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I .  SCOPE 

I n s t r u m e n t s  and c o n t r o l s  a r e  t o  be f u r n i s h e d  i n  a c c o r d a n c e  w i t h  t h i s  
s t a n d a r d ,  and  a s  i n d i c a t e d  on t h e  E n g i n e e r i n g  Flow D i a g r a n s .  I n  c a s e  o f  
c o n f l i c t ,  t h i s .  s t a n d a r d  s u p e r s e d e s  p r o p o s a l  E n g i n e e r i n g  Flow Diagrams;  
however ,  c o n t r a c t  E n g i n e e r i n g  Flow Diagrams s u p e r s e d e  t h i s  s t a n d a r d .  

11. GENERAL 

A .  I n s t r u m e n t  Terminology  

Terminology  s h a l l  conform t o  ANSI C85.1 and  C85. l a ,  T e r m i n o l o g y  f o r  
Automat ic  C o n t r o l .  

B.  Flow Diagram Symbols and  I n s t r u m e n t  I d e n t i f i c a t i o n s  (Tag  Numbers) 

Flow d i a g r a m  symbols  and i d e n t i f i c a t i o n  ( t a g  numbers )  f o r  i n s t r u m e n t s  
and  c o n t r o l s  s h a l l  be i n  a c c o r d a n c e  w i t h  ENG STD 60A3, ( b a i i c a l l y  ISA 
S t d  . 5 5 . 1  ) . Addi t iona l .  s y m b o l s  r e q u i r e d  f o r  a  s p e c i f i c  p r o j e c t  s h a l l  
be  e x p l a i n e d  by a d d i t i o n s  t o  ENG STD 60A3 as i s s u e d  f o r  t h a t  p r o j e c t .  

C .  I n s t r u m e n t  I n d e x  

An I n s t r u m e n t  I n d e x  l i s t i n g  a l l  i n s t r u m e n t s  f o r  t h e  p r o j e c t  and  
produced  by compute r  s h a l l  b e  f u r n i s h e d .  

D .  Package U n i t s  

1 .  The i n s t r u m e n t a t i o n  r e q u i r e m e n t s ,  when packaged  o r  l i c e n s e d  u n i t s  
a re  s p e c i f i e d ,  s h a l l  conform t o  t h i s  s p e c i f i c a t i o n  w h e r e v e r  
p o s s i b l e .  

2 .  L o c a l  c o n t r o l  p a n e l s  f o r  p a c k a g e  b o i l e r s ,  c m p r e s s o r s ,  p r o c e s s  
n h e a t e r s ,  o r  o t h e r  u n i t s  r e q u i r i n g  s u c h  p a n e l s ,  s h a l l  p r e f e r a b l y  b e  

f u r n i o h o d  by t h c  cqu ipmcnt  v c n d o r .  The p a n e l o  w i t h  t h c  3 Z 
i n s t r u m e n t a t i o n  t h e r e i n  and t h e  e q u i p m e n t  i t  is t o  c o n t r o l  s h a l l  z 
be t e s t e d  as  a u n i t  w h e r e v e r  p o s s i b l e .  P 

G 
UI - 

111; DESIGN XEQUIREMENTS 

A .  G e n e r a l  

1 .  T a g g i n g  

An i d e n t i f i c a t i o n  t a g  s h a l l  be  a t t a c h e d  t o  e a c h  p i e c e  of 
i n s t r u m e n t a t i o n  e q u i p m e n t .  The t a g s  s h a l l  be o f  s t u r c y ,  s t a i n l e s s  
s t e e l  o r  o t h e r  e q u a l l y  w a t h e r  r e s i s t a n t  m a t e r i a l ,  p e r m a n e n t l y  
f a s t e n e d  t o  t h e  m a t e r i a l  k 3 t h  s t a i n l e s s  s t e e l  s c r e w s  o r  p i n s .  
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Manufacturer  I s  s t a n d a r d  c o l o r s  s h a l l  be used f o r  all p r o j e c t  
i n s t r u m e n t a t i o n ,  i n c l u d i n g  v i s i b l e  p o r t i o n s  o f  i n s t r u m e n t s  mounted 
on t h e  c o n t r o l  p a n e l ,  u n l e s s  o t h e r w i s e  s p e c i f i e d .  

3. E l e c t r i c a l  Equipment and Enc losures  

A l l  e l e c t r i c a l  i n s t r u m e n t  equipment and e n c l o s u r e s  f o r  a l l  f i e l d  
mounted o r  l o c a l  p a n e l  mounted e l e c t r i c a l  o r  e l e c t r o n i c  
i n s t r u m e n t s  ( o r  i n s t r u m e n t s  having e l e c t r i c a l  connec t ions  o r  
power) s h a l l  conform t o  t h e  e l e c t r i c a l  c l a s s i f i c a t i o n  a s s i g n e d  t o  
t h e  a r e a  i n  which t h e y  a r e  i n s t a l l e d ,  and s h a l l  be s u i t a b l e  f o r  
ou tdoor  i n s t a l l a t i o n  i f  r e q u i r e d .  

4 .  T r a n s m i t t e r s  

a .  I n  g e n e r a l ,  t r a n s m i t t e r s  s h a l l  be o f  t h e  f o r c e  b a l a n c e  t y p e  o r  
o t h e r  n e g l i g i b l e  d isplacement  t y p e ,  excep t  where such d e v i c e s  
a r e  n o t  a v a i l a b l e  o r  a n o t h e r  type  o f  d e v i c e  o f  proven s u p e r i o r  
performance is a v a i l a b l e  f o r  a  s p e c i f i c  measurement. A l l  
pneumatic t r a n s m i t t e r s  s h a l l  be equipped wi th  an a i r  i n p u t  
gauge as a  p a r t  o f  t h e  a i r  s u p p l y  f i l t e r  r e g u l a t o r s .  

b .  P rocess  v a r i a b l e  i n d i c a t i o n  s h a l l  be provided f o r  each 
t r a n s m i t t e r  and l o c a l  c o n t r o l l e r .  Th i s  i n d i c a t i o n  s h a l l  be 
e i t h e r  d i r e c t  r e a d i n g ,  o r  t h e  t r a n s m i t t e r  o u t p u t  i n  t e rms  o f  
t h e  p r o c e s s  v a r i a b l e .  

5. Transmiss ion System 

No p r o c e s s  f l u i d s  o f  any t y p e  s h a l l  be piped i n t o  t h e  c o n t r o l  
room. Transmiss ion of  ' the p r o c e s s  v a r i a b l e  s h a l l  be by means o f  
e l e c t r o n i c ,  e l e c t r i c ,  pneumat ic ,  o r  thermocouple type  i n s t r u m e n t s .  
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8. ~ e m k r a t u r e  I n s t r u m e n t s  

1  . S t r i p  c h a r t  m u l t i p o i n t  t e m p e r a t u r e  r e c o r d e r s  s h a l l  be thermocouple  
a c t u a t e d .  Recorder  p o i n t s  s h a l l  no t  n o r m a l l y  be  checked by t h e  
m u l t i p o i n t  p l a n t  t e m p e r a t u r e  i n d i c a t o r .  The m u l t i p o i n t  p l a n t  
t e m p e r a t u r e  i n d i c a t o r  s h a l l  be  d i g i t a i  t y p e ,  thermocouple  

. a c t u a t e d .  Range span  s h a l l  be s u i t a b l e  f o r  u s e  d u r i n g  p l a n t  
s t a r t - u p .  A m u l t i p l e x  sys tem wi th  remote  m u l t i p l e x e r s  s h a l l  b e  
c o n s i d e r e d .  

2 .  Board mounted t e m p e r a t u r e  c o n t r o l l e r s  s h a l l  u se  t e m p e r a t u r e  
t r a n s m i t t e r s  which a r e  thermocouple  a c t u a t e d .  lrihere r e q u i r e d  by 
a p p l i c a t i o n ,  a  r e s i s t a n c e  t e m p e r a t u r e  e l e a e n t  may b e  u sed .  

3 .  Local  t e m p e r a t u r e  c o n t r o l l e r s  hav ing  a  t en -pe ra tu re  r a n g e  span  o f  
400 F (200  C) o r  l e s s  may u s e  f i l l e d  sys tem t r a n s m i t t e r s ,  l i m i t e d  
t o  a maximum o p e r a t i n g  t e m p e r a t u r e  o f  1200 F (650 C), prov ided  t h e  
d i r e c t i o n  t h e  i n s t r u m e n t  i s  d r i v e n  i n  t h e  e v e n t  o f  c a p i l l a r y  
f a i l u r e  d o e s  n o t  c r e a t e  a  haza rdous  s i t u a t i o n .  

4 .  The raocoup le  i n s t r u m e n t s  s h a l l  d r i v e  t o  a  s a f e  c o n f i g u r a t i o n  on 
thermocouple  f a i l u r e .  

5. A s e p a r a t e  thermowel l  w i th  thermocouple  connected  t o  t h e  
m u l t i p o i n t  t e m p e r a t u r e  i n d i c a t o r  s h a l l  be f u r n i s h e d  f o r  check ing  
a l l  r e s i s t a n c e  b u l b  t y p e  t e m p e r a t u r e  t r a n s m i t t e r s  f o r  main p a n e l  
mounted c o n t r o l  a p p l i c a t i o n s .  

A s i n g l e  thermowel l  w i th  d u a l  t he rmocoup le s  s h a l l  b e  f u r n i s h e d  f o r  
i n d i c a t o r  checking  of thermocouple a c t u a t e d  pane l  ~ o u n t e d  
c o n t r o l l e r s ,  t r a n s m i t t e r s  f o r  main p a n e l  mounted c o n t r o l  
a p p l i c a t i o n s ,  o r  thermocouple a c t u a t e d  s w i t c h e s  f o r  main p a n e l  
mounted a l a r m s  and /o r  i n t e r l o c k  c i r c u i t s .  I n  i n t r i n s i c  s a f e  n 
a p p l i c a t i o n s ,  a  s u i t a b l e  thermocouple head u i t h  mechanica l  b a r r i e r  o 

P 
o r  a  s e p a r a t e  thermowell  s h a l l  be f u r n i s h e d  f o r  check ing  pu rposes .  iz 

z 
? 

6 .  The c o n s t r u c t i o n  and i n s t a l l a t i o n  of s t a n d a r d  the rmocoup le ,  i; 
t he rmomete r ,  and t e s t  w e l l s  s h a l l  be in acco rdance  w i t h  ENG STD VI 

i, 
65B11. The s t a n d a r d  the rmowei l ,  e x c e p t  p ipe  t ype  w e l l s ,  s h a l l  be CD 3 
f a b r i c a t e d  of  Type 304 o r  Type 316 s t a i n l e s s  s t e e l  ( c o n t r a c t o r  
o p t i o n ) ,  Where t h e  n a t u r e  of t h e  f l u i d  i s  such  a s  t o  r e q u i r e  o t h e r  
m a t e r i a l ,  t h e  thermowel l  m a t e r i a l  s h a l l  be  s u i t a b l e  f o r  t h e  
s e r v i c e .  

7 .  Threaded the rmowel l s  s h a l l  have  2" ( 5 0  mm) l agg ing  e x t e n t i o n  when 
used  wi th  i n s u l a t i o n  f o r  h igh  t e m p e r a t u r e .  C o n s i d e r a t i o n  s h a l l  be 
g i v e n  f o r  t h i c k e r  i n s u l a t i o n  i n  c o l d  s e r v i c e s .  
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8. Thermowell l e n g t h s  s h a l l  be a s  shown on,ENG STD 65B11.1 th rough  
6 5 ~ 1 1 . 1 0 .  'Lengths  have n o t  been e s t a b l i s h e d  f o r  f i l l e d  system 
thermowel ls  because  o f  v a r i a t i o n s  i n  t h e  b u l b  dimensions .  

9 .  Thermowells f o r  d i a l  thermometers and f i l l e d  sys tem i n s t r u m e n t s  
s h a l l  be purchased wi th  t h e  i n s t r u m e n t s  t o  a s s u r e  p roper  f i t .  

10. Thermowell connec t ions  i n t o  p i p i n g  o r  equipment s h a l l  be in 
accordance  w i t h  S e c t i o n  Q o f  t h i s  s t a n d a r d .  

11. Flanged thermowel ls  s h a l l  have f l a n g e s  and weld f i l l e r  o f  t h e  same 
m a t e r i a l  a s  s p e c i f i e d  f o r  t h e  thermowell  o n l y  when t h e  w e l l  and 
f l a n g e  form a n  i n t e g r a l  assembly.  Where p i p i n g  s p e c i f i c a t i o n s  
p e r m i t  a carbon s t e e l  f l a n g e ,  t h e  w e l l  s h a l l  be th readed  i n t o  a 
b l i n d  f l a n g e  and s h a l l  be backwelded i f  r e q u i r e d .  

12. With t h e  excep t ion  o f  w e l l s  f o r  b u l b  type  e lements ,  p r o t e c t i o n  
w e l l s  and t e s t  w e l l s  s h a l l  be 0.26" ( 6 . 6  mrn) bore  t o  r e c e i v e  b i -  
m e t a l l i c  o r  shea thed  thermocouple type  pr imary e l e m e n t s .  A l l  
thermowel ls  s h a l l  be  d r i l l e d  b a r s t o c k  ( n o  b u i l t - u p  t y p e  w e l l s )  
excep t  p ipe  type w e l l s .  

13. Pipe type  thermocouple w e l l s  w i t h  welded ends  s h a l l  be f u r n i s h e d  
f o r  g a s  t empera tu re  measurement a t  f i r e d  h e a t e r s ,  b o i l e r s ,  
f u r n a c e s ,  f l u e s ,  s t a c k s ,  and l a r g e  v e s s e l s . '  Th i s  a l s o  i n c l u d e s  
t h o s e  w e l l s  used f o r  m u l t i p l e  element thermocouple a s s e m b l i e s  i n  
r e a c t o r s ,  e t c .  Well m a t e r i a l  s h a l l  be s u i t a b l e  f o r  t h e  p r o c e s s  
c o n d i t i o n s .  

14. Ve loc i ty  and p r e s s u r e  r a t i n g  c a l c u l a t i o n s  o f  a thermowell  w i l l  be 
performed and compared t o  t h e  s e r v i c e  c o n d i t i o n s  i n  t h o s e  s e r v i c e s  
judged t o  be c r i t i c a l  by t h e  F o s t e r  Wheeler. 

15. Thermocouples s h a l l  be f u r n i s h e d  wi th  t e r m i n a l  b locks  enc losed  i n  
a c o r r o s i o n  r e s i s t a n t  m e t a l l i c  weatherproof  head having a f emale  ,, 

t h r e a d e d ,  gaske ted  cover .  ' Thermocouple e lements  s h a l l  be in 
accordance  w i t h  t h e  ANSI S tandard  C96.1, "Temperature Measurement 
 thermocouple^.^^ Mineral  i n s u l a t e d  meta l  shea thed  (normal ly  Type 
304 s t a i n l e s s  s t e e l )  thermocouples  s h a l l  be used and s h a l l  be 1 /4 "  
( 6 . 4  mm) O . D .  For g e n e r a l  s e r v i c e ,  t h e  nominal thermcouple  w i r e  
s i z e  s h a l l  b e  18 AWG b u t  w i t h i n  t h e  t empera tu re  l i m i t s  a s  
recommended by t h e  manufac tu re r .  

16. B i - m e t a l l i c ,  f i x e d  s tem,  d i a l  type  gauges  f u r n i s h e d  w i t h  w e l l ,  
s h a l l  be used f o r  l o c a l  t e m p e r a t u r e  i n d i c a t i o n .  Where stem 
l e n g t h s  exceeding 24" (610 mm) a r e  r e q u i r e d ;  o r  where s e r v i c e  
c o n d i t i o n s  d i c t a t e ,  thermometers  o f  t h e  f i l l e d  c a p i l l a r y  type  may 
be used.  
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C. Flow I n s t r u m e n t s  

1 .  P r imary  Elements  

a. Concen t r i c  o r i f i c e  p l a t e s  s h a l l  g e n e r a l l y  be  used  a s  p r i n a r y  
e l e m e n t s  f o r  f l o w  i n s t r u m e n t s .  I n  g e n e r a l ,  Type 304 o r  316 
s t a i n l e s s  s t e e l  ( c o n t r a c t o r  o p t i o n )  o r i f i c e  p l a t e s  s h a l l  be 
p r o v i d e d .  k h e r e  t h e  n a t u r e  o f  t h e  f l u i d  is  such  a s  t o  r e q u i r e  
o t h e r  m a t e r i a l ,  i t  s h a l l  be s u i t a b l e  f o r  t h e  s e r v i c e .  

b .  O r i f i c e  p l a t e s  s h a l l  b e  in a c c o r d a n c e  w i t h  AGA Gas Measurement 
Committee Repor t  No.. 3 ,  " O r i f i c e  Meter ing  o f  N a t u r a l  Gas", 
e x c e p t  t h e y  s h a l l  be 1/8" t h i c k  i n  s i z e s  14" and s m a l l e r ,  and 
s h a l l  be 1/4" t h i c k  i n  s i z e s  16" and l a r g e r .  . The minimum 
o r i f i c e  f l a n g e  s i z e  s h a l l  be 2".  

c .  A l l  p r imary  e l e m e n t  c a l c u l a t i o n s  s h a l l  b e  i n  a c c o r d a n c e  w i t h ,  
" P r i n c i p l e s  and P r a c t i c e  o f  Flow Meter Eng inee r ing f1  by  Sp ink ,  
AGA Report  No. 3 o r  m a n u f a c t u r e r ' s  s p e c i a l  f o r m u l a s  f o r  
s p e c i a l  e l e m e n t s .  

d .  O r i f i c e s  s h a l l  be s i z e d  s o  t h a t  normal f l o w  r a t e  f a l l s  a t  
a p p r o x i m a t e l y  s e v e n ,  and min inun  f l o w  n o t  l e s s  t h a n  t h r e e ,  on 
a 0-10 s q u a r e  r o o t  c h a r t .  G r i f i c e  m e t e r  d i f f e r e n t i a l  r a n g e  
s h a l l  be s e l e c t e d  f o r  a d/D r a t i o  o f  0 .75  maximum, and 0 . 2 5  
minimum. With 2" p ipe  and 20" (500  am) o r  25" (650  mm) o f  
w a t e r  column d i f f e r e n t i a l  r a n g e ,  d/D r a t i o s  s m a l l e r  t h a n  0 . 2 5  
may b e  u s e d .  I n  any c a s e ,  a c t u a l  o r i f i c e  d i a m e t e r  s h a i l  n o t  
be l e s s  t h a n  0.25" ( 6 . 4  m) . A d i f f e r e n t i a l  r ange  o f  100" 
(2500 m m )  o f  w a t e r ,  d r y  c a l i b r a t i o n ,  s h a l l  n o r m a l l y  be used 
l o r  a l l  l i q u i d  f l o w  meters. For c o m p r e s s i b l e  f l u i d s  
d i f f e r e n t i a l  r ange  in i n c h e s  o f  w a t e r  s h a l l  n o t  exceed  t h e  
normal  ups t ream s t a t i c  p r e s s u r e  i n  p s i a ,  e x c e p t  t h a t  f o r  
e x h a u s t  s t e am,  app rox ima te1  y 15  p s i g  ( 1 . 0 5  k g / s q u a r e  ern . ) , 50" 7 

0 
(1358 mrn) range may bet I I S A ~ .  3 

K 
z 

e .  S p e c i a l  c o n d i t i o n s  may d i c t a t e  t h e  u s e  o f  d e v i c e s  such  a s  t h e  P 

i, 
CP 

( 1 )  E c c e n t r i c  o r  s egmen ta l  o r i f i c e  p l a t e s  s h a l l  b e  used  t o  D 

measure t h e  f l o w  o f  l i q u i d s  which c o n t a i n  s o l i d s .  

( 2 )  V e n t u r i  t u b e s  o r  s i m i l a r  t y p e s  of  f l o w  e l e m e n t s  may be  
used  t o  measure  t h e  f l o w  o f  l ow  p r e s s u r e  g a s e s  o r  l i q u i d s  
where l o s s  o f  p r e s s u r e  is an i m p o r t a n t  c o n s i d e r a t i o n .  

( 3 )  P i t o t  t u b e s  o r  a v e r a g i n g  P i t o t  t u b e s  such  as h n u b a r  may 
be used  t o  measure  f l o w  i n  c e r t a i n  a p p l i c a t i o n s  and s h a l l  
be so i n d i c a t e d  on t h e  Eng inee r ing  Flow Diag rans .  
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( 4 )  Quadran t  edge p l a t e s  o r  segmental  wedges where v i s c o s i t y  
c o n d i t i o n s  d i c t a t e .  

2. Meter Runs 

a .  Line  S i z e s  Up t o  and I n c l u d i n g  10" 

Weld neck o r i f i c e  f l a n g e  un ions  having f l a n g e  t a p s  and a  
minimum r a t i n g '  of  300 l b  RF s h a l l  be used .  O r i f i c e  f i a n g e  
t a p s  s h a l l  be 1/2" NPT. Flanges  s h a l l '  be i n  accordance w i t h  
AGA Report No. 3 ,  excep t  as  noted i n  paragraph 1 I I . C . l . b .  
above.  

b .  L ine  S i z e s  12" and Larger 

Line  f l a n g e s  w i t h  r a d i u s  t a p s  s h a l l  be used i n  p l a c e  of  
o r i f i c e  f l a n g e s .  Radius t a p s  s h a l l  be  1  p i p e  d i a m e t e r  
upstream and 1/2 p i p e  d iamete r  downstream o f  i n l e t  f a c e .  The 
i n s t a l l a t i o n  s h a l l  be in accordance w i t h  ASME Power T e s t  Code 
19.5,  P a r t  5 ,  Chapter 4 ,  Flow Measurement and " P r i n c i p l e s  and 
P r a c t i c e  of Flow Meter Engineer ing"  by L.K.  Sp ink .  
Connect ions  t o  p i p i n g  s h a l l  be  3/411, wi th  a  1/2" d iamete r  
p r e s s u r e  t a p  h o l e .  

c .  Metering o r i f i c e s  s h a l l  n o t  normal ly  be  i n s t a l l e d  ' in  l i n e s  
l e s s  t h a n  2". I f  t h e  l i n e  is l e s s  t h a n  2", one o f  t h e  
fo l lowing  d e v i c e s  s h a l l  be  used : 

( 1 )  Swaged (2") meter  run 
( 2 )  C e r t i f i e d  meter  run w i t h  c o r n e r  t a p s  
( 3 )  Rotameter 
( 4 )  I n t e g r a l  o r i f i c e  

3. Meter Run. I n s t a l l a t i o n s  

a .  Metering o r i f i c e s  s h a l l  be i n  a. h o r i z o n t a l  l i n e .  i f  p o s s i b l e .  
I f  n o t  p o s s i b l e ,  t h e  i n s t a l l a t i o n  in  a  v e r t i c a l  l i n e  s h a l l  
a lways  b e  upward f o r  l i q u i d s  and p r e f e r a b l y  downward f o r  
g a s e s .  

b .  I n s t a l l a t i o n  s h a l l  be in accordance w i t h  ENG STD 65B13.1, 
through 65B 13.3, Tn.st.r~lrnent. P ip ing  'S tandard.  

c .  W e r e  l i m i t e d  spac ing  d i c t a t e s ,  t a p s  l o c a t e d  45 d e g r e e s  from 
t h e  h o r i z o n t a l  may b e  used.  
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d .  The minimum l e n g t h  o f  s t r a i g h t  p i p e  p r e c e d i n g  an  o r i f i c e  p l a t e  
s h a l l  be in acco rdance  w i t h  AGA Report  No. 3 ,  e x c e p t  f o r  t h o s e  
i n s t a l l a t i o n s  n o t  e x p l i c i t l y  cove red  i n  t h e  i n s t a l l a t i o n  
s k e t c h e s ,  i n  which c z s e  minhum r u n s  s h a l l  be  in 2ccordanc.e  
w i t h  ASYE Power T e s t  Code 19 .5 ,  P a r t  5 ,  Chap te r  4 ,  o r  AT1 
Recommended P r a c t i c e  RP 550 . 

e .  A l l  p i p i n g  ups t ream and downstream o f  o r i f i c e s  s h a l l  be i n  
a c c o r d a n c e  w i t h  t h e  p i p i n g  s p e c i f i c a t i o n s .  S p e c i a l l y  s e l e c t e d  

, o r  machined p i p e  des igned  t o  meet  AGA Report  No. 3 ,  pa rag raph  
111.8 s h a l l  n o t  be f u r n i s h e d .  

4. I n s t r u m e n t s  

a .  L o c a l l y  mounted f l o w  r e c o r d e r s  w i t h  p r e s s u r e  pens s h a l l  be  
p rov ided  f o r  s team and f u e l  g a s  f l ows  t o  main p r o c e s s  u n i t s  
o n l y  *ere  shown on Eng inee r ing  Flow Diagrams. P r e s s u r e  t a p s  
f o r  p r e s s u r e  pens s h a l l  be  t a k e n  from t h e  downstream 
c o n n e c t i o n .  

b .  The f l o w  o f  main c h a r g e  and p roduc t  s t r e a m s  t o  and from each  
p r o c e s s  u n i t  s h a l l  be r eco rded  as shown on Eng inee r ing  Flow 
Diagrams. L o c a l l y  mounted m e t e r s  s h a l l  be provided  f o r  
s t r e a m s  which a r e  n o t  f low c o n t r o l l e d .  

c .  Force-ba lance  o r  o t h e r  n e g l i g i b l e  d i s p l a c e m e n t  t y p e  f low 
measur ing  i n s t r u m e n t s  s h a l l ,  where p o s s i b l e ,  b e  s e l e c t e d  f o r  
a l l  pneumatic  o r  e l e c t r o n i c  t r a n s m i t t e r  s e r v i c e s .  

d .  Bellows ' t y p e  manometers s h a l l  be used  f o r  l o c a l  d i f f e r e n t i a l  
p r e s s w e  type  i n d i c a t i n g  and r e c o r d i n g  i n s t r u m e n t s  i f  a n  a i r  
s u p p l y  i s  n o t  r e a d i l y  a v a i l a b l e  in t h e  a r e a .  N o m a l l y  
d i f f e r e n t i a l  p r e s s u r e  f o r c e  b a l a n c e  t r a n s m i t t e r s  w i t h  l o c a l  
r e c e i v e r  i n s t r u m e n t s  s h a l l  be u s e d .  G 71 

9 
i 

e .  D i f f e r e n t i a l  p r e s s u r e  i n s t r u m e n t s  s h a l l  w i t h s t a n d  d i f f e r e n t i a l  z 
p r e s s u r e s  equa l  t o  f u l l  l i n e  p r e s s u r e  w i t h o u t  z e r o  o r  ? 
c a l i b r a t i o n  changes .  Ebdy m a t e r i a l s  s h a l l  be c o n s i s t e n t  w i t h  . 2 
t h e  i n s t r u m e n t  p i p i n g  m a t e r i a l  s p e c i f i c a t i o n  . O) i, 

> 

f .  Rotameter  t ype  f l ow i n s t r u m e n t s  may b e  used f o r  t h e  f o l l o w i n g :  

( 1 ) I n  p i p e  s i z e s  1  1/211 and s m a l l e r .  

( 2 )  For  s p e c i a l  a p p l i c a t i o n s  i n  l a r g e r  l i n e s  where s o l i d s  a r e  
p r e s e n t  i n  t h e  p r o c e s s  f l u i d .  
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( 3 )  Where an o p e r a t i n g  f low range  exceeds  t h e  r a t i o  of  3  t o  1 
(maximum t o  minimum). Normal r o t a m e t e r  r a n g e a b i l i t y  i s  
10 t o  1 and t h e  mete r  s h a l l  be s e l e c t e d  s o  t h a t  t h e  
normal f l o w  f a l l s  a t  a t  50 t o  60% o f  maximum r a n g e .  

g .  S p e c i a l  c o n d i t i o n s  may d i c t a t e  t h e  u s e  o f  d e v i c e s  such a s  t h e  
f o l l o w i n g  : 

( 1 ) Turb ine  mete r  
( 2 )  Magnetic f l o w  mete r s  
( 3 )  T a r g e t  m e t e r s  
4  P o s i t i v e  d i sp lacement  m e t e r s .  

5. Ins t rument  I n s t a l l a t i o n s  

a .  A l l  d i f f e r e n t i a l  p r e s s u r e  type  f low mete r s  a r e  t o  be i n s t a l l e d  
i n  accordance w i t h  ENG STD 65B12.1 th rough  65B1'2.65. Normal 
i n s t a l l a t i o n  s h a l l  u t i l i z e  a  manifold  ( s i m i l a r  t o  Anderson 
Greenwood M4T f o r  c l o s e  coup l ing  and Mi f o r  remote mounting) 
and s t a i n l e s s  s t e e l  t u b i n g .  

b .  Force ba lance  o r  o t h e r  n e g l i g i b l e  d i sp lacement  type  f i o w  
t r a n s m i t t e r s  s h a l l  be mounted a t  t h e  p r o c e s s  l i n e ,  u n l e s s  such 
l o c a t i o n  makes t h e  t r a n s m i t t e r s  i n a c c e s s i b l e .  

c .  Rotameters and r o t a m e t e r  t r a n s m i t t e r s  s h a l l  be  i n s t a l l e d  i n  a  
manner which pe rmi t s  e a s y  meter o r  f l o a t  removal f o r  c l e a n i n g  
o r  r e p a i r  purposes .  Type and r a t i n g  o f  end connec t ions  s h a l l  
be i n  accordance wi th  t h e  p i p i n g  s p e c i f i c a t i o n s .  

d .  Rotameters  . ( excep t  f o r  purge m e t e r s ,  a p p l i c a t i o n s  where 
' p r o c e s s  c o n d i t i o n s  d i c t a t e  o therwise . ,  and i n  s t r e a m s  t h a t  can  
be t e m p o r a r i l y  i n t e r r u p t e d  f o r  s e r v i c e )  s h a l l  have meter  s i z e -  
g a t e  b lock v a l v e s  upstream and downstream, and a  meter  s i z e  
by-paoo w i t h  g a t e  v a l v e .  

e .  For s e a l e d  i n s t a l , l a t i o n s ,  4" (100 mm) s e a l  p o t s  s h a l l  be used 
f o r  bel lows type  i n s t r u m e n t s .  No s e a l  p o t s  s h a l l  be used wi th  
diaphragm type  i n s t r u m e n t s .  
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D .  L iqu id  Level  I n s t r u m e n t s  

1. E x t e r n a l  d i sp l acemen t  type  l e v e l  t r a n s m i t t e r s  c o n t r o l l e r s  
s h a l l  no rma l ly  b e  W n i s h e d  f o r  all p r e s s u r e  v e s s e l s  i n  l e v e l  
r a n g e s  e q u a l  t o  o r  l e s s  t h a n  4 f e e t  (1220 m a ) .  In s t r l lmen t  c a s e s  
s h a l l  be r o t a t a b l e  w i t h  r e s p e c t  t o  v e s s e l  c o n n e c t i o n s .  
ComecCions  on t h e  i n s t r u m e n t s  s h a l l  g e n e r a l l y  b e  1  1/2" screwed 
o r  1  1/2" f l a n g e d ,  i n  acco rdance  w i t h  t h e  p i p i n g  s p e c i f i c a t i o n s .  

2 .  I n t e r n a l  t y p e  d i sp l acemen t  o r  b a l l  f l o a t  t ype  l e v e l  i n s t r u m e n t s  
s h a l l  no rma l ly  be  f 'urnished f o r  open sumps and t a n k s .  They nay 
a l s o  be used on  p r e s s u r e  v e s s e l s  under s p e c i a l  c o n d i t i o n s  o f  
ex t reme t e m p e r a t u r e s ,  h i g h  v i s c o s i t y ,  l i q u i d s  which c o u l d  b o i l  i n  
a n  e x t e r n a l  c a g e ,  c o r r o s i o n ,  o r  where o t h e r  s i m i l a r  ' p r o c e s s  
c o n d i t i o n s  d i c t a t e  t h e i r  u s e .  The d e s i g n  s e l e c t e d  s h a l l  pe rmi t  
removal  o f  t h e  i n s t r u m e n t  w i t h o u t  t h e  need f o r  e n t e r i n g  t h e  v e s s e l  
f o r  p r i o r  d i s m a n t l i n g .  The minimum mounting f l a n g e  d i a m e t e r  s h a l l  
be 41c. S t i l l i n g  . e l l s  s h a l l  be used  where t h e  l i q u i d  be ing  
measured . is  s u b j e c t  t o  t u r b u l e n c e .  

3 .  E x t e r n a l  d i f f e r e n t i a l  p r e s s u r e  type  l e v e l  i n s t r u m e n t s  s h a l l  be 
f u r n i s h e d  f o r  p r e s s u r e  v e s s e l s  i n  l e v e l  r a n g e s  kfi.:ch exceed 4 f e e t  
(1220 mm), u n l e s s  p r o c e s s  c o n d i t i o n s  make such t y p e s  u n d e s i r a b l e ,  
and may b e  f b n i s h e d  f o r  s h o r t e r  r a n g e s  where a c c e s s i S i l i t y  ~ k e s  
them p r e f e r a b l e .  F l ange  mounted d i f f e r e n t i a l  t y p e  w i t h o u t  b lock  
v a l v e ,  o r  a l t e r n a t e l y  i n t e r n a l  d i s p l a c e r  t y p e ,  may b e  used where 
p r o c e s s  c o n d i t i o n s  o r  a c c e s s i b i l i t y  make t h e s e  p r e f e r a b l e  
r e g a r d l e s s  o f  r a n g e .  Flange mounted d i f f e r e n t i a l  t y p e  s h a l l  have ' 
m a n u f a c t u r e r ' s  s t a n d a r d  s i z e  f l a n g e s ;  f l a n g e  r a t i n g s  s h a l l  be in 
acco rdance  w i t h  t h e  v e s s e l  s p e c i f i c a t i o n s .  

4 .  M e r e  p r o c e s s  c o n d i t i o n s  d i c t a t e  and where shokn on t n e  
Eng inee r ing  Flow Diagrams, c a p a c i t a n c e ,  r a d i o a c t i v e ,  u l t r a s o n i c ,  
magnet ic  f l o a t ,  e t c . ,  t y p e  of  i n s t r u m e n t s  may b e  u s e d .  n 

S 
Z 

5. F l o a t  and t a p e  n e g a t o r  s p r i n g  o p e r a t e d  i n d i c a t o r s  may b e  used z 
where s u i t a b l e ,  and where h igh  a c c u r a c y  i s  r e q u i r e d .  Gauge boa rds  ? 
may b e  used  on s t o r a g e  t a n k s  where a c c u r a c y  2s n o t  c r i t i c a l .  0' 

ui 

i m 

6.  E x t e r n a l  b a l l  f l o a t  t y p e  l e v e l  s w i t c h e s  s h a l l  be f l a n g e d  body t y p e  ' 3 

t o  p e r m i t  a c c e s s  t o  t h e  f l o a t  w i t h o u t  removal  of  t h e  c2qe from t h e  
p i p i n g .  Connect ions  s h a l l  no rma l ly  b e  m a n u f a c t u r e r  s s t a n d a r d  
s i z e  screwed.  

7 .  D i s p l a c e r ,  f l o a t ,  and  d i f f e r e n t i a l  p r e s s u r e  t y p e  l e v e l  i n s t r u m e n t s  
s h a l l  have  cages  o r  bod ie s  and trim m a t e r i a l  s u i t a b l e  f o r  t h e  
p r o c e s s  f l u i d ,  t h e  t e m p e r a t u r e  a d  p r e s s u r e  c o n d i t i o n s .  Minimum 
t r i m  m a t e r i a l  s h a l l  be s t a i n l e s s  s t e e l  o r  o t h e r  a l l o y .  
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8, Gauge glasses shall be used for local level measurement and shall 
be sized to cover operating level ranges, not abnormal extremes in 
level, Where the level range exceeds 1 1  feet (3350 m m ) ,  the top 
and bottom 40" (1020 mm) shall be covered. Where level is to be 
controlled between the top and bottom 40" (1020 mm), a gauge glass 
of suitable length shall also be furnished to cover the 
controllable range. 

9, Gauge glasses shall be armored reflex type for all services except 
the following, where armored transparent type (without 
illuminators) shall be used: . 

a, Interface between liquids, 

b, Distillates below 25 degree API Gravity ana all crude 
residuals, 

c,  Liquids containing gum, sediment, or other solid material 
which may coat the flutes of a reflex glass. 

d, Liquids requiring protecting shields, such as steam above 303 
psig (21,l kg/square cm) or above 15% caustic solution, 

10, Frost shields shall be used if the operating temperature is below 
32 F (0 C). 

11, Transparent and reflex gauge glass units shall normally be 
fabricated from standard length sections having 1 1  7/811 (300 ma) 
visible length. The maximum unit length shall consist of five 
glasses, When greater total visibility is required, multiple 
gauge glass units may be installed either on the vessel or on a 
pipe column. Chamber connections shall normally be 3/4" screwed. 

12, Gauge glasses for low pressure vessels containing low temperature 
non-flammable fluids, such as water or phosphate solutions, may be 
tubular glass type in lengths not exceeding 30" (760 mm), 

13, Level instruments shall be installed in accordance with ENG STD 
65B14,l through 65B14,40, 

1 Connections on vessels shall be in accordance with Section 1II.Q. 
of this standard below, 
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E.  P r e s s u r e  I n s t r ~ m e n t s  ( I n c l u d i n g  Non-Flow D i f f e r e n t i a l  P r . e s su re )  

1 .  b i n  c o n t r o l  room board  r n o u t e d  r e c e i v e r  p r e s s u r e  i n d i c a t o r s  s h a l l  
n o r m a l l y  b e  f u r n i s h e d  f o r  main h e a d e r s  on  l i v e  a d  e x h z u s t  s t e m ,  
f u e l  o i l ,  f u e l  g a s ,  c o o l i n g  t ra te r  , p l a n t  a i r ,  and  i n s t r u n e n t  a i r  
as s b w n  on t h e  Eng inee r ing  Flow D i a g ~ u c s .  

