o b t a i n e d .  T h i s  c o n d i t i o n  w a s  a t t r i b u t e d  t o  e x t e n s i v e  d e n d r i t i c  s t r u c t u r e  
i n  t h e  c e n t r a l  r e g i o n  and coarse-grained s t r u c t u r e  (ASTM 1 and 2) i n  t h e  
o t h e r  r e g i o n s .  Ingot  7 w a s  u p s e t  f o r g e d ,  drawn, and annea led  a t  1950°F 
b u t  a g a i n  no r e s p o n s e  w a s  observed d u r i n g  u l t r a s o n i c  examinat ion.  The 
c o n d i t i o n  w a s  a t t r i b u t e d  t o  c o a r s e  g r a i n s .  
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The A i r c r a f t  I d e n t i f i c a t i o n  and t r a c e a b i l i t y  of t h e s e  f o r g i n g s  are 
shown i n  Table  9. 

Table  9. T r a c e a b i l i t y  and I d e n t i f i c a t i o n  of 
Forg ings  Produced from Republic  S tee l  

Heat 8092297 and P r e s e n t e d  f o r  
ORNL Acceptance 

A i r c r a f t  T r a c e a b l e  t o  Traceable  t o  
I d e n t i f i c a t i o n  Forging I n g o t  

4A 4A 4 

4BA 4B 4 

4 BB 4B 4 

5AA 

5AB 

5A 

5A 

5 

5 

5 BA 5B 5 

5BB 

7A 

5 B  

7A 

5 

7 '  

7B 7B 7 

VERIFICATION OF SPECIFICATION REQUIREMENTS 

Q u a l i t y  V e r i f i c a t i o n  P l a n s  (QVP) prepared  i n  s u f f i c i e n t  d e t a i l  w e r e  
t h e  b a s e s  f o r  a s s u r i n g  compliance t o  t h e  requi rements  of t h e  OWL-MC-316 
S p e c i f i c a t i o n .  
of t h e  s t a f f  of t h e  ORNL Q u a l i t y  Assurance D i r e c t o r  and t h e  Q u a l i t y  
Assurance Coordina tors  of t h e  F inance  Materials D i v i s i o n  and t h e  Metals 
and Ceramics D i v i s i o n .  Each QVP w a s  approved by t h e  Q u a l i t y  Assurance 
Coordina tor  of  t h e  Metals and Ceramics D i v i s i o n ,  who a l s o  a c t e d  as t h e  
Authorized T e c h n i c a l  R e p r e s e n t a t i v e .  I n s p e c t i o n s  by ORNL i n s p e c t o r s  were 
l i m i t e d  t o  w i t n e s s i n g  a l l  u l t r a s o n i c  examinat ions  f o r  i n t e r n a l  q u a l i t y ,  
l i q u i d  p e n e t r a n t  examinat ions f o r  e x t e r n a l  q u a l i t y  wherever p o s s i b l e ,  and 
random overchecks of d imens iona l  requi rements  w h i l e  w i t n e s s i n g  t h e  non- 
d e s t r u c t i v e  examinat ions.  The a c c e p t a b i l i t y  of a l l  o t h e r  v e r i f i c a t i o n s  
t o  t h e  s p e c i f i c a t i o n  requi rements  w a s  based on t h e  d e t a i l  i n  t h e  QVPs and 
t h e  subsequent  c e r t i f i c a t i o n s  and test r e p o r t s .  

duc ted  by t h e  Authorized T e c h n i c a l  R e p r e s e n t a t i v e  f o r  t h e  purpose of 

These Q u a l i t y  V e r i f i c a t i o n  P l a n s  w e r e  reviewed by a member 

P e r i o d i c  s u r v e i l l a n c e  d u r i n g  t h e  p r c d u c t i o n  of  t h e  i t e m s  w a s  con- 
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w i t n e s s i n g  t h e  p r o g r e s s  b e i n g  achieved  and observ ing  t h e  implementat ion 
of t h e  A i r c r a f t  I d e n t i f i c a t i o n  System. 7-11 

C hemi s t r y  

An impor tan t  a s p e c t  of t h i s  procurement w a s  t h e  f a c t  t h a t  a l l  items 
produced were produced from a s i n g l e  200-ton m e l t .  Therefore  chemical  
v a r i a t i o n s  among t h e  i t e m s  produced should be minimal.  Comparison of  
r e s u l t s  w i t h  r e s p e c t  t o  chemical  v a r i a t i o n s  among t h e  p a r t i c i p a n t s  i n  
t h i s  r e s e a r c h  and development e f f o r t  should  n o t  be a n e g a t i v e  f a c t o r .  
To suppor t  t h i s  t h e s i s ,  i n  a d d i t i o n  t o  t h e  check a n a l y s e s  normally re- 
q u i r e d  f o r  e a c h  l o t  of t h e  v a r i o u s  product  forms,  52 independent  check 
a n a l y s e s  a t  i n t e r m e d i a t e  s t a g e s  of p r o d u c t i o n  were o b t a i n e d .  These d a t a  
are l i s t e d  i n  Appendix D,  and may be compared w i t h  t h e  check a n a l y s e s  of 
t h e  f i n a l  p r o d u c t s ,  i d e n t i f i e d  i n  subsequent  s e c t i o n s  of t h i s  r e p o r t .  

V e r i f i c a t i o n  of I n t e r n a l  Q u a l i t y  

A most impor tan t  t e c h n i c a l  a s p e c t  i n  procurement of t h e  t y p e  316 
s t a i n l e s s  r e f e r e n c e  h e a t  is  t h e  a s s u r a n c e  of t h e  i n t e r n a l  q u a l i t y  of t h e  
i t e m s  p rocured .  T h e r e f o r e ,  a l l  of t h e  b a s i c  u l t r a s o n i c  examinat ion 
p r o v i s i o n s  of t h e  RDT Standards  were e x e r c i s e d ,  i n c l u d i n g  a p p r o p r i a t e  
o p t i o n a l  p r o v i s i o n s  as i d e n t i f i e d  i n  T a b l e . 4  ( f o r  b a r ,  s h e e t ,  and p l a t e  
m a t e r i a l )  and paragraph  6.8 of t h e  Ordering Data ( f o r  p i p e )  of t h e  
ORNL-MC-316 S p e c i f i c a t i o n .  S p e c i f i c  procedures  were d e t a i l e d  by t h e  
s u p p l i e r  of u l t r a s o n i c  examinat ion services, and approved by t h e  ORNL 
I n s p e c t i o n  Engineer ing  Department. A l l  examinat ions  were wi tnessed  by 
a q u a l i f i e d  i n s p e c t o r  of t h e  ORNL I n s p e c t i o n  Engineer ing  Department as 
a d d i t i o n a l  a s s u r a n c e  t h a t  t h e  examinat ions  were conducted i n  accordance 
w i t h  t h e  approved procedures .  The r e s u l t s  of t h e s e  i n s p e c t i o n s  i n d i c a t e  
t h a t  h i g h - q u a l i t y  i t e m s  were produced. 

7 L e t t e r ,  R. J.  Beaver t o  D i s t r i b u t i o n ,  " S u r v e i l l a n c e  a t  Republ ic  

'Letter, R. J. Beaver t o  D i s t r i b u t i o n ,  " S u r v e i l l a n c e  of Republ ic  

'Letter, R. J. Beaver t o  D i s t r i b u t i o n ,  "Type 316 S t a i n l e s s  Reference 

S t e e l  on March 27-28, 1974," March 29, 1974. 

S t e e l  on A p r i l  30 and May 1," May 3,  1974. 

Heat Procurement," J u l y  11, 1974. 

Ellwood C i t y  P l a n t  on Aug. 27, 1974;'' Aug. 29, 1974. 

Forge and Rollmet ,  Inc. ,  on Oct. 28-30, 1974," Nov. 5 ,  1974. 

"Letter, R. J. Beaver t o  D i s t r i b u t i o n ,  " S u r v e i l l a n c e  a t  U.S. S t e e l ,  

"Letter, R. J. Beaver t o  D i s t r i b u t i o n ,  " S u r v e i l l a n c e  of C a r l t o n  
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V e r i f i c a t i o n  of S u r f a c e  Q u a l i t y  

To b e t t e r  d e f i n e  t h e  s u r f a c e  q u a l i t y  r e q u i r e m e n t s ,  paragraph  6.12, 
o r d e r i n g  d a t a  w a s  added t o  t h e  ORNL-MC-316 S p e c i f i c a t i o n  t o  avoid con- 
t r o v e r s y  over  t h e  i n t e r p r e t a t i o n  of "good workmanship" commonly r e f e r r e d  
t o  i n  many of t h e  ASTM material s t a n d a r d s .  Except f o r  t h e  i n s i d e  s u r f a c e  
of p i p e  and t h e  s u r f a c e s  of f o r g i n g s  t h e  acceptance  c r i t e r i a  of RDT F 3-37 
f o r  l i q u i d  p e n e t r a n t  examinat ion w a s  a p p l i e d .  These c r i t e r i a  c r e a t e d  
a d d i t i o n a l  q u a l i t y  c o n t r o l  p r o v i s i o n s  on t h e  p a r t  of t h e  s u p p l i e r  ( g r i n d i n g  
of b a r s  and p l a t e s  and honing of p i p e )  t o  a s s u r e  compliance t o  t h e  ac- 
ceptance  c r i t e r i a .  Except f o r  i s o l a t e d  p i t s  i n  some s h e e t  mater ia l ,  t h e  
s u r f a c e s  of t h e  i t e m s  complied w i t h  t h e  d e f i n e d  d e f e c t  l i m i t a t i o n s .  
Loca l ized  r e g i o n s  may be observed where g r i n d i n g  w a s  done on some i t e m s  
t o  remove d e f e c t s ,  but  t h i s  i s  an  a c c e p t a b l e  p r a c t i c e  used i n  removal of 
and e x p l o r a t i o n  of t h e  d e p t h  of s u r f a c e  d e f e c t s .  V e r i f i c a t i o n  of t h e  
s u r f a c e  c o n d i t i o n  of t h e  i n s i d e  s u r f a c e s  of p i p e  w a s  based e n t i r e l y  on 
t h e  r e s u l t s  of t h e  acceptance  c r i t e r i a  and t h e  i n t e n s i t y  of t h e  t y p e s  of 
u l t r a s o n i c  examinat ions  e x e r c i s e d  i n  v e r i f i c a t i o n  of t h e  q u a l i t y  of t h e  
p i p e .  

D e v i a t i o n s  and Noncompliances 

D e v i a t i o n s  t o  t h e  S p e c i f i c a t i o n  (changes p r i o r  t o  implementat ion)  and 
noncompliances t o  t h e  requi rements  w e r e  r e p o r t e d  on ORNL Devia t ion  Request 
and Nonconformance Request Forms, i l l u s t r a t e d  i n  F i g s .  2 ,  3 ,  and 4, 
r e s p e c t i v e l y .  The S u p p l i e r  Nonconformance Request Forms w e r e  provided t o  
Republ ic  S tee l  f o r  t h e i r  use .  S e v e r a l  r e p o r t s  were g e n e r a t e d  d u r i n g  t h i s  
procurement and are summarized i n  Appendix E.  A l l  r e q u e s t s  were approved 
by t h e  P r o j e c t  Leader and t h e  Q u a l i t y  Assurance Coordina tor  of t h e  Metals 
and Ceramics D i v i s i o n .  

V e r i f i c a t i o n  R e s u l t s  of Bar I t e m s  

The i n s p e c t i o n  and tes t  r e s u l t s  f o r  t h e  1-, 2-, 2 l I 2 - ,  and 4 112-in.-  
diam b a r s  are a t t a c h e d  t o  t h e  Republ ic  S t e e l  C e r t i f i c a t e s  of Tests iden-  
t i f i e d  by c o n t r o l  c a r d s  50952, 50955, 50957, and 50959, r e s p e c t i v e l y .  
These d a t a  are main ta ined  i n  t h e  Material C o n t r o l  F i l e  of t h e  ORNL Finance 
and Materials D i v i s i o n .  

Table  10 l i s t s  t h e  r e s u l t s  of t h e  check a n a l y s e s  f o r  v e r i f i c a t i o n  
of t h e  product  chemis t ry .  The c e r t i f i e d  r e s u l t s  of t h e  mechanical  p r o p e r t i e s  
tes ts  are l i s t e d  i n  Table  11. 

1950 ? 50°F, v e r i f i e d  by submi t ted  h e a t  t rea t  c h a r t s ,  and were a l s o  ce r t i -  
f i e d  as r e s i s t a n t  t o  i n t e r g r a n u l a r  a t t a c k  on t h e  b a s i s  of a c c e p t a b l e  tes t  
r e s u l t s  t o  P r a c t i c e  E of ASTM A262. 

A l l  b a r s  were c e r t i f i e d  t o  have been s o l u t i o n  h e a t  t r e a t e d  a t  
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I T E M  N A M E  Q U A L I T Y  L E V E L  

DRAWING NO. SHOP O R D E R  

DEVIATION REQUEST 
O A K  RIDGE NATIONAL LABORATORY 

QA PROGRAM 

S P E C I F I C A T I O N  

WORK/PURCHASE O R D E R  

TYPE: 0 MATERIAL 

NAME T I T L E  

0 P A R T  

D A T E  

0 SYSTEM 

NAME T I T L E  

0 ASSEMBLY 

D A T E  

P R O J E C T  L E A D E R  D A T E  O T H E R  D A T E  

L E A D  DESIGNER 

APPROVED BY: 

I T E M  USER 

--- 
D A T E  O T H E R  D A T E  

~ ~ 

D A T E  P A C  D A T E  

U CN- 5458A 

13 2-74 ]  

Fig .  2a. Reproduct ion of OWL Dev ia t ion  Request .  
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INSTRUCTIONS FOR USE 

1. 

2. 

3. 

4. 

5. 

6. 

7.  

8. 

9. 

For each proposed deviat ion, the Pro jec t  Leader ( P L )  or person(s) delegated by the PL shall  complete 

the Descript ion of  Deviat ion port ion o f  t h i s  farm and shal l  sign and date th i s  port ion on completion at 

the ind icated place. 

The Deviat ion Request (DR) Continuation Sheet shal l  be used as  necessary to  adequately expla in  Step 

1.  

Upon evaluation by management of  the correctness and completeness of  Steps 1 and 2, the PL or h i s  

designee shal l  complete the portion, Just i f icat ion and L imi ta t ions  i n  the necessary detai l ,  and shal l  
sign and date th i s  portion. 

The DR Continuation Sheet shal l  be used as necessary to  adequately expla in  Step 3. 

The portion, Approved By, requires signature of  a l l  personnel substant ia l ly  par t ic ipat ing i n  the appro- 

val o f  the deviot ion, g iv ing  date and their t i t l e .  

Each DR(s), where the deviat ion resul ts  i n  a design or engineering change, requires the signature of 

the L e a d  Designer w i th  the date of  such signature. 

All DR’s  require the signature of the person us ing the f inal i tem or responsible for i t s  performance i n  
service, or the signature of  h i s  supervisor; un less such authority i s  spec i f i ca l l y  delegated by the QA 
Program P l a n  or QA Program Index to management responsible for manufacture. 

The DR and each attached DR Continuation Sheet shal l  be signed and doted a t  the appropriate places. 

The QAC shall ,  upon satisfactory completion of the information required on the DR, sign and date 
the DR. 

Fig. 2b. Instructions for Use of ORNL Deviation Request. 
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I T E M  N A M E  B S E R I A L  N U M B E R I S 1  OWG.ISPEC. NO. a R E V .  

P R O J E C T  N A M E  Q T Y .  N / C  I T E M S  

U N I O N  C A R B I D E  C O R P O R A T I O N  - N U C L E A R  D I V I S I O N  
OAK RIDGE NATIONAL LABORATORY 

SUPPLIER NONCONFORMANCE REPORT NO. ~ 

P . O . / S U B C O N T R A C T  NO. 

R E L A T E D  SNR'S 

I D A T E  O F  S N R  

R E C O M M E N D E D  OISPOSITION 

1 

F R O M :  Supplier (and Address)  T O :  U n i o n  Carbide Corporotion . Nuclear OiwsNon 

P. 0. Box M, Oak Ridge, T e n n e s s e e  37830 

Purchosing DiViSiO" 

A T T A C H M E N T S :  I L I S T I  

S U P P L I E R  A P P R O V A L S  

I 

NEW SNRISI  S U P P L I E R ' S  I N S P E C T O R ' S  OR O R N L  S I T E  
INSPECTOR'S S I G N A T U R E  

OTY. '  A C C .  O T Y .  R E J .  

DATE 

S U P P L I E R ' S  QA 

DATE 

0 Accept o s  i s  0 Rework I 
0 Repoir  0 R e j e c t  I 

REMEDIAL  A C T I O N  a JUSTIFICATION 

F i g .  3a. Reproduct ion of S u p p l i e r  Nonconformance Report .  
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INSTRUCTION FOR USE 

1. 

2. 

3 .  

4. 

5 .  

6 .  

7.  

a. 

9.  

10. 

11. 

report  of a nonconformance, the appropriate management a t  the supplier 's  
place of business sha l l  complete the information on the addressee and sender, 
type of nonconformance, quantity o f  items involved, and the ident i f ica t ion  
information required. 

The responsible supplier technical management s h a l l  ident i fy  the technical 
requirements of the contract violated by the nonconformance, such as  v i o -  
l a t ion  of engineering drawing dimensions, specifications, codes and standards, 
process procedures, the QA ver i f ica t ion  plan, e t c .  

The responsible supplier technical management s h a l l  describe the noncon- 
formance by identifying the condition tha t  causes the item t o  depart from 
the requirements of the contract. 

The supplier s h a l l  request the ORNL s i t e  inspector ( i f  one i s  assigned) t o  
i n i t i a l  the SNR a t  the indicated space which i n i t i a l s  a t t e s t  t ha t  the O W L  
s i t e  inspector has reviewed supplier 's  actions i n  complying with instructions 
1, 2 and 3 .  

The responsible supplier technical management s h a l l  propose a disposit ion of 
the item, and d e t a i l  the remedial actions or f ac t s  t o  validate such d i s -  
posit ion and j u s t i f y  t h a t  such actions or  fac ts  are  consistept with the 
recommended disposition. 

The responsible supplier technical management s h a l l  report what actions or  
si tuations caused the nonconformance, the corrective action applied, o r  t o  
be applied. t o  prevent reoccurrences, and the date upon which corrective 
action i s  t o  be completed. 

Additional documents related t o  o r  explaining i n  more d e t a i l  the subject 
matter required by any heading on t h i s  SNR form s h a l l  be attached t o  the SNR 
and l i s t e d  under attachments. 

The supplier s h a l l  ensure tha t  appropriate supplier approvals and descriptions 
(instructions 1, 2 and 3)  are  made by signature with dates, and t h a t  the  date 
tha t  ORNL i s  requested t o  return the SNR t o  the supplier i s  stated.  

ORNL management s h a l l  complete the ORNL approva.1 portion and return the SNR 
via  the  contract administrator t o  the supplier within the time period agreed 
on. 

The supplier sha.11 complete the disposit ion action by recording the disposit ion 
of items affected by the SNR t o  which the ORNL s i t e  inspector ( i f  one i s  
assigned) s h a l l  a t t e s t  by his signa.ture, and otherwise by the signature of the 
supplier 's  designated quali ty control o r  inspection personnel. The suppl ie r ' s  
QA manager or  his authorized designee s h a l l  review the disposit ion fo r  com- 
pliance t o  authorized disposition actions and indicate approval by signing the 
SNR. 

Zompleted SNR's s h a l l  be reta.ined as directed by provisions of the contract. 

F i g .  3b. Instruction for Use of Supplier Nonconformance Report. 
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I T E M  N A M E  

D R A W I N G  N O  

O A K  RIDGE NATIONAL 

NONCONFORMANCE 

Q U A L I T Y  L E V E L  SPEC1 F l C A T l O N  

S H O P  O R D E R  W O R K /  P U R C H A S E  O R D E R  

Q A  P R O G R A M  

N A M E  

LABORATORY 

REPORT 

T I T L E  D A T E  

N A M E  T I T L E  D A T E  

DISPOSITION 

APPROVED By 

0 A P P R O V E D  D I S P O S I T I O N  C O M P L E T E D  

0 U S E  U N C O R R E C T E D  0 R E P A I R  0 R E W O R K  u R E J E C T  

P R O J E C T  L E A D E R  D A T E  O T H E R  D A T E  

A C T I O N  R E P O R T  0 Y E S  0 No 

L E A D  DESIGNER D A T E  O T H E R  D A T E  

I T E M  USER D A T E  O A C  D A T E  

NAME T I T L E  D A T E  

UCN- I0077 
19 3-74] 

Fig. 4a. Reproduction of ORNL Nonconformance Report. 



24  

INSTRUCTIONS FOR USE 

1. On report of a nonconformance the Project Leader or person(s) delegated by the Project Leader shall f i l l  in the 
init ial  portion of this form and complete the Description and Cause of Nonconformance portion as soon as 
possible. 

I f  the cause of the nonconformance i s  not immediately determinable, the Project Leader or h i s  desiGnee(s) shall 
upon completion of the quality control or quality assurance measures necessary to determine the cause promptly 
complete this portion. The Project Leader or h is  designee shall sign and date this portion on completion at the 
indicated place. 

2. 

3. Upon evaluation by management of the remedial action necessary to dispose of the item and the justif ication for 
such action, the Project Leader or h i s  designee(s) shall complete the portion, Proposed Remedy and Justi f ica- 
tion, detailing actions to be applied to the item and the reasons the remedy wil l  make the item adequate for the 
intended use. The recommended disposition shall be indicated in  this portion. The Project Leader or h is  de- 
signee shall sign and date this portion on completion. 

The NCR Continuation Sheet shall be used as necessary to adequately explain Steps 1, 2. and 3. 4. 

5. The technical review committee shall complete the portion, Disposition and Corrective Action Report, by check- 
ing the appropriate box indicating the decision of the technical review committee. 

5. The portion, Approved By, requires the signature of the Project Leader or h is  designee and a l l  personnel sub- 
stantially participating in  the evaluation of the nonconformance, recommending disposition, and/or requiring 
a corrective action report, giving date and title. 

7. Where the nonconformance results in a violation of design requirements and the disposition recommended i s  
Use Uncorrected or Repaired, the approval of the Lead Designer i s  required by h is  signature with date. 

Al l  NCR's pertaining to items manufactured, fabricated, or assembled at ORNL, require the signature of the 
person using the final item or responsible for i t s  performance in  service, or the signature of h i s  supervisor; 
unless such authority i s  specifically delegated by the QA Program Index to management responsible for manu- 
facture, fabrication, or assembly. 

8. 

9. The NCR and each attached NCR Continuation Sheet shall be signed and dated at the appropriate places. 

10. 

11. 

The QAC shall, upon satisfactory completion of al l  required QA actions, sign and date the NCR. 

A copy of the NCR completed to this stage shall be transmitted to the personnel who are to accomplish the 
approved disposition, and upon completion, the responsible person shall check the box Approved Disposition 
Completed, sign. give tit le, date the copy, and return i t  to the project. 

Fig .  4b. Instructions for Use of ORNL Nonconformance Report. 
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Table  10. Chemistry R e s u l t s  of Bar Products  Type 316 S t a i n l e s s  S t e e l  
Republ ic  S tee l  Heat 8092297 

OWL-MC-316 Concentration, wt X 
Specification Chemical 

Element (wt %) 1-in. F.ound 2-in. Round 2 1/2-in. Round . 4 1/2-in. Round 

C 

Mn 

P 
S 

Si 
cu 
Ni 
Cr 
Mo 

Ti 
co 

N 
B 
Cb + Ta 
A 1  

0.050 to 0.080 0.060 0.051 
1.50 to 2.00 1.85 1.87 
0.02 to 0.03 0.024 , 0.030 
0.01 to 0.025 0.019 0.018 
0.30 to 0.60 0.58 0.53 
0.20 max 0.09 0.09 
13.25 to 13.75 13.70 13.45 
16.5 to 17.5 
2.20 to 2.50 
0.020 max 
0.10 max 
0.05 max 
0.003 max 
0.020 max 
Not Required 

17.10 
2.35 
0.01 

0.02 

0.032 
0.0005 

CO.01 

0.023 

0.054 
1.86 
0.024 
0.019 
0.60 
0.08 
3.50 

0.063 
1.85 
0.022 
0.020 
0.57 
0.07 
3.45 

17.28 17.19 16.80 
2.32 2.34 2.33 
0.02 0.02 0.02 
0.02 0.02 0.02 
0.030 0.030 0.030 
0.0005 0.0005 0.0005 

<o. 01 <o. 01 <o. 01 

Table  11. C e r t i f i e d  R e s u l t s  of Mechanical P r o p e r t i e s  of Bar I t e m s  
Produced by Republ ic  S tee l  Type 316 S t a i n l e s s  S t e e l  Heat 8092297 

Hardness 
(Brinell) 

Reduction in Bar Size, Diam Identity Yield Point Tensile Strength Elongation Area 

(XI (in. 1 Number (psi) (psi) (XI 

1 26AAA 33,600 78, aoo 60 75.0 131 

2 2 5AAA 31,200 78,700 60 76.2 131 

2 112 24AAA 32,700 79,200 56 76.4 131 

4 112 23AA 31,500 75,000 56.5 77.8 137 
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U l t r a s o n i c  i n s p e c t i o n s  were conducted d u r i n g  t h e  p e r i o d  of October 9 
t o  18, 1974, and w e r e  wi tnessed  by t h e  ORNL i n s p e c t o r .  U l t r a s o n i c  d e f e c t s  
w e r e  found i n  p o r t i o n s  of t h e  f o l l o w i n g  rounds:  

Diameter I d e n t i t y  

2 i n .  1, 1 0 ,  20, 64, 8 0 X ,  and 84X 
2 112 i n .  20 
4 112 i n .  20DAB 

These d e f e c t i v e  r e g i o n s  were removed c r e a t i n g  rounds s h o r t e r  t h a n  t h e  
s p e c i f i e d  l e n g t h .  The 4 112 in.-diam round,  20DAA, had been c u t  i n t o  two 
p i e c e s  a t  Republ ic  S t e e l  p r i o r  t o  u l t r a s o n i c  i n s p e c t i o n  c r e a t i n g  l e n g t h s  
s h o r t e r  t h a n  s p e c i f i e d .  A l l  rounds w i t h  l e n g t h s  s h o r t e r  t h a n  s p e c i f i e d  
were approved f o r  acceptance  by S u p p l i e r  Nonconformance Report  51. 

The l i q u i d  p e n e t r a n t  examinat ions  of t h e  rounds were n o t  w i t n e s s e d  
by t h e  ORNL i n s p e c t o r .  The CONAM I n d u s t r i e s  c e r t i f i c a t e  serves as 
evidence  of t h e  i n s p e c t i o n  r e s u l t s .  

V e r i f i c a t i o n  R e s u l t s  of P l a t e  I t e m s  

The i n s p e c t i o n  and tes t  r e s u l t s  f o r  t h e  1 /2- ,  518-, 1-, and 2-in.-  
t h i c k  p l a t e  p r o d u c t s  are a t t a c h e d  t o  t h e  Republ ic  S tee l  C e r t i f i c a t e  of 
Tests i d e n t i f i e d  by c o n t r o l  c a r d s  3763, 3764, 3765, and 3767, r e s p e c t i v e l y .  
These d a t a  are main ta ined  i n  t h e  Material C o n t r o l  F i l e  of t h e  ORNL 
Finance and Materials D i v i s i o n .  

of t h e  product  chemis t ry .  The c e r t i f i e d  r e s u l t s  of t h e  mechanical  prop- 
er t ies  tests are l i s t e d  i n  Table  13. 

A l l  p l a t e s  were c e r t i f i e d  t o  have been s o l u t i o n  h e a t  t r e a t e d  a t  
1950 * 50°F, v e r i f i e d  by submi t ted  h e a t  t reat  c h a r t s ,  and w e r e  a l s o  
c e r t i f i e d  as r e s i s t a n t  t o  i n t e r g r a n u l a r  a t t a c k  on t h e  b a s i s  of a c c e p t a b l e  
t es t  r e s u l t s  t o  P r a c t i c e  E of ASTM A262. 

1 / 2 - ,  518-, and 1- in .  p l a t e s  d u r i n g  t h e  p e r i o d  August 5 t o  1 6 ,  1974, and 
f o r  t h e  2-in. p l a t e  d u r i n g  t h e  p e r i o d  September 10 t o  1 9 ,  1974. These 
i n s p e c t i o n s  w e r e  w i t n e s s e d  by t h e  ORNL i n s p e c t o r . '  ' 1 4  

and 1- in .  p l a t e s  m e t  t h e  r e q u i r e m e n t s  of t h e  u l t r a s o n i c  and l i q u i d  

Table  12 l i s t s  t h e  r e s u l t s  of t h e  check a n a l y s e s  f o r  v e r i f i c a t i o n  

U l t r a s o n i c  and l i q u i d  p e n e t r a n t  i n s p e c t i o n s  were conducted f o r  t h e  

A l l  1 /2- ,  518-, 

12Let ter ,  C.  E.  C h i l d r e s s  t o  R. J.  Beaver, " I n s p e c t i o n  of Type 316 
S t a i n l e s s  S tee l  Materials a t  CONAM I n s p e c t i o n ,  I n c . ,  Columbus, Ohio,  
Purchase  Order 73X-27198V, I n s p e c t i o n  Request 11712," Oct. 30, 1974. 

S t a i n l e s s  S tee l  Materials a t  CONAM I n s p e c t i o n ,  I n c . ,  Columbus, Ohio, 
Purchase  Order 73X-27198V, I n s p e c t i o n  Request 11712," Aug. 6 ,  1974. 

S t a i n l e s s  S tee l  Materials a t  CONAM I n s p e c t i o n ,  I n c . ,  Columbus, Ohio, 
Purchase  Order 73X-27198V, I n s p e c t i o n  Request 11712," Sept .  26,  1974. 

13Let te r ,  C.  E.  C h i l d r e s s  t o  R. J .  Beaver, " I n s p e c t i o n  of Type 316 

14Let ter ,  C. E .  C h i l d r e s s  t o  R. J .  Beaver,  " I n s p e c t i o n  of Type 316 



Table 12 .  Chemistry R e s u l t s  of P l a t e  P r o d u c t s  Type 316 S t a i n l e s s  S t e e l  
Republ ic  S t e e l  Heat 8092297 

Concentration, w t  % 

2-in. P l a t e  ORNL-MC- 316 Chemical 
Element Spec i f ica t ion  1-in.  P l a t e  

Lot 676 Lot 676 Lot 661 Lot 661 (wt %) 1/2-in. P l a t e  5/8-in. P l a t e  ~ 

Lot 13A Lot Lot (Pos. 16B) (Pos. 10D) (Pos. 14A) (Pos. 15A) 

C 

Mn 

P 

s 
S i  

cu 

N i  

C r  

MO 

T i  

co 

N 

B 

Cb + Ta 

0.050 t o  0.080 

1.50 t o  2.00 

0.02 t o  0.03 

0.01 t o  0.025 

0.30 t o  0.60 

0.20 max 

13.25 t o  13.75 

16.5 t o  17.5 

2.20 t o  2.50 

0.020 max 

0.10 max 

0.05 max 

0.003 max 

0.020 max 

0.060 

1.88 

0.024 

0.020 

0.61 

0.08 

13.40 

17.30 

2.34 

(0. 01 

9,92 

0.032 

0.0005 

(0. 01  

0.060 

1.88 

0.023 

0.020 

0.62 

0.08 

13.40 

17.30 

2.34 

<o. 01 

0.02 

0.034 

0.0005 

CO.01 

0.059 

1.84 

0.024 

0.018 

0.58 

0.10 

13.40 

17.15 

2.34 

(0.01 

0.02 

0.032 

0.0005 

(0.01 

0.060 

1.86 

0.024 

0.018 

0.57 

0.10 

13.45 

17.15 

2.34 

(0. 01 

0.02 

0.033 

0.0006 

CO. 01 

0.059 

1.86 

0.024 

0.018 

0.57 

0.10 

13.45 

17.15 

2.34 
<0 .01  

0.02 

0.031 

0.0005 

<0 .01  

0.065 

1.83 

0.022 

0.018 

0.58 

0.08 

13.30 

17.01 

2.29 

<0 .01  

0.01 

0.031 

0.0006 

(0.01 

0.062 

1.85 

0.023 

0.020 

0.58 

0.08 

13.40 

17.10 

2.30 

<0.01 

0 .01  

0.031 

0.0005 

<0.01 

0.063 
1.82 

0.022 

0.018 

0.57 

0.08 

13.30 

16 90 

2.34 

C O .  01 

0.01 

0.033 

0.0006 

(0.01 

0.064 
1.82 

0.024 
10 0.020 

0.58 

0.08 

13.35 

17.15 

2.32 

(0.01 

0.01 

0.032 

0.0005 

(0. 01 
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p e n e t r a n t  examinat ions.  During u l t r a s o n i c  examinat ion of t h e  2-in.  p l a t e s  
15D, 16B, 1 0 E ,  and 1 1 E ,  t h e  back r e f l e c t i o n  could  n o t  b e  main ta ined  i n  
s p e c i f i c  i d e n t i f i e d  r e g i o n s  of t h e  plates .  I n  two of t h e s e  p l a t e s  ( 1 5 D  
and 11E) t h e  e f f e c t  w a s  q u i t e  l i m i t e d  and i s o l a t e d .  These p l a t e s  w e r e  
approved f o r  acceptance  by S u p p l i e r  Nonconformance Report  50. 