2 .  Loca l  p r e s s u r e  g a u g e s  s h a l l  be Bourdon t u b e  t y p e .  m e r e  r a n g e  
r e q u i r e m e n t s  c a n n o t  be  s a t i s f i e d  by Sourdon t u b e  g a u g e s ,  o t h e r  
s t a n d a r d  a p p l i c a b l e  e l emen t s  s h a l l  be u s e d .  

3 .  P r e s s u r e  measu r ing  e l e a e n t s  s h a l l ,  i n  g e n e r a l ,  be Type 316 
s t a i n l e s s  s t e e l  e x c e p t :  

a .  . M e r e  t h e  n a t u r e  o f  t h e  f l u i d  is such  a s  t o  r e q u i r e  o t h e r  
m e t a l ,  t h e  p r imary  e l emen t  n a t e r i a l  s h a l l  be s u i t a b l e  f o r  t h e  
s e r v i c e .  

b .  On r e c e i v e r  gauges  and dLaphragm s e a l e d  gaugee ,  where b ronze  
e l e m e n t s  may b e  s u b s t i t u t e d .  

c .  On v e r y  low p r e s s u r e  r a n g e s ,  s u c h  a s  f o r  d r a f t  g a u g e s  o r  
b a r o m e t r i c a l l y  c o m 3 n s a t e d  e l e m e n t s  o r  a b s o l u t e  p r e s s w e  
where a l l o y  s t e e l  e l emen t s  a r e  n o t  a v a i l a b l e .  

4 .  s o c k e t s  s h a l l  be of t h e  same m a t e r i a l  a s  t h e  p r imary  e l e a e n t  and 
s h a l l  be welded t o  t h e  e l emen t  u s i n g  t h e  same f i l l e r  m a t e r i a l .  
B r a s s  o r  b ronze  e l e m e n t s  o r  s o c k e t s  may be s i l v e r  s o l d e r e d .  

5 .  In g e n e r a l ,  s t a n d a r d  p r e s s u r e  i n s t r u m e n t s  and geuges  s h a l l  be 
f u r n i s h e d  x i t h  f u l l  s c a l e  p r e s s u r e  r a n g e s  hav ing  t h e  l ower  l i m i t  
o f  t h e  r a n g e  equa l  t o  z e r o  gauge  p r e s s S w e .  Suppressed  r ange  . 

p r e s s u r e  h s t r u m e n t s  may b e  f u r n i s h e d  where r e q u i r e d  f o r  
measurement s e n s i t i v i t y .  o n 

33 
5= 

6 .  L o c a l l y  mounted p r e s s u r e  g a u g e s  ( e x c e p t  r e c e i v e r  gauges )  s h a l l  be z 
4 1/2It ( 1 15  mm) s i z e .  L o c a l l y  mounted pneumatic  r e c e i v e r  gauges  P 
s h a l l '  be 3 1/2" ( 9 0  mm) . Local  e l e c t r o n i c  r ece ive r -  gauge  s c a l e s  c 3  

(n 

s h a l l  be 2 1/2" ( 6 5  ma) minimum. Pane l  mounted p n e u a a t i c  r e c e i v e r  i, o 

gauges  s h a l l  be 4 1/2" ( 1 1 5  am), e x c e p t  t h o s e  mounted w i t h i n  t h e  3 

g r a p h i c  s e c t i o n  which may b e  s m a l l e r .  

7 .  D i r e c t  connec t ed  p r e s s u r e  gauges  s h a l l  be p rov ided  w i th  blowout 
backs  o r  d i s c s .  S o l i d  f r o n t  gauges  s h a l l  be  used  on all s e r v i c e s .  

8 .  % e r e  s e a l  e l e m e n t s  a r e  u s e d ,  t h e y  s h a l l  be of  t h e  c o n t i n u o u s  duty 
t y p e ,  s h a l l  !x d i r e c t l y  connec t ed  t o  t h e  p r e s s u r e  e l emen t ,  and 
f u r n i s h e d  a s  a n  i n t e g r a l  p a r t .  The p r o c e s s  conne .c t ion  on t h e  s e a l  
s h a l l  no rma l ly  be  3/4" NPT. 



FosTgil mj' W H w i l '  

PROCESS PLANTS DIVISION 

INSTRUMENTATION 
ENG ST0 60A1 
PAGE 13 
REVISION 0 
DATE May.1, 1978 

9 .  S tandard  gauge.s tem s i z e  s h a l l  be 1/2" NPT, excep t  r e c e i v e r  gauges  
s h a l l  be 1/4" NPT. 

10. A 1/2" pipe  s iphon s h a l l  be i n s t a l l e d  a d j a c e n t  t o  p r e s s u r e  
i n s t r u m e n t s  on steam and o t h e r  . high t empera tu re  s e r v i c e s  when t h e  
i n s t r u m e n t  is  c l o s e  coupled and /o r  mounted above t h e  t app ing  
p o i n t .  

11. P u l s a t i o n  dampers s h a l l  be  f u r n i s h e d  f o r  a l l  p r e s s u r e  i n s t r u m e n t s  
and gauges  on t h e  d i s c h a r g e  o f  r e c i p r o c a t i n g  pumps, and on t h e  
s u c t i o n  and d i s c h a r g e  o f  r e c i p r o c a t i n g  compressors  and o t h e r  
p u l s a t i n g  s e r v i c e s .  

12. Cons ide ra t ion  s h a l l  be g iven  t o  t h e  u s e  o f  Sprague ( o r  e q u a l )  
gauge s a v e r s  on p r e s s u r e  i n s t r u m e n t s  when t h e  o p e r a t i n g  p r e s s u r e  
o f  t h e  s e r v i c e  t o  which t h e  ins t rument  i s  a t t a c h e d  can r i s e  above 
t h e  maximum working p r e s s u r e  o f  t h e  i n s t r u m e n t .  

13. P r e s s u r e  i n s t r u m e n t s  s h a l l  be l o c a t e d  s o  t h a t  t h e  head o f  l i q u i d  
between t h e  i n s t r u m e n t s  and t h e  p o i n t  o f  measurement d o e s  n o t  
exceed t h e  m a n u f a c t u r e r ' s  l i m i t  of impressed s t a t i c  head.  

14. Connections i n  p i p i n g  o r  equipment f o r  p r e s s u r e  and d i f f e r e n t i a l  
p r e s s u r e  i n s t r u m e n t s  s h a l l  be i n  accordance  w i t h  S e c t i o n  111. Q o f  
t h i s  s t a n d a r d .  

15. P r e s s u r e  i n s t r u m e n t s  s h a l l  be i n s t a l l e d  i n  accordance wi th  ENG STD 
65815.1 th rough  65~15 .51 .  
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1 .  Control  modes f o r  o t h e r  than s e l f - a c t i z g  r e g u l a t o r  type l o c a l  
c o n t r o l l e r s  s h a l l  normally be on the  fo l lowing  b a s i s :  

a .  S i n g l e  Mode ( P r o p o r t i o n a l  Band) 

( 1  ) Local l e v e l  c o n t r o l l e r s  
( 2 )  Local p r e s s u r e  c o n t r o l l e r s  

b .  Two Mode ( P r o p o r t i o n a l  Band P lus  Reset)  

( 1 )  A l l  panel  mounted c o n t r o l l e r s  except  t e n p e r a t w e  
( 2 )  Local f low c o n t r o l l e r s  
(3) Local temperature  c o n t r o l l e r s  

c .  Three Mode ( P r o p o r t i o n a l  Band P lus  Reset P l u s  D e r i v a t i v e )  

( 1 )  ~ 1 1  panel  mounted temperature  c o n t r o l l e r s  

2 .  C o n t r o l l e r s  used f o r  i n t e r m i t t e n t  s e r v i c e s  such a s  a n t i - s u r g e  o r  
minimum flow by-passes s h a l l  be fu rn i shed  w i t h  a n t i - r e s e t  xindup 
where necessa ry .  

3. h e r e  4 p ipe  systems a r e  s u p p l i e d ,  t h e  c o n t r o l  modes s h a l l  be t h e  
same a s  f o r  a  panel  mounted c o n t r o l l e r  f o r  the  same v a r i a b l e .  

4 .  h m p l e s s  t r a n s f e r  swi tching s h a l l  be  provided between automat ic  
and manual on a l l  c o n t r o l l e r s .  C o n t r o l l e r s  s h a l l  have p rov i s ion  
f o r  a d j u s t i n g  t h e  manual o u t p u t .  

5. C o n t r o l l e r s  t h a t  r e c e i v e  a  s e t p o i n t  s i g n a l  from an e x t e r n a l  source  
s h a l l  come equipped wi th  a  loca l / r emote  s e t p o i n t  swi tch ,  and 
permit  bumpless t r a n s f e r  between s e t p o i n t  sources .  

6 .  Control  f u n c t i o n  s e t t i n g s ,  such a s  s e t p o i n t  and manual o u t p u t ,  
manual-automatic t r a n s f e r  s w i t c h ,  e t c . ,  s h a l l  be l o c a t e d  on t h e  
f r o n t  of  a l l  panel  mounted c o n t r o l l e r s .  

7. S e t p o i n t ,  p rocess  v a r i a b l e ,  d e v i a t i o n ,  and con t inuous  c o n t r o l l e r  
ou tpu t  ind ica t i ' ons  s h a l l  be from t h e  f r o n t  panel of a l l  panel  
mounted c o n t r o l l e r s .  

8 .  , Receiver c o n t r o l l e r s  s h a l l  be e i t h e r  the  i n d i c a t i n g  p rocess  type 
wi th  a  s e p a r a t e  o r  i n t e g r a l  r e c o r d e r ,  where a  r ecorder  c o n t r o l l e r  
i s  s p e c i f i e d ,  o r  s h a l l  be t h e  i n d i c a t i n g  d e v i a t i o n  type .  

9 .  Panel mounted c o n t r o l l e r s  s h a l l  p r e f e r a b l y  be of the  s e l f -  
con ta ined  type  with removable c h a s s i s .  
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10. Panel  mounted i n s t r u m e n t s  s h a l l  be provided wi th  t a g  number 
i d e n t i f i c a t i o n  on both  f r o n t  and r e a r .  

G .  Recorders ,  Char t  D r i v e r s ,  S c a l e s  and C h a r t s  

1 .  Local  r e c o r d e r s  s h a l l ,  i n  g e n e r a l ,  be o f  t h e  l a r g e  c a s e  t y p e .  

2 .  Chart  d r i v e s  f o r  main board mounted i n s t r u m e n t s  s h a l l  be e l e c t r i c  
motors .  Chart  d r i v e s  f o r  l o c a l l y  mounted i n s t r u m e n t s  and l o c a l  
pane l  mounted i n s t r u m e n t s  s h a l l  be e l e c t r i c  motors  conforming t o  
t h e  e l e c t r i c a l  a r e a  c l a s s i f i c a t i o n  ass igned  t o  t h e  a r e a  i n  which 
t h e y  a r e  i n s t a l l e d ;  o r  where e l e c t r i c i t y  i s  n o t  adequa te  t o  p e r m i t  
u s e  of  synchronous motors ,  7-day s p r i n g  wound t y p e  may b e  used.  

3. A 30-day supp ly  o f  c h a r t s  s h a l l  be fu rn i shed  w i t h  e a c h , r e c o r d i n g  
i n s t r u m e n t .  

4 .  S c a l e s  and C h a r t s  

See fo l lowing  page.  
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A l l  c h a r t s  and s c a l e s  f o r  d i r e c t  r ead ing  ins t ruments  s h a l l  use t h e  u n i t s  shown 
below. Char ts  and s c a l e s  f o r  o t h e r  ins t ruments  s h a l l  have f a c t o r s  t o  conver t  t o  
t h e  u n i t s  shown below: 

VARIABLE ENGLISH UNITS METRIC UNITS SCALES CXAZTS 

Temperature Degrees F Degrees C D R 0-100 u n .  

P ressure  
Near Atmos. In .  of water  mrn o f  water DR 
Above Atmos. p s i z  kg/sq.  a. G DR 
Below Atmos. In .  of' Hg mm Hi3 DR 
Absolute pdia  o r  i n .  Hg kg/sq. a. A -or 

a b s o l u t e  mm Hg a b s o l u t e  DR 

0-100 un.  
0-100 un.  
0-100 un.  

Level o f  range f o r  
Process ;  f e e t  
and i n c h e s  o f  
a c t u a l  h e i g h t  
f o r  s t o r a g e  
t a n k s  where 
p r e c i s e  
inven to ry  i s  
r e q u i r e d .  

% o f  range f o r  0-100 un.  0-100 un. 
P rocess ;  m i l l i -  o r  f t .  and 
meters  o f  a c t u a l  i n .  ( a n )  
h e i g h t  f o r  
s t o r a g e  t anks  
where p r e c i s e  
inven to ry  i s  
requ i red  

Flow 
Steam and B o i l e r  
Feed Water l b s / h r  kg/ h r  0-10 s . r .  ***  0-10 3.r. 

L iqu ids  U.S. GPM l i t e r / m i n  . 0-10 s . r .  *s* 0-10 s . r .  *3* 

Water U.S. GPM l i t e r / m i n  . 0-10 s . r .  * # *  0-10 3.r .  *** 
Gas o r  Vapor SCFH* N cu.m./hrB 0-10 s . r .  **JJ 0-10 3 . r .  * * 9  

A i r  and Nitrogen SCFHQ N cu.m./hr* 0-10 s . r .  *** 0-10 s . r .  **3 n 
0 
3 z 

Rotameters Unit a s  above Unit a s  above 0-100 un.  39 0-100 un.  z 
? 

Analyzers pH, % oxygen, pH, % oxygen, DR 0-100 un.  G VI 

e t c .  e t c  . i, o 
> 

NOTE : 
Defined a s  a t  60 F and 14.7 p s i a  o r  0 C and 760 mm Hg. 

*" D i r e c t  Reading on t r a n s m i t t e r .  
***  0-100 uniform i f  t r ansmiss ion  system i n c l u d e s  a square  r o o t  e x t r a c t o r .  

DR - D i r e c t  Reading 
s . r .  - Square r o o t  
un. - uniform 
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H .  T r a n s ~ i s s i o n  Systems 

1 .  General  

a .  Local  f i e l d  mounted c o n t r o l  l o o p s  s h a l l  be pneumatic.  
T r a n s m i t t e r s  used wi th  l o c a l  f i e l d  mounted c o n t r o l  l o o p s  s h a l l  
be pneumatic.  

b.  With e l e c t r o n i c  c o n t r o l  room i n s t r u m e n t a t i o n ,  pneumatic-to- 
c u r r e n t  t r a n s d u c e r s  s h a l l  be  used where s i g n a l s  .from l o c a l  
pneumatic l o o p s  a r e  t r a n s m i t t e d  t o  t h e  c o n t r o l  room. 

c .  Each f i e l d  mounted t r a n s m i t t e r ,  c o n t r o l l e r ,  c o n t r o l  v a l v e  
p o s i t i o n e r ,  and o t h e r  a i r  consuming d e v i c e ,  s h a l l  b e  provided 
w i t h  i t s  own f i l t e r  r e g u l a t o r  air  s e t .  

2 .  Pneumatic ~ r a n s m i s s i o n  

a .  Output s i g n a l  from a l l  t r a n s m i t t e r s  s h a l l  normal ly  be  3 t o  15  
p s i g  ( o r  0 .20  t o  1 .00 kg / square  cm),  u n l e s s  m a n u f a c t u r e r ' s  

. s t a n d a r d  o r  o t h e r  c o n s i d e r a t i o n s  r e q u i r e  o t h e r w i s e .  
Ins t rument  a i r  c o n n e c t i o n s  s h a l l  be 1/411. 

b. A l l  pneumatic r e c e i v e r  i n s t r u m e n t s  and gauges  s h a l l  normal ly  
have ' r e c e i v e r  e l ements  des igned  f o r  3 t o  15 p s i g  ( o r  0 .20  t o  
1  .OO kg / square  cm) i n p u t  a i r  s i g n a l ,  u n l e s s  manufac tu re r1  s 
s t a n d a r d  o r  o t h e r  c o n s i d e r a t i o n s  r e q u i r e  o t h e r w i s e .  

c .  For f low o r  ' l i q u i d  p r e s s u r e  c o n t r o l  where t u b i n g  l e n g t h  
between c o n t r o l  room and f i e l d  t r a n s m i t t e r  and/or  v a l v e  
exceeds  350 f e e t  (106,680 mmj , and o n l y  i f  s p e c i f i e d  by F o s t e r  
Wheeler,  t h e  c o n t r o l  mechanism may be  l o c a t e d  a t  t h e  
t r a n s m i t t e r  o r  c o n t r o l  v a l v e .  

d .  I n d i v i d u a l  pneumatic t r a n s m i s s i o n  t u b i n g  s h a l l  be 1/4" O.U. x 
0.030" wall ( 4 ,  x 6  mm) copper i n  accordance ' w i t h  t h e  p i p i n g  
s p e c i f i c a t i o n s .  PVC coa ted  copper  s h a l l  normal ly  be  used . i f  
t h e  atmosphere i s  c o r r o s i v e  t o  copper .  Aluminum o r  
p o l y e t h y l e n e  may be used a s  an a l t e r n a t i v e .  

e .  I n d i v i d u a l  t u b e s  may be  brought t o  f i e l d  j u n c t i o n  boxes and 
bundled f i r e  r e s i s t a n t  po lye thy lene  t u b e  a s s e m b l i e s ,  Dekoron 
Type B o r  e q u a l ,  ( w i t h  10% s p a r e s )  used between t h e  j u n h t i o n  
boxes and t h e  c o n t r o l  pane l  bulkhead f i t t i n g s .  
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f .  I n s t r u m e n t  t u b i n g  s u p p o r t s  s h a l l  b e  f a b r i c a t e d  i n  acco rdance  
w i t h  ENG STD 68B11.1 t h rough  6SB11.14. S u p p o r t s  s h e l l  be  
f a b r i c a t e d  from s t a n d a r d  s t r u c t u r a l  members. S p e c i a l  s h a ? e s  , 
such  a s  " U n i s t r u t n ,  s h a l l  be used o n l y  f o r  clamp s u p p o r t s .  
T h i s  s t a n d a r d  d c e s  n o t  p r o v i d e  f o r  s p e c i a l  t u b i n g  t r o u g h s  such  
as v I n s t r o f n .  Hessenger c a b l e  may b e  used f o r  s u p p o r t  of  
bundled t u b i n g  where p i p e  r a c k s  a r e  n o t  r e a d i l y  a v a i l a b l e .  

g .  Smal l  .g roups  o f  t u b e s  s h a l l  be suppor t ed  e i t h e r  from t h e  a i r  
s u p p l y  p i p i n g  wi th  messenger  c l i p s ,  p l a s t i c  o r  m e t a l  s t r i p s ,  
or  in t ube  r a c e  c h a n n e l s  s u i t a b l y  braced  t o  s t r u c t u r a l  
s u p p o r t s .  

3. E l . e c t r o n i c  T ransmis s ion  

a .  R e g u l a t o r y  Codes 

( 1 )  Unles s  o t h e r w i s e  s p e c i f i e d ,  a l l  e l e c t r i c a l ,  i n s t r u m e n t  
f a c i l i t i e s  s h a l l  comply wi th  t h e  a p p l i c a b l ~ e  r e q u i r e m e n t s  
o f  t h e  l a t e s t  e d i t i o n  o f  t h e  N a t i o n a l  E l e c t r i c a l  Code and 
a p p l i c a b l e  l o c a l  codes .  

( 2 )  Where a p p l i c a b l e ,  t h e  d e s i g n  and i n s t a l l a t i o n  o f  t h e  
materials s h a l l  b e  gu ided  by recommended p r a c t i c e s  o f  t h e  
ISA and API RP 550, Fart . I .  

b .  Genera l  

( 1  ) E l e c t r o n i c  p a n e l  i n s t r u m e n t s  * a l l  g e n e r a l l y  be  
c o m p a t i b l e  w i t h  each  o t h e r ,  w i th  f i e l d  i n s t r u m e n t s  and 
o t h e r  d e v i c e s  used on t h e  p r o j e c t ,  k i t h o u t  t h e  u s e  of . 
s i g n a l  c o n v e r t e r s .  It is  d e s i r a b l e  t h a t  e l e c t r o n i c  p a n e l  
i n s t r u m e n t s ,  s i g n a l  c o n v e r t e r s ,  f u n c t i o n  modules ,  e t c .  
be s u p p l i e d  by t h e  same vendor .  7: 

0 
2 
Ir 

( 2 )  S i g n a l  r a n g e s  f o r  e l e c t r o n i c  p r o c e s s  c o n t r o l  i n s t r u m e n t s  z 
s h a l l  be 4-20 ma DC w i t h  common n e g a t i v e .  P - 

0 
VI 

(3 )  ' h e r e  p o s s i b l e ,  a l l  f i e l d  mounted e l e c t r o n i c  i n s t r u m e n t s  i, 

s h a l l  employ a t r u e  two-wire t r a n s m i s s i o n  sys tem.  D 

( 4 )   instrument,^ t h a t  a re  aoun ted  i n  NEC, C l a s s  I ,  D i v i s i o n  1  
l o c a t i o n s  s h a l l  be exp los ion -p roo f  o r  i n t r i n s i c a l l y  s a f e .  
However, i n s t r u m e n t s  t h a t  a r e  n e t  r e a d i l y  a v a i l a b l e  i n  
exp los ion -p roo f  c o n s t r u c t i o n ,  s u c h  a s  some a n a l y z e r s ,  
w i l l  be c o n s i d e r e d  a c c e p t a b l e  f o r  D i v i s i o n  i l o c a t i o n s  
when t o t z l l y  e n c l o s e d  and purged wi th  i n s t r u m e n t  a i r .  
With l o s s  o f  p u r g e ,  t h e  i n s t r u m e n t  w i l l  be de-energ ized  
and an a la rm c i r c u i t  a c t u a t e d  pe r  ISA S12.4 Type X .  
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( 5 )  I n s t r u m e n t s  f o r  D i v i s i o n  2 a r e a s  s h a l l  be t r e a t e d  i n  a. 
s i m i l a r  way e x c e p t  t h a t  l o s s  o f  purge s h a l l  o n l y  a c t u a t e  
a n  alarm per ISA 2.12.4 Type Z .  

( 6 )  Purging system des ign  s h a l l  meet t h e  requ i rements  o f  ISA 
STD 12.4 and NFPA 496. 

( 7 )  Where s p e c i f i e d  a s  an  i n t r i n s i c a l l y  s a f e  i n s t a l l a t i o n ,  
a l l  c o n t r o l  room i n s t r u m e n t a t i o n  and a s s o c i a t e d  f i e l d  
t r a n s m i t t e r s  s h a l l  be s o l i d  s t a t e ,  i n t r i n s i c a l l y  s a f e ,  
e l e c t r o n i c  t y p e .  A l l  equipment,  m a t e r i a l ,  and 
i n s t a l l a t i o n  p rocedures  s h a l l  be c e r t i f i e d  as complying 
w i t h  t h e  requ i rements  o f  NFPA 493, and o f  t h e  p a r t i c u l a r  
v e n d o r ' s  approved d e s i g n .  Approval a n d / o r  c e r t i f i c a t i o n  
o f  i n t r i n s i c a l l y  s a f e  p r o c e s s  c o n t r o l  equipment must come 
from a  n a t i o n a l l y  recogn ized  l a b o r a t o r y ,  s u c h  as UL, FM, 
American Gas Assoc ia t ion  L a b o r a t o r i e s ,  UL o f  Canada, CSA , 
T e s t i n g . L a b o r a t o r i e s ,  e t c .  The pr imary ins t rument  vendor  
s h a l l  review and p rov lde  w r i t t e n  c e r t i f i c a t i o n  t h a t  l o o p  
s c h e m a t i c s  and wi r ing  diagrams meet t h e  v e n d o r ' s  system 
d e s i g n  requ i rements .  A l l  i n s t r u m e n t  i n s t a l l a t i o n s  s h a l l  
s a t i s f y  any e x i s t i n g  l o c a l  codes .  I n t r i n s i c  s a f e t y  
th rough  t h e  use  o f  b a r r i e r  d e v i c e s  i s  d e s i r a b l e .  

( 8 )  E lec t ropneumat ic  t r a n s d u c e r s  o r  p o s i t i o n e r s  s h a l l  be  
f u r n i s h e d  f o r  c o n t r o l  v a l v e s  which a r e  opera ted  by 
e l e c t r o n i c  s i g n a l s .  

(9) I n s t r u m e n t s  s h a l l  be s u i t a b l e  f o r  o p e r a t i o n  from a  
c e n t r a l  power s u p p l y ,  e i t h e r  AC o r  DC a s .  r e q u i r e d .  

( 1 0 )  Thermocouple and v o l t a g e  s i g n a l  r e c e i v e r s  s h a l l  have an 
, i n p u t  impedance of  more than 100 t i n e s  t h e  impedance i n  
t h e  r e s t  o f  t h e  c i r c u i t .  T h i s  i n c l u d e s  t h e  w i r i n g  and 
t h e  o u t p u t  impedance of t h e  s i g n a l  s o u r c e .  

(.11) C o n t r o l l e r s ,  r e c o r d e r s ,  i n d i c a t o r s ,  c m p u t e r  i n p u t s ,  
a larm r e l a y s ,  e t c . ,  s h a l l  o p e r a t e  on v o l t a g e  s i g n a l  
measured a c r o s s  vendor - spec i f i ed  c a l i b r a t e d  r e s i s t o r s  o r  
o t h e r  e l e c t r o n i c  d e v i c e s .  
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c .  Power Supp ly  f o r  Pane l  Mounted I n s t r u m e n t s  

( 1 )  P a n e l  mounted e l e c t r o n i c  i n s t r u m e n t s  nay  b e  p rov ided  wi th  
o r  w i t h o u t  i n t e g r a l  power s u p p l y .  Power s u p p l y  f o r  p a n e l  
mounted i n s t r u m e n t s  and  f i e l d  mounted t r a n s m i t t e r s  s h a l l  
be  l o c a t e d  i n  t h e  c o n t r o l  h o u s e .  

( 2 )  I n s t r u m e n t  power t r a n s f o r m i n g  and  s t a b i l i z a t i o n  s y s t e m  
s h a l l  be p r o v i d e d ,  a s  r e q u i r e d .  

( 3 )  Power s u p p l y  back-up.. sy s t em w i l l  c o t  b e  p rov ided  e x c e p t  
where s p e c i f i c a l l y  d e f i n e d  i n  t h e  P r o p o s a l  o r  J o b  
S p e c i f i c a t i o n s .  

( 4 )  I n s t r u m e n t  power s u p p l y  s y s t e m s  s h a l l  be d e s i g n e d  i n  
a c c o r d a n c e  .with t h e  . i n s t r u m e n t  v e n d o r ' s  recommendat ions .  

( 5 )  I n  g e n e r a l ,  CC power i s  d e r i v e d  from AC power by . 

r e c t i f y i n g  and  f i l t e r i n g .  The o u t p u t  o f  t h i s  power 
s u p p l y  s h a l l  b e  r e g u l a t e d  f o r  AC l i n e  v a r i a t i o n s  i n  
a c c o r d a n c e  w i t h  i n s t r u m e n t  v e n d o r ' s  s p e c i f i c a t i o n s .  

d .  E l e c t r o n i c  T r a n s m i s s i o n  Wir ing  

( 1 )  I n s t a l l a t i o n  of  t he rmocoup l e  l e a d  and  e l e c t r o n i c  
t r a n s m i s s i o n  w i r i n g  s h a l l  be i n  a c c o r d a n c e  w i t h  ENG STD 
6 0 A 2 .  
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1 .  Alarm and s i g n a l  s y s t e m s  s h a l l  be c o n s i d e r e d  t h o s e  . a u d i b l e  and  
v i s u a l  r e q u i r e m e n t s  f o r  a l e r t i n g  o p e r a t i n g  p e r s o n n e l  o f  t h e  need  
t o  t a k e  c o r r e c t i v e  p r o c e s s  a c t i o n  o r  t o  be a d v i s e d  of an o p e r a t i n g  
c o n d i t i o n  which is  d e v i a t i n g  from p r e s e t  l i m i t s .  

2 .  Alarm and s i g n a l  e l e m e n t s  s h a l l  be  a c t u a t e d  from pneumat ic  o r  
e l e c t r o n i c  r e c e i v e r  s w i t c h e s  l o c a t e d  i n  t h e  c o n t r o l  room where 
t h e r e  is  a r e c e i v e r  i n s t r u m e n t  on t h e  i n s t r u m e n t  p a n e l .  Where t h e  
l o o p  is l o c a l  o n l y  w i t h  remote  alarm, t h e  s w i t c h  s h a l l  be  l o c a t e d  
i n  t h e  f i e l d .  M e r e  t h e r e  is no t r a n s m i t t e d  s i g n a l ,  alarm and 
s i g n a l  e l e m e n t s  shall be a c t u a t e d  from a s e p a r a t e  p r i m a r y  
i n s t r u m e n t .  

3 .  The alarm and s i g n a l  sys t em s h a l l  be s o l i d  s t a t e  and s h a l l  i n c l u d e  
b a c k - l i g h t e d  window a n n u n c i a t o r s ,  h o r n  o r  b u z z e r ,  s i g n a l  
acknowledgement,  t e s t  and r e s e t  (where  . r e q u i r e d )  b u t t o n s  f o r  
i n d i c a t i o n  o f  a n  abnormal o p e r a t i o n  c o n d i t i o n  on t h e  main p a n e l ,  
and back - l igh ted  window a n n u n c i a t o r s  o r  b u l l 1 s - e y e s  on  l o c a l  
p a n e l s .  20% s p a r e  unequipped a l a r m  windows s h a l l  be p r o v i d e d .  

4. A l l  t r o u b i e  c o n t a c t s  a c t u a t i n g  a l a r m s  s h a l l  be i n i t i a t e d  by t h e  
open ing  o f  c o n t a c t s  which a r e  c l o s e d  ' d u r i n g  normal  o p e r a t i o n .  

5. E n c l o s u r e s  f o r  f i e l d  mounted e l e c t r i c a l  i n s t r u m e n t s  s h a l l  be r a t e d  
i n  acco rdance  w i t h  t h e  e l e c t r i c a l  c l a s s i f i c a t i o n  a s s i g n e d  t o  t h e  
area i n  which t h e y  w i l l  be i n s t a l l e d  and s h a l l  be s u i t a b l e  f o r  
o u t d o o r  i n s t a l l a t i o n ,  i f  r e q u i r e d .  

6 .  Alarms s h a l l  o p e r a t e  under  t h e  same c o n d i t i o n  as t h e  equipment  
t h e y  p r o t e c t ,  s u c h  as th rough  power fa i lure ;  i . e . ,  i f  equipment  
c o n t i n u e s  t o  o p e r a t e  t h rough  power f a i l u r e ,  i t s  a s s o c i a t e d  alarms 
must a l s o  o p e r a t e  t h rough  power f a i l u r e .  

7 .  Where one  abnormal  c o n d i t i o n  may c a u s e  a sequence  o f  e v e n t s  
r e s u l t i n g  i n  - s e v e r a l  a l a r m  s i g n a l s  a t  a l m o s t  t h e  same t i m e ,  a 
" f i r s t - o u t v  sys tem s h a l l  b e  f u r n i s h e d .  A s  an  example ,  t h e  
i n i t i a t i n g  abnormal c o n d i t i o n s  a r e  i n d i c a t e d  by a f l a s h i n g  l i g h t  
and s u b s e q u e n t  abnormal c o n d i t i o n s  a r e  i n d i c a t e d  by f l a s h i n g  a t  a 
d i f f e r e n t  r a t e  u n t i l  t h e  u p s e t  i s  acknowledged'.  When t h e  a l a r m  is  
acknowledged,  t h e  a u d i b l e  d e v i c e  w i l l  be s i l e n c e d ,  bu t  t h e  alarm 
l i g h t  s h a l l  s t i l l  be d i s t i n g u i s h e d  from t h e  subsequen t  alarm 
l i g h t s ,  aakr~owledged o r  n o t  acknowledged,  

8. A l l  d e v i c e s  which s h u t  down m a j o r  i t e m s  o f  equipment s h a l l  alarm 
a t  t h e  t ime o f  shutdown, on  a f i r s t - o u t  s equence  a n n u n c i a t o r  
sys t em a s  d e s c r i b e d  i n ' p a r a g r a p h  I I I . J . 7  above .  T h i s  must be  i n  
a d d i t i o n  t o  any pre-shutdown a l a rm.  
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9 .  I n s t a l l a t i o n  c f  i n t r i n s i c a l l y  s a fe  alarm and s igna l  wiring s h a l l  
be in accordance w i t h  ENG STD 60A2. I n s t a l l a t i o n  of 
non in t r in s i ca l ly  safe  alarm and s igna l  wiring s h a l l  be Lr 
accordance w i t h  ENG STD 70A1. 

K .  Emergency Systems 

1 .  Emergency systems sha l l  be considered those requirements f o r  
i n i t i a t i n g  automatical ly  an act ion t o  prevent a hazardous 
condit ion o r  s i t u a t i o n  from developing, o r  to  prevent o r  reduce 
f u r t h e r  operat ing upset .  

2 .  The emergency system s h a l l  be of the normally energized type ,  
i . e . ,  ac tua t ion  of emergency a c t i o n  s h a l l  be i n i t i z t e d  by the  
opening of con tac t s  which a r e  closed during normal opera t ion .  

Emergency system ( t r i p )  elements s h a l l  be actuated from separa te  
primary instruments ,  except i n  flow measurement, d i f f e r e n t i a l  
pressure measur&nent, and analyzer app l i ca t ions ,  i n  which case 
associated primary instruments may. be used. Emergency system 
( t r i p )  elements s h a l l  be furnished w i t h  STDT switches.  hkere a.n. 
alarm and a  t r i p  function a r e  actuated from a  coamon primary . 
i n s t r u a e n t ,  t h e  common element s h a l l  ac tua t e  a  DPDT i s o l a t i n g  
r e l a y .  T r i p  element contact  r a t i n g s  s h a l l  be su i t ab l e  f o r  the 
devices  they a r e  ac tua t ing ,  e . g . ,  e l e c t r i c a l  switch gea r .  

4 .  Enclosures fo r  f i e l d  mounted e l e c t r i c a l  instruments s h a l l  be rated 
i n  accordance w i t h  the  e l e c t r i c a l  c l a s s i f i c a t i o n  assigned t o  the 
a r ea  ir which they w i l l  be i n s t a l l e d  and s h a l l  be su i t ab l e  fo? 
outdoor i n s t a l l a t i o n ,  i f  requi red .  

5.  Protect ive devices s h a l l  be independent of a l l  other 
instrumentat ion.  Shutdown in te r lock  ( p r o t e c t i v e )  systems s h a l l  
have a  s epa ra t e ,  i so l a t ed  power source.  
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L. Control  Valves  

1 .  Wherever p r a c t i c a l ,  a l l  c o n t r o l  v a l v e s  s h a l l  be of  t h e  s p r i n g  and 
diaphragm pneumat ica l ly  a c t u a t e d  t y p e .  Considera t ion.  o f  p i s t o n  
t y p e  a c t u a t o r s ,  wi th  o r  wi thou t  h e l p e r  s p r i n g s  and/or  fail-safe 
c a p a c i t y  t a n k s ,  s h a l l .  be g i v e n  f o r  s p e c i a l  a p p l i c a t i o n s  i f  t h e i r  
f a i l u r e  canno t  j e o p a r d i z e  p l a n t  s a f e t y .  Con t ro l  v a l v e  trim and 
body s t y l e  s h a l l  b e  determined by t h e  a p p l i c a t i o n .  

2 .  Con t ro l  v a l v e s  s h a l l  u s u a l l y  b e  s i z e d  f o r  a  n o r a a l  f l o w  a t  no more 
t h a n  70% o f  t h e  c a p a c i t y  o f  t h e  v a l v e ,  wi th  no l e s s  than  one 
q u a r t e r  o f  t h e  t o t a l  system f r i c t i o n  p r e s s u r e  d r o p  o r  10% o f  
o p e r a t i n g  p r e s s u r e s  t o  1000 p s i g  ( 7 0 . 3  kg / square  cm),  whichever i s  
g r e a t e r ,  a l l o t e d  t o  t h e  v a l v e .  Above 1000 p s i g  ( 7 0 . 3  kg / squzre  
cm) a lower  pe rcen tage  o f  t h e  o p e r a t i n g  p r e s s u r e  may be  used f o r  
v a l v e  d i f f e r e n t i a l  p r e s s u r e  depending on p r o c e s s  and c o n t r o l  
c o n s i d e r a t i o n s .  B u t t e r f l y  v a l v e s  s h a l l  be s i z e d  f o r  a  maximum 
f l o w  a t  60 degree  a n g u l a r  open ing ,  excep t  Tor a c h a r a c t e r i z e d  vane 
v a l v e  ( such  as t h e  " f i s h t a i l n )  which may b e  s i z e d  a t  90 d e g r e e  
a n g u l a r  opening.  Three-way v a l v e s  s h a l l  be slzed t o  p a s s  maximum 
f low t h r o u g h  e i t h e r  p o r t  w i t h  minimum a v a i l a b l e  p r e s s u r e  d r o p  
th rough  t h e  same p o r t .  

3.  A n o i s e  p r e d i c t i o n  c a l c u l a t i o n  s h a l l  be performed f o r  a l l  c o n t r o l  
v a l v e s .  , A mechanical  o r  p i p i n g  m o d i f i c a t o n ,  or  b o t h ,  s h a l l  be 
made t o  conform t o  O.S.H.A. r e g u l a t i o n s  i n  Sound P r e s s u r e  Level  
(SPL) s o  as n o t  t o  exceed 90dBA a t  3  f e e t ,  t h e  p l a n t  n o i s e  l e v e l  
o r  more r e s t r i c t i v e  r e g u l a t o r y  r u l e s  which a p p l y .  bkere  t h e  n o i s e  
l e v e l  exceeds  t h i s  l i m i t ,  n o i s e  abatement  p rocedures  o r  mechanical  
v a l v e  m o d i f i c a t i o n ,  o r  bo th ,  o r  s p e c i a l  v a l v e s ,  s h a l l  b e  used .  

4 .  Diaphragm motors normal ly  s h a l l  be  t h e  f u l l y  enc iosed  s p r i n g  t y p e .  
S p r i n g s  s h a l l ' h a v e  l i n e a r  c h a r a c t e r i s t i c s  p e r m i t t i n g  f u l l  s tem 
t r a v e l  under o p e r a t i n g  c o n d i t i o n s  f o r  s i g n a l  a i r  p r e s s u r e  range  o f  
3 t o  15 p s i g  ( 0 . 2  t o  1.0 kg / square  cm) o r  6 t o  30 p s i g  ( 0 . 4  t o  2 .0  ., 
kg/square  cm). S p r i n g s  s h a l l  be c o r r o s i o n  r e s i s t a n t  and s h a l l  
have a  r e a d i l y  a c c e s s i b l e  a d j u s t i n g  n u t .  Stem p o s i t i o n  i r l d i c a t o r s  
s h a l l  be p rov ided .  
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5. The v a l v e  a c t u a t o r  s h a l l  be s i z e d  t o  f u l l y  s t r o k e  t h e  va lve  
a g a i n s t  t h e  unbalanced f o r c e s  a c t i n g  on t h e  va lve  plug and stem 
when the  d i f f e r e n t i a l  p r e s s u r e  a c r o s s  t h e  va lve  is equal  t o  1 10% 
o f  t h e  normal opera t ing  ups t rean  p ressure  o r  t h e  maxlmun 

. d i f f e r e n t i a l  p r e s s u r e  t h a t  can be experienced i n  t h e  f i e l d  ( e  . g . ,  
maximum torque requirement of a b u t t e r f l y  va lve ;  s h u t o f f  p r e s s u r e  
o f  a pump dur ing  s t a r t - u p  wi th  the  r e c e i v e r  a t  atmospheric 
p r e s s u r e  o r  vacuum), cd'lichever is g r e a t e r .  I n  a d d i t i o n  t o  t h e s e  
f o r c e s ,  a l lowance s h a l l  be made f o r  h y s t e r e s i s  in t h e  movement of  
t h e  v a l v e  components and weight of  the  moving p a r t s .  Loading 
r e l a y s  s h a l l  not  be used t o  i n c r e a s e  stem f o r c e  in l i e u  o f  l a r g e r  
s i z e  topwork. Any combination of load ing  r e l a y  and topwork 
r e q u i r e s  F o s t e r  k'heeler approval .  The v a l v e  vendor s s t andard  
method of  a c t u a t o r  s i z i n g  may be used.  The co ld  bench s e t  of  t h e  
v a l v e  s p r i n g  s h a l l  not  va ry  by more than 10% from t h e  s p r i n g  range 
requ i rements  f o r  o p e r a t i n g  p r e s s u r e .  

6 .  The minimum s i z e  f o r  c o n t r o l  v a l v e s  s h a l l  normally be  1" i n  l i n e  
s i z e s  1" and l a r g e r .  In l i n e s  smal le r  than I n ,  a . l i n e  s i z e  
c o n t r o l  va lve  s h a l l  normally be  fu rn i shed .  Valves 1 1/4", 2  1/2", 
and 5" s h a l l  not  be used.  Reduced t r i m  s h a l l  be s p e c i f i e d  when 
t h e  r e q u i r e d  va lve  c a p a c i t y  i s  below t h e s e  s i z e s .  

7 .  Normally, a l l  c o n t r o l  va lves  s h a l l  be f l a n g e d ,  except  v a l v e s  such 
a s  b u t t e r f l y ,  r o t a r y ,  o r  b a l l  nay be  wafer type  designed t o  f i t  
between companion f l a n g e s .  A l l  f l anged  c o n t r o l  va lves  s h a l l  have 
face- to-face  dimensions i n  accordance wi th  ISA RP 4 . 1  wherever 
pract icab1.e .  

8. Control  va lves  i n  process  s e r v i c e s  s h a l l  have s t e e l  bodies  un less  
t h e  p iping s p e c i f i c a t i o n s  r e q u i r e  a l l o y .  I n  wa te r ,  a i r  o r  low 
p r e s s u r e  steam l i n e s  where t h e  p iping s p e c i f i c a t i o n s  p e r m i t ,  
c o n t r o l  valve  bodies  may be c a s t  , i r o n .  

-fl 

9 .  The minimum f lange  r a t i n g  f o r  v a l v e s  4" s i z e  and s m a l l e r  s h a l l  be 
300 l b  RF i n  accordance wi th  ANSI B16.5 f o r  s t e e l  o r  a l l o y  v a l v e s ,  P 

z 
and 250 l b  RF i n  accordance wi th  ANSI 316.1 f o r  i r o n  body v a l v e s .  . P 

0' For l a r g e r  s i z e s  t h e  p r e s s u r e  r a t i n g  b h a l l  conform t o  t h e  p ip ing  
s p e c i f i c a t i o n s .  The r a t i n g  f o r  b u t t e r f l y  va lves  s h a l l  conform t o  o 

t h e  p ip ing  s p e c i f i c a t i o n s ,  r e g a r d l e s s  of  s i z e .  s 
10. Control  valve  trim s h a l l  be s t a i n l e s s  s t e e l  a s  a  minimum. 

Hardened s t a i n l s s s  s t e e l  o r  s t e l l i t e  f ac ing  s h a l l  be f w n i s h e d  f o r  
va lve  p lugs ,  s e a t  r i n g s ,  gu ide  p o s t s  and bushings f o r  p r e s s u r e  
drop which exceed 150 p s i  (10.5 kg/sqGare cmj ,  f l a s h i n g  l i q u i d  
s e r v i c e s ,  and f o r  f l u i d s  which c o n t a i n  s o l i d  p a ~ t i c l e s .  
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11, Control valves shall be furnished with packing glands and teflon 
or teflon-asbestos packing for operating temperatures below 450 F 
(232 C). For 450 F (232 C) and above, asbestos packing with 
grease seal lubricator, and isolating valve shall be furnished. 
Selected vendor's recommended packing for this sexice may 
supersede this Paragraph, 

12, Radiation extension bonnets shall be provided for operating 
temperatures of 450 F (232 C) or higher and for operating 
temperatures of 32 F (0 C) or lower. Selected vendor's 
recommendations may supersede tnis Paragraph, 

Double-seated globe type control valves shall be top and bottom 
guided, Single-seated globe type control valves shall be top, top 
and bottom, or cage guided. 

13. Pneumatic valve positioners shall have 3 pressure gauges (2 for 
electropneumatic). Bypass valves shall be provided except on 
split range positioners or where the operator is other than 3-15 
psig (0.2 to 1.0 kg/square cm). Valve positioners shall be 
furnished for throttling automatic control valves only under the 
following conditions: 

a. Sdow response service, such as temperature or averaging liquid 
level control, 

b b  Venturi throat, three-way, and butterfly valves, 

c ,  Unbalanced single-seated valves larger than I", 

d, Valves in split range services, 

eb Coking, crystallizing, gumming, or slurry service, 

NOTE: For fast  response services where valve positioners cannot 
be used, but where the operator is other than 3-15 psig (0,2 to 
1.0 kg/square cm) and/or where an increased volume of air to the 
operator is required to increase valve stroking speed, an 
instrument air relay or a volume booster may be required, 

1 All control valve bodies 1 1/2" size and smaller shall be 
furniahed with block and bypass valves in accordance with 
Paragraph IIIbL.17 below, 
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15. C o n t r o l  v a l v e s  i n  c o r r o s i v e ,  e r o s i v e ,  o r  o t h e r  s e r v i c e s  s h a l l  be 
f u r n i s h e d  w i t h  b l o c k  and  bypas s  v a l v s s  o n l y  h h e r e  shown on 
E n g i n e e r i n g  Flow D i a g r m s .  A c o r r o s i v e  s e r v i c e  s h a l l  b e  d e f i n e d  
as o n e  i n  which t h e  p r o c e s s  f l u i d  i s  more c o r r o s i v e  ' t o  t h e  w e t t e d  
p a r t s  o f  t h e  v a l v e  t han  t o  t h e  p i p i n g .  E r o s i v e  s e r v i c e  s h a l l  be  
d e f i n e d  a s  o n e  where t h e  l i n e  f l u i d  c o n t a i n s  s o l i d s  o r  where t h e  
normal  o p e r a t i n g  p r e s s u r e  d r o p  a c r o s s  t h e  c o n t r o l  v a l v e  exceeds  
150 p s i  (10 .5  k g / s q u a r e  cm) . 

16. Normal ly ,  when t h e  c o n t r o l  v a l v e  i s  2" o r  l a r g e r  a d  e x c e p t  when 
t h e  above Pa rag raph  I I I . L . 1 5  a p p l i e s ,  b lock  a n d  bypass  - r a l v e s  
s h a l l  be o m i t t e d .  The c o n t r o l  v a l v e  s h z l l  be f u r n i s h e d  w i t h  a  
c o n t i n u o u s l y  connec t ed  handwheel  o p e r a t o r  e x c e p t  f o r  rotziry-motion 
t y p e  v a l v e s  q d  e l e c t r i c a l  mo t o r - o p e r a t e d  v a l v e s  which may u s e  
d e c l u t c h a b l e  hand-wheels i f  n e c e s s a r y .  

17. S i z e  o f  b l o c k  a n d  bypass  v a l v e s  s h a l l  be de t e rmined  by t h e  s i z e  o f  
t h e  c o n t r o l  v a l v e  body and  l i n e  s i z e  p e r  t h e  f o l l o w i n g  t a b l e :  

RECOMHENDED MINLYUM BLOCK AND BYPASS VALVE SIZING 

FLEXIBLE DESIGN 

LINE SIZE: 1/2 

VALVE 
CONTROL BLOCK BYPASS 

VALVE SIZE 

VALVE VALVE 
BLOCK BYPASS BLOCK BYPASS 
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3 4 

VALVE VALVE VALVE VALVE 
CONTROL BLOCK BYPASS BLOCK BYPASS BLOCK BYPASS BLOCK BYPASS 

VALVE S I Z E  

LIME SIZE:  6 8 10 12 

VALVE VALVE VALVE VALVE 
CONTROL BLOCK BYPASS BLOCK BYPASS BLOCK BYPASS BLOCK BYPASS 

VALVE SIZE 

NOTE: A l l  s i z e s  in i n c h e s  

a .  Bypass v a l v e s  s h a l l  be g l o b e  t y p e  i n  s i z e s  up t o  and  i n c l u d i n g  4" 
bypass  v a l v e  s i z e ,  and g a t e  t y p e  in s i z e s  l a r g e r  t h a n  4". 

b .  Block and  bypass  v a l v e s  and m a n i f o l d s  s h a l l  n o t  b e  larger t h a n  main 
l i n e  s i z e .  

c .  I n c r e a s e  bypass  v a l v e  body s i z e  one  s i z e  where c o n t r o l  v a l v e  body 
i's b u t t e r f l y  d e s i g n  ( o n l y  h e n  g l o b e  v a l v e s  a r e  used  as  b y p a s s ) .  

d .  On f l a s h i n g  s e r v i c e  o r  wnehe t h e  c o n t r o l  v a l v e  o u t l e t  main l i n e  
s i z e  is greater than  t h e  c o n t r o l  v a l v e  i n l e t  main l i n e  s i z e ,  t h e  
o u t l e t  p i p i n g  from b o t h  t h e  c o n t r o l  v a l v e  and bypass  v a l v e ,  and t h e  
downstream b l o c k  v a l v e  i t s e l f ,  s h a l l  be no s m a l l e r  t han  one  s i z e  
less  t h a n  o u t l e t  main l i n e  s i z e .  
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18. Screwed or socket weld control valves, if used, shall have flanges 
or unions immediately adjacent to the valve for removal purposes. 

19, A 3 /qn  drain consisting of pipe nipple and gate valve shall be 
provided immediately upstream for each control valve. 

20, Hand control valves shall have the same characte~istics as motor- 
actuated valves except for the handvheel and fine-threaded stem. 
Valve position indicators mounted on the actuator yoke shall be 
furnished. 

21, Self-actuated regulators may be used for services where a 
variation of 10% above or below the set point is not 
objectionable. Special sizing is required to maintain these 
allowances.. 

22, Use of self-actuated regulators may require exceptions to 
Paragraphs II1,L.a and III.L.9 above, 

23. All control valve arrangements and details shall be in accordance 
with ENG STD 50816.1, 50815.2, 50B16.3 and in accordance with the 
Engineering Floi Diagrams, 
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4 M. P r e s s u r e  Re l i ev ing  Devices  

1 .  The s e l e c t i o n ,  s i z i n g ,  d e s i g n ,  and i n s t a i l a t i o n  o f  r e l i e f  v a l v e s ,  
r u p t u r e  d i s c s ,  and r e l i e v i n g  sys tems  s h a l l  be g e n e r a l l y  i n  
accordance  w i t h  API RP 520; S e c t i o n s  I and VIII o f  t h e  ASME B o i l e r  
and P r e s s u r e  Vessel  Code, o r  any o t h e r  a p p l i c a b l e  p i p i n g  o r  v e s s e l  
code .  I n  g e n e r a l ,  v a l v e s  s h a l l  have metal- to--metal  s e a t i n g  
s u r f a c e s .  S o f t  s e a t s ,  l i n i n g s ,  e t c .  may b e  r e q u i r e d  f o r  s p e c i a l  
s e r v i c e s  such a s  s l u r r i e s .  

2 .  A l l  r e l i e f  v a l v e s  excep t  t h o s e  on w a t e r ,  s t eam,  and a i r  s h a l l ,  a s  
a  minimum, be s t e e l  wi th  s t a i n l e s s  s t e e l  d i s c  and g u i d e s .  

3 .  R e l i e f  v a l v e s  on w a t e r ,  s t eam,  and a i r  may be *2bmnished wi th  i r o n ,  
b r a s s ,  o r  bronze b o d i e s  a s  al lowed by t h e  p i p i n g  s p e c i f i c a t i o n  f o r  
t h e  s e r v i c e  c o n d i t i o n s .  

4 .  Thermal expansion v a l v e s  w i l l  be provided o n l y  when shown on t h e  
Ehgineer ing Flow Diagrams. 

5 .  Refer  t o  ENG STD 50A1 f o r  r e l i e f  v a l v e s  'on t u r b i n e  exhaus t  p i p i n g .  

6 .  Tank v e n t i n g  s h a l l  be provided i n  accordarlce w i t h  t h e  API S t d .  
2000, "Venting Atmospheric and Low-Pressure S t o r a g e   tank^.^ 

7.  A l l  r e l i e f  v a l v e s  s h a l l  be m a n u f a c t u r e r 1 3  s t a n d a r d  t y p e s  as 
recommended f o r  t h e  s p e c i f i e d  s e r v i c e s .  Thcse v a l v e s  s h a l l  
conform t o  t h e  fo l lowing :  

a .  API S t d .  526 - "Flanged S t e e l  S a f e t y  R e l i e f  Valvesn f o r  n i a t e r i a l s  
and s i z e s  on f l anged  v a l v e s  

b .  API S t d .  527 - "Commercial S e a t  T i g h t n e s s  o f  S a f e t y  R e l i e f  Valves  
w i t h  Metal-to-Metal S e a t s n  f o r  p e r m i s s i b l e  l eakage  

8. R e l i e f  v a l v e s  which d i s c h a r g e  t o  t h e  atmosphere th rough  d i s c h a r g e  
p i p i n g  s h a l l  have t h e  p i p e  extend a t  l e a s t  10 f e e t  (3050 mm) above any 
p l a t f o r m  o r  working a r e a  w i t h i n  a  25 f e e t  (7600 m) r a d i u s  o f  t h e  
p o i n t  o f  d i s c h a r g e .  R e l i e f  v a l v e s  s h a l l  have a minimum o f  p i p i n g  
between t h e  p r o t e c t e d  l i n e  o r  equipment and t h e  v a l v e  i n l e t .  The low 
p o i n t  o f  t h e  o u t l e t  p i p i n g  s h a l l  be  provided ~ d t h  a 3/811 ( 1 0  ma) 
minimum weephole when d i s c h a r g i n g  t o  a tmosphere .  The end of 
a tmospher ic  v e n t s  s h a l l  be square  a c r o s s  t h e  end.  The i n l e t  t o  each 
r e l i e f  v a l v e  and a l l  v e n t s  connected t o  c l o s e d  sys tems  s h a l l  d r a i n  

. away from t h e  v a l v e .  
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1 .  The c o n t r o l  room s h a l l  house t h e  n a i n  c o n t r o l  p a n e l .  

2.  The c o n t r o l  room s h a l l  have  a  nGenera l  -Furposen c l a s s i f i c a t i o n .  

3 .  The g e n e r a l  a r rangement  and d imens ions  o f  t h e  n a i n  i n s t r u n e n t  
p a n e l  s h a l l  be in acco rdance  w i t h  Type "An a s  i l l u s t r a t e d  
h e r e a f t e r  in t h i s  s t a n d a r d .  

4 .  A l l  o t h e r  a u x i l i a r y  i n s t r u m e n t  pane l  b o a r d s ,  s u c h  a s  t h o s e  
. f u r n i s h e d  f o r  l o c a l  l o c a t i o n  n e a r  equipment i t e m s ,  s h a l l  be Type 

It All 0 r 11 Bll . 

5. F a b r i c a t i o n  and f i n i s h i n g  of  a l l  i n s t r u m e n t  p a n e l s  3 h a l l . b e  e q u a l  
t o  t h a t  s p e c i f i e d  i n  ENG STD 6 4 A 1 .  ' Except  on p a n e l  Types "CV  and 
"D",  t h e  i n s t r u m e n t  b e z e l s  s h a l l  be f i n i s h e d  wi th  m a n u f a c t u r e r ' s  
s t a n d a r d  c o l o r .  

6 .  I n s t r u m e n t s  s h a l l  be l o c a t e d  on a l l  p a n e l s  f o r  c o n v e n i e n t  
o b s e r v a t i o n  a d  o p e r a t i o n .  A s  f a r  a s  p o s s i b l e ,  t h e  h o r i z o n t a l  
i n s t r u m e n t  a r r a g e m e n t  s h a l l  f o l l o w  t h e  p r o c e s s  r low p a t h  f'ron 
le-f t  t o  r i g h t .  

7 .  I n s t r u n e n t  d e n s i t y  o n  p a n e l s  a l l o w s  f o r  a t  l e a s t  5% s p a r e  p a n e i  
i n s t r u m e n t  space  f o r  f u t u r e  i n s t r u m e n t s .  

8 .  P roces s  l i n e s  and symbols  f o r  p a n e l  Types "C" and " D M  s h a l l  be 
removable adhesive-backed p l a s t i c .  A l t e r n a t i v e l y ,  o t h e r  r a i s e d  
l i n e s  and symbols  made from aluminum o r  f o r n i c a  may b e  u s e d .  

9. Engraved i d e n t i f i c a t i o n  p l a t e s  s h a l l  be provided  f o r  all 
i n s t r u m e n t s  excep t  where provided  as part o f  t h e  i n s t r u m e n t .  

10. I n s t r u m e n t s  s h a l l  k provided  wi th  t a g  number i d e n t i f i c a t i o n  on O I) 

b o t h  f r o n t  and r e a r .  z 
z 
n - 11. One twelve-hour e l e c t r i c  motor  c l o c k  s h a l l  be f u r n i s h e d  f o r  each a w 

c o n t r o l  room. i 
-- Q 

> 
12. Re fe r  t o  ENG STD 47A2 and 4 7 k j  f o r  f r o n t  and r e a r  p a n e l  c l e e r a n c e  

d imens ions .  
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1 .  Ana lyze r s  s h a l l  b e  f u r n i s h e d  i n  a c c o r d a n c e  w i t h  t h e  E n g i n e e r i n g  
Flow Diagrams.  

2 .  A n a l y z e r s  w i t h  t h e i r  s ampl ing  s y s t e m s  s h a l l  be n o r m a l l y  pu rchased  
as i n s t a l l e d  s y s t e m s ,  w i t h  p r o v i s i o n  f o r  s t a r t - u p  and  o p e r a t i n g  
r e s p o n s i b i l i t y  by t h e  a n a l y z e r  v e n d o r  o r  s u b c o n t r a c t o r .  N e c e s s a r y  
c a l i b r a t i n g  g a s e s  a n d / o r  l i q u i d s  s h a l l  be p a r t  o f  t h i s  pu rchased  
package .  

3. Analyzer  i n s t a l l a t i o n s  s h a l l  g e n e r a l l y  b e  i n  a c c o r d a n c e  w i t h  API 
RP 550 ,  P a r t  11. 

4 k h e r e  r e q u i r e d ,  a n a l y z e r s  s h a l l  have  a  d e d i c a t e d  r e c o r d e r  s u i t a b l e  
f o r  c a l i b r a t i o n  and d i s p l a y .  

5 .  The sampl ing  sys t em s h a l l  g e n e r a l l y  conform w i t h  API RP 550 ,  P a r t  
11. The sys tem s h a l l  p r e f e r a b l y  b e  o b t a i n e d  f rom t h e  a n a l y z e r  
v e n d o r .  I f  t h i s  i s  i m p r a c t i c a l ,  t h e  sys t em d e s i g n  s h a l l  be 
s u p p l i e d  o r  approved by t h e  a n a l y z e r  v e n d o r .  Each proposed  s a m p l e  
sys t em s h a l l  be d e s c r i b e d  i n  d e t a i l ,  i n  w r i t i n g ,  f o r  f i n a l  F o s t e r  
Wheeler a p p r o v a l  p r i o r  t o  p u r c h a s e .  

6 .  P r o v i s i o n  s h a l l  be made f o r  manual i n j e c t i o n  o f  a s t a n d a r d  sample  
f o r  c a l i b r a t i o n  and check  p u r p o s e s .  

7 .  R e f e r  t o  ,API RP 550 ,  P a r t  11, f o r  a d e s c r i p t i o n  o f  s ample  p r o b e s .  
An ASTM t y p e  n o z z l e  s h a l l  be used  f o r  l i q u i d s  and t h e  t y p i c a l  g a s  
s ample  p r o b e  f o r  g a s e s .  I f  t h r e a d e d  j o i n t s  a r e  n o t  a p p l i c a b l e ,  
u s e  1 1/2" F a n g e d  c o n n e c t i o n s .  

8. The a n a l y z e r  o p e r a t i o n  s h a l l  n o t  b e  a f f e c t e d  by:  

a .  Ambient o r  s ample  temperature f l u c t u a t i o n 3 .  
b .  Ba rome t r i c  o r  s ample  p r e s s u r e  c h a n g e s .  

9. A l l  materials s h a l l  b e  s u i t a b l e  f o r  t h e  s ample  stream and t h e  
s u r r o u n d i n g  a t m o s p h e r e .  

10. h h e r e  s p e c i f i e d ,  a n a l y t i c a l  d e t e c t o r  s y s t e m s  , s h a l l  b e  i n s t a l l e d  i n  
n o n c o m b u s t i b l e ,  w e a t h e r p r o o f ,  h e a t e d ,  w e l l  v e n t i l a t e d  a n d / o r  a i r  
c o n d i t i o n e d  walk-in type. houses  p rov ided  w i t h  a l l  n e c e s s a r y  
u t i l i t i e s  and w i t h  s u f f i c i e n t  s p a c e  f o r  a d e q u a t e  a c c e s s  t o  a l l  
p a r t s  of t h e  a n a l y z e r .  Analyzer  i n s t a l l a t i o n  s h a l l  be l o c a t e d  t o  
minimize  o b s t r u c t i o n  t o  o t h e r  equ ipmen t .  
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1 1 .  The minimum s . p e c i f i c a t i o n s  f o r  t h e  a b o v e  a n a l y z e r  b u i l d i n g s  s h a l l  
b e  a s  f o l l o w s :  

a .  S t e e l  f r u n e ,  g a l v a n i z e d  ( 1 6  g a u g o )  s i d i n g  and  r o o f ,  s h e e t  
s t e e l  d o o r .  Heat ( 2 5  p s i g  o r  1 .76 k g / s q u a r e  cm steam) i s  
r e q u i r e d  t o  m a i n t a i n  60 F ( 1 6  C) when t h e  a b i e n t  temperature 
is 33 F ( 0  C). F r o v i d e  g r a v i t y  v e n t i l a t i o n  f o r  a i r  
c i r c u l a t i o n .  P r o v i d e  zdequa te l i g h t i n g .  P r o v i d e  a  f l o o r  
d r a i n .  

12. A power i s o l a t i n g  s w i t c h  s h a l l  be  i n c l u d e d  a t  t h e  l o c a l  a n a l y z e r  
i n s t a l l a t i o n  i n  t h e  f i e l d  and  a l s o  i n  t h e  c o n t r o l  room. 

13. Where a p p l i c a b l e ,  a n a l y z e r  b u i l d i n g s  nay b e  f u r n i s h e d  by t h e '  
a n a l y z e r  v e n d o r  as  s u b c o n t r z c t o r  . 
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Q .  Connections f o r  I n s t r u m e n t s  on Vesse l s  and P ip ing  

.Temperature Wells ( s e e  Note 9 )  

Pip ing  and Vesse l s  
600 l b  and 800 F o r  lower  carbon s t e e l  1 s c r d .  ( 1 ( 6  
Alloy f o r  hydrogen s e r v i c e  1 1/211 f l g d .  
Above 600 l b  and 800 F 1 1/2" f l g d .  
A l l  l i n e d  p i p i n g  o r  v e s s e l s  1 1/2" f l g d .  ( e x c e p t  where 

minimum s ize  is 2") 
S t a i n l e s s  s t e e l  p i p i n g  o r  v e s s e l s  1 1/211 f l g d .  
Duct o r  s t a c k  1 1/211 s c r d .  

O r i f i c e  P ip ing  

Flange Taps (below 900 l b )  1/2" s c r d .  ( 3 )  
~ l a n g e  Taps (900 l b  and above) 3/11" s c r d .  ( 3 )  
Pipe Taps 3/4" s c r d .  o r  S.W. ( 3 )  ( 8 )  

P r e s s u r e  Taps ( i n c l u d i n g  d i f f  . p r e s s .  ) 

Pip ing  
Vesse l s  
Duct,  S t a c k ,  o r  Hea te r  Wall 

Leve'l I n s t r u m e n t s  

E x t e r n a l  D i  s p l a c e r  
I n t e r n a l  D i s p l a c e r  ' 

D i f f .  P r e s s u r e  Taps 
D i f f .  P r e s s u r e  w i t h  Dip Tube 
D i f f .  P r e s s u r e ,  Flange Mounted 

Flush Diaphragm 
B i f f ,  P r e s s u r e ,  Flange Mounted 

Extended Diaphragm 
I n t e r n a l  B a l l  F l o a t  

3 1/2" O.D.  B a l l  
5" O.D.  B a l l  

Level  S w i t c h e s ,  I n t e r n a l  F l o a t  
Level  Swi tches ,  E x t e r n a l  F l o a t  
D d e l e c t r i c  Probe and Conduc t iv i ty  

3/11" s c r d .  o r  S.W. ( 4 )  
3/4" s c r d .  o r  S.W. ( 1 0 )  
1 1/2" s c r d .  ( w i t h  s l e e v e  
t h r u  r e f r a c t o r y  i f  r e q u i r e d )  

1 1/211 s c r d .  o r  S.W. ( 1 )  
4" f l g d  . 
3/4" s c r d .  o r  S.W. ( 1 0 )  
4" ' f l g d  . 
Mfr. S t d .  

Mfr. S t d .  

4" f l g d .  
6" f l g d  . 
4" f l e d .  
1" Scrd .  o r  S.W. ( 1 0 )  
Mfr. S t d .  
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Gauge G l a s s e s  

Gauge G l a s s  o n l y  3/4" s c r d .  o r  S.W. ( 1 0 )  
S i n g l e  Gauge Glass, where p i p i n g  . 

p r o j e c t i o n  exceeds  15" 1  1 /2n  s c r d .  o r  S,W. ( 1 0 )  
Gauge Glass and D i s p l a c e r  2" f l g d .  
Gauge G l a s s  s t a n d p i p e  2" f l g d  . 
NOTES : 

1 .  I f  screwed o r  s o c k e t  weld c o n n e c t i o n s  a r e  n o t  p e r m i t t e d ,  1  1/2" 
f l a n g e d  c o n n e c t i o n s  s h a l l  be f u r n i s h e d .  

2 .  I f  screwed o r  s o c k e t  weld c o n n e c t i o n s  a r e  n o t  p e r m i t t e d ,  2" 
f l a n g e d  c o n n e c t i o n s  s h a l l  be f u r n i s h e d .  

3 .  For h o r i z o n t a l  meter  runs, o r i f i c e  t a p s  s h a l l  p r e f e r a b l y  be  
l o c a t e d  on t h e  h o r i z o n t a l  c e n t e r l i n e  f o r  l i q u i d  s t eam s e r v i c e s ,  
and on t h e  t o p  v e r t i c a l  c e n t e r l i n e  f o r  g a s  s e r v i c e s .  Where p i p i n g  
c l e a r a n c e s  a r e  a f a c t o r ,  t a p s  may be  l o c a t e d  45 d e g r e e s  from t h e  
h o r ' i z o n t a l  c e n t e r l i n e ,  above o r  below a s  i n d i c a t e d  by t h e  l o c a t i o n  
o f  t h e  d i f f e r e n t i a l  p r e s s u r e  measur ing  d e v i c e .  

4 .  The t y p e  of c o n n e c t i o n s  f o r  p r e s s u r e  t a p s  s h a l l  conform t o  t h e  
a p p r o p r i a t e  p i p i n g  s p e c i f i c a t i o n s .  -. 

5.  Materials o f  c o n s t r u c t i o n  s h a l l  be a s  per  t h e  p i p i n g  
s p e c i f i c a t i o n .  

6 .  No back-welding o f  t h r e a d e d  c o n n e c t i o n s  s h a l l  be p e r m i t t e d .  

7 .  R a t i n g s  o f  a l l  f l anged  c o n n e c t i o n s  s h a l l  conform t o  t h e  
a p p r o p r i a t e  p i p i n g  o r  v e s s e l  s p e c i f i c a t i o n .  

7 
C 

8 .  1/2" h o l e  d r i l l e d  i n  p i p e  wall.  D I 

z 
9 .  Connect ions  f o r  m u l t i p o i n t  t h e r m o w e l l s ,  r e t r a c t a b l e ,  purged and 

s k i n  t e m p e r a t u r e  thermowel l s  s h a l l  be s e l e c t e d  t o  s u i t  0' 
m 

m a n u f a c t u r e r ' s  s t a n d a r d  equipment .  G 01 

> 
10. If screwed o r  s o c k e t  weld c o n n e c t i o n s  a r e  n o t  p e r m i t t e d ,  1" 

f l a n g e d  c o n n e c t i o n s  s h a l l  be u s e d .  



' - I  

PROCESS PLANTS DIVISION 

INSTRUMENTATION 
ENG STD . 60A1 
PAGE 35 
REVISION 0 
DATE May 1 ,  1978 

R .  I n s t r u m e n t  Air S u p p l y  

1 .  The main i n s t r u m e n t  a i r  s u p p l y  s h a l l  be f u r n i s h e d  w i t h o u t  
i n t e r r u p t i o n  f rom o t h e r  g e n e r a l  a i r  u s e r  r e q u i r e m e n t s .  The 
i n s t r u m e n t  a i r  s u p p l y  s h a l l  be d i s t r i b u t e d  a t  n o m i n a l l y  100 p s i g  
( 7 . 0 3  kg/ s q u a r e  an) . An i n s t r u m e n t  a i r  s u p p l y  d r i e r  sy s t em 
d e s i g n e d  t o  d e l i v e r  110% o f  maximum sys t em r e q u i r e m e n t s  s h a l l  be 
s u p p l i e d .  

2 .  I n s t r u m e n t  a i r  s h a l l  be d e h y d r a t e d  t o  a dew p o i n t  o f  a p p r o x i m a t e l y  
40 F ( 4 . 4 4  C) below area a v e r a g e  c o l d  s e a s o n  t e m p e r a t u r e .  

3. For  t e n  o r  more p i l o t  u s e r s  t h e  d r y  a i r  s u p p l y  t o  a  c o n t r o l  p a n e l  
s h a l l  be from a s i n g l e  p r e s s u r e  r e d u c i n g  s t a t i o n ,  w i t h  f i l t e r ,  
ups t r eam and downstream b l o c k  v a l v e s .  A s p a r e  r e d u c i n g  v a l v e ,  
f i l t e r  and b l o c k  v a l v e s  s h a l l  be p iped  i n  p a r a l l e l .  P.l1 p i p i n g  
downstream o f  t h e s e  f i l t e r s  s h a l l  be b r a s s .  The h e a d e r s  back  o f  
e a c h  b o a r d  s h a l l  be b r a s s  p i p e  w i t h  1/4" f i t t i n g  b razed  t o  t h e  
p i p e  f o r  i n d i v i d u a l  i n s t r u m e n t  a i r  s u p p l y .  

4 .  A i r  s u p p l y  p i p i n g  t o  l o c a l l y  mounted i n s t r u m e n t s ,  s m a l l  a u x i l i a r y  
p a n e l s ,  ' and p a n e l s  w i t h  l e s s  t h a n  t e n  a i r  p i l o t  u s e r s  s h a l l  
conform t o  t h e  p i p i n g  s p e c i f i c a t i o n ,  and e a c h  s h a l l  b e  f i t t e d  w i t h  
a n  i n d i v i d u a l  c o m b i n a t i o n  air  s u p p l y  r e g u l a t o r  and f i l t e r .  
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S .  A c c e s s i b i l i t y  

1 .  Connect ions  s h a l l  be l o c a t e d  f o r  m a x i m u  conven ience  ir o p e r a t i ~ q  
and s e r v i c i n g  t h e  i n s t r u a e n t s  . The fol low' ,ng s e n e r z l  r u l e s  s h a l l  
be adhered  t o ,  u n l e s s  l i m i t e d  by o t h e r  r e q u i r e m e z t s  i n  t h e  d e s i g n  
o f  t h e  u n i t :  

a .  Connect ions  s h a l l  b e  o r i e n t e d  s o  t h a t  i n s t r m e n t s  o r  p i p i n g  
w i l l  n o t  o b s t r u c t  a i s l e s  o r  p l a t f o r m s .  

b .  Con t ro l  v a l v e s  s h a l l  b e  a c c e s s i b l e  from t h e  g r o u n d ,  p l a t f o r m s ,  
o r  permanent  l a d d e r s .  C lea rance  s h a l l  be d l lowed between t h e  
t o p  o f  t h e  diaphragm and t h e  u n d e r s i d e  o f  t h e  n e a r e s t  
o b s t r u c t i o n  above i t  f o r  t h e  removal  o f  t h e  d iaphragm.  
S p e c i a l  c l e a r a n c e  s h a l l  n o t  be p rov ided  f o r  removal  o f  v a l v e  
t r i m .  C lea rances  f o r  handwheel o p e r a t o r s  and va lve  
p o s i t i o n e r s  s h a l l  b e  c o n s i d e r e d  i n  acco rdance  w i t h  t h e  v a l v e  
vendor" s drawing  ( s e e  ENG STD 50A 1 ) . 

c .  b i n a r y  measuring e l e m e n t s  f o r  i n s t r u m e n t s  o p e r a t i n g  i n  
c o n j u n c t i o n  w i t h  c o n t r o l  v a l v e s  s h a l l  be l c c a f e d  s o  t h a t  t h e  
i n s t r u m e n t  c a n  be mounted c l o s e  t o  t h e '  c o n t r o l  v a l v e  w i thou t  
e x c e s s i v e  l e n g t h  o f  me te r  l e a d s .  Local  i n s t r u m e n t s  o p e r a t i n g  
i n  c o n j u n c t i o n  w i t h  c o n t r o l  v a l v e s  s h a l l  b e  l o c a t e d ,  when 
f e a s i b l e ,  s o  t h a t  t hey  a r e  v i s i b l e  from t h e  c o n t r o l  v a l v e s .  
When n o t  f e a s i b l e ,  a  r e c e i v e r  gauge  s h a l l  be mounted v i s i b l e  
from t h e  c o n t r o l  v a l v e .  

d .  Connect ions  f o r  l o c a l  p r e s s u r e  g a u g e s ,  d i a l  t he rmomete r s ,  and 
t e s t  w e l l s  s h a l l  be l o c a t e d  s o  t h e t  g a u g e s  w i l l  be a t  a  
v i s i b l e  l e v e l  and t e s t  p o i n t s  w i l l  be r e a d i l y  a c c e s s i b i e .  

e .  O r i f i c e  f o r  p e d e s t a l  mounted f l o w  m e t e r s  ( e x c e p t  i n  a i r  o r  g a s  
?: s e r v i c e  o r  underground l i n e s )  s h a l l  b e  l o c a t e d  a t  a  minimum 

e l e v a t i o n  o f  7  f e e t  (2135 ma) above g r a d e  o r  p l a t f o r m  t o  a l l o w  2 
t h e  m e t e r  l e a d s  t o  s l o p e  t o  t h e  i n s t r u m e n t s .  f 

5' 

f .  O r i f i c e s  and l i n e  mounted f l o w  t r a n s m i t t e r s ,  as w e l l  a s  0' 
67 

t he rmocoup le s ,  which a r e  l o c a t e d  l e s s  t han  22 f e e t  (5705 mm) c; Q 

above  g r a d e  s h z l l  be a c c e s s i b l e  from p o r t a b l e  l a d d e r s .  Above 3 

22 f e e t  (6705 am) t h e y  s h a l l  be a c c e s s i b l e  from walkdays ,  
l a d d e r s ,  p l a t f o r m s ,  a n d / o r  p o r t a b l e  p l a t f o r m s .  

g .  C lea rance  s h a l l  be provided  a t  o r i f i c e s  f o r  v z l v e s ,  p o t s ,  o r  
i n s C ~ u n e n t . 3  which may b e  l o c a t e d  a t  t h e  line. 

h .  Connect ions  o n  v e s s e l s  f o r  gauge  g l a s s e s  and 1eve. l  i n s t r u m e n t s  
s h a l l  be o r i e n t e d  t o  minimize t h e  e f f e c t  o f  i n l e t  and o u t l e t  
s t r e a m s  o n  t h e  i n s t r u m e n t s .  
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j . Gauge g l a s s e s  and l e v e l  i n s t r u m e n t s  s h a l l  be a d j a c e n t l y  
l o c a t e d  a n d ,  if p o s s i b l e ,  t h e  gauge  g l a s s  s h a l l  be v i s i b l e  
from a n y  v a l v e  which c o n t r o l s  t h e  l e v e l  i n  t h e  v e s s e l .  

k .  A l l  i n s t r u m e n t s  r e q u i r i n g  a d j u s t m e n t  s h a l l  b e  a c c e s s i b l e  f o r  
s e r v i c i n g  from g r a d e ,  walkways, l a d d e r s ,  o r  p l a t f o r m s .  
A c c e s s i b i l i t y  from t h e  ground s h a l l  be from a p o r t a b l e  l a d d e r .  
In a d d i t i o n ,  t r a n s m i t t e r s  may a l s o  be a c c e s s i b l e  from p o r t a b l e  
p l a t f o r m s .  
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T. Winterization 

See ENG STD 85A1, 85A2. 