Dimensional i n s p e c t i o n s  of p l a t e s  r e v e a l e d  several noncompliances 
i n  t h e  t h i c k n e s s  r e q u i r e m e n t s  where l o c a l i z e d  r e g i o n s  of l i m i t e d  area 
had been ground s l i g h t l y  under t h e  a l l o w a b l e  t h i c k n e s s e s .  These d e v i a t i o n s  
were cons idered  q u i t e  minor and t h e  f o l l o w i n g  p l a t e s  were approved f o r  
acceptance  by t h e  f o l l o w i n g  i d e n t i f i e d  S u p p l i e r  Nonconformance Repor ts  (SNR): 

Thickness ,  i n .  I d e n t i t y  

112 2CA 

2 BA 
3 CA 
3 BA 

1 14F 
13 C 

2 1 OD 
16D 
9D 
16C 
1 0 E  
1 1 E  
14A 
15B 

518 2BC 

Report  

SNR 1 3  
SNR 1 4  
SNR 1 5  
SNR 1 6  
SNR 1 7  
SNR 18 
SNR 1 9  
SNR 26 
SNR 26 
SNR 26 
SNR 26 
SNR 26 
SNR 26 
SNR 26 
SNR 26 

While machining one of t h e  2-in. p l a t e s ,  12C, a r e g i o n  15-in.-long X 

1/4- in . - th ick  f a i l e d  t o  " c l e a n  up" and t h e  p l a t e  w a s  approved f o r  ac- 
c e p t a n c e  by S u p p l i e r  Nonconformance Report  11. 

V e r i f i c a t i o n  R e s u l t s  of Sheet  Items 

The i n s p e c t i o n  and test  r e s u l t s  f o r  t h e  0.060- and 0.125-in.-gage 
s h e e t  p r o d u c t s  are a t t a c h e d  t o  t h e  Republ ic  S tee l  C e r t i f i c a t e  of Tests, 
i d e n t i f i e d  by c o n t r o l  card  3772 and 3773, r e s p e c t i v e l y .  These d a t a  are 
main ta ined  i n  t h e  Material C o n t r o l  F i l e  of t h e  ORNL Finance and Materials 
D i v i s i o n .  

gage p r o d u c t s ,  and a l s o  t h e  0.250-in. gage c o i l  from which t h e s e  p r o d u c t s  
w e r e  produced. C e r t i f i e d  r e s u l t s  of mechanical  p r o p e r t i e s  tests are 
l i s t e d  i n  Table  15. 

A l l  s h e e t s  were c e r t i f i e d  t o  have been s o l u t i o n  h e a t  t r e a t e d  a t  
1950 k 50°F, v e r i f i e d  by photographs of t h e  f u r n a c e  c h a r t s ,  and were 
a l s o  c e r t i f i e d  as r e s i s t a n t  t o  i n t e r g r a n u l a r  a t t a c k  on t h e  b a s i s  of 
a c c e p t a b l e  t es t  r e s u l t s  t o  P r a c t i c e  E of ASTM A262. 

Table  1 4  l i s ts  t h e  chemis t ry  r e s u l t s  f o r  t h e  0.060- and 0.125-in. 
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Tab le  14.  Chemistry R e s u l t s  of Shee t  P roduc t s  Type 316 
S t a i n l e s s  S tee l  Republ ic  S tee l  Heat 8092297 

Concen t ra t ion ,  w t  % ORNL-MC-316 
Chemical S p e c i f i c a t i o n  
Element Concen t r a t ion  0.060-in. Gage 0.125-in. Gage (wt %) 

C 0.050 t o  0.080 0.060 0.058 

Mn 1.50 t o  2.00 1.86 1.82 

P 0.02 t o  0.03 0.023 0.023 

S 0.01 t o  0.025 0.018 0.019 

Si 0.30 t o  0.60 0.60 0.58 

cu 0.20 max 0.08 0.10 

N i  13.25 t o  13.75 13.50 13.35 

C r  16.5 t o  17.5 17.35 17.05 

Mo 2.20 t o  2.50 2.34 2.33 

T i  0.020 max <o. 01 0.01 

co 0.10 max 0.02 0.02 

N 0.05 max 0.032 0.035 
B 0.003 max 0.0005 0.0004 

Cb + Ta 0.020 max <o .01 <o. 01 

Table  15. C e r t i f i e d  R e s u l t s  of Mechanical  P r o p e r t i e s  of Shee t  I t e m s  
Produced by Republ ic  S t e e l  Type 316 S t a i n l e s s  S t e e l  

Heat 8092297 

Sheet Size Yield Point Tensile Strength Elongation Hardness 
(psi) (Psi) (%> (Rockwell B) Id entity 

8368-4031 0.060 48,700 86,500 46 82 

8368-4030 0.125 49,010 85,190 50 81 

(gage) 



3 1  

U l t r a s o n i c  and l i q u i d  p e n e t r a n t  i n s p e c t i o n s  were conducted d u r i n g  
t h e  p e r i o d  August 5-16, 1974.  The u l t r a s o n i c  i n s p e c t i o n s  were wi tnessed  
by t h e  ORNL i n s p e c t o r . 1 5  
examinat ions.  

c i a l l y  t h e  0.060-in.-gage) conta ined  i s o l a t e d  p i t s ,  g e n e r a l l y  one p e r  
s h e e t ,  which exceeded t h e  5% a l l o w a b l e  d e p t h  l i m i t .  These d e f e c t s  were 
a t t r i b u t e d  t o  d i r t  o r  s l ivers .  Because of t h e  i s o l a t e d  n a t u r e  of t h e s e  
d e f e c t s ,  t h e s e  noncompliances were approved f o r  a c c e p t a n c 5 b y  t h e  f o l l o w i n g  
S u p p l i e r  Nonconformance Repor ts :  

A l l  i t e m s  m e t  t h e  requi rements  of t h e  u l t r a s o n i c  

The l i q u i d  p e n e t r a n t  examinat ion r e v e a l e d  t h a t  several p l a t e s  (espe- 

SNR Report  

24 
25 
27 

' 28 
2 9  
30  
3 1  
32 
33 
34 
35 
36 
37 

39 
40 
4 1  
42 
43 
44 
45 
46 
47 
48 

38  

Sheet  Number 

15 
1 9  
43 
47 
49 
50 
5 1  
52 
53 
54 
55 
59 
60 
6 1  
63 
65 
7 0  
7 1  
7 5  
7 8  
80 
81 
a 2  
a5 

Gage, i n .  

0.125 
0 .125  
0 .060  
0.060 
0 .060  
0.060 
0.060 
0.060 
0.060 
0.060 
0.060 
0.060 
0 .060  
0.060 
0.060 
0.060 
0.060 
0.060 
0.060 
0 .060  
0 .060  
0.060 
0.060 
0 .060  

V e r i f i c a t i o n  R e s u l t s  of P i p e  I t e m s  Produced by U.S. S t e e l  
Under S u b c o n t r a c t ' w i t h  Republ ic  S t e e l  

The i n s p e c t i o n  and tes t  r e s u l t s  f o r  t h e  p i p e  i t e m s  produced f o r  
Republ ic  S t e e l  by U.S. S t e e l  are a t t a c h e d  t o  t h e  Republ ic  Steel  
C e r t i f i c a t e  of Tests i d e n t i f i e d  by c o n t r o l  c a r d s  3 7 7 6 ,  3 7 7 7 ,  3 7 7 9 ,  and 

15Letter, C. E. C h i l d r e s s  t o  R. J. Beaver, " I n s p e c t i o n  of Type 316 
S t a i n l e s s  S tee l  Materials a t  CONAM I n s p e c t i o n ,  I n c . , .  Columbus, Ohio,  
Purchase  Order 73X-27198V, I n s p e c t i o n  Request 11712,"  Aug. 2 1 ,  1974 .  
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3782 f o r  t h e  2-in.  diam, 2 1 f 2 - i n .  diam, 4-in. diam, and 2-in.  diam, 
r e s p e c t i v e l y .  These d a t a  are main ta ined  i n  t h e  Material Cont ro l  F i l e  
of t h e  ORNL Finance  and Materials D i v i s i o n .  

product  chemis t ry .  The c e r t i f i e d  r e s u l t s  of t h e  mechanical  p r o p e r t i e s  
tests are l i s t e d  i n  Table  1 7 .  

v e r i f i e d  by submi t ted  h e a t  t reat  c h a r t s ,  and were a l s o  c e r t i f i e d  as 
r e s i s t a n t  t o  i n t e r g r a n u l a r  a t t a c k  on t h e  b a s i s  of a c c e p t a b l e  test r e s u l t s  
t o  P r a c t i c e  E of ASTM A262. 

U l t r a s o n i c  i n s p e c t i o n s  were conducted d u r i n g  t h e  p e r i o d  December 3-13, 
1974, and w e r e  wi tnessed  by t h e  ORNL i n s p e c t o r . 1 6  A l l  i t e m s  p r e s e n t e d ,  
except  some of t h e  8-in.  sched 80 p i p e  w e r e  a c c e p t a b l e  t o  t h e  requi rements  
of t h e  u l t r a s o n i c  examinat ion.  I n  t h e  case of t h e  8-in.  sched 80 p i p e ,  
a r e j e c t a b l e  r e g i o n  from t h e  c e n t e r  of 19A had t o  be removed, l e a v i n g  
2 p i e c e s  (one 16  f t ,  7 i n .  long  and t h e  o t h e r  6 f t ,  5 i n .  l o n g ) .  R e j e c t a b l e  
r e g i o n s  a t  b o t h  ends of 19DB w e r e  removed l e a v i n g  a p i e c e  9 f t ,  9 i n .  long.  
The o u t s i d e  d i a m e t e r  of 17CB i n  t h e  c e n t r a l  r e g i o n  w a s  u n d e r s i z e  t h i s  r e g i o n  
removed, p r o v i d i n g  two p i e c e s  (one w a s  9 f t ,  8 i n .  long;  t h e  o t h e r  w a s  
6 f t ,  4 i n .  l o n g ) .  The o u t s i d e  d iameter  of 1 8 A B  i n  t h e  c e n t r a l  r e g i o n  w a s  
u n d e r s i z e  t h i s  r e g i o n  removed, p r o v i d i n g  two p i e c e s  (one w a s  5 f t ,  1 i n . ;  
t h e  o t h e r  w a s  6 f t ,  6 i n . ) .  A r e g i o n  r e j e c t a b l e  by u l t r a s o n i c  examinat ion 
w a s  removed from t h e  c e n t r a l  r e g i o n  of 17BA, p r o v i d i n g  two a c c e p t a b l e  
p i e c e s  (one w a s  5 f t  long;  t h e  o t h e r  w a s  6 f t ,  1 i n .  l o n g ) .  I t e m  19BB 
w a s  r e j e c t e d  i n  e n t i r e t y  by t h e  requi rements  of t h e  u l t r a s o n i c  examinat ion.  
A l l  of t h e  i t e m s  w i t h  l e n g t h s  less t h a n  t h e  s p e c i f i e d  requirement  of  1 2  f t  
w e r e  approved f o r  a c c e p t a n c e  by S u p p l i e r  Nonconformance Report  52. Inc luded  
w e r e  t h e  i t e m s  i d e n t i f i e d  above; 19CB and 1 B B  of 8-in.  sched 80 p i p e ;  
27AAC ( 2  p i e c e s )  of 2-in. sched 160 p i p e ;  20ABB of 2 1/2-in.-OD X 0.375-in.- 
w a l l  p i p e ;  and 21ABB of 4-in. sched 160 p i p e .  

t h e  t e s t e d  specimens were n o t  a v a i l a b l e  f o r  submission t o  ORNL as r e q u i r e d  
by t h e  S p e c i f i c a t i o n .  

Table  16 l i s t s  t h e  r e s u l t s  of t h e  check a n a l y s e s  f o r  v e r i f i c a t i o n  of 

A l l  p i p e  w a s  c e r t i f i e d  t o  have been s o l u t i o n  annealed a t  1950 k 50°F, 

The t e s t e d  f l a t t e n i n g  test specimens were m i s l a i d  by U.S. S t e e l ,  and 

V e r i f i c a t i o n  of R e s u l t s  of t h e  16-in.  Sched 30 and 
28-in.-OD X 0.375-in.-Wall P i p e  Produced by 

Rollmet Under Cont rac t  t o  ORNL 

The i n s p e c t i o n  and tests r e s u l t s  f o r  t h e  16-in.  sched 30 and t h e  
28-in.-OD X 0.375-in.-wall p i p e  p r o d u c t s  are a t t a c h e d  t o  Rollmet d e l i v e r y  
t i c k e t s  1489, 1490, 1491, and 1492 ( f o r  t h e  16-in.  sched 30 p i p e ) ,  and 
1493, 1494, and 1495 ( f o r  t h e  28-in.-OD X 0.375-in.-wall p i p e ) .  These 
d a t a  are main ta ined  i n  t h e  Material C o n t r o l  F i l e  of t h e  ORNL Finance  
and Materials D i v i s i o n .  

6Letter,  C. E.  C h i l d r e s s  t o  R. J.  Beaver, " U l t r a s o n i c  I n s p e c t i o n  
of Type 316 S t a i n l e s s  Steel  P i p e  and Tubing a t  U.S. S t e e l ,  Ellwood C i t y ,  
Pa . ,  P l a n t ,  Purchase Order 73X-27198V, I n s p e c t i o n  Request 11712," 
Dec. 18, 1974. 
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Table  17. C e r t i f i e d  R e s u l t s  of Mechanical P r o p e r t i e s  of 
P i p e  I t e m s  Produced f o r  Republ ic  S tee l  by U.S. S t e e l  
Type 316 S t a i n l e s s  S tee l  Republ ic  S t e e l  Heat 8092297 

Yield Point Tensile Strength Elongation L o t  Number Identity 
(psi> ( p s i >  (%> 

191 
191 

190 
190 

189 
189 
189 
189 

188 
188 
187 
187 

2-in. Sched 160 
27BAA 46,716 82,865 
2 7BBC 52 , 961 86,904 

2 1/2-in.-OD X 560-in.-Wall 
20BAB 39,828 82,720 
20ABB 36,764 82,107 

4-in. Sched 160 
22CBB 51,689 85,913 
22CBA 45,390 83 , 806 
2 1 DBA 47,790 84,018 
2 2DAB 42,372 84,745 

8-in. Sched 80 
19CB 44,857 81,156 
1 CA 46,535 82,614 
18DA 46,084 82 , 156 
17BA 48,057 80 , 785 

65 
70 

55 
60 

67 
66 
68 
68 

68 
68 
666 
5 9  

The chemical  check a n a l y s e s  of t h e  16- and 28-in.-diam p i p e  are 
l i s t e d  i n  Table  18 and may be compared w i t h  Republ ic  S t ee l ' s  check a n a l y s e s  
of t h e  f o r g i n g s  from which t h e  p i p e  w a s  manufactured. The n i c k e l  con- 
c e n t r a t i o n  r e p o r t e d  by Rollmet i s  s l i g h t l y  less t h a n  t h e  l i m i t  e s t a b l i s h e d  
by t h e  ORNL-MC-316 S p e c i f i c a t i o n .  Check a n a l y s e s  by ORNL, however, 
s u p p o r t s  t h e  Republ ic  S t e e l  check a n a l y s e s  of t h e  f o r g i n g s  s u p p l i e d  t o  
Rollmet l e a v i n g  no doubt t h a t  t h e  p i p e  f u r n i s h e d  t o  ORNL by Rollmet w a s  
manufactured from t h e  f o r g i n g s  produced from Republic  S tee l  Heat 8092297. 

The c e r t i f i e d  r e s u l t s  of t h e  mechanical  p r o p e r t i e s  t es t  are l i s t e d  
i n  Table  19. 

A l l  p i p e  w a s  c e r t i f i e d  t o  have been s o l u t i o n  annealed a t  1950 ? 50°F, 
v e r i f i e d  by submi t ted  h e a t  t rea t  c h a r t s ,  and were a l s o  c e r t i f i e d  as 
r e s i s t a n t  t o  i n t e r g r a n u l a r  a t t a c k  on t h e  b a s i s  of a c c e p t a b l e  test r e s u l t s  
t o  P r a c t i c e  E of ASTM A262. 

t h e  p e r i o d  March 3 1  through A p r i l  9 ,  1975. 
by t h e  ORNL i n s p e c t o r . "  

U l t r a s o n i c  and l i q u i d  p e n e t r a n t  i n s p e c t i o n s  were conducted d u r i n g  
These i n s p e c t i o n s  were wi tnessed  

A l l  p i p e  produced, except  t h e  16-in.  sched 30 p i p e  

17Letter,  C. E .  C h i l d r e s s  t o  R. J.  Beaver, " I n s p e c t i o n  of t h e  16- and 
28-Inch Diameter, Type 316 S t a i n l e s s  S t e e l  P i p e ,  Extruded by Rollmet ,  I n c . ,  
S a n t a  Ana, C a l i f . ,  Purchase  Order 73X-27198V, I n s p e c t i o n  Request 11712,' '  
A p r i l  1 4 ,  1975. 