For shop inspection requirements, refer to the Purchase Order, 

V, Field Testing and Calibration 

(1) See ENC STD 60D1-Field Evaluation, Testing and Calibration of 
Instruments. 

W, Panel Types 

See f oliowing pages. 
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... . . - . - - - - .- - -. - . .. 
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Ib!STRVMENT DEN SiTY 
--. . . -- 3.75 f LIN. FT. M A X .  

TYPE "c" -SEMI- GRAPHIC 

INSTRUMENT DENSITY 
2.5  PER LIB. FT. M A X .  

T Y P E  I ' D ' ' -  FULL G R A P H I C  -__ _ _ _  _ _ ,-, _ _  . -- _ ....... -- 
.- -. - . .. 
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TYPE G 
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WALK-IN PANEL 

TYPE J - -TOR CONSOU WITH CRF DISPLAYS 
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IV. REFERENCES 

Latest editions or revisions of the following document2 are referred to in 
this standard: 

A. Foster kheeler Standards 

1. ENG STD 47A2, Standard Building Specification, Control House, 
Concrete Block Wall, Flat Roof 

2. ENG STD 47A3, Standard Building Specification, Control House, 
Concrete Block Walls, Peaked or Sloped Roof 

3. ENG STD 50A 1 ,  Piping 

4. ENG STD 50B16,l through 50B16.3 Piping Reference Standards, 
Control Valve Arrangement 

5. ENG STD 60A2, Instrumentation, Electronic Wiring Standard 

6, ENG STD 60A3, Instrumentation, Symbols and ~dentification 

7. ENG STD 60D1, Field Inspection, Testing and Calibration of 
Instruments. 

8. ENG STD 64A1, Standard Specification for Shop Fabricated Piped and 
Wired Instrument Panel Board 

9 .  ENG STD 65B11.1 through 65B11.10, Instrument Piping Standards, 
Thermocouple Wells 

10. ENG STD 65B12.1 through 65~i2.65, Instrument Piping standards, 
Flow Meter Installations 

n 
0 

11. ENG STD 65B13.1 through 65B13.5, Instrument Piping Standards, D I 
o r i f i c e  Installation 5 

12. ENG STD 65B14.1 through 65B14.40, Instrument Piping Standards, ~n B 
Piping at Level Instruments d: 

D 

13, ENG STD 65B15.1 through 65B15.51, Instrment Piping Standards, 
Pressure Instrument Connecticns 

14, ENG STD 6BB11.1 through 58B11.14, Support and Rack Standards 

15. ENG STD 70A1, Electrical Standard 

16. ENG STD 85A1, Winterizing Ambient Temperature above 32 ? 
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17. ENG STD 85A2, Winterizing, Ambient Design Temperature from 15 F to 
32 F 

18, ENG STD 85F1, Winter Design Temperature 

B. American National Standards Institute 

1, ANSI C85,1 and C85,la, Terminology for Automatic Control 

2, ANSI C96.1 Temperature Measurement Thermocouples 

3. ANSI B16.1 Cast Iron Pipe Flanges and Flanged Fittings 

4 ANSI B16,5 Steel Pipe Flanges, Flanged Valves and Fittings 

C, American Petroleum Institute 

1. API RP 520, Part I and Part 11, Recommended Practice for the 
Design and Installation of Pressure-Relieving Systems 
in Refineries 

2. API STD 526, Flanged Steel Safety Relief Valves 

3 b  API STD 527, Commercial Seat Tightness of Safety Relief Valves 
with Metal-to-Metal Seats 

4, API STD 2000, Venting Atmospheric and Low-Pressure Storage Tanks 

D. American Gas Association 

1, Gas Measurement Committee Report No, 3, Orifice Metering of 
Natural Gas 

E. ASME Boiler and Pressure Vessel Code 

1. ASME Power and Roiler Codc 

a, Section I, Power Boilers 
b, Section VIII, Division 1 ,  Pressure Vessels 

2, ASME Power Test Code 19.5 

F ,  Instrument Society of America 

1. ISA RP 4.1, Uniform Face t,o Facc Dimensions for Flanged Control 
Valve Bodies 

2. ISA STD S5.1, Instrumentation Symbols and Identification 
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3. ISA STD S12.4,  Instrument Purging f o r  Reduction of Fazardous k e a  
C l a s s i f i c a t i o n  

G. National  E l e c t r i c a l  Code 

H .  L .  K.  Spink: P r i n c i p l e s  and P r a c t i c e  of Flow Xetering Engineering 

J. NFPA Nat ional  F i r e  Codes 

1 .  No. 493 I n t r i n s i c a l l y  Safe Control  Equipment 

2. No. 496 purged Enclosures f o r  E l e c t r i c a l  Equipment 
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INDM 

I FUNCTIONAL IDENTIFICATION . . . . . . . . . . . . . . . . .  1 

Table 1 - Meanings of Identification Letters. . . . . . . .  2 

Table 2 - Functional Identifications. . . . . . . . . . . .  
Table 3 - Designations f o r  Relays and Computer Functions. . 

111. LOOP IDENTDICATION . . . . . . . . . . . . . . . . . . . . .  6 

. . . . . . . . . . . . . . . . . . . . . . . .  rv. ~ O L S . .  6 

NOTE: The instrument numbering system is based on "Data Acquisition 
and analysis - Guidelines for 1PH Demonstration Projects'' 
issued by S.E.R.I. March 30, 1979. 
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A. Instruments shall be identified by a system of letters and numbers 
generally in accordance with the Instrument Society of America 
Standard SS.1, extracts from which follow. Minor modifications 
have been made, e .go , pp. 3, 7, 16 and computer symbols. 

B. Each instrument will be identified first by a system of letters 
used to classiB it functionally. (see Tables 1 and 2 for the 
system of letters). To establish a loop identity for the in- 
strument, a number will be appended to the letters. This number 
will,.in general, be common to other instruments of the loop of 
which this instrument is a part. A suffix is sometimes added 
to complete the loop identification. 

C. Where ISA Standard SS.1 offers alternate methods of presentation, 
FWEC practice ie to use the method requiring the fewest symbols. 
Symbols will not be shown for the following: 

1, Valve positioners, 

2. Field mounted I/P transducers, when no solenoid valve or other 
device is in line between I/P and valve. 

3. Balloons identifying control valves (except in the case of split 
range control valves or where the valve is separated from the 
rest of the control loop enough to cause confusion). 

4. Balloons identifying flow and temperature p r i m  elements. 

5. Multiplexing, when used for panel mounted temperature indication 
. only. 

6 .  Local process variable indicators on transmitter. outputs, unless 
it is intended to designate a special location for the indicator, 

2 
YJ aa shown by a note next to the tagging balloon, 
U-J 
m - 
0 

11. FUNCTIONAL IDrnrnCATION 
z 
3 A. The functional identification of an instrument will consist of letters 
0 
LL f r o m  Table 1, and will include on first-letter, covering the measured 

or initiating variable, and one or more succeeding letters covering the 
functions of the individual instrument. Exceptions to this rule are 
the use of the single letter L to denote a pilot light that is not part 
of an instrument loop and computer functions which will use modiaing- 
letters only. 

B. The eucceeding-letters of the f'unctional identification designate one 
or more readout or passive functions, or output functions, or both. 
A modifging-letter may be used, if required, in addition to one or more 
other succeeding-letters. Modifying letters may modify either a first- 
letter or other succeeding-letters, as applicable. All letters of the 
functional identification shall be upper casa. For examples of com- 

..< ,. .. binations of functional identification letters, see Table 2. 

. .. 
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11 ,  FUNCTIONAL IDENTIFICATION (cont'd) 

TABLE 1 

, 
FIRST LETTER 

r P~EASURING OR 
i INITIATING I MODIFIER I VARIABLE 

1 

SUCCEEDING LETTERS ! 

READOUT OR 
PASSIVE 
FUNCTION 

A L A R M  

USER'S CHOICE (11 

PRIMARY ELEMENT 

D I F F E R E N T I A L  

A 1 ANALYSIS  131 

. 8 1 RURNER F L A M E  

! C S N D U C T l V l T Y  
2 j 

lELECTRtCAL1. 

I 

' 

S I GAGING (DIMENSION1 ( 
I H A N D  ( M A N U A L L Y )  ' 

, I IN IT IATED1 

OUTPUT 
FUNCTION 

USER'S CHOICE (1 )  

CONTROL 
C ~ M ~ T E R I P U T ~ I M ~ ~ L  

DENSITY (MASS) 
OR O E C l F l C  G R A V I T Y  

E 

GLASS 

i 
?:IODlFIER 1 

! 
! 

I 

, I  
USER'S CHOICE (11 I 

VOLTAGE (EMF) 
I 

F ( FLOW R A T E  I R A T I O  (FRACTION) 

SCAN 

TOTAL,ZE INTEGRATE OR 

SAFETY 

I I 1 CURRENT (ELEC.) 
r 
/ .: POWER 

INOIC4TE I 
I 

I 
MULTIPLEX OR TFiEND 

CONTROL STATION 
(COM?UTER/MAN (6) 

L IGHT PILOT (4)  / LOW I 

I MIDDLE OR 

I , INTERMEDIATE 
1 

USER'S CHOICE j USER'S CHOICE (1 )  I U S E R S  CHOICE (:I I 

X 

ORIFICE (RESTRICT') 

POINT (TEST) 
CONNECTION) 

RECORO OR PRINT 

MULTIFUNCTION 

WELL 

UNCLASSIFIED (21 

T lME OR TIME SCHED. 

L E V E L  

' X 1 UNCLASSIFIED (2) 1 

! I 

Y 

SWITCH ' 

TRANSMIT  

MULTIFUNCTION 

VALVE.0AMPER. 
OR LOUVER 

i MOISTURE OR ' ?.'I I H U M I D I T Y  

! :.: USER'S CHOICE ( 1 )  

/ 0 ( USER'S CHOICE (11 

j P ( PRESSURE OR V A C U U M  

i S /  CUANTITY OR EVENT 

.? ! RADIOACTIV ITY / 5 j P E E D  OR FREaUENCY 

USER'S CHOICE (11 

I 

MULTIFUNCTION 
1 T 
I U 

V 

'N 

j L 1 POSITION 

I I 

UNCLASSIFIED 121 ' UNCLASSIFIED (21 1 
R E L A Y  OR COMPUTE 

DRIVE,ACTUATE OR 
UNCLASSIFED F I N A L  
CONTROL ELEMENT 

TEMPERATURE 

X tULT lVARlABLE 

VISCOSITY 

WEIGHT OR FORCE 
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..... 11. EaJCTIONAL IDENTIFICATION (contd) 

C. Notes For Table 1- Meanings of Identification Letters 

1, A user 's  choice l e t t e r  i s  intended t o  cover unlisted meanings that  
w i l l  be used repet i t ively i n  a par t icular  project. I f  used, the 

. l e t t e r  may have one meaning as a f i r s t - l e t t e r  and another meaning 
as a succeeding-letter. The meanings need be defined only once 
i n  a legend, o r  otherwise, f o r  that  project. For exaq le ,  the 
l e t t e r  N may be defined as modulus of e l a s t i c i ty  as a f i r s t - l e t t e r  
and oscilloscope as a succeeding-letter. 

2, The unclassified l e t t e r  X i s  intended t o  cover unlisted meanings 
that  w i l l  be used only once o r  t o  a limited extent. I f  used, the 
l e t t e r  may have any nmbes of meanings aa a f i r s t - l e t t e r  and may 
have aqy number of meanings as a succeeding-letter. Eccept f o r  
i t s  use with distinctive symbols, it i s  expected that  the meanings 
w i l l  be defined outside a tagging balloon on a flow diagram. For 
example, XR-2 may be a s t r e s s  recorder, XR-3 may be a vibration 
recorder, and XX-4 may be a s t ress  oscilloscope. 

3. First- le t ter  A f o r  analysis covers all analyses that are not 
l i s t e d  i n  Table 1 and are not covered by a user ' s  choice l e t t e r .  
It i s  expected that the type of analysis i n  each instance w i l l  
be defined outside a tagging balloon on a fLow diagram. 

4. A p i lo t  l igh t  that i s  p& of an instrument loop shal l  be desig- 
nated by a f i r s t - l e t t e r  followed by succeeding-letter L. For 
example, a p i lo t  l igh t  that indicates an expired time period may 
by tagged KL. However, i f  it is  desired t o  tag a p i lo t  l i gh t  that  
i a  not part of a fomal  instrument loop, the p i lo t  l igh t  majr be 
designated i n  the same way o r  alternatively by a single l e t t e r  L. 
For example, a running l igh t  f o r  an e lec t r ic  motor may be tagged 
e i ther  EL, assuming that  voltage is  the appropriate measured variable, 
o r  XL, assuming that the l igh t  i s  actuated by auxiliary e lec t r ic  
contacts of the motor s tas te r ,  o r  simply L. 

5. If a given loop has more than one instrument with the same functional 
identification, then a suff ix  sha l l  be appended to  the loop number, 
e,g. FV-28, FV-2B, etc., o r  TE-25-1, TE-25-2, etc. %wever, if a 
computer o r  Data Logger i s  involved, the use of suffixes may not be 
compatible and unique consecutive numbers shal l  be used. The main 
instrument should take the number of the Primary Case, e.g. with 
High and Low Flow a r r q e m e n t ,  the transmitters shal l  be numbered, 
say liT-2 and IiT-3, whereas the main instrument would be numbered FRC-2. 

6 .  When a digital control system i s  being used, the type of analog backup 
used can be distinguished by u s i w  output functions C o r  K. 
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11. FUNCTIONAL IDENTIFICATION (con'tl 

TABLE 2 

UR I TRENORECWDER 

u /  
NULTIPLEXING WIT ,  I M E N  LSED FOR GENERAL DATA AC0L;ISITION 

I 

! I 

MEASURED 
VARIABLE 

INSTRUFAENT 
FUNCTION 

. , -.- . - 
1 

ELEMENT 

INDfCATOR F I 

. TRANSMITTER 
i RECORDER PDR 

CONTROLLER i 
I INDICATING CONTROLLER 
1 RECORDING CONTROLLER i 
! CONTROL VALVE 
j CONTROL VALVE-SELF ACTING 
: S'NITCH-LOW-ALARM 
: S'NITCH-HIGH ALARM ! 
I , . ALARM-LOW 

ALARM-HIGH A A H  
SOLENOID VALVE 

.. .. - ! I 
! BE i ' BS 
I CE 

/ E l  
i EL  ! ! FG 

- . - -. - - i  
BURNER FLAME DETECTOR 
.FLAME DETECTION S'WITCH 
ELECTEICAL CONDUCTIVITY PROBE 
VOLTAGE INDICATOR 
INDICATION LIGHT 
FLOW SIGHT GLASS (FLAPPER, ETC.) 

/ FO I FLOW RESTRICTION ORIFICE 

I 
I 

I 

1 !WF I 

INDICATION OF INTEGRATED FLOW I 

INDICATION OF INTEGRATED FLOW AND SWITCH ACTUATED BY INTEGRATED FLOW 
FLOW RELAY (EG. RATIO, LINEARIZING) 
HAND CONTROL VALVE 
MANUAL  LOADING STATION WlTH OUTPUT GAUGE 
HAND SWITCH 
HAND SWITCH WITH INDICATING LIGHT 
MANUAL  LOADING STATION WlTH OUTPUT GAUGE AND PROCESS INDICATION 
LEVEL GAUGE 
RUPTURE DISC 

I PW WE,UEFVALM 
I LSL 1 PCS~ONS~V~~CH(LCNORCLOSEDI 

j , Z3-I i RISITICN WTM (HIGH OR CPEN) 

I Z U  LIGHT INO. LCW OR CLOSED POSlTlON 

I LL! I L l M  I*. HIGH OR CPEN PCblTlCN 
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11. FUNCTIONAL IDENTIFICATION (cont'd) 

TABLE 3 

DESIGNATIONS FOR RELAYS 

AND COMPUTER FUNCTIONS 

THE FUNCTION DESIGNATIONS ASSOCIATED WITH RELAYS AND COMPUTERS MAY BE USED AS 
FOLLOWS', INDIVIDUALLY OR IN COMBINATION. THE USE OF A BOX ENCLOSING A SYMBOL IS 
REQUIRED; THE BOX IS INTENDED TO AVOID CONFUSION BY SETTING OFF THE SYMBOL FROM 
OTHER MARKINGS ON A DIAGRAM. 

I SYMBOL FUNCTION I 
1 1-0 OR ON-OFF 

2 I: OR ADD 

3 A ORDIFF. 

9 - ' } 
5 AVG 
6 X OR 1:3 OR 2:1 (TYPICALI 
7 X 
8 + 
9 <OR SQ.RT. 

10 X"OR xlln 

11 F (X) 

?2  1 : l  
13 >OR HIGHEST MEASURED VARIABLE 

14 < OR LOWEST (MEASURED VARIABLE) 

15 REV 

16. A.EP OR PI1 (TYPICAL) 

6. AID OR DIA 

17. / 
18. D OR dldt  
19. I ID  
20. AS REQUIRED 

I 
AUTOMATICALLY CONNECT,DISCONMECT. OR TRANSFER ONE OR 
MORE CIRCUITS PROVIDED THAT THIS IS NOT THE FIRST SUCH ' 
DEVICE IN A LOOP. i 
ADD OR TOTALIZE [ADD AND SUBTRACT) 

SUBTRACT 

BIAS 

AVERAGE 
GAIN OR ATTENUATE (1NPUT:OUTPUT)' 
hlULTlPLY 
DIVIDE I 

EXTRACT SQUARE ROOT 

RAISE TO POWER 

CHARACTERIZE 

BOOST 
HIGH-SELECT. SELECT HIGHEST (HIGHER) MEASURED VARIABLE 
(NOT SIGNAL, UNLESS SO NOTED). 
LOW-SELECT. SELECT LOWEST (LOWER) MEASURED VARlAEL t  
(NOT SIGNAL. UNLESS SO NOTED). 

CONVERT 
FOR INPUTIOUTPUT SEQUENCES OF THE FOLLOWING: 

DESIGNATION SIGNAL 

E VOLTAGE 
H HYDRAULIC 

I CURRENT (ELECTRICALI 
o ELECTROMAGNETIC OR SONIC 1 
P PNEUMATIC I I 
R RESISTANCE (ELECTRICAL) i 

FOR INPUTIOUTPUT SEQUENCES OF THE FOLLOWING ! 
A ANALOG 
D DIGITAL 

INTEGRATE (TIME INTEGRAL) I 
DERIVATIVE OR RATE 

INVERSE DERIVATIVE 
UNCLASSIFIED 
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111. LOOP L D m P I C A T I O N  

A. The loop i d e n t i f i c a t i o n  of an instrument w i l l  general ly use a 
nmber  assigned t o  the  loop of which the i n s t r m e n t  i s  a _pzr t .  
Each i n s t m e n t  loop shall have a w i q u e  number. An h s t m e n t  
comon t o  two o r  inore loops m y  have a s e p r a t e  lo02 nunbe?, i f  
desired. 

B. A s ingle  sequence of loop numbers s h a l l  be used f o r  all i n s t m e n t  
loops of a contract  regardleas of the  f i r s t  l e t t e r  of the  l m c t i o d  
iden t i f i ca t ion  of the  loops. m e  loop nudoerire sequence w i l l  begin 
with t h e  number 1 a d  run consecutively u n t i l  all loops in a given- 
contract  aze iden t i f i ed .  

C. It i s . F o s t e r  Wheeler p rac t i ce  t o  assign a cew contract  n~mber  t o  
each sec t ion  of a multi-section job. Therefore, t o  d i s c r i m b a t e  
between such sect ions,  the  funct ional  i d e n t i f i c a t i o n  l e t t e r s  nay be 
preceeded by the  last one o r  two d i g i t s  of the  contract  nmber. Or, 
i f  process area  numbers aze assigried, they may be used as a p re f ix  
t o  discriminate between loop nunbering i n  d i f f e r s n t  pmcess areas. 

N. SYMBOLS 

A. It i s  not the  in t en t ion  of t h i s  standard t o  l i s t  611 symbols o r  
combirations. ISA Stan&* SS.1 l is ts  many more. 

B. Control valve pos i t ioners  and c o n t m l  valve electr ic- to-air  converters 
w i l l  co t  be shom. Therefore, with an e l e c t r i c a l  system, the  con- 
t r o l l e r  output ( e l e c t r i c a l )  s ignal  w i l l  be s c h e w t i c a l l y  shom comected 
t o  the  valve diaphrsgm, the  ac tua l  i n s t i l l a t i o n  w i l l  hzve a converter. 

C. I n  addition, various expedients may be used on individual  contracts .  
For e x w l e ,  t he  l e t t e r  'T1' jus t  outside the  c i r c l e  can indica te  
item s u ~ p l i e d  by a package vendor, o r  the  l e t t e r s  "LP" can indica te  
a l o c a l  panel nountiag. n 

Q 
3. The ac tua tor  a t i o n  i n  the  event of actuat ing medium f z i l u r e  s h a l l  

s 
Z 

be shown on control  valves (see control  valve s~ymbols on page 9). P 
4 
0 
vl 

E. Also, when d u d  pen i n s t r u m e ~ t e  are shown on d i f f e ren t  flow diagrarcs, G 
w 

a note can show "To second pen on TR-101" o r  the  tangent ia l  c i r c l e  B 

can 5e shown i n  phantom a s  follows: 
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IV. SYMBOLS (con't) 

PI1 DIAGRAM NQ.l  P/I D IAGRAM N0.2 

F COMPUTER FUNCTlOMSVl lLL BE SHOWN AS A HEXAGON. USE MODIFYING LETTERS ONLY SINCE THE MEASURED 
VARIABLE "UJ" IS IMPLIED BY THE HEXAGON. 

G THE SYMlOLS  USED TO DEPICT INSTRUMENTATION ON FLOW DIAGRAMS AND OTHER DRAWINGS ARE SHOWN BELOVJ; 

CONNECTION TO PROCESS 

+-%7?- PNEUMATIC SIGNAL - ELECTROMAGNETIC (NUCLEAR) OR SONIC SIGNAL 

-------- ELECTRICAL SIGNAL - HYDRAULlC SIGNAL 

-Yk--+ CAPILLARY TUBING (FILLED SYSTEM) 

7'16 LOCALLY MOUNTED 

MOUNTEO ON BOARO 

MOUNTEO BEHIND THE BOARD OR OTHER CONTROL ROOM LOCATION 

INSTRUMENT FOR TWO MEASURED VARIARLF: 
(BOARO MOUNTED) 

Q LOCAL PANEL BOARO MOUNTEO 

COMPUTER FUNCTION ( IN CONTROL ROOM BUT NOT 

NECESSARILY BOARO MOUNTED) 
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IV .  SYMBOLS (con't) 

VAC $ PRESS. --KI- 

I N S T R U M E N T A T I O N  

S Y K B O L S  p "" t D E N T I F I C A T l O r \ i  PROCESS PLAN,S DIVISION 

DIAPHRAGM OPERATED BUTTERFLY. DAivlPER OF; LOUVER 

CYLINDER OPERATED VALVE 

SOLENOID OPERATED VALVE 

ANGLE VALVE 

3-WAY VALVE BODY 

HAND CONTROL VALVE 

BALL  OR ROTARY PLUG VALVE 

AUTOMATIC RECIRCULATION CONTROL VALVE 

PRESSURE RECUCING VALVE.SELF-CCNTAINED (REGULATOR) 

BACKPRESSURE VAL'JE.SELF CONTAINED (REGULATOR) 

PRESSURE REDUCING VALVE WlTH EXTERNAL PRESSURE TAP 

BACKPRESSURE VALVE WlTH EXTERNAL PRESSURE TAP 

SAFETY VALVE (RELIEF) 

RUPTURE DISC. 

PRESSURE & VACUUM RELIEF VALVE 

TRAPS 
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2-WAY VALVE-FAIL OPEN 

2-WAY VALVE-FAIL CLOSED 

2-WAY VALVE-FAIL LOCKED 

3-WAY VALVE: SHOWN SPLITTING FLOW AND FAIL POSITION 

DIAPHRAGM OPERATED VALVE WITH SIDE MOUNTED 

HANDWHEEL (OR TOP MOUNTED) 

CHEMICAL SEAL 

PURGE 

RESET FOR LATCH TYPE ACTUATOR 

ORIFICE PRIMARY ELEMENT 

PILOT-TUBE OR ANNUBAR 

VENTURl TUBE OR FLOW NOZZLE 

ROTAMETER TYPE FLOW METER 

INLINE TYPE FLOW METER OTHER THAN ROTAMETER 

VORTEX FLOW METER 

TURBINE METER 
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REVISION 0 
DATE SEPTEtVBER 1,1973 S Y M B O L S  & I D E N T l F i C A T l O N  PROCESS 

BOARD MOUNTED TEhlPERATURE IN. 
DICATOR (CAN ALSO BE USED %HE?; ( 

/ DUPLEX THERMOCOUPLE COiVNECTEO 
TO SEAR BOARD FJITD. TRANSMITT. 
ER AND CHECKING INDICATOR 

I + 'I 

j TEMPERATURE TEST CONNECT~ON 
ViiTH WELL 

I 

1'  SELF ACTUATED TEFAPERATURE I CONTROL VALVE 

1 TEMPERATURES ARE ?J~ULTIPLEXEC 
LOCAL TE?J~PERATURE INOICATOR . I TO 8OARD MOUNTED DISPLAY! 

I .  

FILLED SYSTEM TYPE i FILLED SYSTEFA TYPE I 

TRANSMITTER AN0  
i 
i LOCALLY LIOUNTED I 

INDICATING CONTROLLE9 i INDICATING CONTROLLER I 
I 

i THERMOCOUPLE OR RESISTANCE 
BULB CONNECTED TO MULTIPOINT 
RECORDER 
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.. . 

FLOW ELEMENT 
NO MEASURING INSTRUMENT 
PROVIDED 

FLOW SIGHT GLASS ' 

INLINE TYPE FLOW METER 
OTHER THAN ROTAMETER. 
IDENTIFY OUTSIDE BALLOON 

(EG. INTEGRAL ORIFICE) 

.ORIFICE TYPE LOCAL FLOW 
INOICATOR 

ROTAMETER TYPE FLOW 
INDICATOR . 

i 
i 

RESTRlCTlON ORlFlCE i 
(NO METER RUN REQUIRED) , 

. I  

J- 

POSITIVE DISPLACEMENT 1 
TYPICAL FLOW TOTALIZIPdG INDICATOR i 

1 

RATIO CONTROL SYSTEM I N  WHICH THE 
SET POINT OF A FLOW CONTROLLER IS 
ADJUSTED (VIA A RATIO RELAY) BY THE 

/ REFERENCE FLOW. BOTH FLOWS BEING 
;/ 

// 
. RECORDED. 

I, 
// 

r rl J . r .  
RAT I0 

i 

// 

COMBINED FLOWIPRESSURE 
RECORDER.VJITH LOCAL 
TRANSMITTER FOR EACH PEN 

FLOW CONTROL STATION WITH 
LOCAL CONTROLLER 
(4-TUBE SYSTEM) 

5 
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P 
DATE SEPTEMBER 1,1978 AND 'DENTIFICkTlON P R O C E S S  PLANTS D ~ Y ~ S ~ O N  

I 
1 
i 

GAUGE GLASS, 
EXTERNALLY CONNECTED 

EXTERNAL FLOAT OR DISPLACER INTERNAL FLOAT OR OISPLACER / TYPE LEVEL TRANSMITTER ] TYPE LEVEL TRANS?JlTTER 

RECEIVER 

: DUPLEX LEVEL TRANSMITTER 
' COI\IT!?OLLER EXTERNAL 
j >  FLOAT OR DISPLACER TYPE 

1 FLANGE MOUNTED ! REMOTE MOUNTED OIFPERENTIAL PREESURE TYPE LEVEL TRANSMITTER ! 

! OIFFERENTIAL PRESSURE ' CONNECTED TO BOARD MTD. INDICATOR & REAR MTD. ALARM SWITCHES ! 
I TYPE LEVEL TRANSMITTER j ACTUATlNG BOAR0 MOUNTED ANNUNCIATOR. 
i .. I . .  - ..... -. . . . . . . . . . . . .  - 

i 

, 7 

I I f 
! 
! I 
! FLOAT CONNECTED TO GAUGE 
j aOAR9 OR TAPE IHD. I 

, 

! I 
I 

-- ... -. .... ... ......... . . .  -- .. 

I EXTERNAL FLOAT TYPE LOPI 
I LEVEL ALARM SWITCH CONNECTEG 

INTERNAL FLOAT TYPE HIGH 
LEVEL ALARM S'rVITCH CONNECTED 

I TO BOARD MOUNTED I TO BOARD i.I1OUMTEO AiJNUNlCATOR j ANNUCIATOR I 
I 
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REVISION 0 
PROCESS P L A N T S  D I V I S I O N  "SYMBOLS AND IDENTIFICATION DATE 

SEPTEI\ lBER 1,1978 

I 
1 PRESSURE CONNECTION W l T H  

PROCESS CONNECTION BLOCK 
' V A L V E  A N D  INSTRUMENT 
1 BLEED ONLY (TEST POINT) 

LOCAL PRESSURE INDICATOR 
((NCLUDES PRESSURE VACUUM 
A N D  D R A F T )  

LOCAL PRESSURE INDlCATO!? 
W l T H  CHEMICAL SEAL 
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DATE SEPTEMBER 1.1978 SYMBOLS AND I D E N T I F I C A T I O N  PROCESS 

HAND CONTROL VALVE 
I N  PROCESS LINE 

HANB-ACTUATEU SWITCHING I '-' i 
VALVE I N  PNEUhlATIC SIGNA'L HAND ACTUATED ELECTRIC SWITCH I , 
LINE / WITH PILOT LIGHT ! 

ZSH '-, (=J&G 

MANUAL LOADING STATION I WITH OUTPUT GAUGE 
POSITION SWITCHES CONNECTED 
TO PILOT LIGHTS INDICATING POSITION TRAMSMITTER . 1 

LOW (OR CLOSED) AND HIGH (OR 
1 

OPEN) POSITION 

. ! 

i ! 
i 
1 

i 
I 

I 

ANALYSIS TEST SAMPLE POINT 

i 
I 
I 

i 
I 
I 
i 
i I I 

SIGHT GLASS FOR INTERNAL 
' VIEWING 

! 

ALL  TRAPS OTHER THAN BALL. 
i 

FLOAT-TYPE CONTINUOUS DRAINERS 

! 
! 

! 

I 

i 
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REVISION 0 

PROCESS . P L A N T S  D I V I S I O N  DATE SEPTEMBER 1, 1978 

@----; I - - -1 

I 
I 
I I 

J- I 

AmSTAT lON ON COMPUTER 
SUPERVISORY MODE CONTROL 
WITH CRT DISPLAY 

I 
I 

A 
MANUAL CONTROL STATION 
I N  COMPUTER BASE SYSTEM 

@----@ 

PRESSURE SlGlUAL TO BOARDMOUNTED 
PATCHBOARO OR MATRlX BOARD 
COMNECTION (N0.91, CAPABLE OF 
OUTPUT TO MULTIPLE LOCATIONS 

- ... 

COMPUTER/AUTO/MANUAL STATION PRESSilRE MULTIPLEXED TO 
I 

ON COMPUTER CONTROL WITHOUT COMPUTER FOR CRT DISPLAY 

CRT DISPLAY I AND LOGGING 
! 

1 
- - - - - - - - 7- -  

----- 

--- 
I 
i 

- - - - - - - - I 

L - - - - - - - - - 

DOC LEVEL LOOPSETTING FLOW LOOP,WlTH FULL ANALOG EACKUP 
1 

I 
I 

I 

FLOW LOOP CONNECTED TO DATA 
DISPLAY AND TRENO RECORDER ON 
PANEL BOARD (POINT ~ 0 . 6  OF 12 
POINT TREND RECORDER). 

i 
! 

. i 

i 
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I. SCOPE 

This specification specifies the general requirements for the design, 
equipment, materials and installation of the electrical facilities 
for a solar boiler house and solar field, located at Dalton, GA. 

The facilities are limited to the electrical services associated 
with the building and.solar field and will include the following 
systems: 

All lighting - normal, emergency and exit signs 
Receptacles - convenience and power 
Electric Instrument Wiring 
Telephone Conduits 
Grounding 

A. Work Covered by This Specification 

The work covered by this specification shall include furnishing 
all labor, mnter.ia1, equipment and services to install the 
complete electrical system as specified herein. 

Unless otherwise specified, this includes all electrical design 
necessary for the following work: 

1. Installation of complete internal distribution system for 
power, including panelboards, disconnects, cable, conduit, 
and fittings. 

2. Installation of complete distribution system for lighting 
including the necessary transformers, feeders, distribution 
panelboards, branch circuits, lighting fixtures, control 
switches, receptacles, cable, conduit and fittings. 

3. Installation of empty raceways and cabinets for the telephone 
sys tern. 

4. Connection of permanently installed equipment for heating, 
ventilation and air conditioning system (supplied by others) - 
or package air conditioning units. 

I 

5. Installation of complete ground system including fittings, 
clamps, conduit and wire, 

6. Installation of complete electric instrument wiring system, 
including connections to field instruments and control 'panel 
and necessary cable, conduit, fittings and electrical boxes. 

7. Installation of emergency lighting system, including exit 
signs, when specified. 
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ELECTRICAL SPEC IF ICATION 
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I. SCOPE (Continued) 

B. Work Not Covered by This Specification 

The following equipment items and work shall be the responsibility 
of others: 

Telephone system wires, cables, equipment and instruments - 
to be furnished and installed by telephone company 

11. GENERAL 
-. - 

A. Codes .and Regulations 

Except where indicated otherwise in this specification, the 
design, equipment, materials and their installation shall 
conform to the minimum requirements of the latest edition of 
the following applicable standards and codes: 

1. US Dept. of Labor: Occupational Safety and Health Act (OSHA) 

2. American National Standards Institute (ANSI) 

3; National Fire Protection Association (NFPA) 

4. National Electrical Safety Code (NBS Handbook H30) 

5. National Electrical Code (NFPA #70) 

6. National Electrical Manufacturers Association (NEMA) 

7. Insulated Power Cable Engineers Association (IPCEA) 

8. Underwriters' Laboratories, Inc. (UL) 

9. Local Laws and Regulations 

B. Equipment and Materials 

1. Equipment and materials furnished shall be as specified in 
this specification and shall satisfy all requirements 
dictated by the exposure of the area in which the equipment 
or materials are installed. 
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11. GENERAL (Continued) 

B. Equipment and Materials (continued) 

2. The equipment and materials furnished shall be labeled, 
listed, certified, accepted, or otherwise determined to be 
safe for the use by a nationally recognized testing 
laboratory such as one of the following: 

a. underwriters' Laboratories, Inc. (:uL) 

b. Factory Mutual Engineering Corporation (FM) 

C. Classification of Areas 

1. Natural Nonhazardous 

!Inless otherwise specified, the buildings and their facilities 
shall be classified as nonhazardous. 

ELECTRIC SERVICE 

Unless otherwise specified, the electric service. characteristics 
shall be as.follows: 

Power 480 volt, 3 phase, 3 wire, 60 hertz, 
solidly grounded neutral. 