Table 18. Comparison of Chemistry Results of Pipe Products Produced by Rollmet Under Contract to ORNL 
Type 316 Stainless Steel Republic Steel Heat 8092297 

Concentration, wt X 
Identity 

C Mn P S si cu Ni Cr Mo Al Ti Cb + Ta B co N 

Republic Steel Forgings 
4B 

5B 

Rollmet 16-in. Sched 30 
. CF002-1A 

CF001-1A 

CF001-1B 

CF001-1B 

Rollmet 28-in. OD 
0.560-in. Wall 

CF005 

CF003 
CF004 

O W L  Check Analyses 
CF 002-1A 

CF 004-G 

0.061 

0.061 

0.065 

0.065 

0.06 

0.06 

0.065 

0.07 
0.065 

0.064 
0.066 

1.81 

1.84 

1.75 
1.81 

1.75 

1.75 

1.77 
1.78 

1.84 

1.75 
1.6 

0.026 

0.026 

0.02 

0.014 

0.015 

0.015 

0.02 
0.02 
0.015 

0.020 
0.022 

0.016 

0.016 

0.01 

0.013 

0.013 
0.013 

0.014 
0.012 
0.014 

0.018 
0.019 

0.61 

0.59 

0.60 

0.58 

0.60 

0.60 

0.57 
0.55 

0.58 

0.65 
0.62 

0.08 

0.08 

0.05 

0.14 

0.14 

0.14 

0.05 

0.05 
0.13 

0.04 

0.03 

13.35 

13.35 

12.80 

12.85 
12.95 

12.95 

12.65 
12.70 

12.80 

13.5 
13.3 

17.10 

17.10 

17.50 

17.50 
17.50 

17.50 

17.18 
17.20 
17.40 

17.5 
16.8 

2.34 0.016 (0.01 (0.01 0.0006 0.01 0.031 

2.34 0.016 (0.01 (0.01 0.0006 0.01 0.031 

2.30 (0.05 (0.05 (0.001 

2.41 0.01 0.01 co.01 

2.37 0.01 0.01 (0.001 

2.37 0.01 0.01 (0.001 

2.18 
2.20 

2.37 

2.38 
2.38 

(0.05 (0.05 (0.01 

(0.05 (0.05 (0.01 

0.01 (0.01 <0.001 

(0.01 <0.05 0.0003 0.05 
(0.01 (0.05 0.0015 0.03 
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Table  19 .  C e r t i f i e d  R e s u l t s  of Mechanical P r o p e r t i e s  of t h e  
16-in.  Sched 30 and 2 8  X 0.375-in. Wall P i p e  Produced by 
Rollmet f o r  ORNL Type 316 S t a i n l e s s  S t e e l  Republ ic  S t e e l  

Heat 8092297 

Yield Point Tensile Strength Elongation Reduction in Area 
(Psi) (Psi) (%) (%) 

Identity 

CF001-1A 
CF001-AG 
CFOO 1-1B 
CF001-1BG 
CF002 -1 B 
~~002- ~ B G  
CF002-1A 
CF002- 1AG 

CF-003 
CF-003G 
CF-004 
CF-004G 
CF-005 
CF-005G 

16-in. Sched 30 
40, a50 a2,200 48.4 
40,300 a3 ooo 54.7 
42,650 83,350 51.6 
36,900 82,050 54.7 
38,600 a2 350 65.0 
39,450 a i ,  650 56.0 
38,150 ai, 250 53.0 
36,350 ai, 600 60.0 

28-in.-OD X 0.375-in.-Wall 
38,050 ai, 700 61.0 
37,450 ai 250 56.0 
40,400 ai, 250 56.3 
38,450 80,750 56.3 
36 400 a i  ,400 60.0 
37,400 a2,ioo 56.0 

68.3 
66.0 
53.4 
67.0 
79.7 
76.5 
75.1 
78.9 

76.1 
78.1 
63.9 
65.9 
78.3 
74.4 

i d e n t i f i e d  as CF-002-1B, were a c c e p t a b l e  t o  t h e  requi rements  of t h e  u l t r a -  
s o n i c  examinat ion.  This  i t e m  w a s  n o t  a c c e p t a b l e  t o  t h e  s p e c i f i c a t i o n  
requirement  f o r  o v a l i t y  and w a s  r e j e c t e d  f o r  t h e  i n t e n d e d  a p p l i c a t i o n  p r i o r  
t o  u l t r a s o n i c  examinat ion.  

p i p e  i t e m s  i d e n t i f i e d  as CF-001-1B and CF-001-1A. 
i d e n t i f i a b l e  i s o l a t e d  r e g i o n s ,  and t h e y  can be removed t o  produce p i e c e s  
of t h e  f o l l o w i n g  approximate l e n g t h s :  

L iquid  p e n e t r a n t  examinat ion r e v e a l e d  d e f e c t s  i n  t h e  16-in.  sched 30 
These d e f e c t s  are i n  

CF-001-1B -14, 50, and 25 i n .  
CF-001-1A - 72 and 36 i n .  

S i n c e  i t e m  CF-002-1A w a s  completely a c c e p t a b l e ,  s i x  p i e c e s  of com- 

A l l  of t h e  28-in.-OD x 0.375-in.-wall  p i p e  w a s  comple te ly  a c c e p t a b l e  
p l e t e l y  a c c e p t a b l e  p i p e  c o n s i s t i n g  of 26.4  f t  are a v a i l a b l e .  

and t h e r e f o r e  36 f t  of t h i s  s i z e  are a v a i l a b l e .  
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V e r i f i c a t i o n  R e s u l t s  of Forging I t e m s  

The i n s p e c t i o n  and test r e s u l t s  f o r  t h e  f o r g i n g s  are a t t a c h e d  t o  t h e  
Republ ic  S tee l  C e r t i f i c a t e  of Tests i d e n t i f i e d  by c o n t r o l  c a r d  3783. 
These d a t a  are  main ta ined  i n  t h e  Material C o n t r o l  f i l e  of t h e  ORNL Finance 
and Materials D i v i s i o n .  Table  20 l ists  t h e  r e s u l t s  of check a n a l y s e s  f o r  
v e r i f i c a t i o n  of product  chemis t ry .  The c e r t i f i e d  r e s u l t s  of t h e  mechanical  
p r o p e r t i e s  tests are l i s t e d  i n  Table  21.  

because back r e f l e c t i o n  could n o t  be e s t a b l i s h e d .  These f o r g i n g s  were 
approved f o r  a c c e p t a n c e  by S u p p l i e r  Nonconformance Report  1 2  on t h e  b a s i s  
of t h e  Republ ic  S t e e l  g u a r a n t e e s  t h a t  i t e m s  made from t h e s e  f o r g i n g s  w i l l  
be  f r e e  of i n t e r n a l  d e f e c t s  as determined by t h e  a p p r o p r i a t e  u l t r a s o n i c  
examinat ion requi rements  of t h e  ORNL-MC-316 S p e c i f i c a t i o n .  Although 
f o r g i n g  7 w a s  u p s e t  f o r g e d  30% p r i o r  t o  drawing,  an  a t tempt  t o  u l t r a s o n i -  
c a l l y  i n s p e c t  t h i s  f o r g i n g  w a s  u n s u c c e s s f u l  because back r e f l e c t i o n  could 
n o t  be e s t a b l i s h e d .  The f o r g i n g  w a s  approved f o r  a c c e p t a n c e  by S u p p l i e r  
Nonconformance Report  49 on t h e  b a s i s  of t h e  same Republic  S tee l  g u a r a n t e e  
t h a t  w a s  a p p l i e d  t o  f o r g i n g s  4 and 5. A s  a matter of r e c o r d ,  f o r g i n g s  4 
and 5 r e p r e s e n t e d  t h e  material from which t h e  16-in.  sched 30 and 28 X 

0.375 i n .  w a l l  p i p e  w a s  produced a t  Rollmet.  U l t r a s o n i c  t e s t i n g  of t h e s e  
p i p e  i t e m s  d i d  n o t  reveal any i n t e r n a l  d e f e c t s .  

Attempts  t o  u l t r a s o n i c a l l y  i n s p e c t  f o r g i n g s  4 and 5 were u n s u c c e s s f u l  

PROBLEMS ENCOUNTERED DURING PROCUREMENT 

Procurement of t h e  i t e m s  f o r  t h e  r e f e r e n c e  t y p e  316 s t a i n l e s s  s t ee l  
h e a t  p r o g r e s s e d  r e l a t i v e l y  smoothly but  some problems were encountered.  
These problems are cons idered  minor but  are r e p o r t e d  i n  t h e  i n t e r e s t  of 
improving s p e c i f i c a t i o n s  and q u a l i t y  a s s u r a n c e  a c t i o n s  f o r  t h e  b e n e f i t  
of f u t u r e  procurements  of t h i s  n a t u r e .  

The only  d i f f i c u l t y  w i t h  t h e  s p e c i f i c a t i o n  requi rements  w a s  t h e  
requirement  f o r  measurement of t h e  a c t u a l  s t r a i n  ra te  d u r i n g  t e n s i l e  
t e s t i n g .  
of t h i s  requirement  w a s  g r a n t e d  t o  a l l o w  t h e  tes t  t o  b e  based on t h e  
commonly a c c e p t e d  f ree- running  crosshead  speed.  A minor d e v i a t i o n  t o  
t h e  ASTM Standard  r e f e r e n c e d  i n  t h e  s p e c i f i c a t i o n  w a s  p e r m i t t e d  by e l i m i -  
n a t i n g  metal-stamping i d e n t i f i c a t i o n  on p l a t e  s u r f a c e s .  T h i s  change w a s  
p e r m i t t e d  i n  t h e  i n t e r e s t  of a v o i d i n g  damage t o  t h e  s u r f a c e s  by t h e  metal 
stamping and because each p l a t e  h a s  a n  A i r c r a f t  I n d e n t i t y  number stamped 
n e a r  one end i n  a d d i t i o n  t o  r e c u r r i n g  i n k  markings on each p l a t e .  

t h i c k n e s s  allowed f o r  p l a t e s .  These noncompliances were c r e a t e d  d u r i n g  
g r i n d i n g  of t h e  s u r f a c e s  t o  o b t a i n  a s u r f a c e  c o n d i t i o n  amenable t o  i n -  
s p e c t i o n  t o  t h e  s u r f a c e  d e f e c t  requi rements  of t h e  s p e c i f i c a t i o n  as 
determined by l i q u i d  p e n e t r a n t  examinat ion.  These v i o l a t i o n s  were i n  t h e  
v i c in i t i e s  of t h e  ends  and edges where t h e  t h i c k n e s s  requi rements  were 
v e r i f i e d  w i t h  micrometers ,  t h e  commonly accepted  ASTM p r a c t i c e .  The 
t h i c k n e s s  of t h e  e n t i r e  p l a t e  i s  based on t h e  assumption t h a t  t h i s  ver i -  
f i c a t i o n  p r a c t i c e  i s  a c c e p t a b l e .  I n  t h e  f u t u r e ,  c o n s i d e r a t i o n s  should be 

P r i o r  t o  a p p r o v a l  of t h e  q u a l i t y  v e r i f i c a t i o n  p l a n ,  a d e v i a t i o n  

A minor problem w a s  encountered i n  l o c a l i z e d  v i o l a t i o n s  of t h e  minimum 



Table  20. .  Chemistry R e s u l t s  of t h e  24 X 2 4  i n .  Forg ings  
Type 316 S t a i n l e s s  S t e e l  Republ ic  S t e e l  Heat 8092297 

Concentration, wt % 
Identity 

C Mn P S si cu Ni Cr MO A 1  Ti B co N Cb + Ta 
ORNL-MC-316 Spec. 0.50-  1 .50-  0.02- 0.01- 0.30- 0.20 13.25- 16.5- 2.20- Not 0.020 0.020 0.003 0.10 0.05  

max max max 0.80  2.00 0 . 0 3  0.025 0.60 max 13.75  1 7 . 5  2.50 Req'd max max 

No. 4 0 .061  1.81 0.026 0.016 0 .61  0.08 13 .35  17.10 2.34 0.016 <o. 0 1  0.006 0 . 0 1  0 . 0 3 1  

No. 5 

No. 7 

0 .061  1 .84  0.026 0.016 0.59 0.08 13.35 17.10 2.34 0.016 <o. 01 0.006 0 .01  0.031 

0.067 1 . 8 5  0.024 0.017 0.59 0.08 13 .45  17 .25  2.35 0.013 <o. 01 0.005 0 . 0 1  0.032 

W 
00 
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Table  21. C e r t i f i e d  R e s u l t s  of Mechanical P r o p e r t i e s  o f - t h e  
24 X 24 i n .  Forg ings  Type 316 S t a i n l e s s  S t e e l  Republ ic  S t e e l  

H e a t  8092297 

T e n s i l e  Reduction Y i e l d  P o i n t  Strength Elongat ion  Hardness 
( B r i n e l l  ) i n  Area 

(%> (%> 
I d e n t i t y  

( P s i )  ( P s i )  

4B 35,000 33,000 58.0 70.5 1 3 7  

5B 33,000 70,000 54.0 63.4 137 

7 35,100 73,300 47 .O 51.7 1 6 3  

g iven  t o  t h e  a d v i s a b i l i t y  of u s i n g  v i d i g a g e  t e c h n i q u e s  f o r  v e r i f i c a t i o n  
of t h e  t h i c k n e s s  of ground p l a t e s .  

A problem t h a t  occur red  w i t h  t h e  s h e e t  i t e m s  w a s  t h e  p r e s e n c e  of 
p i t t e d  r e g i o n s ,  d e t e c t e d  by l i q u i d  p e n e t r a n t  i n s p e c t i o n ,  t h a t  n e c e s s i t a t e d  
c o n s i d e r a b l e  l o c a l i z e d  g r i n d i n g .  These s h e e t  i t e m s  were cons idered  by 
Republ ic  S t e e l  as r e p r e s e n t a t i v e  of t h e i r  h i g h - q u a l i t y  s h e e t  and an  
i n f e r e n c e  e x i s t s  t h a t  t h e  l i q u i d  p e n e t r a n t  a c c e p t a n c e  c r i t e r i a  of RDT F 3-37 
f o r  s h e e t  may b e  unduly severe. N e v e r t h e l e s s ,  t h e  l i q u i d  p e n e t r a n t  exami- 
n a t i o n  d i d  reveal p i t s  t h a t  could  n o t  be ground away wi thout  v i o l a t i n g  
t h e  ASTM minimum t h i c k n e s s  requi rement .  Approximately 35% of t h e  s h e e t  
i t e m s  approved f o r  acceptance  had i s o l a t e d  p i t s  t h a t  were n o t  removed. 
These p i t s  were a t t r i b u t e d  t o  d i r t  and s l ivers  t h a t  occur red  d u r i n g  r o l l i n g  
o p e r a t  i o n s .  

w i t h  t h e  2-in. p l a t e s  wherein d u r i n g  u l t r a s o n i c  examinat ion no back re- 
f l e c t i o n  w a s  o b t a i n e d .  The f i r s t  two f o r g i n g s  made (4 and 5) had been 
drawn from a 43-in. oc tagon i n g o t  t o  t h e  24 X 24 i n .  f o r g i n g s ,  a 2.3-to-1 
r e d u c t i o n  i n  area. The t h i r d  f o r g i n g  (7) w a s  u p s e t  forged  p r i o r  t o  drawing 
t o  o b t a i n  b e t t e r  g r a i n  re f inement  but  t o  no ava i l  i n s o f a r  as u l t r a s o n i c  
response  was 'concerned.  F a i l u r e  t o  o b t a i n  back r e f l e c t i o n  i n  t h e  case 
of t h e  f o r g i n g s  as w e l l  as some of t h e  2-in.  p l a t e  was a t t r i b u t e d  t o  t h e  
c o a r s e n e s s  of t h e  g r a i n s .  

Minor d e f i c i e n c i e s  occurred  t h a t  d i d  n o t  have any a d v e r s e  t e c h n i c a l  
e f f e c t ,  b u t  d i d  create inconveniences .  These i n c l u d e  (1) CONAM I n d u s t r i e s  
i n a d v e r t e n c e  i n  i d e n t i f y i n g  t h e  improper Republ ic  S t e e l  h e a t  number on a l l  
b a r  i t e m s ,  t h u s  n e c e s s i t a t i n g  complete  remarking by CONAM a t  t h e  ORNL 
s i t e ;  (2) CONAM I n d u s t r i e s  i n a d v e r t e n c e  i n  improper r e c u r r i n g  i n k  markings 
on t h e  2-in.  p l a t e ,  t h u s  n e c e s s i t a t i n g  complete remarking by e l e c t r o -  
chemical  e t c h i n g  a t  t h e  ORNL s i t e ;  (3) U.S .  S tee l ' s  i n a d v e r t e n c e  i n  
m i s l a y i n g  material t o  be t r a n s f e r e d  t o  Republ ic  S tee l  f o r  product  a n a l y s e s  
( i n c l u d i n g  t e s t e d  f l a t t e n i n g  spec imens) ,  t h u s  n e c e s s i t a t i n g  removal of 
s e c t i o n s  from s p e c i f i c  p i p e  i t e m s  a t  t h e  ORNL s i te  f o r  u s e  i n  de te rmining  
product  chemical  a n a l y s e s ;  and (4) U.S. S t e e l ' s  i n a d v e r t e n c e  i n  i d e n t i -  
f i c a t i o n  of 8-in.  sched 80 p i p e  i t e m  19BA as 17DB, t h u s  n e c e s s i t a t i n g  
c o r r e c t i o n s  a t  t h e  ORNL s i t e .  

A problem o c c u r r e d  i n  t h e  24 X 24 i n .  f o r g i n g s  and t o  a minor d e g r e e  
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CONCLUSIONS 

1. The procurement of t h e  type  316 s t a i n l e s s  s t ee l  r e f e r e n c e  h e a t  
w a s  implemented i n  accordance w i t h  t h e  requi rements  of RDT F 2-4T i n  
which q u a l i t y  v e r i f i c a t i o n  p l a n s  and i n s p e c t i o n  and test procedures  were 
p resen ted  by t h e  s u p p l i e r s  and approved by ORNL. 

and f i n i s h e d  p r o d u c t s ,  t h e  v a r i a t i o n  i n  t h e  chemis t ry  of t h e  i t e m s  
procured are as fo l lows .  

2. Based on e x t e n s i v e  chemical  a n a l y s e s  of s emi f in i shed  mater ia l  

Chemical Element 

C 
Mn 
P 
S i  
N i  
C r  
Mo 
cu 
co 
B 
T i  
Cb + T a  
A 1  
Pb 
Sn 
N 

Range i n  Concen t r a t ion  
(wt % >  

0.051 t o  0.071 
1.81 t o  1.89 
0.020 t o  0.028 
0.53 t o  0.61 
13.35 t o  13.75 
16.80 t o  17.30 
2.32 t o  2.36 
0.07 t o  0 .11  
0.01 t o  0.02 
0.0004 t o  0.0006 

CO.01 t o  0.02 
<o. 01  

0.015 t o  0.018 
0.003 
0.004 
0.029 t o  0.035 

3 .  Based on the c e r t i f i e d  r e s u l t s  of t e n s i l e  tests of t he  s o l u t i o n -  
annea led  items, t h e  range  i n  t h e  t e n s i l e  p r o p e r t i e s  i s  as fo l lows :  

U l t i m a t e  T e n s i l e  S t r e n g t h ,  p s i  78,000 t o  86,900 
Yield  S t r e n g t h ,  p s i  31,000 t o  53,000 
Elongat  i o n ,  % 50 t o  70 

4 .  Based on t h e  i n t e n s i v e  c o o r d i n a t i o n  of t h e  Republ ic  S t e e l  p roduct  
m e t a l l u r g i s t  and p e r i o d i c  s u r v e i l l a n c e  of t h e  ORNL Q u a l i t y  Assurance 
Coordina tor  of t h e  Metals and Ceramics D i v i s i o n ,  each  i t e m  r ece ived  i s  
t r a c e a b l e  t o  s p e c i f i c  l o c a t i o n  i n  i n g o t s  produced. 

5. The i n t e r n a l  q u a l i t y  of a l l  i t e m s  h a s  been v e r i f i e d  t o  t h e  
acceptance  c r i t e r i a  of t h e  RDT Standards  by u l t r a s o n i c  examinat ions  
wi tnessed  by a r e p r e s e n t a t i v e  of t h e  ORNL I n s p e c t i o n  Engineer ing  Department. 

examinat ion complies  w i t h  t h e  ORNL-MC-316 S p e c i f i c a t i o n  requi rements  
except  i s o l a t e d  p i t s  on some s h e e t  material  t h a t  w a s  approved f o r  ac- 
ceptance .  

6. The s u r f a c e  q u a l i t y  of a l l  i t e m s  determined by l i q u i d  p e n e t r a n t  

The i n s i d e  s u r f a c e s  of p i p e  are assumed t o  be a c c e p t a b l e  based 
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on t h e  u l t r a s o n i c  a c c e p t a n c e  c r i t e r i a  of t h e  ORNL-MC-316 S p e c i f i c a t i o n  
and t h e  t y p e s  of u l t r a s o n i c  examinat ion a p p l i e d .  

h e a t  t r e a t m e n t  c h a r t s  and c e r t i f i c a t i o n s  t o  i n t e r g r a n u l a r  c o r r o s i o n  tests 
of ASTM A262, P r a c t i c e  E. 

7 .  A l l  i t e m s  w e r e  s o l u t i o n  annea led  a t  1950 f. 50°F based on submi t ted  
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1. SCOPE 

This specification establishes the requirements for type 316 austenitic 
stainless steel pipe, bar, plate, sheet, and forging intended for use in 
research and development programs associated with high-temperature nuclear 
applications. 

2. APPLICABLE DOCUMENTS 

The following standards and specifications and their references are part 
of this specification except as modified or supplemented by this specification. 

2.1 AEC-RDT Standards 

RDT M2-2T (May 1973) 
RDT M3-3T (January 1972) 

- Stainless and Low Alloy Steel Forgings 

Amendment 1 (July 1972) 
Amendment 2 (December 1972) 
Amendment 3 (April 1973) -Austenitic Stainless Steel Pipe 

Amendment 1 (July 1972) 
Amendment 2 (April 1973) - Stainless Steel Plate, Sheet, and Strip 

Amendment 1 (April 1973) - Stainless Steel Bars and Shapes 

Amendment 1 (October 1971) - Quality Verification Program Requirements 

Amendment 1 (April 1972) - Nondestructive Examination 

Amendment 1 (April 1972) 
Amendment 2 (November 1972) 
Amendment 3 (April 1973) - Special Requirements for Metal Products 

RDT M5-1T (January 1972) 

RDT M7-3T (August 1972) 

RDT F2-4T (October 1969) 

RDT F3-6T (July 1971) 

RDT F3-37T (July 1971) 

2.2 American Society for Testing and Materials 

A 388-64, Ultrasonic Testing and Inspection of Heavy Steel Forgings 
A 8-69, Standard Methods for Tension Testing of Metallic Materials 
E 29-67, Recommended Practice for Indicating Which Places of Figures 

Are to Be Considered Significant in Specified Limiting Values 

3. TECHNICAL REQUrREMENTS 

3.1 Scope. The product technical requirements shall be in accordance 
with all of the requirements of the applicable referenced RDT 
standards, and the additional requirements given in Sect. 6, 
Ordering Data. 

3.2 Dimensions. Tolerances shall be in accordance with the applicable 
reference RDT Standards. 

3.3 Chemical Composition. Each finished product shall conform to the 
chemical composition requirements of 6.1, Ordering Data. Ingots 
and the product in the semifinished condition after primary break- 
down shall be analyzed and the results, including sample location, 
shall be reported to the Company for information purposes only. 

3.4 Corrosion Resistance. Freedom from intergranular attack shall be 
in accordance with 6.11, Ordering Data. 
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3.5 Cleaning.  The f i n i s h e d  products  s h a l l  conform t o  t h e  requl rements  
of t h e  a p p l i c a b l e  r e fe renced  RDT s t a n d a r d s  t h a t  p rec lude  contaminat ion  
(such as excess  ox ide ,  m e t a l l i c  p a r t i c l e s ,  o i l ,  g r e a s e ,  l u b r i c a n t s ,  
r e s i d u a l  c l ean ing  compounds, d i r t ,  and c h i p s ) .  

3.6 Mechanical  P r o p e r t i e s  

3 .6 .1  T e n s i l e  P r o p e r t i e s .  The t e n s i l e  p r o p e r t i e s  of t h e  f i n i s h e d  
p roduc t s  s h a l l  comply w i t h  t h e  t e n s i l e  p rope r ty  requi rements  
of t h e  a p p l i c a b l e  r e fe renced  RDT s t a n d a r d s  and t h e  a d d i t i o n a l  
requi rements  of 6.2, Order ing  Data. 

3.6.2 D u c t i l i t y  and Soundness .  Each l o t  of p i p e  s h a l l  b e  proven 
d u c t i l e  and sound by compliance t o  t h e  f l a t t e n i n g  tests of  
t h e  a p p l i c a b l e  r e fe renced  RDT s t a n d a r d s .  

3 .6 .3  H y d r o s t a t i c  P r e s s u r i z a t i o n .  The f i n i s h e d  p i p e  s h a l l  b e  
h y d r o s t a t i c a l l y  t e s t e d  i n  accordance  wi th  t h e  a p p l i c a b l e  
r e fe renced  RDT s t a n d a r d s .  
p r i o r  t o  d imens iona l  and n o n d e s t r u c t i v e  t e s t i n g ,  b u t  a f t e r  
a l l  h e a t  t r e a t i n g  and s t r a i g h t e n i n g  o p e r a t i o n s  have been 
completed. 

Each p i p e  s h a l l  be  p r e s s u r i z e d  

3.7 Sur face  Requirements  

3 . 7 . 1  Sur face  Condi t ion .  The f i n i s h e d  s u r f a c e s  s h a l l  be  f r e e  of 
ox ide  and s h a l l  be  l i m i t e d  t o  d e f e c t s  i n  accordance  w i t h  6 .12 ,  
Order ing  Data .  

3 .7 .2  S u r f a c e  Texture .  The s u r f a c e  t e x t u r e  o f  each f i n i s h e d  
p roduc t  s h a l l  comply w i t h  6.3,  Order ing  Data.  

3 .7 .3  Repair. No b a r ,  p l a t e ,  s h e e t ,  o r  f o r g i n g  sha l l  b e  r e p a i r e d  
by weld ing  i n  compliance w i t h  6 . 4 ,  Order ing  Data. P i p e  i s  
excluded from r e p a i r  by t h e  r e fe renced  RDT s t anda rd .  

3 .8  Nondes t ruc t ive  T e s t i n g  Requirements .  A l l  p r o d u c t s  s h a l l  be  examined 
n o n d e s t r u c t i v e l y  i n  accordance  w i t h  t h e  fo l lowing  r equ i r emen t s ,  and 
s h a l l  comply w i t h  t h e  a p p l i c a b l e  accep tance  c r i t e r i a .  

3 .8 .1  L iqu id  P e n e t r a n t  Examinat ion.  The f i n i s h e d  s u r f a c e s  of each  
b a r  s h a l l  be  examined by l i q u i d  p e n e t r a n t  i n s p e c t i o n  i n  
accordance  w i t h  t h e  r equ i r emen t s  of RDT M 7-3. Except f o r  
t h e  s u r f a c e s  of t h e  f o r g i n g  and t h e  i n s i d e  s u r f a c e s  of p i p e ,  
t h e  s u r f a c e s  of t h e  o t h e r  p r o d u c t s  s h a l l  be  examined by 
l i q u i d  p e n e t r a n t  i n s p e c t i o n  i n  accordance  w i t h  6 . 5 ,  
Order ing  Data. 

3 . 8 . 2  U l t r a s o n i c  Examinat ion 

( a )  P l a t e  and Shee t .  Each f i n i s h e d  p l a t e  3/16 i n .  and 
g r e a t e r  i n  t h i c k n e s s  s h a l l  b e  examined f o r  i n t e r n a l  and 
e x t e r n a l  d e f e c t s  u s i n g  test  equipment capab le  of l o n g i t u d i n a l  
wave u l t r a s o n i c  i n s p e c t i o n  i n  accordance  wi th  t h e  r e fe renced  
RDT s t a n d a r d s .  Plates  2 i n .  o r  less i n  t h i c k n e s s  and s h e e t s  
less than  3/16 i n .  t h i c k  s h a l l  b e  examined u s i n g  test  equip- 
ment i n  accordance  w i t h  t h e  r e fe renced  RDT s t a n d a r d s  and 6 .6 ,  
Orde r ing  Data. 
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(b) Bars and Forg ing .  Each f i n i s h e d  f o r g i n g  s h a l l  b e  examined 
f o r  i n t e r n a l  and e x t e r n a l  d e f e c t s  u s i n g  u l t r a s o n i c  equipment 
capable  o f  l o n g i t u d i n a l  wave u l t r a s o n i c  i n s p e c t i o n  i n  accordance  
w i t h  t h e  r e f e r e n c e d  RDT s t a n d a r d s .  Each f h i s h e d  b a r  s h a l l  b e  
examined f o r  i n t e r n a l  and e x t e r n a l  d e f e c t s  u s i n g  u l t r a s o n i c  
equipment capable  of l o n g i t u d i n a l  wave u l t r a s o n i c  i n s p e c t i o n  
i n  accordance  w i t h  t h e  r e f e r e n c e d  RDT s t a n d a r d s  and t o  a n g l e  
beam u l t r a s o n i c  i n s p e c t i o n  i n  accordance  w i t h  6 .7 ,  O r d e r i n g  
Data. 

( c )  Pipe. 
and e x t e r n a l  d e f e c t s  u s i n g  u l t r a s o n i c  t e s t i n g  equipment i n  
accordance w i t h  t h e  6.8, O r d e r i n g  Data. 

Each f i n i s h e d  p i p e  s h a l l  b e  examined f o r  i n t e r n a l  

3.9 P r o c e s s e s  

3 . 9 . 1  Manufacture  

(a )  Mel t ing .  Mel t ing  p r o c e s s e s  s h a l l  comply w i t h  t h e  a p p l i c a b l e  
r e f e r e n c e d  RDT s t a n d a r d s  . 
(b) Working. Each f o r g i n g  s h a l l  b e  worked s u f f i c i e n t l y  d u r i n g  
manufac tur ing  t o  permi t  u l t r a s o n i c  i n s p e c t i o n  a t  1 Mhz. 

( c )  Handl ing.  Handl ing procedures  d u r i n g  manufac ture  s h a l l  
b e  i n  accordance  w i t h  t h e  requi rements  of t h e  r e f e r e n c e d  RDT 
s t a n d a r d s  . 
(d)  Heat T r e a t i n g .  A l l  p r o d u c t s  s h a l l  b e  h e a t  t r e a t e d  i n  
accordance  w i t h  6 . 1 3 ,  Order ing  Data. 

( e )  C l e a n l i n e s s .  P r e c a u t i o n s  s h a l l  b e  taken  d u r i n g  manufacture  
t o  a s s u r e  c l e a n l i n e s s  i n  accordance  w i t h  t h e  requi rements  of 
t h e  a p p l i c a b l e  r e f e r e n c e d  RDT s t a n d a r d s .  L u b r i c a n t s  on s u r f a c e s  
of p r o d u c t  d u r i n g  h e a t  t r e a t m e n t  are c o n s i d e r e d  d e l e t e r i o u s  and 
care s h a l l  b e  e x e r c i s e d  t o  a s s u r e  t h a t  a l l  l u b r i c a n t s  are 
removed from a l l  s u r f a c e s  of each p r o d u c t  p r i o r  t o  any h e a t  
t r e a t m e n t .  

3 . 9 . 2  I d e n t i f i c a t i o n  

The material s h a l l  b e  marked and processed  i n  a manner t h a t  
s h a l l  i n s u r e  i n d i v i d u a l  p r o d u c t  i d e n t i t y  and t r a c e a b i l i t y  i n  
accordance  w i t h  RDT F 2 - 4 ,  S e c t .  4 ,  and t r a c e a b i l i t y  back t o  
t h e  l o c a t i o n  of t h e  material  i n  t h e  i n g o t  i n  accordance  w i t h  
6 .9 ,  Order ing  Data. 

4 .  Q U K I T Y  ASSURANCE PROVISIONS 

4 .1  Q u a l i t y  Assurance Program Requirements .  The S e l l e r  s h a l l  p l a n ,  
e s t a b l i s h ,  implement, and m a i n t a i n  a documented q u a l i t y  a s s u r a n c e  
program t h a t  f u l f i l l s  a l l  requi rements  of  RDT F2-4 and any a d d i t i o n a l  
q u a l i t y  a s s u r a n c e  requi rements  of t h e  c o n t r a c t .  

4 . 2  Q u a l i t y  Assurance Documentation. The S e l l e r  is r e s p o n s i b l e  f o r  t h e  
p r e p a r a t i o n  of a l l  q u a l i t y  a s s u r a n c e  documentat ion r e q u i r e d  by t h e  
a p p l i c a b l e  s e c t i o n s  o f  RDT F 2 - 4 .  
s h a l l  b e  s u b m i t t e d  t o  t h e  Company f o r  t h e  a p p l i c a b l e  purposes  a t  t h e  
i n d i c a t e d  t i m e .  The g r a n t i n g  of  p r o c e s s  o r  p r o c e d u r a l  approvals  by 
t h e  Company s h a l l  n o t  b e  c o n s t r u e d  t o  r e l i e v e  t h e  Se l le r  i n  any way 
o r  t o  any e x t e n t  from t h e  f u l l  r e s p o n s i b i l i t y  f o r  d e l i v e r i n g  i tems  
conforming w i t h  a l l  requi rements  of  t h i s  s p e c i f i c a t i o n .  

The documents i d e n t i f i e d  i n  Table  2 
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4 . 3  Records.  Records' t r a c e a b l e  through complete f a b r i c a t i o n  and sequence (R) 
of  o p e r a t i o n s  from m e l t  th rough working, a n n e a l i n g ,  and f i n i s h i n g  
o p e r a t i o n s  s h a l l  be  main ta ined  f o r  each  l o t .  The S e l l e r  s h a l l  supp ly  
such  in fo rma t ion  w i t h  h i s  test  r e p o r t s  on a l l  d e l i v e r e d  i t e m s .  