Lighting receptacles, 120/208 volt, 3 phase, 4 wire, 60 hertz, 
instrument power and solidly grounded neutral 
miscellaneous 

In general, the building design shall be based upon receiving a 
power feeder at 480 VAC, as required for all electrical services. 

Stepdown transformers shall be used to obtain all other voltages 
as required, such as 120 VAC for lighting. 

IV. CONDUIT, CONDUIT FITTINGS AND THEIR INSTALLATION 

A. General 

1. Except as noted herein, all wiring shall be run in approved 
conduit of one oi: L11e Iulluwing types: 

a.  Rigid steel, hat dipped galvarlized 

b. Intermediate metal conduit (IMC), zinc coated 

d. Electrical metallic tubing (EMT) 
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I V .  CONDUIT, CONDUIT FITTINGS AND THEIR INSTALLATION (Cont inued)  

A. General  ( con t inued)  

2 .  Wiring f o r  f i x t u r e s  i n  hung c e i l i n g  a r e a  may be run  i n  
f l e x i b l e  m e t a l l i c  condu i t  o r  armored type  c a b l e  where 
p e r m i t t e d  by l o c a l  code.  

3. F l e x i b l e  s t e e l  condu i t  (maximum 6 f e e t  long ,  314" t r a d e  
s i z e )  o r  armored type  (BX) c a b l e  s h a l l  be p e r m i t t e d  on ly  i n  
hung c e i l i n g s  from r e c e s s e d  l i g h t i n g  u n i t s  t o  a s s o c i a t e d  
o u t l e t  boxes.  

4 .  F l e x i b l e  l i q u i d  t i g h t  condu i t  s h a l l  be provided'  f o r  con- 
n e c t i o n s  t o  v i b r a t i n g  o r  r o t a t i n g  equipment (minimum 18" 
l o n g ) ,  and a s  o t h e r w i s e  i n d i c a t e d  on t h e  drawings .  Conduit  
s h a l l  b e  Anaconda American Brass  " S e a l t i t e " ,  type  NA f l e x i b l e  
c o n d u i t ,  w i t h  T & B S e r i e s  5331 f i t t i n g s  a s  r e q u i r e d ,  o r  
approved e q u a l s .  

B.  Condui ts  s h a l l  be manufactured i n  conformance wi th  t h e  l a t e s t  
pub l i shed  s t a n d a r d s  of ASTM and UL and s h a l l  be  a s  f o l l o w s :  

1, Conduit  f i t t i n g s  f o r  IMC s h a l l  be s t e e l ,  t h r e a d e d ,  of 
s t a n d a r d  p i p e  dimensions ,  ga lvan ized  i n s i d e  and o u t .  

2 .  E l e c t r i c a l  m e t a l l i c  tub ing  may be used f o r  condu i t  i n s t a l -  
l a t i o n s  below 2 inches  d iamete r .  

3.  E l e c t r i c a l  m e t a l l i c  tub ing  connec to r s  and coup l ings  s h a l l  
be  s t e e l ,  smooth, g a l v a n i z e d ,  i n s i d e  and o u t ,  w i t h  screw 
type  compression f i t t i n g s ,  and wi th  nylon insu . l a t ed  bushing 
such a s  manufactured by O . Z .  o r  Crouse-Hinds type  FlTJ s e r i e s  
o r  approved e q u a l .  Tubing s h a l l  be seamless  o r  con t inuous ly  
th readed  j o i n t s .  - 

4 .  Threading of condu i t  s h a l l  be  done u s i n g  s h a r p  d i e s  and 
c u t t i n g  o i l  t o  avoid  t e a r i n g  of t h e  t h r e a d s .  Convent ional  
t h r e a d  l u b r i c a n t s  may be used f o r  making th readed  j o i n t s .  

5 .  A l l  IMC and EMT s h a l l  be 3/4" minimum, excep t  a s  o t h e r w i s e  
n o t e d ,  be ing  t r u e  and smooth i n s i d e  and o u t ,  and f r e e  of 
i n j u r i o u s  defects .  

Rigid  S t e e l  c o n d u i t s  s h a l l  be 3/4" m i n i ~ ~ u r ~ ~  f o r  power and 
l i g h t i n g  and 1/2" minimum f o r  c o n t r o l  and i n s t r u m e n t a t i o n ,  u n l e s s  
o t h e r w i s e  no ted .  They s h a l l  be t r u e  and smooth i n s i d e  and o u t  
and f r e e  o f  i n j u r i o u s  d e f e c t s .  
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I V .  CONDUIT, CONDUIT FITTINGS AND THEIR INSTALLATION (Cont inued)  

B. ( con t inued)  

6 .  F l e x i b l e  s t e e l  condu i t  and armored type  BX c a b l e  s h a l l  be 
u s e d ' o n l y  w i t h  t e r m i n a l  f i t t i n g s  approved f o r  t h e  purpose ,  
a s  manufactured by O . Z .  o r  a p p r o v e d , e q u a l .  

7. Conduit  f i t t i n g s ,  Crouse-Hinds form 8  o r  approved e q u a l ,  
s h a l l  be provided where s p e c i f i e d  o r  e q u i r e d .  A bushing 
and double  locknu t s  s h a l l  be provided a t  t h e  end of  each 
c o n d u i t  where i t  e n t e r s  an  o u t l e t  box,  c a b i n e t ,  pane l  o r  p u l l  
box. Bushings f o r  condu i t  2" and above s h a l l  be i n s u l a t e d  . 

grounded type  (O.Z. type  BLG). For 3/4" t o  1%" c o n d u i t s  u s e  
i n s u l a t e d  bushings  (O.Z. type  B). A l l  j o i n t s  i n  c o n d u i t s  
s h a l l  be made w i t h  s t a n d a r d  coup l ings  u n l e s s  n e i t h e r  condu i t  
can be t u r n e d .  I n  t h a t  c a s e ,  t h e  j o i n t  s h a l l  be  made wi th  
O . Z .  t ype  "SSP" s p l i t  coup l ing  o r  Er ickson  coup l ings .  
Running t h r e a d s  a r e  n o t  p e r m i t t e d .  

C .  I n s t a l l a t i o n  

1. Condui ts  i n s t a l l e d  underground s h a l l  be  1" minimum, secured  
t o  p reven t  s h i f t i n g  d u r i n g  c o n c r e t e  pour ,  and s h a l l  be  a  
minimum o f  18" 'below g r a d e ,  1" below t h e  f i n i s h e d  f l o o r  
s l a b ,  and where run  below t e r r a z z o  o r  s i m i l a r  f i n i s h  s h a l l  
n o t  p r o t r u d e  i n t o  t h e  f l o o r  f i n i s h  c o n s t r u c t i o n .  

2.  Exposed c o n d u i t s  s h a l l  b e  i n s t a l l e d  o n l y  a f t e r  proposed r u n s  
n_ 

have been checked on p lans  and a f t e r  s i t e  i n s p e c t i o n  f o r  
i n t e r f e r e n c e  wi th  work of  o t h e r  t r a d e s .  Exposed c o n d u i t s  
s h a l l  be i n s t a l l e d  i n  p a r a l l e l  rows n e a t l y  racked a t  r i g h t  
a n g l e s  and p a r a l l e l  t o  a l l  w a l l s ,  f l o o r s  and c e i l i n g s  and 
a t  s t r u c t u r a l  members. 

3 .  Coudui ts  sl i i i l l  be  suppor ted  from c e i l i n g s  by meens of 
t r a p e z e  hangers  and from w a l l s  by means of b r a c k e t s  u t i l i z i n g  
t h e  ~ n i s t r u t  ( o r  approved e q u a l )  channel  suppor t  system. 
A l l ' h a n g e r s ,  i n s e r t s ,  b r a c k e t s  and f i t t i n g s  s h a l l  be 
ga lvan ized .  . Beam clamps s h a l l  be s u i t a b l e  f o r  s t r u c t u r a l  
members and c o n d i t i o n s .  Hanger r o d s  s h a l l  be ga lvan ized  
s t e e l  o r  cadmium p l a t e d ,  3 /8  i n  d iamete r  minimum. Each 
condu i t  s h a l l  be f a s t e n e d  t o  t h e  channel  suppor t  ( U n i s t r u t  
No. P-1000 o r  P-1001 S e r i e s )  wi th  a  s u i t a b l e  clamp ( U n i s t r u t  
P-1111 R th rovgh P-1124 fo r  TMC or  r i g i d  c o n d u i t ,  or 
U n i s t r u t  No. 1426 B through 1431 B f o r  EMT). A l l  s t e e l  
b o l t s ,  n u t s ,  washers and screws s h a l l  be  ga lvan ized  o r  
cadmium p l a t e d .  
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'IV. CONDUIT, CONDUIT FITTINGS AND THEIR INSTALLATION (Continued) 

C. Installation (Continued) 

4. Conduits shall be supported every 10 feet (maximum), 
flexible conduits at least every 4% feet. 

5. Joints between aluminum steel components, if unavoidable, 
shall be made by coating the threads with zinc petroleum 
jelly compound or zinc chromate. 

6. Where conduit is installed concealed with finished block, 
blazed block or tiled walls it shall be located so as not 
to cause a visible change in the finished appearance of 
such walls. Where required, deep boxes and/or equipment 
shall be used to comply with the above. 

7. Conduits shall be protected or shall be plugged with 
suitable caps to prevent entrance of moisture or foreign 
material during construction. 

8. All field bends shall be made with tools and equipment 
manufactured especially for this purpose. 

9. Fish tape shall be dram through all conduits installed 
for future wire to indicate that the conduit is clear of 
obstructions and ready for installation of wire. 

10. In no case will the Seller be permitted to cut a structural 
member, beam or column to facilitate the installation of 
conduit, etc., without the approval of Purchaser. 

11. Exposed conduits at mechanical equipment shall be rigidly 
braced to the floors. 

12. Where conduits cross expansion joints allowing for building 
movement, cross joints with approximately 24" flexible 
conduit with a suitable copper strap bonded to the "rigid" 
conduit ends. 

13. Openings in the outside walls and roof for conduit, duct, 
tray, bolts, etc., shall be made watertight after instal- 
lation is completed. For conduit, this shall be done by 
providing pipe sleeves in concrete with a minimum clearance 
4" around the conduit, and packing this sleeve with acrylic 
caulk or other approved sealing material. 

14. Parallel conduit runs for instrumentation must be kept at least 
12" away from hot surfaces. A minimum clearance of 6" shall be 
kept where a conduit crosses a hot pipe. 
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IV. CONDUIT, CONDUIT FITTINGS AND THEIR INSTALLATION (Continued) 

D. Pull boxes and junction boxes NENA Type 12 of proper size and 
design shall be provided as required to facilitate installation 
of wire and cable. All boxes shall be sized in accordance 
with NEC. Covers shall be held in place with corrosion resistant 
machine screws. Boxes shall be securely mounted to the .building 
structure independent of the conduits entering or leaving the 
box. 

E. Outlet Boxes 

1. A'NEW Type 12 enclosure shall be furnished and installed 
for every outlet and switch. All enclosures shall meet the 
requirements for galvanized finish specified for steel 
conduits. 

2. Enclosures shall be of dimensions suited apd adapted to 
its specific location and kind of fixture or receptacle 
to be used and the number and arrangement of wires in 
conduits. Each enclosure shall be securely fastened to the 
building structure. 

F. Before proceeding with the installation of conduits and 
enclosures the Seller shall check the location of all outlets 
and shall make any adjustments required by local condition. 
Where outlets or fixtures are fixed by specific dimensions on 
electrical drawings, or are shown on shop or field drawings, the 
Seller shall adhere to these locations. Switch outlets shall be 
located on the lock side of doors. Unless otherwise specified 
outlets shall be installed at the following elevations above 
the finished floor: 

Convenience Outlets (Mechanical spaces) 
C ~ n v c n j e n r ~  f k i t l p t s  (Finished Areas) 
Telephone Outlets 
Switch Outlets 
Thermostats 
Motor Controller 
Wall Bracket Outlets 
Toilet Room Outlets 

3 '-6" Centerline 
1'-6" Centerline 
1'-6" Centerline 
4'-2" Centerline 
5'-2" Centerline 
5'-0" Centerline 
7 '-10" Centerline 
5'-0" Centerline 



JOB SPEC 60863-7041 ELECTRICAL SPECIFICATION 
PAGE 8 

w/- REVISION 0 
DATE June 1, 1979 PROCESS  AMTO TO DlVlSlON 

WIRE AND CABLE 

A. Basis For Cable Sizing 

1. The allowable current carrying capacity of cables shall 
be as specified in the National ~lectrical Code and IPCEA. 

2. Feeders to distribution centers and transformers shall be 
sized based upon the maximum demand of initial loads. In 
general, feeders shall have a current carrying capacity 
equal to 125% of the maximum demand or nameplate rating, 
whichever is greater. 

3. . Sub-feeders from distribution centers to load shall be sized 
based upon the nameplate rating of ,the load. 

4. Cables shall be sized to limit voltage drops as follows: 

a, Feeders and Sub-feeders 1% based upon maximum demand 
or nameplate 

b. Motor Branch Clrcuits 3% from the power center to 
the motor (using motor name- 
plate), but no smaller than the 
minimum size permitted by NEC 

c. Lighting Branch Circuits 2% from the panel to the 
farthest outlet 

5. For lighting and power circuits 600 volts, and below, the 
smallest wire size shall be /I12 AWG, except that /I14 AWG 
shall be used for controls. 

6. For instrument cable see Para. XV. 

B. Cable Construction 

1. Conductors /I12 AWG and larger shall be stranded; conductors 
/I14 AWG and smaller shall be solid. 

2. In general, for cables installed in conduit, cable insulation 
types shall be as follows: 
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V . WIRE AND CABLE (~ont inued) 

E. Cable Construction (continued) 

2. (Continued) 

a. For services 600 volts and be'low, cables shall be 600 
volt, heat and moisture resistant thermoplastic insulated, 
with nylon jacket, type THWN/THHN. 

b. For fixture stems, #14 AWG, 600 volt, Type SF-2 stranded 
fixture wire shall be used. 

c. For instrument services~~Cinsulated wire and cable 
shall be used (See Para. XV). 

3 .  Multiple conductor cable shall not be used for lighting and 
power work, except for: 

a. Appliance cords 

b. BX type armored cable as outlined in Paragraphs IV.A.2, 
IV.A.3 and IV.B.6 of this specification. 

4. All feeders and risers shall be tagged at both ends and in 
pull boxes or panel box gutters through which they pass. 

5. All cable shall comply with applicable portions of IPCEA 
Standard S-61-402. 

C. Motor Feeders and Control 

Cable for power and control leads to motors 600 volts and below 
shall be installed in the same conduit when the power cable is 
!I2 AWG or smaller. For power cables larger than #2 AWG, power 
and control cable shall be installed in separate conduits. 

D. Color Coding 

1. The color coding for single conductor cables shall be as 
follows : 

a. Power phase leads shall be black. 

b. Multiwire lighting circuits and 2-wire branch circuits 
connected to the same system shall conform to the following: 

Single Phase, 3 wire - Black ( ~ 1 1 ,  Red (L2), White (N) 

Three Phase, 4 wire - Black (~l), Red (~21, Blue ( ~ 3 ) ~  White (N) 

Three Phase, 3 wire - Black (~11, Red ( ~ 2 1 ,  Elue ( ~ 3 )  
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V. WIRE AND CABLE (Continued) 

D. Color Coding (Continued) 

1. (continued) 

c. All control leads, including those for pushbutton 
stations, interlock circuits, instrument control circuits; 
current and potential transformer circuits, etc., shall 
be red. 

d. Power supplies to/from instruments'shall be yellow 
(live line) and white for the neutral. 

e. All grounding conductors shall be either bare or have a 
green covering. 

VI. LIGHTING DISTRIBUTION SYSTEM 

A. Lighting Design 

1. The lighting system shall be designed utilizing the minimum 
number of fixtures consistent with the illumination levels 
specified below in Paragraph V1.B. 

2. Lighting fixtures shall not be'located directly over equip- 
ment with exposed moving parts. 

3. Lighting systems shall be designed to minimize glare. 

4. In general, lighting circuits shall be switched from local 
switches. 

5. Branch circuits using a common neutral conductor shall 
be arranged for minimum current in the neutral conductor. 
Loads on all phases shall be equally balanced as closely 
as possible. 

6. Exit lights and exterior door lights are to be provided. 

B. Lighting Intensities 

The lighting system shall be designed for the levels of 
i,llumination tabulated below, when calculated on the basis 
of initial lamp lumens modified by a factor of 70% to allow for 
deterioration in lamp output in service. (Derived from the 
following publications: API Recommended Practice for Petroleum 
Refineries, API RP540, American National Standard Practice for 
Industrial Lighting, ANSI Std A 11.1, and American National 
Standard Practice for Office Lighting, ANSI Std A 132.1). 
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VI. LIGHTING DISTRIBUTION SYSTEM (Continued) 

B. Lighting Intensities (continued) 

The illumination level is defined as the mean of the maximum 
and minimum values of illumination calculated at various points 
throughout the illuminated area. 

LOCAT ION 
ILLUMINATION LEVEL WORKING 
FOOT CANDLES - PLANE 

Laboratory 100 36" 

Control Rooms: 

General 5 0 Floor 

Vertical Face of Control Board 5 0 Horizontal 
Centerline 
of Panel 

Consoles, Desks (~orizontal Level) 5 0 30" * 

Rear of Panel 15 48" " 
Telephone Equipment Room 20 Floor 

Locker Rooms 20 , . Floor 

Machine Shops : 

Rough Bench & Machine Work 5 0 

Medium Bench & Machine Work 
Rough Grinding 100 

Stairways, corridors 

Toilets and Washrooms 

Air Conditioning Equipment 10 

Boilers, Boiler Pumps, Compressors 2 0 

Solar Field Area S 

General Yard Areas 0.5 

36" * 

Floor 

Floor 

Floor 

Floor 

Ground 

Ground 
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VI. LIGHTING DISTRIBUTION SYSTEM (continued) 

B. Lighting Intensities (Continued) 

LOCATION 
ILLUMINATION LEVEL WORKING 

FOOT CANDLES PLANE 

Off ices 

General 150 30" * 
Private 150 30" ~ n .  

Washrooms 

Stairways, corridors 

Floor 

Floor 

Computer Operating Consoles 150 30" Jn. 

* Elevations from the floor 

C. Emergency Lighting 

1. When specified, sufficient emergency lighting shall be 
provided in all locations where il'lumination is required 
during an emergency. 

2. The emergency lighting system shall be completely independent 
of the normal power supply. Emergency circuit wiring shall 
not enter the same raceway, cable, box, or cabinet with other 
wiring. 

3. Under normal conditions, emergency lighting fixtures shall 
be operable and energized from the normal power source. 
Transfer to the emergency source shall take place automatically 
in the event of a normal source failure. 

4. Emergency Battery Units 

a. Wall mounted emergency light units are to operate when 
AC power .fails. Units shall be dual light, 12 V DC, 
complete with battery, fully automatic high and low 
rate charger, indicating pilot light, test switch, and 
provisions for connection to 115 V AC, 60 Hz, single phase 
wiring. Each unit shall have enough capacity to provide 
light for a minimum of 90 minutes, while maintaining 
874% of nominal battery voltage. (Dual Lite No. 12-ED 
series, or approved equal). 
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VII. LIGHTING FIXTURES 

A. Fixture Types 

Type a. In general, fluorescent lamp fixtures shall be used for indoor 
areas requiring high illumination levels. Ballasts shall be 
rapid start Class P thermal protected, high power factor 
(90 min.), filled with a thermosetting compound (leak-proof), 
have a rated'noise level of 30 dB or less and be listed by UL, 
and ,approved by CBM, and ETL. (westinghouse Ventilated 
reflector type, # H260.W or approved equal). 
Incandescent fixtures may be used where high illumination levels 
are not required. 

Type b. Emergency lights shall be of the self-contained type 
. with battery, solid state charger, automatic transfer in case 

of power failure. (Dual Lite # 12-EDN-150-2-KB-A-V-LLSST 
or approved equal). 

Type c. outside lights shall be mercury vapor (or high pressure sodium) 
with integral constant wattage ballast, (Holophane "Wallpack" 
Cat. 488-000 or approved equal). 

Type d. Vertical surface illumination of instrument panels shall be 
obtained by the use of fixtures specially designed for the 
purpose, with adjustable lamp setting for beam control and 
prismatic lens (Holophane No. 6044 series or approved equal). 

1. Fluorescent lamps shall be "cool-white" as manufactured by 
G.E., Westinghouse, or Sylvania. 2 lamp type F 48112 HO. 

2. Mercury-Vapor lamps shall be "deluxe-white" as manufactured 
by G.E., Westinghouse or Sylvania. 

3. Lamps for exit lights and emergency battery units shall be 
as. recommended by manufacrurer. 

4. Incandescent lamps shall be inside frosted. 

5. High pressure sodium (HPS) lamps shall be diffuse type 
"Lucalox" as manufactured by G.E. or approved equal. 
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VII. LIGHTING FIXTURES (Continued) 

F. Locations 

1. Fixture rows shall be mounted in straight lines, except 
where location is dictated by equipment location. 

2. Space conditions must be coordinated with other trades to 
avoid interferences. 

3. Each door to outside shall have an interior exit light and 
exterior door light. 

4. In the case of large, office type buildings, exit signs 
with directional arrows shall be located in corridors, 
etc., indicating paths of egress. 

G. Mounting 

Refer to architectural drawings for ceiling finish schedules 
and to manufacturer's installation details for the required 
fixture mounting accessories. 

In general, fluorescent fixtures in finished areas shall be of 
tke recessed, static type. In unfinished areas, surface or 
pendant mounted fixtures may be used. 

H. Wiring 

1. Refer to Paragraph V for fixture wire specifications. 

2. Splices within fixture housings or outlet boxes are to be 
made with wire nuts of the proper size. 

VIII. LIGHTING AND RECEPTACLE PANELBOARDS 

A. General 

'panelboards shall be 3 phase, 4 wire, 1201208 volt with main 
circuit breaker, bus bars and branch circuit breakers mounted 
in an enclosed cabinet ( N E M  12 ) with trim and door. Cabinet 
trim, door and finish shall be the manufacturer's standard. Main 
lug size, main breaker size and the number of branch circuit 
breakers shall be as indicated on contract drawings or material 
lists. Panel short circuit rating shalL be 10,000 amps minimum. 
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V I I I .  LIGHTING AND RECEPTACLE PANELBOARDS 

B .  Branch and main c i r c u i t  b r e a k e r s  s h a l l  be a s  s p e c i f i e d  i n  
Paragraph X I  of t h i s  s p e c i f i c a t i o n .  

C .  Bus b a r s  and main c i r c u i t  b r e a k e r s  s h a l l  be r a t e d  100 A minimum. 

D .  A l l  s i n g l e  p o l e  b r e a k e r s  s h a l l  be  a r ranged  and connected t o  t h e  
main bus s o  t h a t  on 3 phase ,  4 w i r e  p a n e l s ,  any t h r e e  a d j a c e n t  
b r e a k e r  p o l e s  a r e  connected t o  phase A ,  B and C r e s p e c t i v e l y  
and t h a t  t h e  same r e l a t i o n s h i p  of phase sequence i s  ma in ta ined .  

E. One s p a r e  c i r c u i t  s h a l l  be  provided f o r  each 5 a c t i v e  c i r c u i t s  
i n  t h e  i n i t i a l  d e s i g n .  C i r c u i t  load ing  s h a l l  n o t  exceed 
16 A f o r  a 20 A b r e a k e r .  ' 

F. A d u r a b l e ,  c o r r o s i o n  r e s i s t a n t  l i g h t i n g  d i r e c t o r y  s h a l l  be 
i n s t a l l e d  a t  each panelboard .  

G .  I n s t a l l a t i o n  

1. I n  g e n e r a l ,  c a b i n e t s  s h a l l  be s e t  a t  such a h e i g h t  so  t h a t  
t h e  topmost branch b r e a k e r  s h a l l  n o t  be more than  6 f e e t  
from t h e  f l o o r .  

2. Top t r i m  s h a l l  l i n e  up on a l l  pane l s  mounted a d j a c e n t  t o  
each o t h e r .  

I X .  LIGHTING TRANSFORMERS (DRY-TYPE) 

I n  g e n e r a l ,  t r a n s f o r m e r s  under  t h i s  c a t e g o r y  may be used f o r  t h e  
fo l lowing  s e r v i c e s :  

L i g h t i n g  
Recep tac les  
Ins t ruments  
Heat Trac ing  
Space H e a t e r s  
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IX. LIGHTING TRANSFORMERS (DRY-TYPE) (Continued) 

A. Basic Arrangement 

1. Unless otherwise specified, lighting transformers shall be 
of a dry type, rated 480V-208Y/120VY and have the following 
features : 

a. Sealed Insulation 
b. 115 C maximum temperature rise 
c. Noise levels shall not exceed those listed in ANSI 

Standard C89.1, for the size transformer used 
d. A minimum of 2-22% FCAN and 2-2b% FCBN taps . 

Transformers shall be installed at lighting panel locations 
on the basis of one for each lighting panel. 

2. All lighting transformers shall be protected by an individual 
overcurrent device in the secondary side set at no more than 
125% of rated ,secondary current and a primary feeder over- 
current device set at no more than 250% of the rated 
primary current. 

B. Accessories 

1. Transformers shall be provided with standard accessories 
for the KVA and voltage ratings. 

2. Transformers shall be provided with suitable vibration 
dampers, as manufactured by Fabreeka Products Co., type 
Fabcel Vibration Isolation Mounts or approved equal. 
Dampers shall be designed to suppress transmission of 
vibrations of 120 Hz and multiple harmonics. 

C. Installation 

1. Transformers 30 KVA and below shall be wall mounted. 
Those above 30 WA shall be floor mounted. 

2. All transformer cases and neutrals shall be grounded. Refer 
to Paragraph XIII. 
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X .  SWITCHES. W I R I N G  DEVICES. WALL PLATES 

A. Each swi tch  and w i r i n g  d e v i c e  s h a l l  have a  s u i t a b l e  back-box 
s i z e d  i n  accordance w i t h  t h e  N a t i o n a l  E l e c t r i c a l  Code r e q u i r e -  
ments. Refer  t o  Paragraph 1V.E of  t h i s  s p e c i f i c a t i o n .  

B .  Convenience r e c e p t a c l e s  s h a l l  be a r ranged  i n  groups of  n o t  more 
than  6  f o r  each l i g h t i n g  pane l  branch c i r c u i t .  

C .  I n  o f f i c e s  and c o n t r o l  rooms, r e c e p t a c l e  o u t l e t s  s h a l l  be 
provided a long  t h e  w a l l s ,  spaced no more than  12 f e e t  a p a r t ,  
w i t h  a  minimum of  2  r e c e p t a c l e s  p e r  room. 

D .  Recep tac les  

1. 15A, 125V convenience r e c e p t a c l e s  f o r  o f f i c e  and c o n t r o l  
room a r e a s  s h a l l  be 2  p o l e ,  2  w i r e  grounding t y p e ,  dup lex ,  
Hubbell  Ca t .  No. 5262 o r  approved equa l .  

2. 15A, 125V c l o c k  hanger o u t l e t ,  i f  r e q u i r e d  - 2 p o l e ,  3 w i r e  
grounding type  Hubbell  Ca t .  No. 5235 o r  approved e q u a l ,  
w i t h  s t a i n l e s s  s t e e l  p l a t e .  

3 .  20A, 125V, r e c e p t a c l e s  f o r  a p p l i a n c e  c i r c u i t s  s h a l l  be  2  p o l e ,  
3  w i r e  grounding t y p e ,  Hubbell  C a t .  no.  5362 o r  approved e q u a l .  

E .  Switches  

1. 20A, 120-277V s i n g l e  p o l e  s w i t c h ,  Hubbell  Cat .  No. 1221 o r  
equa l .  

2. 20A, 120-277V t h r e e  way s w i t c h ,  Hubbell  Ca t .  No. 1223 o r  
e q u a l .  

F. Device P l a t e s  

1. A l l  swit 'ches and r e c e p t a c l e  o u t l e t s  s h a l l  be provided wi th  
s t a i n l e s s  s t e e l  p l a t e s  (Hubbell  o r  e q u a l )  s u i t a b l e  f o r  t h e  
above r e c e p t a c l e s  and s w i t c h e s .  

2 .  Where p l a t e s  a r e  t o  f i t  exposed condu i t  f i t t i n g s ,  they  s h a l l  
be  c o n s i s t e n t  wi th  t h e  type o f -  f i t t i n g s  i n s t a l l e d .  
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XI. CIRCUIT PROTECTIVE DEVICES 

A. All receptacles located in areas susceptible tomoisture 
indoor or outdoor, shall be protected with ground fault 
interrupter. 

B. All circuit breakers for 120/208 volt panels shall be rated as 
follows: 

1. Branch circuit breakers shall be 20A at 120/240 volts AC, 
single pole with noninterchangeable trip elements. UL 
listed interrupting capacity shall be 10,000 A symmetrical 
at 120/240 volts AC. 

2. Main circuit breakers shall be 100 A minimum at 240 volts 
AC, 3 pole with noninterchangeable trip elements and of 
panelboard manufacturers suggested type for distribution 
system capacity. UL listed interrupting capacity shall be 
10,000.A symmetrical at 240 volts AC. 

C. Each circuit breaker shall be distinctly numbered when installed 
in a group with other breakers. Trip element calibration shall 
be indicated on each breaker. 

D. Individually mounted circuit breakers shall be enclosed in a 
NEMA-12 type enclosure. 

XII. DISCONNECT SWITCHES, MOTOR STARTERS 

A. Fractional HP Motor Disconnect Switch 

1. A 120 volt, single phase thermal switch (manual 
starter), Allen Bradley 600 series, Westinghouse type MS 
or approved equal, shall be used for disconnect means, 
unless otherwise noted. 

2. Disconnect switch may be single pole, 20 A AC only toggle 
switch (Hubbell No. 1221 or approved equal) where: 

a. A switch is required in addition to a thermal overlaod 
switch. 

b. The motor runs continuously, i.e., not automatically 
controlled. 

Switches shall be installed in a suitable type FD box. 
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XII. DISCONNECT SWITCHES, MOTOR STARTERS (Contsnued) 

B. Motor controllers for 3 phase, 480 volt motors shall be combina- 
tion starters, full voltage, single speed, nonreversing, circuit 
breaker type (22,000 A interrupting capacity) for system short circuit 
levels up to 22,000 A. For system short circuit levels in excess 
of 22,000 A, high interrupting capacity fusible disconnect 
,swktch type may be used. Starters shall be furnished in suitable 
NEMA 12 enclosures. 

XI 11. GROUNDING 

A. The scope of work under this section of the specification shall 
include the following: 

1. Design, furnish and install a ground network including rods, 
cable and fittings around building as outlined in Paragraph 
B below. 

2. The Seller shall furnish and install all fittings, clamps, 
conduit and wire, to establish ground connections between all 
building services apparatus and conduits, and the ground network 
around building. 

3. Connection of the building ground network to the existing plant 
ground system. 

B. Suitable grounding shall be installed for: 

1. Grounding for Safety of Personnel 

Metallic noncurrent carrying parts of equipment connected 
to electrical circuits and of all major electrical equip- 
ment, such as motors, transformers, distribution panelboards, 
motor starters, etc., shall be grounded by the conduit or 
raceway connection to the power supply ground network or, i f  
such equipment is i'solated, to one or more ground rods, or 
other suitable grounding electrodes in accordance with NEC. 
Supplementary grounding shall be provided by a grounding 
cable connection from the equipment to the local ground 
network, at points indicated on contract drawings, or other 
suitable ground point as required by the NEC. 
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XIII. GROUNDING (Continued) 

B. Suitable grounding shall be installed for: (Continued) 

2. Grounding for Protection Against Lightning 

Building protection, when specified, shall be in accordance 
with NFPA and local building codes. 

3. Grounding for Electrical System Protection 

Grounding and bonding for protection of the electrical system 
circuits and equipment shall be installed to minimize damage 
in case of ground faults by providing low fault impedance, 
thereby limiting the voltage to ground and facilitating the 
operation of overcurrent devices. 

4. Instrument Signal Ground 

A separate system shall be installed.for grounding of all 
computer/instrument equipment. It shall be cotxpletely 
isolated from the power equipment ground network. The 
system shall consist of a loop of #2/0 ground cable connected 
to the required number of ground rods as specified in 

- Paragraph XIII.C, installed beneath the computer floor. 

C. Grounding .- Network . (Grounding Electrode System) 

1. In general, a ground network shall be installed around 
building and other electrical installations. The ground 
network shall consist of a main cable loop, aboveground connection 
points, and inspection points on all ground rods. Cable for 
main loop shall be $2/0 AWG and for branch ground runs shall be 
#4 AWG stranded bare copper. 

-2. Insofar as possible copper ground loop conductors shall be 
laid directly in the ground slack, without breaks or joints, 
and shall have 12" minimum cover. When unavoidable, under- 
ground joints shall be brazed, suitably covered and protected. 

3. A ground rod shall be attached to the main cable loop at 
intervals as required to obtain resistance to earth not exceeding 
5 ohms, except that the interval between ground rods shall 
not exceed 75 feet. Ground resistance shall be measured with 
a portable hand-cranked 40 ohm "mcggcr" ground testing 
instrument. When the ground resistance exceeds 5 ohms, 
additional ground rods or ground mats shall be installed to 
meet this specification. In lieu of additional rods, extensions 
to the rods may be added to drive the ground rods deeper into 
the earth. 
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XIII. GROUNDING (Continued) 

C. Grounding Network (Continued) 

4. A protective sleeve of heavy wall PVC-schedule 40 pipe shall be 
used wherever grounding cable emerges to aboveground connections. 

5. Ground rods shall be 314" diameter, length 10 feet or more as 
required by water table. 

6. For t11& purpose of equipment grounding and electrical system 
protective grounding the grounding conductor shal.1 be continuous 
from the equipment to the ground network of corresponding 
supply substation (by others). 

D. Material 

1. Ground wires shall be as specified under Section V of this 
specification, sized in accordance with the NEC, Main loop 
cable size shall be as in Section XII1.B. 

2. All motors, starters, disconnect switches, and transformers 
covered under this specification shall have ground lugs sized 
to accept same size wire as its feeder. 

3. Grounding connectors, for aboveground work, shall be solderless, 
pressure type (bolt on) as manufactured by Bur.ndy, or approved 
equal. 

XIV. TELEPHONE CONDUIT SYSTEM 

A. General 

1. The Seller shall furnish all labor, materials and equipment 
required to comple.tely install an empty telephone conduit 
system as shown on drawings. 

2. Telephone wiring and equipment installation will be by the 
telephone company. 

\ 

3. The quality of all material and workmanship involved in the 
telephone conduit system shall conform to the requirements 
for the corresponding equipment and accessories as specified 
for the Lighting and Power Systems. 
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XIV. TELEPHONE CONDUIT SYSTEM (Continued) 

B. Telephone Ou,tlet Box Plates 

Telephone outlet boxes in masonry wall shall consist of 4" 
square outlet box, see Paragraph IV.E, under plaster reducer, 
stainless steel plate, with 7/16" cord hole in the center for 
single gang. 

C. Drag Wires 

The Seller shall install a 100 lb. test pull cord in every 
telephone conduit, including the feeder conduits for the use of 
the telephone company in pulling their wires. 

. 

XV. INSTRWNT WIRING 

A. In general, power for instruments shall be provided at 120 
volts from the emergency lighting panels, or from the normal 
lighting panels when an emergency supply is not available. No 
lighting fixtures, convenience outlets or other type of utility 
outlets shall be connected to the instrument circuits. Where 
instruments are of a critical nature, such that loss of power would 
cause a shutdown or process upset, power shall be supplied from 
an uninterruptible power supply circuit. 

B. Switches for field assembled instrument panels shall be as follows: 

1. An instrument disconnect switch shall be provided in each 
branch circuit supplying a maximum of 6 non-potentiometer 
type instruments or recorders. Each potentiometer type 
instrument, electronic controller or analyzer shall have an 
individual disconnect switch. 

2. Switches for temperature recorders and indicators shall be 
located on the back of the panelboards. 

3.' When instruments are not fused, all instrument switches shall 
be of the thermal overload type, 2-pole, connected to interrupt 
line and neutral wires. 
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XV. INSTRWENT WIRING (continued) 

C. wire and Cable 

1. All wire pairs shall be twisted. The lay of the twist shall 
be approximately 30 times the outside diameter of the 
individually insulated conductor (1%" to 2%"). 

2. The minimum conductor size shall be #16 AWG for one pair of 
cables and #20 AWG for multipair cables, or as recommended 
by the equipment manufacturer. 

3. Color Coding 

a. The thermocouple wire and cable color coding shall be in 
accordance with ANSI C 96.1-1964. 

b. The instrument signal wiring shall be: 

Twisted pairs: White - positive 
Black - negative 

Cable outer jacket: Black 

c. Intrinsically safe circuits only and no others, shall use: 

Twisted pairs: Bright Blue - positive 
Light blue or white with blue stripes, negative 

Cable outer jacket: Bright Blue. 