4.4 R e s p o n s i b i l i t y .  I n  accordance  w i t h  RDT F2-4, S e c t i o n  1 .4 ,  t h e  
S e l l e r  s h a l l  b e  r e s p o n s i b l e  f o r  t h e  performance of  a l l  tests and 
i n s p e c t i o n s  r e q u i r e d  p r i o r  t o  submission t o  the Company o f  any of 
t h e  p r o d u c t s  f o r  accep tance .  The performance of such  tests and 
i n s p e c t i o n s  does n o t  l i m i t  t h e  r i g h t  of t h e  Company t o  conduct 
s u c h  o t h e r  tests and i n s p e c t i o n s  as t h e  Company deems n e c e s s a r y  
t o  a s s u r e  t h a t  a l l  i t ems  are i n  conformance w i t h  a l l  requi rements  
of t h i s  s p e c i f i c a t i o n .  Except  as o t h e r w i s e  s p e c i f i e d ,  t h e  S e l l e r  
may use  e i t h e r  h i s  o r  any commercial l a b o r a t o r y  a c c e p t a b l e  t o  t h e  
Company. Records of a l l  tests and examinat ions  s h a l l  b e  k e p t  
complete and s h a l l  be  s u p p l i e d  t o  t h e  Company. 

I n s p e c t i o n  Requirements.  ' - In spec t ion  r equ i r emen t s  are l i s t e d  i n  
Tab le  3 .  
o r  t y p e ,  the l o t  s h a l l  b e  accep ted  on ly  when a l l  o f  t h e  r e q u i r e d  
number of samples meet t h e  r e f e r e n c e d  requi rement .  
p l a n  c r i t e r i o n  i s  l i s t e d ,  t h e  S e l l e r  s h a l l  e s t a b l i s h  the sampl ing  
p l a n  and o b t a i n  t h e  Company's approva l .  

4.5 
Where " l o t  q u a l i f i c a t i o n ' '  i s  l i s t e d  as t h e  i n s p e c t i o n  p l a n  

Where sampl ing  



Table 2. Documentation Submittal Requirements 

T i m e  o f  S u b m i t t a l  Reference  Paragraph  of 

F2-4 F3-6 S p e c i f i c a t i o n  
Ap p r o v a l  I n f o  rma t i on t o  P u r c h a s e r  I t e m  D e s c r i p t i o n  RDT ORNL 

1 
1.1 
1 . 2  
1 .3  
1 . 4  
1.5 
1 . 6  
1 . 7  
1 .8  
1 .9  
1.10 

1.11 
1.12 
1.13 
1 .14  
1 . 1 5  

1.16 

1.17 

1.18 
1.19 
2 
3 
4 

5 

6 

7 
8 
9 

P l a n n i n g  2 . 1  

Sampling p l a n  2.1.2 
A u d i t  p l a n  10 
P e r s o n n e l  2 .2  
I d e n t i f i c a t i o n  and marking 4 
Purchased  i tems  5 . 1  
In-pro  ces s i n s p e c t i o n  5 . 2 . 1  
Completed i t e m  i n s p e c t i o n  5.2.2 
T e s t s  5 . 3  
I n s p e c t i o n  procedures ,  3.1 1. 

Q u a l i t y  v e r i f i c a t i o n  p l a n  2 .1 .1  

i n s t r u c t i o n s  , and 
check  lists 

T e c h n i c a l  d a t a  3 .2  
Records 3.3 
T e s t s  5 .3  
I n s p e c t i o n  and test status 5 .4  
C e r t i f i c a t i o n  5.5 

Equipment c a l i b r a t i o n  6 

C o n t r o l  of  nonconforming 7 

C o r r e c t i v e  a c t i o n  8 
P r o t e c t  i o n  9 
M e l t i n g  p r o c e s s e s  
H a n d l i n g  
Heat t r e a t i n g  

C l e a n l i n e s s  

and c o n t r o l  

items 

N o n d e s t r u c t i v e  test  

Packaging  
Marking f o r  shipment  
A n a l y t i c a l  Chemistry 

procedures  

procedures  

3 .9 .2  

3 .9 .1  (a)  
3 .9 .1(  c) 
3 .9 .1(  d)  

3 .9 .1  ( c) 

3.8 

5 . 1  
5.2 
4.5.2 

X 
X 
X 
X 
X 
X 
X 
X 
X 
X 
X 

X 
X 
X 
X 
X 

X 

X 
X 
X 
X 

X 

X 

Before  o r d e r  i s  
B e f o r e  o r d e r  i s  
Befor'e o r d e r  is 
Before  o r d e r  i s  
Before  o r d e r  i s  
Before  o r d e r  i s  
B e f o r e  o r d e r  i s  
Before  o r d e r  i s  
B e f o r e  o r d e r  is 
B e f o r e  o r d e r  i s  
Before  o r d e r  is  

p l a c e d .  
p l a c e d .  
p l a c e d .  
p l a c e d .  
p l a c e d .  
p l a c e d .  
p l a c e d .  
p l a c e d .  
p l a c e d .  
p l a c e d .  
p l a c e d .  

B e f o r e  o r d e r  i s  p l a c e d .  
B e f o r e  o r d e r  i s  p l a c e d .  
B e f o r e  o r d e r  i s  p l a c e d .  
Before  o r d e r  i s  p l a c e d .  
With items s u b m i t t e d  

f o r  acceptance .  
X Before  o r d e r  i s  p l a c e d .  

B e f o r e  o r d e r  i s  p l a c e d .  

A s  a p p r o p r i a t e .  
Before  o r d e r  i s  p l a c e d .  
Before  o r d e r  is p l a c e d .  
Before  o r d e r  is p l a c e d .  

X 30 days p r i o r  t o  

30 days p r i o r  t o  X 

B e f o r e  o r d e r  is p l a c e d .  

X B e f o r e  o r d e r  is  p l a c e d .  
X Before  o r d e r  i s  p l a c e d .  

Before  o r d e r  is p l a c e d .  

p r o d u c t i o n .  

p r o d u c t i o n .  

cn 
w 



Table 3 .  Q u a l i t y  Conformance I n s p e c t i o n  

Reference  T e s t  Method S p e c i f i c a t i o n  
Requirement I t e m  Charac t e r i s  t i c  Type 

4 . 5 . 1  Dimensions, product 

o f  a l l  products 
(a )  Length,  wid th ,  t h i ckness  3 . 2  Commercial p r a c t i c e .  S tandard  gaging. 

(b) Diameter o f  p ipe  3 . 2  Commercial p r a c t i c e .  Standard gaging. 

( c )  Wall th i ckness  of p ipe  

(d) S t r a i g h t n e s s  of p ipe ,  

(e )  F l a t n e s s  and camber of 
and ba r s  

p l a t e  and s h e e t  

4 . 5 . 2  Chemical composition 
( a )  I n g o t s  

(b) Semif in ished  product a f t e r  
primary breakdown 

(c) F in i shed  product 

4 . 5 . 3  Corros ion  r e s i s t a n c e  

4 . 5 . 4  Clean l ines s  

4 . 5 . 5  T e n s i l e  p r o p e r t i e s  

3 . 2  

3 . 2  

3 . 2  

3 . 3  

3 . 3  

3 . 3  

3 . 4  

3 . 4  

3 . 6 . 1  

Commercial p r a c t i c e .  

Commercial p r a c t i c e .  

Commercial p r a c t i c e .  

S e l l e r  p l a n  as approved 
by t h e  Company. 

Se l le r  p lan  as approved 
by t h e  Company. 

I n  accordance w i t h  
a p p l i c a b l e  r e fe renced  
RDT s t anda rds .  

Tests of r e p r e s e n t a t i v e  
samples i n  accordance 
w i t h  t h e  a p p l i c a b l e  
r e fe renced  RDT s t anda rds  

All s u r f a c e s .  

Tests of r e p r e s e n t a t i v e  
samples s e l e c t e d  i n  
accordance w i t h  t h e  
a p p l i c a b l e  r e fe renced  
s t anda rd .  Transverse  
t e n s i o n  tests of p i p e  
8 i n .  diam and g r e a t e r  
s h a l l  be  r equ i r ed  i n  
accordance w i t h  6 . 2 ,  
Order ing  Data. 

S tandard  gaging. 

S tandard  gaging. 

S tandard  gaging. 

Chemical ana lyses :  ASTM s t anda rds  
proposed by Sel ler  and approved 
by t h e  Company. 

Chemical ana lyses  : ASTM s t anda rds  
proposed by S e l l e r  and approved 
by t h e  Company. 

Chemical ana lyses  : ASTM s t anda rds  
proposed by Sel ler  and approved 
by t h e  Company. 

Corrosion r e s i s t a n c e  s h a l l  b e  
determined where a p p l i c a b l e  i n  
accordance w i t h  ASTM A - 2 6 2 ,  
P r a c t i c e  E .  

Visua l .  

T e n s i l e  p r o p e r t i e s  s h a l l  b e  
determined us ing  methods descr ibed  
i n  ASTM A-370.  Gage l e n g t h  f o r  
p ipe  and tub ing  s h a l l  b e  con- 
s i s ten t  w i t h  t h a t  recommended i n  
ASTM A - 3 7 0 ,  Supplement 11. Loca- 
t i o n  o f  specimens and gage l e n g t h  
f o r  s o l i d  specimens s h a l l  b e  con- 
s i s t e n t  w i t h  ASTM E8. The s t r a i n  
ra te  throughout t h e  tests s h a l l  b e  
0 . 0 5  i n . / i n . /min .  

ln 
sz 



T a b l e  3 .  (Continued) 

S p e c i f i c a t i o n  
Requirement I t e m  Charac t e r i s  t i c  Type Reference T e s t  Method 

4 . 5 . 6  D u c t i l i t y  and soundnessa 3 . 6 . 2  Tests of a minimum of The p ipe  s h a l l  b e  sub jec t ed  t o  t h e  
two p i p e s  pe r  l o t .  f l a t t e n i n g  test i n  ASTM A-530., 

Paragraph 4 .  

4 . 5 . 7  H y d r o s t a t i c  p r e s s u r i z a t i o n  3 . 6 . 3  Each p ipe .  

4 . 5 . 8  S u r f a c e  cond i t ion  

P i p e  and tub ing  s h a l l  b e  t e s t e d  i n  
accordance w i t h  t h e  a p p l i c a b l e  
r e fe renced  RDT s t anda rds .  If any 
p i p e  o r  t ube  shows l e a k s  du r ing  
t h e  h y d r o s t a t i c  tests, it s h a l l  
be r e j e c t e d .  

3 . 7 . 1  E n t i r e  s u r f a c e s .  V i sua l  examination and l i q u i d  
pene t r an t  i n s p e c t i o n  where 
r equ i r ed .  

4 . 5 . 9  S u r f a c e  t e x t u r e  3 . 7 . 2  E n t i r e  su r faces .  Visua l  examination. 

4 . 5 . 1 0  Repai r  3 . 7 . 3  E n t i r e  s u r f a c e s .  No r e p a i r s  allowed. 

4 . 5 . 1 1  Liqu id  pene t r an t  examination 3 . 8 . 1  E n t i r e  s u r f a c e s  except  All s u r f a c e s  s h a l l  b e  sub jec t ed  
i n s i d e  s u r f a c e  o f  p i p e  
and t h e  s u r f a c e s  of complies w i th  Sec t .  4 of RDT F3-6 
t h e  f o r g i n g  product.  t o  t he  acceptance  c r i t e r i a  i n  t h e  

a p p l i c a b l e  s e c t i o n s  of RDT F3-37.  

t o  a l i q u i d  p e n e t r a n t  method which 

4 . 5 . 1 2  U l t r a s o n i c  examination 
of f i n i s h e d  products 

(a )  P l a t e  and s h e e t  3 . 8 . 2  All material. All p l a t e s  s h a l l  be  examined f o r  
i n t e r n a l  and e x t e r n a l  d e f e c t s  w i th  
t e s t  equipment capable of longi- 
t u d i n a l  and angle-beam u l t r a s o n i c  
i n s p e c t i o n  i n  accordance wi th  the  
p rov i s ions  of RDT 3 - 6 ,  S e c t .  7 ,  t o  
t h e  acceptance  c r i t e r i a  of RDT 
F3-37 ,  Sec t .  5 .1 .1(a)  and 5.1.1(b).  
Shee t s  less than  3 / 1 6  i n .  t h i c k  
s h a l l  be  examined f o r  i n t e r n a l  and 
e x t e r n a l  d e f e c t s  w i t h  equipment 
capab l e  of angle-beam u l t r a s o n i c  
i n s p e c t i o n  i n  accordance w i t h  6 .6 ,  
Order ing  Data. 



Table 3 .  (Continued) 

Reference T e s t  Method S p e c i f i c a t i o n  
I t e m  C h a r a c t e r i s  t i c  Requirement Type 

(b) Forgings and bars  

(4 P i p e  

All m a t e r i a l .  

3 .7 .2  A l l  m a t e r i a l .  

Each f o r g i n g  and b a r  s h a l l  b e  
examined f o r  i n t e r n a l  and e x t e r n a l  
d e f e c t s  wi th  u l t r a s o n i c  t e s t  equip- 
ment c a l i b r a t e d  wi th  t h e  f l a t  
bottom h o l e  s tandards  f o r  longi -  
t u d i n a l  wave c a l i b r a t i o n ,  i n  
accordance with t h e  a p p l i c a b l e  
s tandards  of RDT F3-6, S e c t .  9 .  
The l e v e l s  of t h e  r e f e r e n c e  
s tandards  i n  r e l a t i o n  t o  diameters  
and th icknesses  is as  fo l lows:  
Level 2 f o r  diameters  and th ick-  , 

nesses  112  through 3 i n .  and 
Level 4 f o r  diameters  and th ick-  
nesses  g r e a t e r  than 3 i n .  i n  
accordance wi th  t h e  requirements  
of RDT F3-6, S e c t .  9 and RDT F3-37, 
5 .1 .2(a) .  Acceptance c r i t e r i a  
s h a l l  be i n  accordance with RDT 
F3-37, 5 .1 .2(a)  (1) and FUE 5.1.2(a)  
(2)  as  r e l a t e d  t o  t h e  a p p l i c a b l e  
diameter  and th ickness .  

Each b a r  s h a l l  a l s o  be examined f o r  
i n t e r n a l  and e x t e r n a l  d e f e c t s  w i t h  
equipment capable  of u l t r a s o n i c  
angle-beam examination i n  accordance 
wi th  t h e  requirements  of 6 .7 ,  
Ordering Data. 

i n t e r n a l  and e x t e r n a l  d e f e c t s  
us ing  u l t r a s o n i c  t e s t  equipment 
i n  accordance with t h e  requirements  
of 6.8,  Ordering Data.  

Each p ipe  s h a l l  be examined f o r  



Table 3 .  (Continued) 

S p e c i f i c a t i o n  Reference Test Method I t e m  Charac te r i s  t i c  Requirement Type 

4.5.13 Melt ing 
Hand l i n g  
H e a t  t r e a t i n g  

Cleanl iness  dur ing  
manufacture 

3 .3 . l (a )  C e r t i f i c a t i o n .  Melter's records .  
3 .8 . l (b)  C e r t i f i c a t i o n .  Se l le r ' s  records .  
3 . 8 . 1  (c)  C e r t i f i c a t i o n .  The S e l l e r ' s  h e a t  t r e a t i n g  equip-  

ment and temperature  c o n t r o l l i n g  
devices  s h a l l  be c a l i b r a t e d  i n  
accordance w i t h  t h e  S e l l e r ' s  
procedures .  

3 . 8 . l ( d )  C e r t i f i c a t i o n .  S e l l e r ' s  records .  

4.5.14 I d e n t i f i c a t i o n  3.8.2 C e r t i f i c a t i o n .  S e l l e r ' s  r e c o r d s .  

a A l l  t e s t e d  samples s h a l l  be submit ted t o  t h e  Company. Each t e s t e d  sample s h a l l  be i d e n t i f i e d  w i t h  a number 
i d e n t i c a l  t o  t h e  p ipe  o r  tube  from which i t  was taken .  
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5.  PREPARATION FOR DELIVERY 

5 . 1  Packaging. The r e s p e c t i v e  p r o d u c t s  except  t h e  f o r g i n g  s h a l l  be boxed 
i n  accordance w i t h  t h e  requi rements  of t h e  a p p l i c a b l e  r e f e r e n c e d  RDT 
s t a n d a r d s  i n  a manner t h a t  s h a l l  a s s u r e  d e l i v e r y  of c l e a n ,  undamaged 
material .  

5 .2  Marking f o r  Shipment. Each bundle  o r  packing  box s h a l l  be l e g i b l y  
and conspicuous ly  marked i n  accordance w i t h  t h e  requi rements  o f  6 .10 ,  
Order ing  Data. 

6 .  ORDERING DATA 

6 . 1  Chemical Composition. The f i n i s h e d  product  s h a l l  conform t o  t h e  
f o l l o w i n g  chemical  composi t ion requi rements .  