4. Cable Type and Specification 

a. Thermocouple extension wire shall be solid alloy wire 
pair of required calibration (per ANSI C96.1) to match 
thcrrnoc~upls w e l l  an& instruiihefit to which it is connectel. 
#16 AWG for single pair.cables. Thermocouple pairs are 
shielded with aluminum backed mylar tape, helically 
applied with 25% overlap. Aluminum shall be in continuous 
contact with a tinned, solid copper drain wire. Conductor 
insulation shall be 1 0 5 ~ ~  PT?C 15 xils thick. Jacket 
for single pair cables shall be 20 mils of ~OOPVC. 
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XV. INSTRWNT W I R I N G  (con t inued)  

C .  Wire and Cable (Cont inued)  

4.  Cable Type and S p e c i f i c a t i o n  (Cont inued)  

b .  E l e c t r o n i c  s i g n a l  c a b l e s  s h a l l  be #16 AWG s t r a n d e d  copper 
t w i s t e d  p a i r  c a b l e  wi th  15 m i l s  1 5 0 ' ~  PVC i n s u l a t i o n ,  
s h i e l d e d  w i t h  aluminum backed mylar t a p e  ( a s  i n  a  above) 
and w i t h  an  o v e r a l l  j a c k e t  of 80°c PVC 20 m i l s  t h i c k .  

c .  Cables  f o r  a l a rms  s h a l l  be  same a s  b  excep t  n o t  s h i e l d e d .  

D .  Groundinn P r a c t i c e s  f o r  E a u i ~ m e n t  and C i r c u i t s  

1. Ins t rument  c i r c u i t s  s h a l l  be  grounded t o  reduce  t h e  e f f e c t  
o f  e l e c t r i c a l  i n t e r f e r e n c e  upon t h e  s i g n a l  be ing  t r a n s m i t t e d .  
Ins t rument  m a n u f a c t u r e r ' s  recommendations s h a l l  be c a r e f u l l y  
followed when l o c a t i n g  t h i s  ground. 

2 .  I n  g e n e r a l ,  t h e  fo l lowing  r u l e s  s h a l l  app ly :  

a .  The c i r c u i t  of a  DC loop  s h a l l  be grounded a t  o n l y  one 
p o i n t .  

b .  Normally, t h e  ground s h a l l  be l o c a t e d  on t h e  n e g a t i v e  
s i d e  of t h e  DC loop  power supp ly .  

c . .  The AC power supp ly  s h a l l  be grounded. 
., . ' -,.. , . %. 

d. * 1 n  loops  i n v o l v i n g  a  compute?, the. .actual  p h y s i c a l  loca-  
t i o n  of t h e  ground s h a l l  be a s  recommended by t h e  m u l t i -  
p l e x e r  s u p p l i e r .  

e .  When t h e  connec t ing  w i r i n g  f o r  an ins t rument  i s  of t h e  
s h i e l d e d  t y p e ,  t h e  s h i e l d  s h a l l  be grounded a t  t h e  c o n t r o l  
house  end.  

3 .  Grounding of  Cable S h i e l d s  

a .  A l l  s h i e l d s  of s h i e l d e d  p a i r s ,  w i t h  t h e  excep t ion  of  
thermocouples,  s h a l l  be grounded a t  one end o n l y ,  t h e  
t e r m i n a t i o n  p o i n t  t o  be i n  t h e  con t ro1 , room.  C o n t i n u i t y  
of t h e  s h i e l d  s h a l l  be  mainta ined throughout  t h e  c a b l e  
ruri and i s o l a t e d  from ground a t  i .ns t ruments  , j u n c t i o n  
boxes ,  e t c .  T h i s  s h a l l  a l s o  app ly  t o  m u l t i p a i r  c a b l e  
w i t h  o v e r a l l  s h i e l d i n g .  
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XV. INSTRUMENT WIRING (continued) 

D. Grounding Practices for Equipment and Circuits (Continued) 

3. Grounding of Cable Shields (Continued) 

b. Where shieldedthermoc~uple wire is used, the shield shall 
be grounded near the point of the circuit ground. For 
grounded junction thermocouples, this means at the thermo- 
couple head. For underground juncti.on thermocouples, this 
means at the control room. 

c. Cables of thermocouple pairs having an overall shield 
shall have the overall.shield grounded at the panelboard 
for grounded and ungrounded junction thermocouples. 

4. Thermocouple Circuit Grounding 

a. The selection of grounded junction or nongrounded junction 
thermocouples is usually determined by the requirements 
of the device.to which the thermocouple is connected, 
i.e., grounded junction thermocouples cannot be used with 
transmitters, mV alarms, or recorders that do not have . 

isolated inputs. 

b. Where nongrounded thermocouples are used, circuits shall 
be grounded at the receiving instrument. 

E. Routing of Instrument Signal.Wirin& 

1. Signal wiring shall be adequately separated from power wiring 
and electrical equipment to minimize noise. The following 
are minimum required separation distances between the signal 
wiring and the power conductors for parellel runs. Crossovers 
shall be made at right angles. 

MINIi"lUF1 SEPARATION 
SIGNAL WIRING OR 

POWER WIRING THERMOCOUPLE WIRING IN THERMOCOUPLE 
CAPACITY RIGID STEEL CONDUIT WIRING IN STEEL TRAY 
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XV. INSTRUMENT WIRING (Continued) 

E. Routing of I~strument Signal Wiring (continued) 

2. Intrinsically safe wiring shall be separated from all other 
control, signal, and/or power wiring, as set forth in Para. K. 

3. Where a strong magnetic field is known to exist, signal wiring 
shall be routed with respect to this field to minimize inter- 
ference (parallel to the magnetic flux lines). 

4 .  Signal wiring shall not normally be routed through areas where 
ambient temperatures exceed 176 F (80 C). 

5 :  No joints or splices shall be permitted in signal conductors 
except at terminal junctions in junction boxes. 

F. Instrument Wiring - General 
i. For intrinsically safe wiring, unfused paralleling of trans- 

mitters on one DC power supply shall be avoided; a separate 
pair of wires shall be used. This is also advisable for non- 

. intrinsically safe wiring. 

2; Controllers, recorders, indicators, computer inputs, alarm 
relays, etc. shall operate on the voltage signal measured 
across vendor specified calibrated resistors. Resistors shall 
remain in the loop when any of these devices are disconnected 
for servicing. Millianmeters in a loop shall have a shunt. 

3. Manufacturer's recommendation shall be followed when wiring 
special equipment such as turbine meters, magnetic flow 
transmitters, analyzers, etc. 

4. Each pair of wires shall be adequately identified at any 
junction where othei! wires are p r e s e ~ l L .  All terminalo c h a l l  
be clearly identified. Terminals on the back of the main 
control panel shall be labeled with identification containing 
the instrument loop number. 

G. Wiring of controls 

1. The ins truu~eut rilanufactursr ' o published limits on the 
resistive load which can be put on each signal generator shall 
not be exceedcd. Allowance shall he made for low power supply 
voltage level. 

2. Voltage signal receivers shall have an input impedance of 
more than 100 times the impedance in the rest of the circuit. 
This includes the wiring and the output impedance of the signal 
source 
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XV. INSTRUMENT WIRING (Continued) 

H. Wiring of Controls and Computers 

1. In transmission circuits containing both control and computer 
signals, the wiring practices shall be governed by the needs 
of the computer, as long as these practices do not conflict 
with intrinsic safety requirements. 

2. The interface between computer and controls using a milliampere 
signal is a vendor specified precision resistor. The location 
of this resistor shall be the grounded side of the transmission 
loop or as recommended by the eq~lipment manufacturer. 

3. No loads other than computer loads shall be connected to 
the secondary of the computer isolation transformer. 

4. All connections from the computer to the process controller 
shall be through circuits so designed that an open or short 
circuit on any computer input will minimize upset of the 
conventional control loop. 

J. Wiring of Thermocouples 

1. The impedance of receiving instruments shall be at least 
100 times the sum of the impedance of the sensor and the 
connecting wire. 

2. A thermocouple may be wired to two receiving instruments.in 
parallel, such as a signal multiplexer and a temperature 
alarm, if both devices have an input impedance of one megohm 
or greater. 

3. Grounding of thermocouples shall be as specified in Para. D.4 

: 4 .  Thermocouple terminal box connections shall be with tubular 
screw-type terrr~inals and connections to make drain wire con- 
tinuous from thermocouple to instrument, with isolation from 
ground in the terminal box. 
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XV. INSTRUMENT W I R I N G  (Continued) 

K.  Wiring of I n t r i n s i c a l l y  S a f e  Equipment 

1. I n t r i n s i c a l l y  s a f e  equipment s h a l l  n o t  be connected w i t h  sys tems.  

a .  Opera t ing  a t  d i f f e r e n t  v o l t a g e  l e v e l s  

b .  Having d i f f e r e n t  s i g n a l  ground r e f e r e n c e  p o i n t s  

c .  Approved f o r  d i f f e r e n t  hazardous  l o c a t i o n  groups ,  u n l e s s  '. 

approved e l e c t r o n i c  s a f e t y  b a r r i e r  d e v i c e s  a r e  used .  

2. I n t r i n s i c a l l y  s a f e  equipment of  d i f f e r e n t  manufac tu re r s  s h a l l  
n o t  be  mixed wi thou t  i n v e s t i g a t i n g  of  c o m p a t i b i l i t y  o f  
c e r t i f i c a t i o n .  

3 .  The i n s t a l l a t i o n  of s a f e t y  e l e c t r o n i c  b a r r i e r s  s h a l l  comply 
w i t h  t h e  fo l lowing :  

a .  Segrega t ion  of i n t r i n s i c a l l y  s a f e  l e a d s  and t e r m i n a l s  

b.  P r o t e c t i o n  of  t h e  b a r r i e r  from d u s t ,  m o i s t u r e ,  and exposure  
t o  an  ambient t empera tu re  exceeding 120 F and s e v e r e  
v i b r a t i o n s .  Exposure t o  d i r e c t  s u n l i g h t  o r  s o u r c e s  of  
r a d i a n t  h e a t  s h a l l  be p reven ted .  

c .  P roper  mounting and grounding of t h e  b a r r i e r .  

d.  Cable s h i e l d i n g ,  when u s e d ,  s h a l l  n o t  b r i d g e  over  t h e  . 

b a r r i e r .  

4.  To e n s u r e  an i n t r i n s i c a l l y  s a f e  sys tem when u s i n g  b a r r i e r s :  

a .  There  s h a l l  be  no i n t r u s i o n  of o u r s f d e  power s u u r c e s  
exceeding t h e  b a r r i e r  r a t i n g  on t h e  nonhazardous location 
s i d e  of  t h e  b a r r i e r .  

b .  There  s h a l l  be  no i n t r u s i o n  of o u t s i d e  power s o u r c e s ,  
i n c l u d i n g  o t h e r  i n t r i n s i c a l l y  s a f e  c i r c u i t s ,  on t h e  
hazardous  l o c a t i o n  s i d e  of  t h e  b a r r i e r .  

c .  There s h a l l  be no energy s t o r a g e  system ( c a p a c i t i v e  o r  
i n d u c t i v e ) ,  i n  excess  of t h e  maximum permi t t ed  by t h e  
b a r r i e r  d e s i g n ,  on t h e  hazardous  l o c a t i o n  s i d e  of t h e  
b a r r i e r .  
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XV. INSTRUMENT WIRING (Continued) 

K. Wiring of Intrinsically Safe Equipment (Continued) 

5. Generally, the safety barrier resistance represents a high 
percentage of the load capability of a transmitter of a 
controller. Therefore, a check shall be made to.ensure that 
the resistance required for cabling plus other series connected 
devices, does not exceed the maximum load impedance of the 
instrument . 

XVI. ELECTRICAL FIELD TESTS 

Refer to ENG STD 70A2 for complete testing requirements 

XVII. INSPECTION 

For shop information requirements, refer to the purchase order. 

XVIII. FOREIGN PROJECTS 

. . 
I The specifications, codes, equipment ratings, material sizes, etc., 

referred to herein, are standard for the United States. In the case 

i' 
of projects located in foreign countries, it is understood the specifi- 
cations, codes, equipment ratings, material sizes, etc., which apply 
in said country and are equivalent to those specified herein, shall 
complement those referred to in this country. 



FOSTER \w] WHEELER ELECTRICAL TESTING 
\,I 

PROCESS PLANTS DIVISION 

JOB SPECIFICATION 60863-70A2 

REVISION INDEX 

PAGE - 

ENG. STD. 70A2 
INDEX PAGE 1 
I SSU E 0 
DATE. b y  1, 1978 * 

DATE - 
5/ 1 /78 

5/ 1 /78 

5/ 1 /78 

PAGES REVISED FOR THIS ISSUE ARE NOTED BY ASTERISK. 
REASON FOR REVISION: 

Standa rd  Computer ized 



'FO$Tk WREELEP ELECTRICAL TESTING 

PROCESS PLANTS DIVISION 

ENG ST0 70A2 
PAGE 1  
REVISION 0 
DATE b y  1 ,  1978 

I. SCOPE 

T h i s  s t a n d a r d  s p e c i f i e s  F o s t e r  Wheeler 's  g e n e r a l  r e s p n a i b i l i t i e s  and 
procedures  f o r  t h e  t e s t i n g  o f  e l e c t r i c a l  i n s t a l l a t i o n s  at. 2 p r o c e s s  p l a n t  
j o b s i t e ,  p r i o r  t o  comple te ly  e n e r g i z i n g  a n  i n t e g r a t e d  e l e c t r i c a l  sys tem.  
E l e c t r i c a l  t e s t i n g  a t  t h e  j o b s i t e  w i l l  c o n s i s t  of  2  a s s o c i a t e d  p h a s e s ;  
t h e  i n v e s t i g a t i o n  ( t e s t  a n a l y s i s )  and t h e  i n s p e c t i o n  ( p e r c e p t u a l  
a n a l y s i s )  . T e s t s  which a r e  n e c e s s a r y  t o  r e t a i n  t h e  m a n u f a c t u r e r t  s 
g u a r a n t e e  w i l l  b e  conducted i n  accordance w i t h  i n s t r u c t i o n s  from t h e  
e l e c t r i c a l  equipment ( m a t e r i a l )  manufac tu re r .  In t h e  absence  o f  s p e c i f i c  
manufac tu re r t  s i n s t r u c t i o n s ,  e l e c t r i c a l  f i e l d  t e s t s  w i l l  be l i m i t e d  t o  - 
t h o s e  h e r e i n a f t e r  s p e c i f i e d  f o r  t h e  v a r i o u s  m a t e r i a l s  and equipment.  The 
i n s p e c t i o n  w i l l  c o n s i s t , o f  t h e  combined p h y s i c a l  examina t ions  f o r  unusua l  
c o n d i t i o n s  o f  o v e r h e a t i n g  , v i b r a t i o n ,  e t c  . , mechanical  and m a t e r i a l  
d e f e c t s  p r i o r  t o ,  dur ing  and a f t e r  t h e  e n e r g i z i n g  of an  e l e c t r i c a l  
i n s t a l l a t i o n .  

XI. GENERAL INSTRUMENTS A N D  PROCEDURES 
. a 

In a d d i t i o n  t o  normal t e s t i n g  equipment ( v o l t m e t e r s ,  ammeters, e t c . )  t h e  
fo l lowing  i n s t r u m e n t s  and p rocedures  a r e  r e q u i r e d  f o r  t h e  tests 
h e r e i n a f t e r  s p e c i f i e d  : 

A .  S h o r t  t ime  i n s u l a t i o n  r e s i s t a n c e  measurements,  ' h e r e i n a f t e r  d e s c r i b e d  
s h a l l  be made w i t h  megohmeter  t e s t e r s ,  (Megger) ,  R e s i s t a n c e  
measurements s h a l l  be recorded a f t e r  60 seconds  cf z p p l i e d  v o l t a g e  
p r e f e r a b l y  dur ing  d r y  t empera te  wea the r .  Tes t  v o l t a g e s  s h a l l  conform 
t o  t h e  fo l lowing  requ i rements  : 

1.  Equipment r a t e d  1000 V o r  l e s s  s h a l l  be t e s t e d  u s i n g  a  500-volt 
"Megger ." 

2 .  Equipment r a t e d  2300 V and above s h a l l  be t e s t e d  us ing  a 
2500-volt "MeggerV w i t h  range up t o  200 rnegohns. 

3 .  Equipment r a t e d  above 5000 V p r e f e r a b l y  shou ld  be t e s t e d  a t  a 
v o l t a g e  equa l  t o  50% of  t h e  equipment r a t i n g  but i n  no c a s e  
shou ld  i t  b e  t e s t e d  a t  l e s s  t h a n  5000 V .  

8. Grounding connec t ion  r e s i s t a n c e  w i l l  be measured w i t h  a p o r t a b l e  low 
r e s i s t a n c e  "Megger" ground t e s t i n g  i n s t r u m e n t :  Associa ted  Research 
I n c  . Vibraground T e s t e r ,  Biddle  Co . E a r t h  R e s i s t a n c e  T e s t e r ,  o r  
e q u a l .  

C.  Temperature measurements s h a l l  be t aken  by  a  mercury thermometer o r  
by a t h e r m a l - s e n s i t i v e  r e s i s t o r  c i r c u i t .  
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D .  hhen ava i l ab l e ,  s e rv i ce  p e r s o ~ ' e l  under cont rac t  t o  Foster Wheeler 
from loca l  agencies s h a l l  perform the following t e s t s :  

1. Dielec t r ic  s t r eng th  t e s t i n g  o r  i n su la t ing  l i qu ids .  

2. Current leakage t e s t s  on cable  f o r  s e rv i ces  above 5000 V .  

Where l o c a l  agencies a r e  not ava i l ab l e ,  the necesszry t e s t s  s h a l l  be 
performed by Foster 'riheeler personnel i n  accordance with t h i s  
s tandard.  

E .  Pr ior  t o  using t e s t i n g  and instrument devices ,  personnel s h a l l  be 
completely fami l ia r  with appl icable  manufacturer 's  i n s t ruc t ions .  

F. Se t t i ng  and ca l ib ra t ing  of pro tec t ive  relziys s h a l l  be performed by 
se rv i ce  personnel under contract  t o  Foster  ' h e e l e r  from a l o c a l  
agency capable of performing t h i s  funct ion.  

111. GENERATORS AND MOTORS . 

A .  Insu la t ion  Resistance 

1. A l l  a l t e r n a t i n g  current  synchronous and induct ive type machinery 
ra ted  10,000 HP and below s h a l l  be subjected t o  ul insu la t ion  
t e s t  p r io r  t o  connecting the  machine terminals t o  the motor 
feeder .  A one minute "Meggern reading not l e s s  then the  
following minimum values a t  a  machine temperature of 40 C s h a l l  
be observed before energizing : 

MIIiIMIM MEGOhY VALUES FOR MACHINES 
10,000 HORSEPOWER & BELOW - CLASS A h B INSULATION 

Volts: 110 440 550 2300 3000 4000 71 
0 
3 
3 

Xegohms; 1,11 1.5 1,h 3;s 4 - 0  5; 0 z 
P 

For a11 other  vol tage r a t i n g s ,  the  miniaum insu la t ion  r e s i s t ance  cf VI 

value s h a l l  be  determined f roa  the  following formula: i, 
0) 

B 

Ra = kV + 1 

Where Ra = recornended ninimua insu la t ion  r e s i s t ance  i n  
rnegohss a t  40 C of the e n t i r e  machine winding 

kV = ra ted  mschins po ten t i a l  i n  k i l c v o l t s  
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If t h e  winding is n o t  a t  a t empera tu re  o f  40 C ,  t.he observed o n e  
minute r e s i s t a n c e  must be  reduced by m u l t i p l y i n g  t h e  observed 
va lue  by t h e  t empera tu re  c o e f f i c i e n t  o f  S.nsulati.on r e s i s t a n c e  
(Kt4OC) found i n  t h e  fo l lowing  t a b l e :  

Winding 0  5 10 15 20 25 30 35 40 
Temp. C 

2 .  The v a l u e  o f  i n s u l a t i o n  r e s i s t a n c e  f o r  low-vol tage  motors  may b e  
determined by a  s i n g l e  measurement. 

3. The r e p r e s e n t a t i v e  v a l u e  o f  i n s u l a t i e n  r e s i s  t2nc.e f o r  mediun- 
v o l t a g e  motors  s h a l l  be determined by t h e  d i e l e c t r i c  a b s o r b t i o n  
r a t i o  c a l c u l a t e d  from 2 megohmmeter r e a d i n g s  t a k e n  d u r i n g  t h e  
same t e s t  i n  accordance  w i t h  t h e  f o l l o w i n g  r e q u i r e m e n t s :  

a .  For motors  r a t e d  750 kW (1000 HP) o r  less, t h e  r e p r e s e n t a t i v e  
v a l u e  o f  i n s u l a t i o n  r e s i s t a n c e  s h a l l  be t h e  r a t i o  o f  t h e  60 
second read ing  t o  t h e  30 second r e a d i n g .  

b .  For motors  r a t e d  over  750 kW (1000 HP) , the  r e p r e s e n t a t i v e  
va lue  o f  i n s u l a t i o n  r e s i s t a n c e  s h a l l  be t h e  r a t i o  o f  t h e  10 
minute read ing  t o  t h e  1  minute r e a d i n g  ( ? o l a r i z a t i o n  I n d e x ) .  

The minimum a c c e p t a b l e  v a l u e s  a r e  1.25 f o r  t h e  60 t o  30 second 
r a t i o  and 2.0 f o r  t h e  10 t o  1  minute r a t i o ,  provided t h e  30 
second and 1  minute r e a d i n g s  of  t h e  r e s p e ~ ~ v e  r a t i o s  e q u e l s  o r  
exceeds  t h e  requirement  o f  Paragraph i I I . A . 1 .  

4. Three-phase machines wi th  o n l y  3 l e a d s  brought  o u t  s h a l l  have t h e  
i n s u l a t i o n  r e s i s t a n c e  measured w i t h  a l l  3  l e a d s  connected 
t o g e t h e r .  

Three-phase machines w i t h  a l l  6 l e a d s  brogght  o u t  s h a l l  have t h e  
i n s u l a t i o n  r e s i s t a n c e  of  each phase measured s e p a r a t e l y  wi th  t h e  
o t h e r  2 phases  grounded.  The observed ~ e s i s t a n c e  o f  each phase  
s h a l l  be d i v i d e d  by 2  t o  o b t a i n  a  v a l u e ,  which a f t e r  c o r r e c t i o n  
f o r  t e m p e r a t u r e ,  can be compared w i t h  s h e  recosmznded minimlm 
v a l u e  o f  i n s u l a t i o n  r e s i s t a n c e .  

5 .  If t h e  c o r r e c t e d  i n s u l a t i o n  r e s i s t a n c e  i s  below t h e  minimum 
v a l u e ,  t h e  machine must be  d r i e d  o u t ,  a s  s p e c i f i e d  below. 

It should  be noted t h a t  f o r  machines i n  good c o n d i t i o n ,  
i n s u l a t i o n  r e s i s t a n c e  r e a d i n g s  o f  10 t o  130 tizaes t h e  recommended 
minimum v a l u e s  a r e  no t  uncommon. 
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B. Drying Out P r o c e s s  

1 .  Machine windings  s h a l l  b e  d r i e d  o u t  by s u p p l y i n g  h e a t  from 
e l e c t r i c  s t r i p  h e a t e r s ,  from h e a t  lamps o r  by p a s s i n g  c u r r e n t  
t h rough  machine windings  u n t i l  a s u f f i c i e n t l y  h i g h ,  r i s i n g  
i n s u l a t i o n  r e s i s t a n c e  i s  o b t a i n e d .  M e n  c u r r e n t  is  a p p l i e d  
t h rough  t h e  w ind ings ,  i t  s h a l l  n o t  exceed t h e  namep la t e  r a t i n g .  
The t e m p e r a t w e  m a a t a i n e d .  d u r i n g  t h e  d r y i n g  o u t  p r o c e s s  s h o u l d  
n o t  exceed t h e  f o l l o w i n g :  

a .  C l a s s  A I n s u l a t i o n  

By a t h e k o n e t e r  80 C 
By r e s i s t a n c e  b r i d g e  o r  a t h e r m a l - s e n s i t i v e  

r e s i s t o r  c i r c u i t  (RTD) 90 C 

b .  Class B I n s u l a t i o n  

a  thermometer  90 C 
By a  r e s i s t a n c e  b r i d g e  o r  a  t h e r m a l - s e n s i t i v e  

r e s i s t o r  c i r c v i t  ( R T D )  110 C 

2 .  Wound r o t o r  i n d u c t i o n  machines r a t e d  2300 V and above w i l l  be 
d r i e d  o u t  by m e c h a n i c a l l y  l c c k i n g  t h e  r o t o r  t hen  a p p l y i n g  a  
440 V ,  3-phase,  AC s u p p l y  t o  t h e  s t a t o r .  R e g u l a t i o n  s h + l l  be 
o b t a i n e d  from a  r e s i s t a n c e  i n s e r t e d  i n  t h e  r o t o r  c i r c u i t .  

3 .  The a p p l i e d  v o i t a g e  t o  produce  d r y i n g  c u r r e n t  f o r  o t h e r  
synchrocous  end i n d u c t i o n  machines r a t e d  2300 V and above  should  
n o t  exceed 10% of' t h e  n a e p l a t e  v o l t a g e  and shou ld  no t  c a u s e  s o r e  
t h a n  60% o f  namepla te  f u l l  l o a d  c u r r e c t  t o  p a s s  t h r o u g h  t h e  
w ind ings .  The v o l t a g e  may b e  i n c r e a s e d  t o  15% o f  n a m e p l a t e ,  
a f t e r  a low i ~ s u l a t i o n  r e s i s t a c e  I n c r e a s e s  t o  i / 2  o f  t h e  miniinurn 
v a l u e  . n 

0 
a 

4. The i n s u l a t i o n  r e s i s t a x e  s h a l l  be p e r i o d i c a l l y  r e c o r d e d  d u r b i g  L 

t h e  d r y i n g  o u t  p r o c e s s .  In l a r g e  h igh  v o l t a g e  machines  t h e  5 
i n i t i a l  c o l a  c o i l  r e s i s t a n c e  va lue .  w i l l  be h i g h  ( 2 0  megohms 20 &, G 
C .  A s  t h e  d r y i n g  p roces s  c o n t i n u e s  and water  vapor  i s  b o i l e d  i 
o u t  from t h e  i n t e r n a l s  o f  t h e  machines ,  t h e  i n s u l a t o n  r e s i s t a n c e  m 

3 

w i l l  r a p i d l y  f a l l  t o  a minimum ( 6 megohss 90 C) .* A s  t h e  d r y i n g  
p r o c e s s  n e a r s  ccmple t ion  t h e  i n s u l a t i o n  r e s i s t a n c e  w i l l  r e v e r s e  
i t s  downbjard t r e n d  and s e t t l e  a t  a  s t e a d y  h i g h e r  v a l u e  ( 1 2  
megohms 90 C )  .a  As t h e  c o i l s  c o o l ,  a f ' t e r  t h e  d r y i n g  p r o c e s s  h z s  
Seen comple t ed ,  t h e  i n s u l a t i o n  r e s i s t a n c e  w i l l  r ~ p i d l y  r i s e  (150 
megohms 20 C) . * 

v a l u e s  f o r  c c a p r a t i v e  ppposes  o n l y .  
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5.  A pe r iod  o f  24 hours  w i l l  u s u a l l y  be found s u f f i c i e n t  f o r  d r y i n g  
machines r a t e d  600 t o  2000 horsepower.  Less t i m e  w i l l  be 
r e q u i r e d  f o r  d ry ing  s m a l l e r  machines.  Windings which have been 
exposed t o  m o i s t u r e  w i l l  t a k e  l o n g e r  t o  d r y  o u t  than  machines 
which have been p r o p e r l y  s t o r e d .  

C .  I n s p e c t i o n  

1 .  P r i o r  t o  energ iz ing  t h e  machine,  a l l  f o r e i g n  o b j e c t s  between t h e  
r o t o r  and t h e  s t a t o r  f i e l d  c o i l s  should  be removed. Brushes must 
move f r e e l y  i n  t h e i r  h o l d e r s  making a  f i r m  and even c o n t a c t  w i t h  
' c o l l e c t o r  r i n g s .  Voltage and f requency  on t h e  nameplate  o f  t h e  
machine must co r respond  w i t h  t h e  t e r m i c a l  l i n e  v o l t a g e  and 
f requency .  B e l t s  f o r  d i r e c t l y  connected e x c i t e r s  ( a u x i l i a r i e s )  

. .  s h a l l  be in  p roper  runn ing  c o n d i t i o n .  A l l  b e a r i n g s  must be  
p r o p e r l y  f i l l e d  wi th  o i l  o r  g r e a s e .  *chine s h a f t s  ( r o t o r s )  
s h a l l  be checked f o r  a l ignment ,  s h a f t  end p l a y  and r o t a t i o n  
b e f o r e  be ing  coupled t o  o t h e r  machinery .  

2. Drain p l u g s  fu rn i shed  on t o t a l l y  enc losed  motors  s h a l l  be removed 
and r e p l a c e d  wi th  approved e l e c t r i c a l  d r a i n  f i t t i n g s  . 

3. During t h e  machine t e s t - r u n ,  i n s p e c t  f o r  smoke, unusua l  n o i s e s ,  
. . v i b r a t i o n  and o v e r h e a t i n g .  Opera t ing  c o n d i t i o n s  must be  

i n v e s t i g a t e d  and c o r r e c t i v e  a c t i o n  taken when t h e  t o t a l  
t e m p e r a t u r e  (ambient  p l u s  r i s e )  exceeds  t h e  fo i lowing  v a l u e s :  

a .  For C l a s s  A i n s u l a t i o n  - 90 C 

b .  For C l a s s  B i n s u l a t i o n  - 110 C 

c .  For Class H i n s u l a t i o n  - 150 C 

I V .  TRANSFORMERS 

A. Transformer  windings s h a l l  have t h e i r  i n s u l a t i o n  r e s i s t a n c e  t e s t e d :  

a .  Primary t o  ground 

b .  Secondary t o  ground 

c .  Primary t o  secondary 

B.  Sea led  t a n k  t y p e  t r a n s f o r m e r s  shipped assembled and f i l l e d  wi th  o i l  
s h a l l  have an o i l  sample t e s t e d .  For t r a n s f o r m e r s  shipped wi thou t  
o i l ,  samples  o f  o i l  s h a l l  be t e s t e d  b e f o r e  f i l l i n g  t h e  t r a n s f o r m e r .  
Transformer i n s u l a t i o n  s h a l l  be t e s t e d  by a megohmmeter p r i o r  t o  
f i l l i n g  and i f  r e q u i r e d ,  i n s u l a t i o n  s h a l l  b e  d r i ed(  u s i n g  an approved 
method. 
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C .  T e s t  samples o f  l i q u i d s  i n s u l a t i n g  immersed t r a n s f o r m e r  windings  
r a t e d  f o r  150 kVA s e r v i c e  u ld  above must undergo a  d i e l e c t r i c  
s t r e n g t h  tes t .  The t e s t  sample must w i t h s t a n d  t h e  f o l l o w i n g  minimum 
v o l t a g e  s t r e s s  w i thou t  a n  i n s u l a t i o n  breakdown when t e s t e d  w i th  a 
s t a n d a r d  t e s t i n g  dev ice :  

ASTH D 877 Method ASlX D 18'16 Method 

O i l  
S i l i c o n  
RTE mp F l u i d  

If t h e  v o l t a g e  caus ing  a breakdown is l e s s  t han  t h e  minimum v a l u e ,  
t h e  l i q u i d  must be  ( d r i e d )  passed  t h r o u g h  a s u i t a b l e  f i l t e r  p r e s s .  
u n t i l  t h e  minimum v o l t a g e  s t r e s s  c a n  be s u s t a i n & .  

D. ASTM D 977 method i s  g e n e r a l l y  s u i t a b l e  f o r  t e s t i n g  se rv i ce -aged  
l i q u i d  d i e l e c t r i c s .  D i e l e c t r i c  s t r e n g t h  i s  t e s t e d  w i th  a  s t a n d a r d  
t e s t i n g  d e v i c e  c o n s i s t i n g  o f  a t e s t  c u p ,  i n s t r u m e n t s ,  con ' t ro l  and 
h i g h  v o l t a g e  power s u p p l y .  The t e s t  cup  i n t e r n a l s  s h a l l  s u p p o r t  2 
b u t t e d  e l e c t r o d e s ,  s e p a r a t e d  by a 0.1" gap .  Each e l e c t r o d e  s h a l l  
h a v e .  a  p o l i s h e d  1" d i ame te r  c i r c u i a r  d i s c  p a r a l l e l  t o  t h e  o t h e r  
e l e c t r o d e  a t  t h e  gap  i n t e r f a c e .  S i x t e e n  ounces  o f  l i q u i d  w i l l  be 
r e q u i r e d  f o r  t h e  t e s t .  A f t e r  t h e  e l e c t r o d e  s p a c i n g  h a s  been checked 
w i t h  a s t a n d a r d  round gage ,  h a v i n g  a  d i a a e t e r  o f  O.lOOn, t h e  
e l e c t r o d e s  w i l l  be  l ocked  i n  p o s i t i o n .  A f t e r  a s u i t a b l e  r i n s i n g  
p r o c e d u r e ,  t h e  t e s t  cup  w i l l  be immed i i t e ly  f i l l e d  wich t h e  l i q u i d  
sample  t o  be t e s t e d .  The l i q u i d  shou ld  be a t  a  t e m i x r a t u r e  o f  40 C .  
During t h e  t e s t  t h e  uniform r a t e  of  v o l t a g e  ' i l c r e a s e  s h o u l d  be abciut 
2,000 v o l t s  per second.  One b r e a k d o m  shou ld  be made on each  o f  5 
f i l l i n g s  of  t h e  t e s t  cup .  Any i n d i v i d u a l  t e a t  which d e v i a t e s  frcm 
t h e  ave rage  by  more t h a n  25% nill be t e s t  r eco rded  and r e p l a c e d  by a n  
a d d i t i o n a l  t e s t .  An ave rage  o f  t h e  first 5  t e s t s  w i t h i n  t h e  
a l l o w a b l e  d e v i z t i o n  w i l l  be t a k e n  a s  t h e  d i e l e c t r i c  s t r e n g t h  o f  t h e  
l i q u i d .  

E. ASTM D 1816 method i s  s i m i l a r  t o  t h e  method d e s c r i b e d  above w i t h  t h e  
e x c e p t i o n  t h a t  i t  p r e s c r i b e s  t h e  u s e  of  s p h e r i c a l l y  capped 
e l e c t r o d e s ,  s e p a r a t e d  by a  0 .04"  gap.  It i s  p r i n a r i l y  s u i t a b l e  f o r  
t e s t i n g  new o i l s .  

F. Compietely a s s e m b l e d ,  f a c t o r y - s e a l e d - t a q k  t r a n . s f o m e r s  sn ipped  k t t h  
an i n s u l a t i n g  l i q u i d  s u c c e s s f u l l y  p a s s i n g  t h e  p r e l i m i n a r y  d i e l e c t r i c  
s t r e n g t h  t e s t  wi tnout  f i l t e r i n g ,  may be  pu t  i n t o  t h e  s e r v i c e  a f t e r  
i n s p e c t i o n  i f  t h e  c o l d  c o i l  i n s c l a t i o n  r e s i s t a n c e  between windings 
and between windings  m d  ground t e s t s  above 6  megohms. I n  t h e  e v e n t  
t h a t  t h e  i n s u l a t i o n  r e s i s t a n c e  v a l u e  f a l l s  below 6 megohms t h e  
t r a n s f o r m e r  c o i i s  m l l s t  b e  d r i e d .  
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G .  C o i l s  f o r  f a c t o r y  s e a l e d - t a n k - t r a n s f o r m e r s  s h i p p e d  w i t h  an  i n s u l a t i n g  
l i q u i d  f a i l i n g  t h e  d i e l e c t r i c  s t r e n g t h  test  ( b e f o r e  f i l t e r i n g )  and 
c o i l s  f o r  t a n k  t y p e  t r a n s f o r m e r s  s h i p p e d  s e p a r a t e l y  wi thou t  
i n s u l a t i n g  l i q u i d  must undergo an o u t - o f - l i q u i d  s h o r t -  t i m e  llMeggerll 
t e s t  f o r  i n s u l a t i o n  r e s i s t a n c e  t o  ground and t o  o t h e r  w ind ings  a t  a  
t e m p e r a t u r e  between 60-70 C .  The o u t - o f - l i q u i d  i n s u l a t i o n  r e s i s t a n c e  
must measu re  above one  megohm pe r  thousand v o l t s  o f  r a t e d  l i n e  
v o l t a g e .  C o i l s  w i t h  i n s u l a t i o n  r e s i s t a n c e  v a l u e s  f a i l i n g  t h i s  
r e q u i r e m e n t  must  be d r i e d .  

H.  In t h e  e v e n t  t h a t  d r y i n g  i s  n e c e s s a r y ,  t h e  t r a n s f o r m e r  c o i l s  w i l l  be 
h e a t e d  t o  a t e m p e r a t u r e  o f  60-70 C f o r  a p e r i o d  o f  24 h o u r s  b y  
c i r c u l a t i n g  c u r r e n t  t h r o u g h  t h e  wind ings .  T h i s  may be accompl ished  
by s h o r t  c i r c u i t i n g  e i t h e r  winding (HV o r  LV) and i m p r e s s i n g  1/25 t o  
1 %  of namep la t e  v o l t a g e  ( a t  normal f r e q u e n c y )  a c r o s s  t h e  o t h e r .  
C u r r e n t  shou ld  be l i m i t e d  t o  1/5 o f  t h e  r a t e d  normal f u l l  l o a d  
c u r r e n t  by  a r e o s t a t  i n  s e r i e s  w i t h  t h e  e x c i t i n g  winding .  A s  t h e  
maximum c o i l  t e m p e r a t u r e  is a p p r o a c h e d ,  t h e  c i r c u l a t i n g  c u r r e n t  
s h o u l d  be g r a d u a l l y  r educed  u n t i l  a s t e a d y  s t a t e  t e m p e r a t u r e  
c o n d i t i o n  is  reached  w i t h i n  t h e  60-70 C r a n g e .  