Composition, w t  % 

C 
C r  
N i  
Mn 
S i  
P 
S 
Mo 
co 
cu 
N 
Cb + Ta 
T i  
B 

From M u l t i p l e  Heats 

0.060 t o  0.080 
16 .5  t o  1 7 . 0  
13.25 t o  13.75 
1 . 5 0  t o  1 . 7 5  
0.30 t o  0 .60 
0.02 t o  0.03 
0.015 t o  0.025 
2.20 t o  2.50 
0.10 max 
0.20 max 
0.05 max 
0.020 max 
0.020 max 
0.001 max 

From a S i n g l e  Heat 

0 .050 t o  0.080 
16.5 t o  17.5 
13.25 t o  13.75 
1.50 t o  2.00 
0.30 t o  0 .60 
0.02 t o  0 .03  
0.010 t o  0.025 
2.20 t o  2.50 
0.10 max 
0.20 max 
0.05 max 
0.020 max 
0.020 max 
0.003 max 

Check a n a l y s e s  of  p i p e  s h a l l  b e  o b t a i n e d  from a minimum of  two p i p e s  
per  l o t .  Analyses  s h a l l  a l s o  b e  made a t  i n t e r m e d i a t e  l o c a t i o n s  on 
i n g o t s  and a f t e r  pr imary breakdown on s e m i f i n i s h e d  s t o c k  f o r  informa- 
t i o n  purposes  t o  t h e  Company u s i n g  a p l a n  submi t ted  by t h e  S e l l e r  
f o r  a p p r o v a l  by t h e  Company. Chemical a n a l y t i c a l  p rocedures  s h a l l  
comply w i t h  t h e  requi rements  of  t h e  a p p l i c a b l e  ASTM s t a n d a r d s .  

6.2 T r a n s v e r s e  Tension Tests. T r a n s v e r s e  t e n s i o n  tests sha l l  b e  made 
from b o t h  ends of each l e n g t h  of  p i p e  8 i n .  diam and over  i n  
nominal  d iameter .  I f  t h e  specimen from e i t h e r  end of any l e n g t h  
f a i l s  t o  conform t o  t h e  t e n s i l e  p r o p e r t i e s  s p e c i f i e d  i n  RDT M3-3T, 
t h a t  l e n g t h  s h a l l  b e  r e j e c t e d .  

6 .3  S u r f a c e  Texture .  P r e p a r a t i o n  of s u r f a c e s  s h a l l  be as  i n d i c a t e d  i n  
S e c t .  4 .6  of RDT F3-6T i n  o r d e r  t o  permi t  l i q u i d  p e n e t r a n t  inspec-  
t i o n  f o r  s u r f a c e  c o n d i t i o n  where r e q u i r e d ,  and i n  o r d e r  t o  permi t  
u l t r a s o n i c  i n s p e c t i o n  i n  accordance  w i t h  t h e  r e f e r e n c e d  RDT s t a n d a r d s  
and t h i s  s p e c i f i c a t i o n .  

6.4 Repai r .  No b a r ,  p l a t e ,  s h e e t ,  o r  f o r g i n g  s h a l l  b e  r e p a i r e d  by  
welding.  

6 .5  Liquid  P e n e t r a n t  I n s p e c t i o n .  Liquid  p e n e t r a n t  examinat ion  of t h e  
o u t s i d e  s u r f a c e s  of p l a t e s  and s h e e t s ,  and t h e  o u t s i d e  s u r f a c e s  of 
p i p e  s h a l l  b e  performed i n  accordance w i t h  RDT F3-6, S e c t .  4 t o  
t h e  a p p l i c a b l e  a c c e p t a n c e  c r i t e r i a  of RDT F3-37. 
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6 .6  U l t r a s o n i c  I n s p e c t i o n  of Shee t .  Each s h e e t  less than  3/16 i n .  i n  
t h i c k n e s s  s h a l l  b e  examined by angle-beam u l t r a s o n i c  i n s p e c t i o n  i n  
accordance  w i t h  t h e  o p t i o n a l  p r o v i s i o n  of RDT M 5 - 1 .  

6.7 U l t r a s o n i c  I n s p e c t i o n  o f  Bars. Each f i n i s h e d  b a r  s h a l l  b e  i n s p e c t e d  
f o r  i n t e r n a l  and e x t e r n a l  d e f e c t s  by c i r c u m f e r e n t i a l  angle-beam 
u l t r a s o n i c  examinat ion .  Th i s  examinat ion  s h a l l  b e  performed by 
r e l a t i n g  t h e  angle-beam u l t r a s o n i c  i n s p e c t i o n  p rocedures  d e s c r i b e d  
i n  ASTM A-388 t o  s o l i d  b a r s .  For  a l l  b a r s ,  excep t  t h o s e  4 1 1 2  i n .  
diam, t h e  u l t r a s o n i c  equipment s h a l l  b e  c a l i b r a t e d  u s i n g  s t a n d a r d s  
c o n t a i n i n g  a 1 /32- in .  h o l e  d r i l l e d  t o  a dep th  of 314 i n .  i n t o  t h e  
end of t h e  s t a n d a r d  p a r a l l e l  t o  t h e  axis and a t  a d i s t a n c e  one- four th  
o f  t h e  d i ame te r  from t h e  a x i s .  For  t h e  4 1/2-in.-diam b a r s ,  t h e  
d i ame te r  of t h e  h o l e  s h a l l  b e  1 / 1 6  i n .  The u l t r a s o n i c  equipment 
s h a l l  a l s o  b e  c a l i b r a t e d  f o r  a l l  b a r s  u s i n g  s t a n d a r d s  c o n t a i n i n g  a 
n o t c h ,  1% o f  t h e  a p p l i c a b l e  d i ame te r s  i n  depth  by 1 i n .  l ong  c u t  
p a r a l l e l  t o  t h e  l o n g i t u d i n a l  a x i s .  Bars c o n t a i n i n g  d i s c o n t i n u i t i e s  
producing i n d i c a t i o n s  w i t h  an ampl i tude  e q u a l  t o  o r  g r e a t e r  t han  
t h a t  produced by t h e  r e fe renced  h o l e  o r  no tch  s h a l l  be  r e j e c t e d .  

6 .8  U l t r a s o n i c  I n s p e c t i o n  of P ipe .  Each f i n i s h e d  p i p e  s h a l l  be  u l t r a -  
s o n i c a l l y  i n s p e c t e d  f o r  i n t e r n a l  and e x t e r n a l  d e f e c t s  w i t h  t h e  
a p p l i c a t i o n  of l o n g i t u d i n a l  no tches  i n  accordance  w i t h  t h e  o p t i o n a l  
p r o v i s i o n  of RDT M 3-3, Amendment 1, page 8 ,  Sect.  4 .  

The u l t r a s o n i c  examinat ion  s h a l l  a l s o  i n c l u d e  i n s p e c t i o n  w i t h  t h e  
a p p l i c a t i o n  of t r a n s v e r s e  no tches  i n  accordance  w i t h  t h e  p r o v i s i o n s  
of RDT F 3-37, S e c t .  5 .1 .5 . ca )  (2) w i t h  t h e  e x c e p t i o n  t h a t  t h e  
c a l i b r a t i o n  l e v e l  i s  S - 4 .  

The u l t r a s o n i c  examinat ion  s h a l l  a l s o  i n c l u d e  p rocedures  f o r  inspec-  
t i o n  of l amina r  d e f e c t s  and any c o n d i t i o n  t h a t  c a u s e s  90% l o s s  o f  
back r e f l e c t i o n  s h a l l  b e  cause  f o r  r e j e c t i o n .  

6.9 I d e n t i f i c a t i o n .  The i d e n t i f i c a t i o n  of t h e  mater ia l  f o r  each  
product  s h a l l  i n c l u d e  i d e n t i f i c a t i o n  t r a c e a b l e  from t h e  l o c a t i o n  
i n  t h e  i n g o t  th rough each  manufactur ing sequence  t o  t h e  f i n i s h e d  
p roduc t .  

6.10 Marking f o r  Shipment. I n  a d d i t i o n  t o  compliance w i t h  t h e  r e f e r e n c e d  
a p p l i c a b l e  RDT s t a n d a r d s ,  each  package ,  whether  bundle  o r  box, s h a l l  
b e  l e g i b l y  and conspicuous ly  marked w i t h  t h e  f o l l o w i n g  d a t a :  

Purchase  Order Number 
N a m e  of Manufacturer  
Grade 
S i z e  
P a r t  Number 
Lo t  Number 
Number o f  P i e c e s  i n  Con ta ine r  
Number o f  F e e t  ( o r  P i e c e s )  i n  Lo t  
Gross ,  N e t ,  and Tare Weights 

6 .11  Cor ros ion  R e s i s t a n c e .  I f  t h e  p roduc t s  are cooled  a f t e r  h e a t  t r e a t m e n t  
a t  t h e  s o l u t i o n  a n n e a l i n g  t empera tu re  by means o t h e r  t han  quenching i n  
water,  tests f o r  each  h e a t  t r e a t i n g  l o t  as d e f i n e d  by t h e  a p p l i c a b l e  
r e f e r e n c e d  RDT s t a n d a r d s  s h a l l  be  conducted i n  accordance  w i t h  
P r a c t i c e  E of ASTM A-262. The number of c o r r o s i o n  tests s h a l l  n o t  b e  
less than  t h e  number of t e n s i l e  tests r e q u i r e d ,  p i p e  t r a n s v e r s e  t e s t s  
excep ted .  
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6.12 Surface Condition. The surfaces of all finished products, except the 
forging, shall be free of cracks and surface checks, and shall be 
limited to other defects as follows: 

(a) The size shall comply with the acceptance criteria of Sects. 
5.1.1(d)y 5.1.2(c), and 5.1.5(c) of RDT F3-37 for plate and sheet, bars, 
and pipe, respectively. 

(b) Scabs, seams, laps, tears, or slivers no deeper than 5% of the 
nominal thickness are acceptable. 

(c) Mechanical marks or abrasions and pits are acceptable if they do 
not exceed 5% of the nominal thickness, except where 5% of the nominal 
thickness exceeds 1/16 in. 

(d) All defects shall be explored for depth. Those that do not comply 
with the acceptance criteria can be removed by grinding or machining, 
provided removal at the point of grinding or machining does not cause 
a noncompliance of the minimum thickness requirements. 

The finished surfaces of the forging shall have no defects of a 
nature or degree that will be detrimental to the stamping, forming, 
machining, or fabrication of finished parts. 

6.13 Heat Treating. Each product shall be solution treated at the same 
nominal solution treatment temperature. The solution treatment shall 
consist of heating the material at a temperature of 1950'F ? 50°F and 
quenching in water or rapidly cooling by other means. 
be calibrated in accordance with the Seller's procedures that are 
reviewed by the Company prior to use. 

Equipment shall 

6.14 Intergranular Corrosion Test. Each lot of pipe, whether quenched in 
water or cooled by other means, shall be tested to demonstrate freedom 
from intergranular attack by performing an intergranular corrosion test 
in accordance with ASTM A262, Practice E. Specimens for the intergranular 
corrosion test shall be taken from the same location(s) as specified 
for mechanical test specimens. 
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SUMMARY O F  QUALITY V E R I F I C A T I O N  PLANS 

AND I N S P E C T I O N  PROCEDURES 
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Republic Steel Corp. 

Steel Division (General) 

Thirty two pages of text with nine attachments identifying and 

describing control of (1) melting and fabricating activities; (2) certification 

of tests; ( 3 )  Aircraft Identity System; (4) chemical analyses; 

(5) mechanical test equipment; (5) annealing; and (6)  temperature 

measuring equipment. 

Union Drawn Division (Bar Items, including rounds for pipe production 

by U.S. Steel Corp.) 

Eleven pages of text with eight attachments identifying and 

describing the (1) work orders; (2) quality check-off report; (3) Aircraft 

Identity System; ( 4 )  nonconformance tagging and reporting; and 

(5) process outlines. 

South Division (Plates and forging items) 

A Quality Control Manual consisting of 13 pages of text; an attached 

quality verification plan for the items; 29 exhibits describing process 

detail, records, and traceability; three standard.operating procedures 

for controlling annealing and one standard operating procedure for 

polishing plates. 

Enduro Division (Sheet) 

A quality verification plan consisting of 18 pages of text and 10 

exhibits exemplifying records used in controlling the work and 

recording data. 

CONAM (nondestructive examination subcontractor for Republic Steel 

product forms) 

Immersion Ultrasonic Procedure for Bars (408;UT-324) 

Ultrasonic Inspection for Shear Wave 
Inspection of Plate (408-UT-325) 
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Marking and Packaging Procedure (408-QC-328) 

Ultrasonic Procedure for Shear Wave 
Inspection of Sheet (408-UT-329) 

Liquid Penetrant Inspection for Round, 
Multisided, Square Bar, Plate and Sheet 
(408-PT-330) 

Ultrasonic Procedure for 
Longitudinal Wave Inspection of 
Forgings (408-UT-331) 

U.S. Steel Corp - Gary Ellwood City Works 

A Quality Verification Plan consisting of a text of three pages, 

with attachments describing the following procedures. 

Bale Numbering Procedure 

Cleaning and Pickling Procedure 

Visual Inspection Procedure 

Hydrostatic Testing Procedure 

Standard Practice for Qualification and 
Certification of Personnel Conducting or 
Supervising Nondestructive Testing 

Discrepant Material Control 

Tool, Test Equipment and Gage Control 

Production Sequence (300 Series Sta in less )  

Internal Audit Procedure 

Annealing Procedure for Austenitic Stainless Steel 

Packaging Procedures for Stainless Tubing 

Ultrasonic Inspection Procedure 

Ultrasonic Inspection Reference Standard 

Ultrasonic Testing Report 

Quality Verification Plan 

Liquid Penetrant Inspection Procedure 
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Rollmet, Inc., Santa Ana, Calif. (16- and 28-in.-diarn pipe) 

A Quality Verification Plan (RP-ORNL-MC-316) consisting of 46 pages 

of text, and the following quality verification procedures. 

RPB 6020-1 

RPB-ORNL-6021 

RPB 6030 

RPB 6040 

RPB 6050 

RPB-ORNL-6070 

RPB-Om-6080 

RPB-6090 

Liquid Penetrant Inspection Procedure 

Ultrasonic Inspection Procedure 

Cleaning Procedure 

Receiving, Storage, and Shipping 

Flattening Procedure 

Annealing Procedure 

Surface Preparation (Grinding) 

Hydrostatic Test Procedure 





APPENDIX D 

CHEMICAL ANALYSES OF SEMIFINISHED PRODUCTS AT INTERMEDIATE STAGES 

OF PRODUCTION TYPE 316 STAINLESS STEEL REPUBLIC STEEL 

HEAT 8092297 





Chemical Analyses of Semif in ished  Products  a t  I n t e r m e d i a t e  S t a g e s  
of Product ion  Type 316 S t a i n l e s s  S tee l  Republ ic  S t e e l  Heat 8092297 

,ngur Semifinished 
C Hn P S Si TI Cu Posirio" Size 

(i".) 
Ni Cr Sn No 

l A  8 112 diem 
1E 

2A 18 X 4 
2c 

3.4 18 x 4 
3c 

8T ?I 112 x 5 314 
88 
8 

9T 
98 

10T 
108 

1 I T  
118 

I 2 T  
128 

13T 
138 

14T 
148 

15T 
158 

1bT 
168 

17A 
17E 

18A 
18E 

19A 
19E 

20A 
20E 
20AA 

21A 
21E 
21AA 

22A 
22E 

2 3A 
23E 
23AA 

24A 
240 
2 4 M  

25A 
250 
2 5 M  

26A 
260 

21A 
21F 
27AA 

0.250 gage 

34 h 5 

34 x 5 

34 5 

34 x 5 

3 4  x 5 

34 h 5 

34  x 5 

34 x 5 

8 112 diem 

8 112 d i m  

8 112 diam 

9 x 1 314 

4 in. Round 

9 x 7 314 

4 314 in. 

9 x 1 314 

9 x 7 314 

4 314  i n .  

9 x 7 314 

2 112 in. 

9 x 1 314 

i 116 in. 

9 x 1 314 

8 x 6 314 

3 510 in. 