I. The t r a n s f o r m e r  t a n k  and  a l l  f i t t i n g s  s h a l l  be i n s p e c t e d  and t e s t e d  
f o r  a d e q u a t e  s e a l i n g  t o  p r e v e n t  l e a k a g e  of i n s u l a t i n g  l i q u i d ,  
e n t r a n c e  o f  m o i s t u r e  and l o s s  o f  i n e r t  g a s  p r o t e c t i o n  b e f o r e  t h e  
t r a n s f o r m e r  i s  e n e r g i z e d .  During a l e a k a g e  test  t h e  t r a n s f o r m e r  t a n k  
s h a l l  n o t  b e  s u b j e c t e d  t o  a p r e s s u r e  g r e a t e r  t h a n  t h e  amount 
s p e c i f i e d  on t h e  namep la t e .  I f  t h e r e  i s  no namep la t e  p r e s s u r e  
s p e c i f i e d  a t e s t  p r e s s u r e  o f  5 p s i  w i l l  be u s e d .  The l i q u i d  
d i e l e c t r i c  w i l l  be  s l o w l y  pumped i n t o  t h e  s e a l e d  t r a n s f o r m e r  u n t i l  
t h e  p r e s s u r e  r e a d s  5 p s i .  J o i n t s ,  c o n n e c t i o n s  and g a s k e t s  w i l l  be 
checked w i t h  c h a l k  d u s t  t o  d e t e c t  l e a k s .  Any a p p r e c i a b l e  l e a k a s e  
w i l l  c a u s e  a p r e s s u r e  d r o p  w i t h i n  a f ew h o u r s .  

J .  The f o l l o w i n g  p r e c a u t i o n s  shou ld  be t a k e n  b e f o r e  p l a c i n g  t h e  
t r a n s f o r m e r  i n  s e r v i c e .  

1 .  Check l i q u i d  l e v e l ,  bush ings  and o t h e r  e x t e r n a l l y  connec ted  o r  
g a s k e t e d  d e v i c e s ,  s u c h  as o i l  temperature and l e v e l  g a u g e s .  

2.  Check no- load  t a p  c h a n g e r  t o  be  s u r e  it  i s  i n  o p e r a t i n g  c o n d i t i o n  
and a t  p r o p e r  t a p  s e t t i n g .  

3 .  I f  p r o v i d e d ,  check  o p e r a t i o n  o f  t e m p e r a t u r e  alarm and l e v e l  
a'l.arm. 

4. If p r o v i d e d ,  check  o p e r a t i o n  of c o o l i n g  f a n  r e l a y  and c i r c u i t ,  
and  f a u l t  p r e s s u r e  r e l a y .  

5. Check g round ing  o f  t r a n s f o r m e r .  
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V .  SWITCHGEAR A N D  MOTGR CONTilOL EQUIPMENT 

A .  Before connect ing c a b l e  l e a d s  t o  swi tchgear  a q C  c o t c r  c o n t r o l  
equipment t e r m i n a l s ,  i n t e r n a l  bus b a r s  and concec t ions  s h a l l  w ~ e r g o  
a  s h o r t  time "Megger" t e s t .  "Megger" t e s t s  should be nad; p r e f e r a b l y  
dur ing  d r y ,  temperate  weather.  

The swi tchgear  a d  motor c o n t r o l  equipment n u s t  be d ~ i e d  before  going 
i n t o  s e r v i c e  i f  the  i n s u l a t i o n  r e s i s t a n c e , t o  qrosund f a l l s  below t h e  
fo l lowing minimum va lues .  

T e s t s  w i l l  c o n s i s t  o f  megohameter measurements between each phase and 
grounded between phases .  

600 v o l t s  601 v o l t s  above 
and below t o  15 ,-000 v o l t s  

15,000 v o l t s  

3 megohms 50 negohrns 200 megohms 
( S r e a k e r s  i n )  ( breakers  o u t )  ( breakers  o u t )  

P recau t ions  requ i red  t o  o b t a i n  r e l i a b l e  i n s u l a t i o n  neasurements w i l l  
i n c l u d e  d i sconnec t ing  l i g h t n i n g  a r r e s t o r s ,  c a p a c i t o r s ,  p o t e n t i a l  
t r ans fo rmers  and secondary ground connect ions  on c u r r e n t  
t r a n s f o r m e r s .  

On completion of  t h e  wire  and c a b l e  t e r m i n a t i o n s ,  a  f i n a l  insulatio:! 
measurement using a  slegohuneter s h a l l  Se obta ined f c r  t h o  e n t i r e  
sys tem.  P r e f e r a b l y ,  t h e  measurement should  be obta ined j u s t  7 r i o r  2 0  
t h e  equipment being energized o r ,  hhere a p p l i c a b l e ,  p r i o r  t o  beicg 
turned over t o  t h e  C l i e n t  a s  being mechanica1,ly complete.  

7 

B. O i l  immersed c o n t a c t o r s  o r  c i r c u i t  b reakers  must undergo t h e  $ 
d i e l e c t r i c  s t r e n g t h  t e a t ,  (See  Sec t ion  IV) K 

5 
C .  P r ior  t o  energ iz ing  t h e  swi tchgear  bus ,  t h e  fo l lowing i t e n s  s h a l l  be ;3 

inspec ted  and t e s t e d  f o r  proper  o p e r a t i o n :  i, 
0 
> 

1 .  Con t ro l ,  p r o t e c t i v e  and meter ing c i r c u i t s .  

2 .  Contact al ignment on a l l  c o n t a c t o r s  and c i r c u i t  b r e a k e r s .  

3 .  S e t t i n g  and c a l i b r a t i n g  a l l  overcur ren t  r e l a y s  a s  hore ina . f ter  
desc r ibed  where t h i s  i s  a  p a r t  of  Foster  kheeler  r e s p o n s i b i l i t y .  
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4 .  Tanks f o r  o i l  c i r c u i t  b r e a k e r s  must b e  f i l l e d  b e f o r e  tests  b e g i n .  : 
P l a c e  t h e  c i r c u i t  b r e a k e r  i n  its "Tes t  P o s i t i o n i t ,  ( u s e  a p l u g  
jumper where n e c e s s a r y )  and make t h e  f o l l o w i n g  tests: 

a .  C lose  and t r i p  t h e  b r e a k e r  w i t h  i t s . c o n t r o 1  s w i t c h .  
b .  Manually t r i p  t h e  b r e a k e r .  
c .  C lose  and t r i p  t h e  b r e a k e r  from a n y  r e m o t e  c o n t r o l  , p o s i t i o n s .  

5. Where t h e  s w i t c h g e a r  is a r r a n g e d  f o r  a  s e c o n d a r y  s e l e c t i v e  sys t em 
w i t h  a u t o m a t i c  t r a n s f e r  scheme,  t h e  t r a n s f e r  c i r c u i t s  s h a l l  b e  
t e s t e d  by s i m u l a t e d  f a u l t  and u n d e r v o l t a g e  c o n d i t i o n s .  

6.  O p e r a t e  o t h e r  a u x i l i a r y  d e v i c e s .  

7 .  Bo l t ed  bus  j o i n t s ,  t e r m i n a l s  and o t h e r  c o n n e c t i o n s  f o r  e a c h  
s e p a r a t e  equipment  i n s t a l l a t i o n  s h a l l  be checked  f o r  t i g h t n e s s .  

V I .  RELAY AND PROTECTIVE DEVICES , 

A .  Relay  s e t t i n g s  and c o o r d i n a t i o n  c u r v e s  s h a l l  be f u r n i s h e d  t o  f i e l d  
p e r s o n n e l .  The f o l l o w i n g  i n s t r u c t i o n s  a p p l y  where F o s t e r  Wheeler i s  
r e s p o n s i b l e  f o r  s e t t i n g  and  c a l i b r a t i n g  r e l a y s :  

1 .  ' A l l  r e l a y s  w i l l  be s e t  i n  a c c o r d a n c e  w i t h  t h e  r e l a y  t a b u l a t i o n s  
f u r n i s h e d .  

2 .  R e l a y s  w i t h  t i m e  c h a r a c t e r i s t i c s  s h a l l  be t e s t e d  a t  2 p o i n t s  on 
t h e  time c o o r d i n a t i o n  c u r v e s  t o  v e r i f y  conformance  w i t h  t h e  
m a n u f a c t u r e r ' s  d a t a .  

3. P r o t e c t i v e  r e l a y  s e t t i n g s  and a d j u s t m e n t s  s h a l l  b e  made i n  
a c c o r d a n c e  w i t h  m a n u f a c t u r e r ' s  a p p l i c a b l e  i n s t r u c t i o n  b o o k l e t s .  

4. C i r c u i t  p r o t e c t i v e  d e v i c e s  t h a t  have  a d j u s t a b l e  s e t t i n g s ,  s u c h  as 
molded c a s e  c i r c u i t  b r e a k e r s ,  s h a l l  b e  set i n  a c c o r d a n c e  w i t h  t h e  
sys t em c o o r d i n a t i o n  r e q u i r e m e n t s .  

5. H e a t e r  e l e m e n t s  o f  . t h e r m a l  o v e r l o a d  r e l a y s  used f o r  mo to r  
p r o t e c t i o n  s h a l l  be i n d i v i d u a l l y  checked  t o  e n s u r e  t h e  p r o p e r  
e l e m e n t  h a s  beer? s e l e c t e d ,  i n s t a l l e d  and s e t  f o r  t h e  motor  
namep la t e  f u l l - l o a d  c u r r e n t .  Where f u s e s  a r e  u s e d ,  t h e i r  ampere 
r a t i n g  and  NEMA c l a s s  s h a l l  b e  checked  f o r  conformance  w i t h  
d e s i g n  r e q u i r e m e n t s .  

6 .  O t h e r  d e v i c e s  h a v i n g  v a r i a b l e  t im ing  c h a r a c t e r i s t i c s ,  s u c h  as 
t ime-de l ay  r e l a y s  used i n  t h e  a u t o m a t i c  r e s t a r t  o f  motor  d r i v e r s ,  
s h a l l  be s e t  and t e s t e d  i n  a c c o r d a n c e  w i t h  t h e  i n t e n d e d  c o n t r o l  
f u n c t i o n .  
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VII. BATTERY A N D  BATTERY CHARGER 

A ,  The fo l lowing  p r e c a u t i o n s  shou ld  be t a k e n  b e f o r e  p l a c i c g  t h e  b a t t e r y  
i n  s e r v i c e :  (CAUTION: Type o f  b a t t e r y  shou ld  b e  cneckod i n  a d v u l c e :  
Lead-Acid o r  NI-CAD) . 
1.  Check t h e  b a t t e r y  c e l l s  f o r  p rope r  l e v e l  o f  e l e c t r o l y t e ,  f o r  

s p e c i f i c  g r a v i t y  . o f  e l e c t r o l y t e  by u s i n g  a hydrome te r ,  and f o r  
c r acked  jars. (Do n o t  use  hydrometer  i f  i t  is a NI-CAD B a t t e r y ) .  

2.  Check t h e  c e l l  c o n n e c t i o n s  and w i r i n g  f o r  c o n t i n u i t y  and 
p o l a r i t y .  . L 

3 .  Check a l l  p r o t e c t i v e  d e v i c e s  f o r  p r o p e r  r a t i n g .  

4 .  Check t h e  b a t t e r y  o u t p u t  v o l t a g e .  

B.  Before e n e r g i z i n g  t h e  b a t t e r y  c h a r g e r ,  t h e  b a t t e r y  shou ld  be 
connected  a c r o s s  t h e  o u t p u t  t e r m i n a l  i n  such a  manner t h a t  t h e  
p o s i t i v e  b a t t e r y  t e r m i n a l  i s  connected  t o  t h e  p o s i t i v e  t e r m i n a l  of  
t h e  c h a r g e r .  I f  t h e  p o l a r i t y  o f  t h e  b a t t e r y  t e r m i n a l s  h a s  been l o s t  
i n  a  c a b l e  r u n ,  a  p o l a r i t y  check  can  be made by open ing  t h e  A . C .  
s u p p l y  s w i t c h  t o  t h e  c h a r g e r  and c o n n e c t i n g  t h e  b a t t e r y  l e a d s  t o  t h e  
o u t p u t  t e r m i n a l s  o f  t h e  c h a r g e r .  Observe t h e  d e f l e c t i o n  o f  t h e  
v o l t m e t e r  on t h e  b a t t e r y  c h a r g e r .  I f  i t  r e a d s  on s c a l e ,  t h e  b a t t z r y  
is connected  c o r r e c t l y  t o  t h e  o u t p u t  t e r a i n a l s  . I f  t h e  v o l t m e t e r  
r e a d s  o f f  s c a l e ,  r e v e r s e  t h e  b a t t e r y  l e a d s  a t  t h e  c h a r g e r  o u t p u t  
t e r m i n a l s .  

1 1 1  EMERGENCY POWER 

Emergency g e n e r a t i o n  f a c i l i t i e s  s h a l l  be checked f o r  a u t o m a t i c  s t a r t i n g ,  
g e n e r a t i o n  and power t r a n s f e r  d u r i n g  a s i m u l a t e d  l o s s  o f  v o l t a g e .  

n 
I X .  WIRE AND CBLE 

0 
13 
3 

A .  Before  be ing  connected  t o  equipment ,  i n s t a l l e d  w i re  a d  c a b l e  having  5 
4 

a l l  s p l i c e s ,  po theads ,  s t r e s s  c o n e s ,  and m e t a l l i c  i n s u l a t i o n  o UI 

s h i e l d i n g  comple ted ,  s h a l l  be checked i n  a c c o r d a n c e  w i t h  t h e  i 
Q) 

f o l l o w i n g  r e q u i r e m e n t s :  3 

1 .  T e s t  f o r  c o n t i n u i t y  o f  a l l  c o n d u c t o r s  m d ,  where a p p l i c a b l e ,  
continuity o f  m e t a l l i c  i n s u l a t i o n  s h i e l d i n g  t o  g round .  

2 .  T e s t  o f  i n s u l a t i o n  r e s i s t a n c e  o f  low-vol tage  and u n s h i e l d e d  
medium-voltage w i r e  and c a b l e  u s i n g  a  megobmete r  acco rd ing  t o  
t h e  t a b l e  i n  Paragraph  1 X . D .  Measurements s h a l l  be made be tueen  
p h a s e s  and between each  phase c o n d u c t o r  and. ground.  
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3. T e s t  o f  i n s u l a t i o n  r e s i s t a n c e  .of m e t a l - c i a d ,  me ta l - shea thed  and  
s h i e l d e d  medium-voltage w i r e  and c a b l e  u s i n g  h i g h - v o l t a g e  d i r e c t  
c u r r e n t  i n  a c c o r d a n c e  w i t h  t h e  r e q u i r e m e n t s  o f  Pa rag raph  I X .  B. 
T e s t s  on  me ta l - c l ad  and me ta l - shea thed  c a b l e  hav ing  no m e t a l l i c  
i n s u l a t i o n  s h i e l d i n g  s h a l l  be made between each  phase  and 
m e t a l l i c  c o v e r i n g  and between p h a s e s .  T e s t s  on w i r e  and c a b l e  
hav ing  m e t a l l i c  i n s u l a t i o n  s h i e l d i n g  s h a l l  be made between each  
phase  c o n d u c t o r  and t h e  m e t a l l i c  i n s u l a t i o n  s h i e l d i n g  f o r  t h a t  
c o n d u c t o r .  

B. I n  a d d i t i o n ,  c a b l e s  r a t e d  above  5000V, s h a l l  be t e s t e d  f o r  c u r r e n t  
l e a k a g e  u s i n g  a  s u i t a b l e  DC h i g h  p o t e n t i a l  t e s t i n g  s e t .  The 
i n i t i a l l y  a p p l i e d  d i r e c t  c u r r e n t  v o l t a g e  s h a l l  b e  n o t  g r e a t e r  t h a n  3  
times t h e  r a t e d  AC v o l t a g e  o f  t h e  c a b l e s ;  p r e f e r r a b l y ,  i t  s h a l l  be 
2 .4  times t h e  r a t e d  v o l t a g e .  

T e s t  r e s u l t s  s h a l l  be r e c o r d e d  on t h e  "DC High P o t e n t i a l  T e s t  Repor tv  
( s e e  Appendix) .  The c a b l e  s h a l l  be g r a d u a l l y  s t r e s s e d  t o  minimize  
ha rmfu l  s u r g e  c u r r e n t s .  High v o l t a g e  ozone  r e s i s t a n c e ,  ~ u b b e r  t y p e  
c a b l e  must  b e  c a p a b l e  o f  w i t h s t a n d i n g  t h e  f o l l o w i n g  v o l t a g e  stresses: 

DC MAXIMUM TEST VOLTAGE ** 

RATED A C  RMS CONDUCTOR 100% INSULATION 133% INSULATION 
VOLTAGE OF CABLE SIZE, AWG LEVEL (GROmDED LEVEL (UNGROUNDED 

NEUTRAL) ' NEUTRAL) 

* 5000 V 8 L o v e r  25  kV 25 kV 
8000 V 6 & o v e r  35 kV 35 kV 

15000 V 2  & o v e r  35 kV 65 kV 
25000 V 1  & o v e r  8 0  kV 100 kV 
28000 V 1 & o v e r  8 5  kV -- 
35000 V 1/0 & o v e r  100 kV - - 
ROnly d~eti iGequ i~ -ed  for t h e  s p e c i f i c  p r o j e c t .  

*#These v a l u e s  a r e  80% o f  f a c t o r y  t e s t  v a l u e s .  

The above s h a l l  a p p l y  t o  t h e  f o l l o w i n g  i n s u l a t i o n s  : Rubber t y p e  
(EPR) , T h e r m o p l a s t i c  (XLPE) ; a l l  w i t h  i n s u l a t i o n  s h i e l d .  

The f o l l o w i n g  p r o c e d u r e s  a p p l y  f o r  t h i s  t e s t i n g :  

1 .  Leakage c u r r e n t s  s h o u l d  b e  obse rved  d u r i n g  v o l t a g e  bu i ld -up .  
F a u l t y  i n s t a l l a t i o n s  w i l l  c a u s e  l e a k a g e  v a l u e s  t o  s t e a d i l y  rise 
af te r  30  s e c o n d s .  
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A f t e r  a p p l i c a t i o n  of t h e  i n i t i a l  v o l t z g e ,  t h e  v o l t a g e  s h a l l  be  
r a i s e d  u n i f o r m l y  t o  t h e  t e s t  v o l t a g e  i n  n o t  l e s s  t h a n  1C) zeconds  
n o r  more t han  60 seconds .  (The t e s t  a p a a r a t u s  n a y ,  however ,  
r e q u i r e  a  s l i g h t l y  l o n g e r  t i n e  t o  r a i s e  t h e  v o l t a g e  i n  s o z e  
c a s e s ) .  Potheads  and t e r m i n a t o r s  i s o l a t e d  by s w i t c h e s ,  e t c  . from 
o t h e r  equipment  nay b e  s t r e s s e d  a t  t h e  t e s t  v c l t a g e '  a l o n g  w i t h  
t h e  c a b l e .  

2 .  Immedia te ly  upon r e a c h i n g  t h e  t e s t  v o l t a g e ,  t h e  t ime  a d  c u r r e n t  
r e a d i n g  s h a l l .  b e  noted  and r eco rded  on t h e  "DC High P o t e n t i a l  
Tes t  Repor tv  ( s e e  Appendix) .  The test  s h a l l  be f o r  a  15 n i n u t e  
d u r a t i o n  d u r i n g  which c u r r e n t  r e a d i n g s  s h a l l  be made f o r  t h e  t i m e  
i n t e r v a l s  shown on t h e  T e s t  Repor t .  

3 .  A f t e r  t h e  t e s t  v o l t a g e  h a s  been r e a c h e d ,  t h e  c u r r e n t  r e a d i n g s  
s h o u l d  show a d e c r e a z i n g  amount o f  c u - r e n t  w i t h  t i n e  u n t i l  a 
f a i r l y  s t e a d y  c u r r e n t  f lows  toward t h e  end o f  t h e  t e s t  t i n e .  If 
t h e  c u r r e n t  b e g i n s  t o  i n c r e a s e  d u r i n g  t h i s  t i m e ,  t h e  c a b l e  w i l l  
be c o n s i d e r e d  i n a d e q u a t e  and n u s t  b e  c o r r e c t e d  o r  r e p l a c e d .  

4 .  If t h e  t e s t  must b e  i n t e r r u p t e d  f o r  a n y  r e a s o n  bef'cre t h e  , 
r e q u i r e d  t e s t  i n t e r v a l  i s  c o m p l e t e ,  t h e  c a b l e  s h a l l  be groundsd 
f o r  an i n t e r v a l  a t  l e a s t  equa l .  t o  t h a t  t i n e  v o l t a g e  was a p p l i e d  
t o  t h e  c a b l e ,  b e f o r e  a  new t e s t  c a ?  be  s t a r t e d .  

5 .  A f t e r  comple t ing  t h e  t e s t ,  t h e  c a b l e  s h a l l  be grounded f o r  a t i m e  
i n t e r v a l  a t  l e a s t  e q u a l  t o  t h e  amount o f  t i n e  v o l t a g e  was a p p l i e d  
b e f o r e  t h e  c a b l e  can  be c o n s i d e r e d  s a f e .  

C .  S h o r t  r u n s  o f  c a b l e  (be low 200 f e e t )  r a t e d  f o r  s e r v i c e  above 5000 
v o l t s  w i l l  be c o n s i d e r e d  a s  s a t i s f a c t o r i l y  i n s t a l l e d  i f  t h e  meggerad 
i n s u l a t i o n  r e s i s t a n c e  r e a d s  above t h e  f o l l o w i n g  minimum v a l u e s :  

CABLE SIZE GROUNDED NSUTRAL UNGROUNDED NELJT9AL 7 
cl 

86 - #4 AEC 5 mngnhm.9 6 megohms 

$2 - B1/0 AWG 4 megohms 5  megohns G 
ul 

#4/0 - #250 MCM 3 megchms 3 negohms z2 
D 

#SO0 - 750 MCM 2 megohms 3 megohms 

111000 M C M  1 .5 megohms 2 megohms 

D.  Cable f o r  s e r v i c e ,  1 ,000  v o l t s  and be low,  s h a l l  be  t e s t e d  wi th  a  
500 -vo l t ,  megohm i n s t r u m e n t .  I n s u l a t i o n  r e s i s t a n c e  f o r  s a t i s f a c t o r y  
power i n s t a l l a t i o n s  s h a l l  n o t  be  lower t han  t h e  f o l l o k i n g  m i n i a m  
v a l u e s .  
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SIZE 600 V MAX.' 3  kV MAX. 5  kV M A X .  

812 AWG 1.5 5 . O  - - 
#10 AUG 1.5 4.0 - - 

- .  

#8 AWG 1.5 4.0 5 .0  

116 AGiG 1 .O 3 - 0  4.0 

. #4 AWG. 

#2 AWG 

I11 AWG, 

81/0 AWG 

#4/0 AWG 

#250 HCM 

C500 MCM 

t1000 MCM 0.2 1 . O  1 . O  

&ample: 600 Volt maximum, 350 MCM, l e n g t h  below iOOO . f e e t  - 0 . 3  
megohm minimum i n s u l a t i o n  r e s i s t a n c e .  

E .  For minimum : permiss ib le  i n s u l a t i o n  r e s i s t a n c e  f o r  c a b l e  runs  more 
than  1000 f e e t ,  m u l t i p l y  t h e  t a b l e  va lues  by t h e  r a t i o  1000 f e e t  
d iv ided  by a c t u a l  f e e t  of P u n .  

* Minimum permiss ib le  ' va lues  o f  i n s u l a t i o n  r e s i s t a n c e  f o r  l i g h t i n g  
branch c i r c u i t s  (600 V )  s h a l l  be 1/2 of t h e  i n d i c a t e d  va lues  when 
f i x t u r e s  ( b e f o r e  lamping) and r e c e p t a c l e s  a r e  included i n  the  t e s t .  

X .  GROUNDING 

The ground system s h a l l  be checked using a  s u i t a b l e  "Megger" t o  i n s u r e  
t h a t  ground r e s i s t a n c e  v a l u e s  cnrnply w i th  requirements  o f  t h e  e l e c t r i c a l  
s p e c i f i c a t i o n  ( E N G  STD 7OAl). 
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I -  
1.0 GENERAL 

1.1 Furnish and ins ta l l  'insulation and finishes as shown 'on the pipeline 
schedule a n d  as  specified herein. 

1.2 The preparatory work of others shall be exanlined and objections thereto 
reported to the owner's representative before proceeding with the work. 
The contractor shall ascertain i f  any surfaces are  to be painted before 
insulating, and shall not proceed with the insulating \cork until  
painting i s  completed. 

1.3 Lines a re  to  be tested and made t igh t  before i n ~ ~ l a t i o n  i s  applied. 
, 

Under no circumstances shall 1 ines or  f i t t i n g s  be covered while net o r  
i n  frosted condition. No threaded f i t t i n g s  or connections shall  be 
covered until  i.nspected and approved by the Dovr representative as being 
in zccordance with the drawings and specifications and made u p  t i gh t  
with the proper thread, seal ant .  , 

1.4 Unpainted surfaces shall be brushed clean before applyint insulation, 
using wire brush whert? necessary, and a l l  loose material ,  d i r t ,  and 
grease shall be removed from surface before covering i s  applied. 

1.5 Insulation shal l  f i t  the surface of the pipe and equipment snugly and 
shall  be fabrka ted  or  molded so a s  to leave n o t  riiore than 1/8" void 
between the surface to  be insulated and the insulation i t s e l f .  

1.6 All metal protrusions through insulation shall be flashed to prevmt 
entrance of water. . 

1.7 Joints  shall be close f i t t i n g  and water-tight. 

1 . b  All materials and accessories shall. be instal led per manufacturer's 
' recornmendations. 

1.9 All insulation shall be kept dry and protected from the weather a t  a l l  
. times. Any insulation found to be wet or damaged shall be replaced by 
the contractor a t  no cost to Dow. 

. . 
. . 

1.10 Do not cover l ines  tha t  a re  in a wet or  frosted condition. 
. .  .. . 

1.11 Wherever posii  bl e ,  pre-mol ded insulation blocks shall  be used to 
cover valves, pipe f i t t i n g s ,  e tc .  ' 

. . 
1.12 Insulation shall  not in te r fere  with any moving parts cf valves, e t c .  

1.13 Thermoblell s and resi stance devices stla1 1 n o t  be con~pl e te ly  coverecl . 
1.14 On single layer insulation t ie - ins  to existing insulations,  the new 

weather coating or outer jacket stlall over1 ap the exi s t ing covering by 
a t  l e a s t  6 inclies. 

INSULATION 



INSULATION 

1.0 G E N E R A L  (CONTIPIUED) 

1.15 The type and thickness of i n s u l a t i o ~ ~  requirc:.:l to  meet the temperature 
and service conditions which are to. prevail on the various surfaces 
to  be covered shall be according to the class  table in the respective 
insirlation specification. The materials and thickness speci f  ied in  

. these classes indicate the nli nimurn of insulation value acceptable, 
and the contractor shall furni st1 thc material s  specified with 
corrlmercial dimensions in closest  accord with, b u t  not l e s s  than, t he  
specified thickness. Substitute materials nay not be used without 
prior written approval of the Owner's representative. 

1.16 The materials used, methods of application, and qua1 i t y  of work dore 
shall a t  a l l  times be subject t o  the inspection and approval 'o f  the 
Owner.'s representative. 

1.17 The Contractor shall make available scaffolding and/or rigging and 
a s s i s t  the Owner's representative in making any tes'ts or  inspections 
when, in the opi'nion of the representative, such assistance i s  
necessary or  required. 

1.18 Safety Rules', All insulating operations shall  be conducted in 
conformance with the Owner's approved safety regulations. 

1.19 Operating areas shall be kept f ree of accuniulatecl waste materials 
or  rubbish caused by t.his work. 

1.20 All wires and bands used to  secure insulation in place shal l '  be 
applied in accordance with the quoted insulation specification. 
Ends of bands and t i e  wires shall be tucked under to  minimize 
hazards to  personnel . 4 

1.21. All weather barr ier  materials and vapor bar r ie r  materials shall be 
e i ther  black o r  gray as  specified in the specif ic  insulation 
specification. 

2.'0 APPLICATION 

2.1 Pipe insulation shail be i n  sectional or  segmented form. Insulation 
for  f i t t i n g s  and irregular surfaces shall be segmented, pre-formed, 
block; or  insulating cement. All joints shall be t i g h t  f i t t i n g  and 
a11 voids f i l l e d  with broken block insulation or  with insulating 
cenlent and thoroughly seal ed. 

2.2 Pipe  

2.2.1 InsulaLion shall be applied in single layer construction to  the 
tllicl;nesses speci fictl. 

2 . 2 . 2  All joints  shall be butted t ight ly togchter and securely wired 
or bar~tled on 9" ccntcrs. 

C) L . L . ~  'Y Ends 0.f l o o p s  shall  be twisted toget l~er ,  bent over, and 
driven into the i~ l s~ r l a t ion  so as  to Icave no projections. 



2 . 0  APIIL I C A T  IOPI (cOPITINUED) 

2 . 2 . 4  Insulation shall be applied by the broken joint  method. For 
multiple layer construction, the second layer shall  be applied so tha t  
both circumferential a n d  longitudinal joints a re  staggered. 

2.2.5 O n  multiple layer construction, each layer shall be wired or 
banded separately . 

2.3 ~ i t t i n g s ,  Valves, and Flanges 

2.3.1 Fitt ings on piping 2%-," and larger a n d  the bodies of the ' f langed 
.valves shall be. insulated vri t h  block i,nsulation t o  a thickness. equal to  
tha t  on adjacent piping. 

2.3.2 Flanges shall be covered with sectional pipe or block insulation 
to  a thickness equal to tha t  of the insulation on the adjacent piping. 

2.3.3 The block insulation on the bodies of 2%" and larger  f i t t i n g s  and 
valves and on a1 1 flanges shall  be securely wired or banded in place. 
On flanges, the insulation shall  be of such length as to  extend not l e s s  
than 2" or a distance equal t o  the insulation thickness, whichever i s  
greater ,  over the adjacent pipe insulation on  each side of the flange. 

. A11 voids shal l  be f i l l e d  with insulation ~ ~ i a t e r i a l  and shall be ihororlghly 
sealed. The total  thickness of the insulation shall be equal to  tha t  on 
the adjacent piping. . . 

. . 

2.3.4 The insulation for  f i t t i n g s  and the bodies of valves on pipe 
2" and smaller shall consist  of a built-up layer of insulating cement. 
Total thickness of insulation shall.be equal to  tha t  on adjoining pipe: 
Valve and f i t t i n g  insulation shall be extended ,over the piping insulat ion 
a distance equal to the insulation thickness. 

2.4 Bends 
. . 

2.4.1 Bends shall  be cov:ered by mitered sectional insulation or  pre- . 

f o r~ned  bends. Each sect.inn shall be securely wired o r  banded in place. 
A1 1 jo in ts  shall be thoroughly sealed. 

3.0 FINISH-blEATHEKPROOF 

3.1 Pipe 

3.1.1 Pipe insulation shall  be covered o r  finished vrith Hu-A1 s t y l e  
TGH-1000-\IB \leatherproof jacketing. A1 pha Associ s t e s  , \.Joodbr.idge, 
New Jersey. 

3.1.2 The jacketing shall be securely lappet1 and stapled on .2" centers  
to  the insulation. The lap stla11 be turned tlobrn t o  shed !;later. The 
n~iriilnuln lorigituclinal and circumferential 1 a p  s))al 1 be 2" .  

3 1 3 Circu~nfercntial joints  shall be sccurcly tapecl t o  pr'cven.t cntry 
o f  any 111oi s ture. 



3.2 F-i t t i ngs ,  valves, flanges, and beads shall be finished with a  vieather- 
proof s ~ a s t i c .  Edges shall  be lapped a t  l ea s t  2"  and t h e  insulation 
f in i sh  shall  be smooth, neat, and pi~lllole frce.  

4.0 \!IRES AKD BANDS 

4.1 \lire and Band tlaterials 

4.1.1 For securing a l l  single and outer layer insulation and for  a l l  
weatherproof finishes using a  roofing jacket, wires. and bands ' 
shall  be Type 302 or 304 s ta in less  s tee l .  

4.1.2 Bands and wires for securing inner layer insulation shall be 
galvanized s t e e l .  

4.1.3 Wires and bands shall be spaced on 9" centers. 

INSULATION 



5.1 P I P E  I N S U L A T I O N  

P l i I L I P  C A R E Y  C O R P .  C " i R E Y T E M P  1 5 0 0  
O!JEKS C O l < N I N G  K A Y L O  1 0  

5 . 2  
l J E A T H E R P R O O F  J A C K E T I W G  ( U I T H  V A P O R  B A R R I E R )  

A L P H A  A S S O S I A T E S ,  I N C .  H U - A L  S T Y L E  T G H - 1 0 0 0 - V B  ( W I I ~ T E )  
. W O O D B R I D G E ,  NEW J E R S E Y  

5 . 3  P R E - M O L D E D '  O N E  P I E C E  P V C  I N S U L A T I N G  F I T T I E i G S  

Z E S T O N  F I T T I N G S  - Z E S T O N ,  I K C .  
C E R T A I N T E E D / S T .  G O B A I N  F I T T I N G S  - C E R T A I N T E E D / S T .  G O B A I N  

5 . 4  I N S U L ' A T I ' N G  C E I I E N T S  

C E L O T E X  ' -  M W - 5 0  C E F I E N T  
K E E N E  C O R P .  = S U P E R P O W E R H O U S E  C E M E N T  
P .  K . ' I N S U L .  M F G .  C O .  - Q U I K - C O T E  

5 . 5  E L A S T O M E R I C  M A S T I C S  ( V A P O R  E A R R I E R )  

F O S T E R  D I V .  O F  .. AMCHEF1 . P R O D U C T S  - W O N O L A R  6 0 - 3 6  ( W H I T E )  
" . 

. . . ' .  , 
5 , 6  S E A L A N T S  . . 

. .  . , 
. . 

, - .  
. P O R T E R  P A I N T  C O .  F L A S H I N G  I N S U Z M A S T I C  4 0 1 0  

;... . . . .. . 

5 . 7  F A S T E N ~ N G  M A T E R I A L S  
. . 

5 . 7 . 1 :  S T A P L E S ' '  
. . k n  .LEG LE'NGTH M O N E L  O U T W A R D  C L I N C I I  T Y P E  . 0 5 0 t 1  W I D E  x 

. 0 1 9 "  T H I C K  . - '  

. . . . . . 
7 . 2  W I R E  

M O N E L ,  S O F T  A N N E A L E D ,  1 6  Ca. 

7 3 ' B A N D I N G  

1 304  S T A I N L E S S  S T E E L ,  5 / 8 I 1 W I D E  X . 0 1 5 "  T I I I C K  - 
. A .  J .  G E R R A l ? D  C O .  

I '  

7 .  T A P E  (SHLLL - w ~ L I T E )  

i U U - A L L  T A P E  - Z E S T O ; J ,  I N C .  
C E I < T A I N T E B D  T A P L  - C E R T A I N T E E D J  ST. GOI$AT.N 
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A P P L I C A T I O N  O F  R I G I D  I I ~ S U L A T I O N  0i.4 P I P E  

(High Tempera tu r e )  

SIN 

n s u l a t i o n  

G L E  L A Y E R  
. . 

O f f s e t  E n  
I 

P - S t a g g e r  L 
Seams 

J o i n t s  

g i t u d i n a l  

D O U B L E  L A Y E R  

APPLICATION NOTES d 

1. For  m a t e r i a l s  s e e  P r o j e c t  S p e c i f i c a t i o n s .  

2.  I n s u l a t i o n  s h a l l  be a p p l i e d  o v e r  a  c l e a n ,  d r y  s u r f a c e .  J o i n t s  
s h a l l  be c l o s e l y  b u t t e d  and a l l  v o i d s  f i l l e d  w i t h  i n s u l a t i n g  
cement .  

3'. S i n g l e  Layer  

3 .1  Up t o  12"  d i a .  p i p e  F a s t e n  S e c t i o n s  w i t h  wire .  

3.2 Over 1 2 "  d i a .  p i p e  ~ a s t e n . s e c t i o n s ' o r  segments  w i t h  bands .  

4 .  Double Layer  

4 .1  Up t o  8" d i a .  p i p e  F a s t e n  i n n e r  & o u t e r  l a y e r s  w i t h  Grire. 
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-.. 
4 . 2  Over 8" d i a .  p i p e .  Fas t en  i n n e r  l a y e r  w i t h  w i r e  and 

. . . s e c t i o n s  o r  segments  o f  o u t e r  l a y e r  
wi th  bands.. 

5 .  All  w i r i n g  o r  banding sha l ' l  be on a p p r o x i m a t e l y  1" c e n t e r s ,  u s i n g  a 
minimum of 4 l o o p s  per  3 f t .  l e n g t h .  of i n s u l a t i o n .  ' 

-t 6. Mechan ica l  C o n t r a c t o r  w i l l  , i n s t a l l  h a r d  b l o c k  i n s u l a t i o n  
c o m p l e t e  w i t h  j a c k e t i n g  a t  a l l ' h a n g e r s ,  same ' t h i c k n e s s  a s  
s p e c i f i e d  i n  p i p e  l i n e  s c h e d u l e .  

Design Notes (Not p a r t  of p r o j e c t  s p e c i f i c a t  i o n s )  
. . 

1 .0  T h i s  p r a c t i c e  shou ld  be used p r ina ra i ly  f o r  t h e  a p p l i c a t i o n  
of Calcium S i l i c a t e ,  Rigid I n s u l a t i o n .  
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I H S U L A T I O N .  