Round 

Round 

Round 

Round 

Round 

0.063 
0.059 

0.056 
0.066 

0.065 
0.066 

0.060 
0.059 
0.068 

0.060 
0.062 

0.061 
0.066 

0.059 
0.064 

0.062 
0.066 

0.062 
0.065 

0.062 
0.061 

0.060 
0.064 

0.060 
0.063 

0.063 
0.060 

0.062 
0.063 

0.061 
0.063 

0.062 
0.061 
0.060 

0.064 
0.064 
0.068 

0.061 
G.062 

0.061 
0.063 
0.062 

0.059 
0.058 
0.061 

0.060 
0.059 
0.063 

0.061 
0.060 

0.062 
0.064 
0.060 

1 .86  
1 .86  

1.87 
1 .88  

1 .89  
1.89 

1.86 
1 .88  
1.84 

1.86 
1.88 

1.88 
1.89 

1.81 
1 .88  

1.88 
1.88 

1.87 
1.88 

1.88 
1.88 

1.88 
1.89 

1.87 
1.89 

1.86 
1.86 

1.86 
1.84 

1.84 
1.85 

1.87 
1.89 
1.86 

1.88 
1 .88  
1.84 

1.88 
1 .88  

1.88 
1.89 
1.86 

1.88 
1.89 
1.84 

1.87 
1.88 
1.86 

1.88 
1.89 

1.88 
1 .88  
1.85 

0.024 
0.024 

0.024 
0.023 

0.024 
0.024 

0.023 
0.024 
0.023 

0.023 
0.024 

0.024 
0.023 

0.024 
0.024 

0.023 
0.024 

0.024 
0.023 

0.024 
0.024 

0.024 
0.024 

0.023 
0.024 

0.024 
0.027 

0.022 
0.024 

0.025 
0 . 0 2 4  

0.024 
0.025 
0.020 

0.024 
0.024 
0.023 

0.024 
0.023 

0.024 
0.024 
0.023 

0.024 
0.024 
0.023 

0.024 
0.023 
0.025 

0.025 
0.024 

0.024 
0.024 
0.020 

0.019 
0.018 

0.011 
0.019 

0.019 
0.019 

0.018 
0.018 
0.020 

0.019 
0.019 

0.018 
0.019 

0.018 
0.018 

0.018 
0.019 

0.018 
0.018 

0.018 
0.018 

0.018 
0.019 

0,018 
0.019 

0.018 
0.019 

0.019 
0.020 

0.020 
0.018 

0.018 
0.019 
0.018 

0.019 
0.019 
0.019 

0.019 
0.019 

0.019 
0.019 
0.019 

0.019 
0.018 
0.019 

0.019 
0.018 
0.018 

0.019 
0.018 

0.019 
0.018 
0.019 

0 .58  
0.57 

0.59 
0.59 

0.59 
0.60 

0.60 
0.58 
0.59 

0.60 
0.58 

0.58 
0.59 

0.59 
0.58 

0.60 
0.58 

0.60 
0.58 

0.60 
0.58 

0.59 
0.59 

0.59 
0.58 

0.58 
0 .51  

0.58 
0.57 

0.59 
0.58 

0.59 
0.59 
0.56 

0.58 
0.58 
0.57 

0.59 
0.59 

0.58 
0.58 
0.59 

0.58 
0.58 
0.58 

0.59 
0.58 
0.57 

0.59 
0.60 

0.59 
0.58 
0.60 

0.00 
0.00 

0.01 
0 . 0 1  

0.01 
0.01 

0.01 
0.01 
0.00 

0.01 
0.01 

0.01 
0.01 

0 .01  
0.01 

0.01 
0.01 

0 .01  
0.01 

0.01 
0.01 

0.01 
0.01 

0.01 
0.01 

0.00 
0.00 

0.00 
0.00 

0.00 
0.00 

0.01 
0.01 
0.02 

0.01 
0.01 
0.02 

0.01 
0.01 

0 .01  
0 .01  
0.00 

0.01 
0.01 
0.00 

0.01 
0.01 
0 .01  

0.01 
0.01  

0.01 
0.01 
0.02 

0.10 
0.09 

0 .09  
0 .09  

0.09 
0.09 

0.09 
0.09 
0.10 

0.09 
0.09 

0.09 
0.09 

0.09 
0.09 

0.09 
0.09 

0.09 
0.09 

0.09 
0.09 

0.09 
0.09 

0.09 
0.09 

0.10 
0.08 

0.09 
0.08 

0.08 
0.10 

0.09 
0.09 
0.08 

0.09 
0.09 
0.08 

0.09 
0.09 

0.09 
0.09 
0.10 

0.09 
0.09 
0.09 

0.09 
0.09 
0 .09  

0 .09  
0 .09  

0 .09  
0.09 
0 .09  

13.45 
13.50 

13.50 
1 3 . 4 0  

13.40 
13.55 

13.45  
13.46 
13.45 

13.50 
13.50 

13.50 
13.48 

13.50 
13.50 

13.50 
13.50 

13.55 
13.50 

13.55 
13.55 

13.50 
13.45 

13.50 
13.53 

13.50 
13.45 

13.60 
13.30 

13.30 
13.45 

13.55 
13.50 
13.45 

13.51 
13.45 
13.40 

1 3 . 4 4  
13.41 

13.50 
13.50 
13.35 

13.40 
13.55 
13.60 

13.48 
13.50 
13.46 

13.55 
13.55 

13.L6 
13.50 
13.40 

11.20 
11.12 

17.13 
17.30 

17.28 
17.25 

17.15 
17.30 
17.10 

17.15 
17.25 

17.15 
11.25 

17.15 
17.15 

17.20 
17.18 

11.20 
17.20 

17.20 
11.25 

17.20 
11.30 

11.18 
17.30 

17.20 
11.17  

11.11 
11.05 

17.10 
11.20 

17.15 
17.25 
11.19 

17.20 
11.25 
17.05 

17.20 
11.20 

17.25 
17.25 
11.15 

11.25 
17.30 
17.10 

17.20 
17.25 
11.10 

17.25 
17.30 

17.25 
17.15 
11.15 

0.004 
0,004 

0.004 
0.004 

0.004 
0.004 

0.004 
0.004 

0 , 0 0 4  
0.004 

0.004 
0.004 

0.004 
0.004 

0.004 
0.004 

0:004 
0.004 

0.004 
0.004 

0.004 
0.004 

0.004 
0.004 

0.004 
0.004 

0.004 
0.003 

0.004 
0.004 

0.004 
0.004 

0.004 
0.004 

0.004 
0.004 

0.004 
0.004 

2.35 
2.36 

2.34 
2.35 

2.34 
2.35 

2.32 
2.35 

2.34 
2.35 

2.34 
2.35 

2.34 
2.35 

2.35 
2.35 

2.34 
2.34 

2.35 
2.35 

2.35 
2.35 

2.34 
2.35 

2.34 
2.33 

2 .31  
2.32 

2.33 
2.34 

2.35 
2.35 
2.36 

2.35 
2.34 
2.33 

2.35 
2.35 

2.35 
2.35 
2.34 

2.35 
2.35 
2.35 

2.35 
2.34 
2.34 

2.35 
2.35 

2.35 
2.35 
2.35 

Pb 

~ 

0,003 
0.003 

0.003 
0.003 

0.003 
0.003 

0.003 
0.003 

0.003 
C.003 

0.003 
0.003 

0.003 
0.003 

0.003 
0.003 

0.003 
0.003 

0.003 
0.003 

0.003 
0.003 

0.003 
0.003 

0.003 
0.003 

0.003 
0.003 

0.003 
0.003 

0.003 
0.003 

0.003 
0.003 

0.003 
0.003 

0.003 
0.003 

A l C e B N  

0.015 
0.016 

0.016 
0.015 

0.016 
0.015 

0.016 
0.015 

0.015 
0.014 

0.016 
0.015 

0.015 
0.016 

0.016 
0.015 

0.016 
0.015 

0.015 
0.015 

0.015 
0.015 

0.016 
0.015 

0.015 
0.011 

0.016 
0.016 

0.016 
0.015 

0.015 
0.015 
0.015 

0.015 
0.016 
0.17 

0.015 
0.016 

0.015 
0.016 
0.015 

0.016 
0.017 
0.023 

0.018 
0.017 
0.018 

0.018 
0.015 

0.018 
0.017 
0.020 

0.01 
0.01 

0.02 
0.02 

0.02 
0.02 

0.02 
0.02 
0.02 

0.02 
0.02 

0.02 
0.02 

0.02 
0.02 

0.02 
0.02 

0.02 
0.02 

0.02 
0.02 

0.02 
0.02 

0.02 
0.02 

0.01 
0.01 

0 .01  
0.01 

0 .01  
0 .01  

0.02 
0.02 
0.01 

0.02 
0.02 
0.02 

0.02 
0.02 

0.02 
0.02 
0.02 

0.02 
0.02 
0.02 

0.02 
0.02 
0.02 

0.02 
0.02 

0.02 
0.02 
0.02 

0.0006 0.032 
0.0006 0.031 

0.0005 0.033 
0.0006 0.033 

0.0005 0.033 
0.0005 0.034 

0.0005 0.034 
0.0006 0.032 

0.0005 0.033 
0.0006 0.035 

0.0006 0.033 
0.0006 0.033 

0.0005 0.033 
0.0006 0.032 

0.0005 0.033 
0.0006 0.033 

0.0006 0.035 
0.0006 0.033 

0.0005 0.032 
0.0005 0.032 

0.0006 0.034 
0.0005 0.034 

0.0006 0.032 
0.0006 0.032 

0.0005 0.030 
0.0006 0.031 

0.0005 0.032 
0.0005 0.030 

0.0005 0.032 
0.0006 0.031 

0.0005 0.033 
0.0005 0.032 
0.0006 0.032 

0.0006 0.033 
0.0006 0.031 
0.0006 0.030 

0.0006 0.032 
0.0005 0.031 

0.0005 0.031 
0,0005 0.032 
0.0005 0.032 

0.0006 0.032 
0.0006 0.032 
0.0006 0.032 

0.0006 0.032 
0.0005 0.032 
0.0005 0.029 

0.0006 0.031 
0.0005 0.032 

0.0006 0.033 
0.0006 0.032 
0.0005 0.031 





APPENDIX E 

SUMMARY OF DEVIATIONS AND 

NONCONFORMANCE REPORTS 





SUPPLIER NONCONFORMANCE REPORTS 

SNR N o .  

1 

2 through 10 

11 

12 

13 

14 

15 

16 

1 7  

18 

19 

20 and 21 

22 

Item Description 

The Melt Average ladle analysis based on two rather than 3 samples. 

2-in.-Thick Plate Disapproved out-of-flatness condition items reworked by 
pressing to obtain required flatness. 

2-in.-Thick Plate Slight region on edge failed to clean up during machining. 

24 x 24-in. Forgings 
(No. 4 and 5) 

0.500-in. Plate (2CA) 

0.625-in. Plate (2BC) 

0.625-in. Plate (2BA) 

0.625-in. Plate (3CA) 

0.625-in. Plate (3BA) 

1-in.-Thick Plate (14F) 

1-in.-Thick Plate (13C; 

2-in.-Diam Bar (No. 62X) 

Unable to ultrasonically inspect because no back reflection 
could be obtained. 

One localized region at end was 0.005 in. below allowable 
thickness. 

One localized region near end 0.002 in. below allowable 
thickness. 4 

One localized region near end 0.002 in. below allowable 
thickness. 

w 

One localized region near end 0.002 in. below allowable 
thickness. 

One localized region at corner 0.016 in. below allowable 
thickness. 

Three localized regions near ends, 0.001, 0.005, and 0.019 
in. below allowable thickness. 

One localized region near end, 0.001 in. below allowable 
thickness. 

Cancelled. 

Length shorter than specified (9 ft, 1 in.). 



SUPPLIER NONCONFORMANCE REPORTS (Continued)  

SNR No. I t e m  Descr ip t ion  

23 2 1/2-in.-Diam Bar (No. 1 and 31; Lengths s h o r t e r  than s p e c i f i e d  ( 9  f t ,  10 i n . ) .  

24 0.125 i n .  gage shee t  (No. 1 5 )  One p i t  wi th  depth deeper than 5% of th ickness .  

25 0.125 i n .  gage Sheet (No. 1 9 )  One p i t  wi th  depth deeper than 5% of th ickness .  

26 

27 
28 
29 
30 
31 
32 
33 
34 
35 
36 
37 
38 
39 
40 
4 1  
42 
4 3  
44 
45 
46 

2-in.-Thick P l a t e  

0,060-in. 
0.060-in. 
0.060-in. 
0.060-in. 
0.060-in. 
0.060-in. 
0.060-in. 
0.060-in. 
0,060-in. 
0.060-in. 
0.060-in. 
0.060-in. 
0.060-in. 
0.060-in. 
0.060-in. 
0,060-in. 
0.060-in. 
0.060-in. 
O.O60-.in. 
0.060-in. 

Gage Sheet 
Gage Sheet 
Gage Sheet 
Gage Sheet 
Gage Sheet 
Gage Sheet 
Gage Sheet 
Gage Sheet 
Gage Sheet 
Gage Sheet 
Gage Sheet 
Gage Sheet 
Gage Sheet 
Gage Sheet 
Gage Sheet 
Gage Sheet 
Gage Sheet 
Gage Sheet 
Gage Sheet 
Gage Sheet 

(No. 4 3 )  
(No. 4 7 )  
(No. 4 9 )  
(No. 5 0 )  
(No. 5 1 )  
(No. 52)  
,(No. 5 3 )  
(No. 5 4 )  
(No. 5 5 )  
(No. 5 9 )  
(No. 6 0 )  
(No. 61) 
(No. 6 3 )  
(No. 6 5 )  
(No. 7 0 )  
(No. 7 1 )  
(No. 7 5 )  
(No. 7 8 )  
(No. 8 0 )  
(No. 8 1 )  

No. 
No. 
No. 
No. 
No. 
No. 
No. 
No. 

15B below minimum th ickness  a t  one corner .  
14A below minimum th ickness  near  one end. 
10D below minimum th ickness  near  one end. 
16D below minimum th ickness  near  one end. 
9D below minimum th ickness  near  one end. 
16C below minimum th ickness  a t  one corner .  
10E below minimum th ickness  near  one end. 
1 1 E  below minimum th ickness  a t  two corners .  

One p i t  deeper than 5% of th ickness .  
One p i t  deeper than 5% of th ickness .  
One p i t  deeper than 5% of th ickness .  
One p i t  deeper than 5% of th ickness .  
Two p i t  deeper than 5% of th ickness .  
S ix  p i t  deeper than 5% of th ickness .  
One p i t  deeper than 5% of th ickness .  
One p i t  deeper than 5% of th ickness .  
Two p i t  deeper than 5% of th ickness .  
Two p i t  deeper than 5% of th ickness .  
Two p i t  deeper than 5% of th ickness .  
One p i t  deeper than 5% of th ickness .  
One p i t  deeper than 5% of th ickness .  
Two p i t  deeper than 5% of th ickness .  
One p i t  deeper than 5% of th ickness .  
One p i t  deeper than 5% of th ickness .  
One p i t  deeper than 5% of th ickness .  
Thi r teen  p i t s  a long one edge deeper than 5% of th ickness .  
Three p i t s  wi th  depth deeper than 5% of th ickness .  
Seven p i t s  a long one edge; four  o t h e r  s c a t t e r e d  

p i t s  deeper than 5% of th ickness .  



SUPPLIER NONCONFORMANCE REPORTS (Continued) 

SNR No. Item Description 

47 
48 

49 

50 

51 

52 

53 

0,060-in. Gage Sheet (No. 82) 
0,060-in. Gage Sheet (No. 85) One pit deeper than 5% of thickness. 
24 x 24-in. Forging (No. 7) Unable to ultrasonically inspect because no back 

Fourteen pits along one edge deeper than 5% of thickness. 

reflection could be obtained. 

2-in.-Thick Plates 
(11E, 1 5 D ,  10E, 16B) 

Bars 

Pipe 

Pipe 

Unable to ultrasonically inspec't in localized regions 
because no back reflection could be obtained. 

Lengths shorter than specified. For 2-in. d i m  No. 64, 

and two pieces of No. 20DAA. For 2 112-h. diam No. 20. 

Lengths shorter than specified. For 2-in. sched 160, 
two pieces of No. 27AAC. For 2 112-h. OD x 0.560 in. 

8-in. sched 80, No. 19A, 19DB, 19CB, 17CB, 1BB; two 
pieces of No. 18AB and 2 pieces of No. 17BA. 

U.S. Steel inadvertencies in mislaying tested flattening 
specimens and material for chemical check analyses by 
Republic Steel. 

-* 20, 10, 84X, 80X, and 1. For 4 112-in. diam No. 20DAB * -  ".--,-.- 

YE. 
- 

-J 
wall, No. 20ABB. For 4-in. sched 160, No. 21ABB. For cn 



OWL NONCONFORMANCE REPORTS 

NCR No. Item Description 

2 

3 

Bars 

2-in.-Thick Plate 

8-in. Sched 80 Pipe 

At ORNL receiving inspection, the heat number on the 
recurring identification was erroneously identified. 
This inadvertence was corrected by CONAM at the ORNL 
site. 

4 
At ORNT, receiving inspection, the identification in the m 

recurring markings was erroneous. This error was 
corrected by ORNL by erasing the ink markings and 
replacing correct identification using electrochemical 
etch recurring markings. 

At ORNL receiving inspection, pipe item marked 1 7 D B  was found  
misidentified. This identity was erased and replaced 
with No. 1 9 B A .  



OEWL DEVIATION REPORTS 

Deviation No. Item Description 

1 

2 

Tensile Testing 

Plates 

The ORNL-MC-316 Specification was modified to allow 
the free-running crosshead speed to be a measure of  the 
strain rate. -A 

The ASTM requirements to metal die-stamp identification 
on surfaces of plates exceeding 1/4-in. thickness was 
eliminated in lieu of metal-stamped Aircraft Identity 
number at the end of plates and the recurring 
identification ink markings on plates. 
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