S 
M 8 A - 4 0 2  

P a g e  1 o' f  4  

A P P L I C A T I O N  ' O F  I N S U L A T I O N  O N  V A L V E S  

F i n i  

I n s u  

P i p e  

B u t t  i n s u ' l a  

l a t i n g  c e m e n t - \  Iagainst 

S I N G L E  L A Y E R  D O U B L  

t i o n  t i g h t  
v e  

T H R U  2 - 1 / 2 "  
. . 

. . 

Wire o r  b a n d  

F l a s h  w i t h  m a s t i c  w h e n  

S I N G L E  L A Y E R  D O U B L E  L A Y E R  

WELD E N D  V A L V E S  
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ENGIf.IEERING PRACTICES 
. INSULATION 

H8A-402 . . 
P a g e '  2 o f  4 ,  

S l o p e  - 1 1 2 "  M i n .  

I n s u l a t i n g  c e m e n t  

S a m e  t h i c k n e s s  a  
p i p e  i n s u l a t i o n .  

Wire o r  b a n d s  

P i p e  I n s u l a t i o n  F l a s h  w i t h  m a s ' t i c  i f  
u s i n g  w e a t h e r p r o o f  j a c k e t i  

L e a v e  v o i d  u n f i l l e d  

SINGLE LAYER 

I n s u l a t i n g  c e m e n t  

S a m e  t h i c k -  F l a s h  w i t h  m a s t i c  wh 
n e s s  a s  p i p e  

I n s u l a t i o n  
o r  H.S .  f i n i s h i n g  

D O U B L E  L A Y E R  L e a v e  v o i d  u n f i l l e d  c e m e n t .  

FLANGED V A L V E S  



. 'TIIE DOIJ  CtIEl.1ICAL COMPANY 
ENGINEERING PRACTICES 
1N.SULATION 

. . . - -. . 

5 
' M8A-402 

P a g e  3 ' o f  4 

F i n i s h  

I n s u l a  

P i p e  i 

B u t t  i 
t i g h t  
v a l v e  

t i ,ng  

n s u l  

n s u l  
a g a i  

c e m e n t  

a t  i o n  

a t i o n  
n s t  

SCREWED VALVES 

APPLICATION NOTES . 

. . 
1. F o r  m a t e r i a l s  see  p r o j e c t  S p e c i f i c a t i o n s .  . . 

C- 2. M i t e r e d  o r  s e c t i o n a l  b l o c k s  o f  i n s u l a t i o n  s h a l l  b e  o f  t h e .  same 
m a t e r i a l  as  . . a d j a c e n t  p i p e  i n s u l a t i o n  and i n s t a l  l e d  a s  shokrn . . 

o n  s k e t c h . .  . 
. . 

3 .  S p o t  i n s u l a t i n g  cemen t  t o  v a l v e  as  shown, a p p l y i n g .  a p p ~ r o x i m a t e l y  
same t h i c k n e s s  as a d j o i n i n g  p i p e  i n s u l a t i o n .  

4 .  F a s t e n  m i t e r e d  o r  s e c t i o n a l  b l o c k s  a c r o s s  v a l v e  b o d y  s e c u r e l y  
a s  ' f o l l o w s :  . . 

4.1 S l n y l e L a y e r ,  t h r u  10' v a l v e s :  F a s t e n  w i t h  w i r e .  

4.2 s i n g l e  L a y e r ,  1 2 "  v a l v e s  and o v e r :  F a s t e n  w i t h  Bands .  

4 . 3  D o u b l e  L a y e r ,  t h r u  10' '  v a l v e s :  F a s t e n  i n n e r  a n d  o u t e r  l a y e r s  
w i t h  wire.  

4.4 D o u b l e  L a y e r ,  1 2 "  v a l v e s  and o v e r :  F a s t e n  i n n e r  l a y e r  w i t h  
w i r e  and o u t e r  l a y e r  w i  tls 
b a n d s .  

5 .  B o n n e t s  

5.1 On s i z e s  l e s s  t h a n  Z4", e i t h e r  s i n g l e  o r  d o u b l e  1 a y e . r  u s e  o n l y  
i n s u l a t i n g  cement .  F o r  s i z e s  ~ Y i ' a n d  l a r g e r  u s e  m i t e r e d  
o r ' s e c t i o n a l  b l o c k s .  The t h i c k n e s s  o f  e i t h e r  s h a l l  b e  e q u a l  
t o  t h e  a d j o i n i n g  p i p e  i n s u l a t i u i l .  
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5.2  S i n g l e  ~ a ~ e ;  - I n s u l a t e  a l l  b o n n e t s  o p e r a t i n g  a b o v e  3 5 0 ' ~ .  

5 .3  Double  Laye r  - I n s u l a t e  a l l  b o n n e t s .  

6 .  A l t e r n a t e  i n s u l a t i o n  - Al l  s i z e s :  

6 . 1  I n s t a l l  p r e ~ f a b r i c a t e d  i n s u l a t i o n  f i t t i n g s  o f  same i n s u l a t i o n  
m a t e r i a l  & t h i c k n e s s  a s  on a d j a c e n t  p i p e .  F a s t e n  same a s  a b o v e ,  
and p o i n t  a l l  v o i d s  w i t h  . i n s u l a t i n g  _ . cement .  

DESIGN, NOTES ( N o t  p a r t  of  p r o j e c t  S p e c i f i c a t i o n s )  

1. These  a p p l i c a t i o n  methods a r e ,  i n t e n d e d  t o  be u s e d  w i t h  b i g h  
t e m p e r a t u r e ,  r i g i d  t y p e ,  i n s u l a t i o n  s y s t e m s , ( a b o v e  4 5 0  F )  
o r  a s  a l t e r n a t e s  t o  t h e  p r e - c u t  f a c t o r y  . e  made f i t t i n g s ,  s u c h  a s ,  
Z e s t o n  F i t t i n g s .  

2. T h i s  p r a c t i c e  s h o u l d  n o t  be used  f o r  v a l v e s  . o p e r a t i n g  be low 3 5 ' ~ .  
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APPLICATION OF INSULATION ON F ITT INGS 

DOUBLE LAYER 

. WELDING ELLS 3 "  AND LARGER , . . . . -  
I 

P i p e  i n s u l a  

F i n i s h -  

I n s u l a t i n g  

'WELDI'f4G 'ELLS THRU 2-1  / 2 "  
.. . 

P i p e  i n s u l a t i o n  

DOUBLE LAYER 

SINGLE LAYER 

MITERED ELBOW 

bIEI.DED F I T T  (PIGS -- 



I n s u l a t i o n  o r  S a m e  t 
H . S .  f i n i s h i n g  i n s u l a  

- P i  
i n s  

t h i c  
i n s u  

h i c k  
t i o n  

n e s s  a s  p i p e  

lrbrr ' - ' r  c ld 

P a g e  2 o f  4 

M i t e r e d  
I n s u l a t -  
i o n  o r  
I n s u l a t -  
i n g  
C e m e n t  . 

i n i s h  
. . 

SINGLE LAYER DOUBLE LAYER SINGLE LAYER 

FLANGED UNION FLANGED E L L  

.FLANGED F I T T I N G S  

DOUBLE LAYER 
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P i p e  i n s u l a t i . o n  s i n g l e  
o r  d o u b l e  1 a y e r . a ~  
s p e c i f i e d .  

B u t t  i n s u l a t i o n  t i g h t  
a g a i n s t  f i t t i n g  

F i n i s h  

1 n . s u l a t i n g  cemen t  . 
. . .  . . 

. . 
( s c r ewed  t e e s " a r e  s i m i l a r )  

Note:  Do . n o t  i n s u l a t e  sc ' rewed u n i o n s  u n l e s s  s p e c i f i e d  o t h e r w i s e .  
. . . . 

. .  . . . . _  
S C R E I J E D  FITTINGS . .  . . . . . .  

APPLICATION NOTES* 

1 .  Fo r  m a t e r i a l s  s e e  P r o j e c t  S p e c i f i c a t i o n s .  
8 .  

2. M i t e r e d  o r  s e c t i o n a l  b l o c k s  o f  i n s u l a t i o n  s h a l l  b e  o f  
t h e  same m a t e r i a l  a s  a d j a c e n t  p i p e  i n s u l a t i o n  a n d  i n s t a l l e d  
a s  shown on s k e t c h .  

3 .  S p o t  i n s u l a t i n g  cement  t o  f i t t i n g  a s  shown,  a p p l y i n g  
a p p r o x i m a t e l y  same t h i c k n e s s . a s  a d j o i n i n g  p i p e  i n s u l a t i o n .  

4 .  F a s t e n  m i t e r e d  o r  s e c t i o n a l  b l o c k s  on f i t t i n g s  s e c u r e l y  
a s  f o l l o w s :  

4 .1  S i n g l e  l a y e r ,  t h r u  1 0 " :  F a s t e n  w i t h  \ J i r e .  

4 . 2  S i n g l e  l a y e r ,  1 2 "  a n d  o v e r :  F a s t e n  w i t h  b a n d s .  

4 . 3  Double  l a y e r ,  t h r u  1 0 " :  F a s t e n  i n n e r  and  o u t e r  l a y e r  w i t h  
w i r e .  

4 . 4  Double l a y e r ,  12"  and o v e r :  F a s t e n  i n n e r  l a y e r  w i t h  
w i r e  and o u t e r  l a y e r  w i t h  
bands .  
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6 .  A l t e r n a t e  i n s u l a t i o n  - a l l  s i z e s :  

6 . 1  I n s t a l l  p r e - f a b r i c a t e d  i n s u l a t i o n  f i t t i n g s  o f  s a m e  
i n s u l a t i o n  m a t e r i a l  & t h i c k n e s s  a s  on a d j a c e n t  p i p e .  
F a s t e n  s a m e  a s  a b o v e ,  a n d  p o i n t  a l l  v o i d s  w i t h  
i n s u l a t i n g  c e m e n t .  

DESIGN NOTES ( N o t  p a r t  o f  P r o j e c t  S p e c i f i c a t i o n s )  

1. T h e s e  a p p l i c a t i o n  m e t h o d s  a r e  i n t e n d e d  t o  b e  u s e d  ~ 6 t h  h i g h  
i . t e m p e r a t u r e ,  r i g i d  t y p e ,  i n s u l a t i o n  s y s t e m s ,  ( a b o v e  4 5 0  F )  

o r  a s  a l t e r n a t e s  t o  t h e  p r e - c u t  f a c t o r y  made  f i t t i n g s ,  s u c h  a s ,  
Z e s t o n  F i t t i n g s .  

2. T h i s o p r a c t i c e  s h o u l d  n o t  b e  u s e d  f o r  ' F i t t i n g s  o p e r a t i n g  
b e l o w  35 F. 
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= dQw CHEMICAL COMPANY 
."- TiNGLY EEliISG SPECIFICATION . .'A C. 

. -. . .-. MOT INSULATION. 
DETAIL AT SMALL SCREWED OR WELDED FITTINGS 

lnsula ting cement 

Fitt ing finish-------' 

. . 
NOTES: 

1: For muteii jfs j e e  job spci f iea  t iofis. . .. .. . - .  

2. Premolded fittings moy be u s e d  in l ieu of insulating cement, 

HOT iNSULA'TlOi.1 

DETAIL AT S~AALL SCRE\YED 02 ~YELDED' FITTINGS 
- DETAIL 55-UU4 
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PAINTING 

The subjec t  spec i f i ca t ion  i s  i ssued herewith p e r  index of pages noted below. 
If this i s  a l a t e r  revis ion  than now in your possession, p lease  des t roy  superseded 
pages and i n s e r t  the revised pages. 

I n i t i a l  i s s u e  x 
En t i r e  spec i f i ca t ion  re issued 

Revised pages only a t tached 
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4 0 8/26/76 

5 0 8/26/76 

6 0 8/26/76 

7 0 8/26/76 

8 0 8/26/76 

9 0 8/26/76 

10 0 8/26/76 

11 0 8/26/76 

12 0 8/26/76 
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I ssue  No. 2 Date 4/25/79 Basis: nawChernj.ca1. Ca. 
Speci f ica t ion  



18.0 PAINTING 

+. 18.1 Scope &-, i 

- .  .... 18.1.1 The Contractor sha l l  furnish  a l l  supervis ion,  labor ,  na- 
t e r i a l s  ( i nc l  uding pa in t s ,  th inners ,  c leaners ,  and sandblas t  
sand) ,  tools ,  conlpressed a i r ,  scaffol  ding,  and equi.pment 
necessary t o  s a t i s f a c t o r i l y  complete the  work a s  defined i n  
these  spec i f i ca t ions  and by the drawings and equipment l i s t .  

18.2 S t ruc tu ra l  and Miscellaneous Steel 

18.2.1 The term, " s t r uc tu r a l  and miscellaneous s t e e l " ,  as used 
here in ,  includes s t e e l  s t ruc tu res  ( 1  adders and platforms) 
and a l l  manner of supports f o r  piping,  instrumentation,  and 

. . e l e c t r i c a l  work. Miscel 1  aneous pipe and i  nstrurnent sup- 
por ts  a r e . n o t  a l l  shown on drawings. 

18.2.2 O!~ner furnished s t r uc tu r a l  s t e e l  ( ladders  and platforms) 
and miscel laneous Contractor furnished s t e e l  wi 11 be primer 
coated i n  accordance with Dow Engineering Spec i f i ca t ion  
57-247. . . 

18.2.3 Grating shal I be galvanized per Dow Standard 57-270. 

18.2.4 Galvanized coatings,  i f  damaged p r i o r  t o  o r  during erec-  
t i on ,  shal l  be repaired in  accordance with Dow Engineering 
Specif ica t ion 57-271, 

Piping 

18.3.1 Carbon s t e e l  piping,  not t o  be insu la ted ,  with an operat ing 
temperature of  250°F o r  l e s s ;  and s t e e l  piping t h a t  w i l l  be 
insula ted f o r  personnel protection only ( ind ica ted  by sym- 
bol "*" on 1  ine schedule) ,  shal l  be painted a s  follows. 

18.3.1.1 Sandblast t o  near white metal ,  NACE No. 2 su r face  
f i n i s h ,  and prime vii t h  inorganic z inc  . in accor- 
dance w i t h  Dow Engineering Specif i  cat ion E57-247. 

18.3.1.2 Valves sha l l  be hand o r  power too l  cleaned t o  re-  
move a l l  d i r t ,  dus t ,  grease ,  rust, loose pa in t ,  
and/or o ther  foreign material  , and primed with in-  
organic z inc  prinier in accordance with Dovr Engi- 
neering Specif ica t ion E57-247. 

18.3.1.3 Primed piping sha l l  be spo t  primed a f t e r  erec- 
t i o n ,  and painted in accordance w i t h  Dow Engineer- 
ing Specif ica t ion E57-223. . . 

PAINTING 



18.0 PA1 NTI NG (CONTINUED) 

18.3 Piping (Continued) 

18.3.5 Carbon s t e e l  piping t o  be insula ted,  having an operating 
temperature above 250°F, w i l l  not  require  sandblast ing and 
painting. . 

18..3.6 Surfaces of heat  t raced piping t h a t ' w i l l  be cov2rzd w i t h  
insula t ion sha l l  be sandblasted and primed per  d e t a i l s  of 
Paragraph 12.3.1.1. The primed pi ping, including valves,  

. sha l l  be spot  primed w i t h  inorganic z inc  a f t e r  erect ion.  
No fu r t he r  painting wi l l  be required. 

18.4 Safety Shower and Eyewash In s t a l l a t i ons  
. . 

18.4.1 Galvanized surfaces sha l l  be cleaned and phosphatized a s  
fo l  lor~ls: 

Gal vani zed surfaces  sha l l  be cl eaned w i t h  chl orothene t o  
remove any residual o i l  o r  grease and phosphatized with a 
ten per cent  solution of phosphoric acid i n  water 'applied 
t o  t he  galvanized surfaces .  The sur faces  sha l l  be kept 
wet o r  damp with the acid solut ion un t i l  a matte ( d u l l )  
f i n i s h  i s  formed, and then sha l l  be r insed with clean water 
t o  remove a l l  zinc s a l t s .  Surfaces sha l l  be allowed t o  dry 
thoroughly before being painted. 

18.4.2 Safe ty  shower and eyewash i n s t a l l a t i o n s  sha l l  be painted 
with a1 kyd paint  in accordance with. Dow Speci f i  c a t i  on 
E57-223. The color  scheme to  be a s  spec i f i ed  by Owner's 

, r epresen ta t ive .  . . 

18.5 Carbon Steel  Surfaces of Owner Furnished Vessels 

18.5.1 Unless otherwise spec i f i ed  on equipment drawings, these  
items wil l  be furnished primed w i t h  inorganic zinc 
( 57-247). 

18.5.2 Dirt, dust ,  grease, o i l ,  r u s t ,  o r  o ther  foreign ma t t e r , sha l l  
be removed. before painting.  

18.5.3 The exposed primed surfaces  of '  vessels  t h a t  a r e  not t o  be 
insu la ted ,  including the  ins ide  su r f ace .  of vessel s k i r t s ,  
s h a l l  be spot  primed with inorganic z inc  and painted with . 

a1 kyd paint  in accordance with Dow Engineering Speci f i  ca- 
t ion  E57-225. 

18.5.4 Surfaces sha l l  be spot  primed with inorganic zinc a f t e r  
erect ion of vessels  which wi 11 be insul  ated.  

.PAIPITING SECTION 18 



18.0 PAINTING (CONTINUED) 

18.6 Exposed metal surfaces of fie1 d instru~nents and e lec t r ica l  devices. 
Caution -- protect vents, glass ,  valve stems, threads, e tc .  Do not 
plug vent holes. Do not paint valve stems. 

18.6.1 Iron and s teel  surfaces shall  be ,cl eaned and painted in 
accordance with Dcw Engineering Specification E57-223. 

18.7 Touch-up of existing painted surfaces marred by work on th i s  con- 
t r a c t .  

18.7.1 All foreign matter shall  be removed and the marred sur- 
faces ,shall  be painted to  match the existing paint system. 

18.8  he-following surfaces will not require f i e l d  painting: 

18.8.1 Concrete. 

18.8.2 Galvanized s tee l  grating. . 

18.8.3 Galvanized s tee l  piping, except fo r  safety shower and eye- 
wash instal  1 a t i  ons. 

18.8.4 Stain1 ess s teel  surfaces, except surfaces. to be insulated. 

18.8.5 Surfaces of steam l ines  (1 ine number 'prefixed by S )  t ha t  - . 

will be covered w i t h  insulation, including steam traps and 
steam,trap drain piping. 

18.8.6 Insulation. 

18.8.7 Vendor furnished equipment with shop finished paint systems 
such as pumps, motors, e t c . ,  except where touch-up o f  

. marred surfaces i s  required. 

18.8.8 Cable tray. 

18.8.9 S w i  tchcjear and instruments inside buildings. 

18.8.10 Transformers, e l  ec t r i  cal switches , and s\.ii tchgear. 

18.8.11 Instruments, instrument cases, and vendor finished panel 
boards. 

1 1 Electrical svii tch boxes. 

18.8.13 Plast ic  s ~ . ~ r f a c e s ,  

PA1 NTI I4G SECTION 18 S104-E270003 
3 of 6 



i s .  o P A I N T I N G  (CONTINUED) 

I 18.9 Paint  Materials 

18.9.1 Paint  mater ia ls  sha l l  be delivered t o  the  job s i t e  i n  
o r ig ina l  unopened containers with l abe l s  at tached.  

18.9.2 Paint  mater ia ls  shal l  be adequately s tored and protect2d 
agains t  freezing o r  de te r io ra t ion .  

18.10 Application 

18.10.1 Surface preparation and priming should normally be per- 
formed pr io r  t o  ins ta l  1 a t ion o r  e rec t ion ,  with completion 
of the  painting a f t e r  erect ion.  However, where i t  i s  ad- 
vantageous t o  do so ,  some o r . a l l  of  the f i n i s h  paint ing 
may a l s o  be performed p r i o r  t o  i n s t a l l a t i o n  o r  erect ion.  
.In such cases,  damaged areas  of primer and paint  sha l l  be 
spo t  primed and/or spot  painted a f t e r  i n s t a l l a t i o n  o r  
erect ion so  t h a t ,  when completed, painted surfaces sha l l  
have the  number of coats  and t o t a l  f i lm thickness speci-  
f i ed .  

18.10.2 Paint  shal l  be applied only to  clean ,' dry,, rron-contaminated 
surfaces .  

18.10.3 Damaged areas of primer shal l  be cleaned and spot  primed in 
accordance w i t h  the  paint  system spec i f i ed  before the  items 
a r e  insula ted o r  painted out .  

18.10.4 Burned or  othenvise damaged galvanizing sha l l  be repaired 
i n  accordance w i t h  Dow Engineering.Specification 57-271. 

18.10.5 Su f f i c i en t  s igns  t o  convey adequate information, such as  
spray paint ing,  men working overhead, no smoking, sand- 
b las t ing ,  o r  s imi la r  s igns  where appl icable  s h a l l .  be fu r -  
nished and posted a t  work areas.  

18.10.6 ~easona 'b le  care shal l  be exercised in spraying paints  t h a t  
contain v o l a t i l e  and/or flammable so l  vents. No welding, 
sparks ,  o r  open flame sha l l  be in the  immediate area.  

18.10.7 Materials ,  sca f fo lds ,  and equipment sha l l  not be l e f t  in  
the  way of p lant  operation a c t i v i t i e s .  Ladders, pencil 
boards, sca f fo lds ,  and s imi la r  items, i f  l e f t  in place,  

. sha l l  be securely t i ed .  

18.10.8 .Sand and debris  shal l  be kept out  of sumps, d ra ins ,  sewer 
l i n e s ,  drainage d i t ches ,  t renches,  and s im i l a r  places. 

SECTION 18  . S104-E270003 
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18.10 Application (Continued) 

18.10.9 Paint  skimmings and cleaning solvents  sha l l  be co l l ec ted  
and removed t o  disposal grounds. Dumping these n a t e r i  a1 s  
on the ground, in d i t ches ,  o r  in sewers wi l l  not  be per- 
mi t t ed .  

18.10.10 . Paint  misplaced on i  terns t h a t  a re  not  t o  .be painted,  o r  
on items which a r e  t o  be f in ished a  d i f f e r e n t  co lo r ,  
sha l l  be promptly removed by t he  Contractor,  leaving t h e  
surface c lean,  unstained, and undamaged. On painted 
items, the  Contractor wi l l  have an option of removing t h e  
misplaced paint  o r  paint ing over same, furnishing l a b o r  
and mater ia ls ,  leaving a  neat  appearance s a t i s f a c t o r y  t o  
the  Owner's representa t ive .  

18.10.11 Protect  bearings,  mechanical equipment, instru,ments, 
switchgear, e t c .  from damage by sand and sandblast ing ' , 

opera ti on s. 

18.10.12 Valve stems, packing gland b o l t  threads ,  pump and motor 
shaf t s ,  sp r ink le r  heads and, ac tuat ing devices,  i n s t ru -  ' . 

ments, g lass  surfaces ,  and other  s im i l a r  i'tems sha l l  not 
be painted. Such items shal l  be protected o r  the  pa in t  . . .  I 

removed by t h e  Contractor, leaving the surface  undamaged. 
Hot surfaces  such a s  l i g h t  f i x tu r e s  and s imi la r  items 
shall .  be protected f  rorn paint  with non-combusti bl e  .ma- 
t e r i  a1 s .  

18.10.13 Painting sha l l  be done only when weather condit ions per- 
m i t  the surface  t o  be f r e e  from moisture and above t he  
manufacturer's m i n i m u m  temperature requirements. 

. - 

18.10.14 Reasonable caution sha l l  be .exerc i  sed t o  avoid paint ing 
immediately p r i o r  t o  ra in .  

18.10.15 Each c o a t  of pa in t ,  except where spec i f i ed  otherwis i ,  
sha l l  be a  f u l l  coat.  

18.10.16 Spot coats  of f i r s t  coat  primer sha l l  cover exposed bare 
(unpainted) metal surfaces .  

18.10.17 Subsequent spot  coats  of pa in t  sha l l  completely cover 
previous spot  coats .  

PAIHTI PIG SECTION 18 



18.10 Application (Continued) 

18.10.18 Minimuni f i lm thicknesses spec i f i ed  a re  t h e  minimum 
acceptable dry f i lm thicknesses of each pa in t ,  o r  pa in t  
system, a s  determined by nieasurement on a f l a t  s u r f a c e .  
vr i  t h  a  m i  kr0.tes.t f i lm thickness gage, a s  manufactured 
by the Nordson Corporation o r  Owner approved equal. 
Areas i n  any coat  of paint  which a r e  determined by mea- . 

surement t o  be l e s s  than the m i n i m u m  dry thickness 
speci f ied  shal l  have s u f f i c i e n t  pa in t  added t o  a t t a i n  
t he  spec i f i ed  dry thickness.  

18.10.19 Spray painting sha l l  not  be done where overspray and/or 
d r ips  cannot be control led .  

18.10.20 Mixing, thinning,  and appl ica t ion shal l  be done i n  ac- 
cordance w i t h  t h 2  paint  manufacturer 's wr i t t en  ins t ruc -  
t ions  and these spec i f i ca t ions .  . . 

18.10.21 Overspray, skips ,  sags,  runs, d r i p s ,  and hol idays s h a l l  
kept t o  a minimum. Additional coats  sha l l  be applied 
t o  holidays and t h i n  a reas  to  bring them u p  t o  spec i f i -  
ca t ions  a t  no ex t ra  co s t  t o  the Owner. 

18.10.22 Colors sha l l  be cu t  i n  a  neat,  s t r a i g h t  l i n e  vrhere two 
colors meet. 

18.11 The f i n i s h  colors  sha l l  conform t c  the  ex i s t i ng  plant  color  
scheme. The Owner's representa t ive  w i  11 designate co lo r  coding 
scheme. 

PAINTING SECTION 18 
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THE DO'N CHEMICAL COMPANY 
DOP ENGINEERING SPECIFICATION PROTECTIVE COATINGS - 

.. - ,  SILICOXE-ALm 

SUE'ACE 
PREPNZATION 
(For mainte- 
nance p a i n t i n g  
s u r f a c e  prepa- 
r a t i o n ,  se'e 
Remarks 
Sect ion)  

PAINT 
PfATERIAL 

Maximun Temperature: ~ r ~ '  300°F 

A l l  carbon s t e e l  o r  c a s t  i r o n  s u r f a c e s  t o  be coa ted  wi th  t h i s ' m a t e r i a l ,  
except  i t ems  t h a t  have been shop sandblas ted  and primed, s h a l l  b e  
sandblas ted  t o  nea r  wh i t e  meta l  (MACE No. 2 f i n i s h )  o r  p i c k l e d  and 
phosphat ized b e f o r e  be ing  coated.  

. . 

Shop primed carbbn s t e e l  o r  c a s t  i r o n  items, b e f o r e  be ing  f i e l d  . . 

pa in t ed ,  s h a l l  have a l l  d i r t ,  d u s t ,  weld f l u x ,  g r e a s e ,  o i l ,  
s t r a t i f i e d  r u s t  ( r u s t '  s c a l e ) ,  l o o s e  r u s t ,  and/or  o t h e r  f o r e i g n  . 

m a t e r i a l  removed. 

See Note 5 i n  P a i n t  ~ a t e r i a l s . ~ e c t i o n  when s u r f a c e s  o t h e r  t han  carbon 
s t e e l  o r  cas-t i r o n  a r e  s p e c i f i e d  t o  be pa in t ed .  

The p a i n t  'ma te r i a l s  s h a l l  be  s e l e c t e d  from one o f , ' t h e  p a i n t  Systems 

. . 
. . 

. :_ 

NAPKO - 
1340 ' 

5763 

5762 . - - 
5750 . 

5 ' /59  ' 
57.72 
5770 
5771 
- - 
5773 

i n  t h e  fo l lowing  t a b l e  : - 
TIIE MINIlNM NUMBER OF COATS 
SFALL BE AS LISTED AND . 

NOTED BELOW: . .  . . . 

One c o a t  of pr imer ( see  Notes 1 and 2 )  
. . 

~ n e ' c o a t  of  i n t e rmed ia t e  coa t  
gray ( see  Note 4) ' .  

. . 

on& c o a t  of one of t h e  fo l lowing  
c o l o r s :  . . 

. . 

Black : . . . . 
. . Blue-Green 

L igh t  Gray . ; . 
Very ~ i g h t  ' ~ r a ~  (Tex. Div.) 

. V e ~ f  l.ion 
White 

%&re s o  s p e c i f i e d ,  t h e  fo l lowing  
O.S.H.A. Sa fe ty  Colors  s h a l l  b e  
app l i ed  i n  l i e u  of t h e  foregoing  
f i n i s h  co lo r s :  

Red 
Orange . 

Yellow 
Blue 
Purp le  . ,. '\. 

Green 

Thinner: Brush - PIineral S p i r i t s  
Spray - VMhY Naphtha i .  

'i 

Cleaner:  Nnpli ttia o r  Toluene 
- . .. ..-. *. - . 

. .. ., . 

PPG .' 

UC-40054 

UC-40061 

. . 

UC-42220 . 
UC-42450 
UC-40115 
UC-43057 
UC-40046 
UC-40114 

uc-&6280 
UC-46281 
UC-46282 
UC-46283 ' 

UC-46284 ' 

UC-46285 
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DOT EXGINEERING 

PAINT 
>LATERIALS 
(Cont'inued) 
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SPECIFICATION 

Notes :  

1. Primed S t e e l :  I n  f i e l d  one s p o t  c o a t  o f  s i l i c o n e - a l k y d  
p r i m e r  s h a l l  b e  a p p l i e d  i n  l i e u  o f  a f u l l  c o a t ,  e x c e p t  
i t e m s  primed w i t h  i n o r g a n i c  z i n c ,  o r  g a l v a n i z e d  and 
p h o s p h a t i z e d ,  s h a l l  h a v e  a s p o t  c o a t  o f  i n o r g a n i c  z i n c  
a p p l i e d  b e f o r e  a p p l y i n g  a g u i d e  c o a t  o f  PPG Aquapon and  
f i n i s h  c o a t  o f  d i l i c o n e - a l k y d .  . . 

. . 

2. over vendor  f i n i s h  p a i n t  one c o a t  of  PPG multiprims or  
' 

Napko. 1340 s h a l l  b e  a p p l i e d  i n  l i e u  .of t h e  s i l i c o n e - a l k y d  
p r i m e r  b e f o r e  a p p l y i n g  t h e  g u i d e  and f i n i s h  c o a t s  o f  
s i l i c o n e - a l k y d .  

3. . ' ~ h e . c o l o r  c o a t  s h a l l  be  o m i t t e d  from a l l  s u r f a c e s  t h a t  
a r e  t o , b e  i n s u l a t e d  w i t h  C l a s s  G, H, J o r ' l :  i n s u 1 , a t i o n .  . 

A l l  p a i n t i n g  s h a l l  be o m i t t e d  from s u r f a c e s  t o  be i n -  , '  

. s u l a t e d  w i t h  C l a s s  F i n s u l a t i o n  and h o t t e r  and. C l a s s  L 
i n s u l a t i o n  and c o l d e r .  

. 4 .  . F o r  w h i t e  c 'olor c o a t ,  a  w h i t e  g u i d e  c o a t ,  t i n t e d  w i t h  
' 

. one-ha l f  p i n t  of g r a y  p e r  g a l l o n  o f  w h i t e  s h a l l  be u s e d , .  
. .  . 

.. 5 .  The f o l l o w i n g  s u r f a c e s  s h a l l  be  c o a t e d  o n l y  when s o  
s p e c i f i e d  in .  t h e  m a t e r i a l  s p e c i f i c a t i o n s ,  t h e  job 

. . 
. s p e c i f i c a t i o n s ,  o r  i n  t h e  p u r c h a s e  o r d e r .  When t h e s e  . . . 

.. s u r f a c e s  a r e  s p e c i f i e d .  t o  be c o a t e d ,  t h e y  s h a l l  be . '  

c l e a n e d  and .p r imed  a s  i n d i c a t e d  below b e f o r e  t h e  g u i d e  
and f i n i s h  c o a t s  a r e  a p p l i e d .  . . 

' PRIllER 

PPG 
UC--40054 . 
(Mu1 t i- 
prime) 

' TYPE SURFACE 

Aluminum . 

. . 

SURFACE PREPARATION ' 

S u r f a c e s  s h a l l  be  t r e a t e d  
' w i t h  Amchem ALodlne 1200 

' o r  owner-approved e q u a l  
. chromate c o n v e r s i o n  

c o a t i n g .  A d u l l  m a t t e  

Copper and Copper 
A i l o y s  

\ 

f i n i s h  i s  r e q u i r e d .  
R i n s e .  

S u r f a c e s  s h a l l  b e  t r e a t e d '  
with 3.8% c o n c e n t r l t ~ d  H C l ,  
one g a l l o n  t o  one  g a l l o n ,  
40% by weigh t  f e r r i c  
c h l o r i d e  ., in i .wa t e r  . A 
d u l l  m a t t e  f i n i s h  i s  
r e q u i r e d .  R i n s e .  . 

.. ,...- 

PPG 
6-204 
Zinc  
chromate  

.. , . , 
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1 
. . 

S t a i n l e s s  S t e e l  SurEaces  s h a l l  b e  sand-  
b l a s t e d  t o  .remove a l l  , as 
f o r e i g n  m a t e r i a l  and t o  . . S t e e l  .' . . 

o b t a i n  a d u l l  m a t t e  , . .  

f i n i s h .  . . .. . . 
. . 

Wood 

PXR.IZ R' 

PPG 6-204 
Zinc- Chro- 
mate; .o r  ' ,  

Nnpko.5616 

9 .  

PPG UC-34851 
G a l v a n i z e  
p r i m e r ;  o r  
Napko 5616 

. .  
. . 

. . 

. . 
. 

' - 
' I 

i 

TYPE SUWXCE 

Dovmetal. (Mag 
A l l o y s )  

Ga lvan ized  S t e e l  

. . 

i 

. . 

SURFACE PREPAK4TION 

A f t e r  f a b r i c a ' t  i o n ,  s u r -  
f a c e s  s h a l l  be t r e a t e d  
w i t h  Dow Magnesium. . 

Chemical  T r e a t m e n t  1, 
7 ,  1 7 ,  o r  1 9 .  

. . 
. . 

S u r f a c e s  s h a l l  be de -  
g r e a s e d  w i t h  s o l v e n t  . 

and t r e a t e d  w i t h . a  . ' 

10% s o l u t i o n  o f  . 
p h o s p h o r i c  a c i d  i n  . 

w z t e r .  S u r f a c e s  . .  

s h a l l  b e  k e p t  w e t . o r  
damp, w i t h  t h e  a c i d  
s o l u t i o n  u n t i l  a  . . .  

. m a t t e  ( d u l l )  f i n i s h  ' . .  . 

i s  o b t a i n e d .  A l l  
z i n c  s a l t s  and a c i d  
r e s i d u e  s h a l l  b e  r e -  .. 

moved by r i n s i n g  w i t h  ' . 
c l e a n  w a t e r .  

T h e c o o t i n g s s h a l ] .  b e  mixed and a p p l i e d i n  accordance  w i t h  t h e  
c o a t i n g  m a n u f a c t u r e r ' s  p r i n t e d  a p p l i c a t i o n  l o s t r u c t i o n s  and 
a; s p e c i f i e d  h e r e i n :  ..I . , 1. 

A l l  d i r t ,  d u s t ,  g r e a s e ,  
o i l  a n d / o r  o t h e r  f o r e i g n .  
m a t e r i a l  - s h a l l .  b e  r e -  
moved. 

I I The f i r s t  c o a t  of primfitr s h a l l  b e  b lu sh  a p p l i e d .  

PPG UC-33718 
Wood P r i m e r ;  
o r  Napko 1340 

A l . l  o t h e r  c o a t s  may b e  a p p l i c d  by b r u s h ,  r o l l e r ,  c o n v e n t i o n a l  
' spray or airlc~s s p r a y .  
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A L L  I N F O R H A T l O r l  ) $ E R G O N  I S  T H E  C ~ N F I D E N T I A L  P H O P Z ~ T Y  O F  T r l E  D O W  C H E M I C A L  C O M P A N Y .  S U D J E C T  T O  
a s r t o m r r  OH DEMAND AND M U ~ T  N O T  M A D S  PCJL)LIC OR H B P H O O U C E ~  W l T t l O u T  W R I T T E N  A P P R O V A L .  

- 

. . 

. 

. 

"' . C. 
L 

> .  . . 

. . . .  . . . 
. . . . 

. . 
- .  . . . . . . .. 

. . . . ,  . 
. . . . 

. . 
. . 

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

. . 
. .  . 

APP2OXIEl.ATE 
% SOLIDS 
BY VOLlr?E , 

Wet Primer: 
Dry 

Guide and F i n i s h  Wet 
Coats :  Dry 

. 

Minimum T o t a l :  Wet 
Dry 

: I\. 
a. 
ti, I 

i 

1 

1 .  
5 

PPG 

30% 

. 40-447. 

FILM THICKhTSS 

s o l v e n t s  i n  t he so  m a t e r i a l s  a r e  v o l a r i l e  and .flammable. Keep . 

c o n t a i n e r s  c l o s e d . a n d  away from h e a t ,  open f lame,  o r  spa rks .  
. .  

~d n o t  apply t h e s e m a t e r i a l s  when t h e  temperature  i s  below 
50° F. . 

Maintenance Pa in t ing :  . . 

. .  The job s p e c i f i c a t i o n s  w i l l  s p e c i f y  t he  ty.pe.of s u r f a c e .  
p r e p a r a t i o n  r e q u i r e d .  . . 

FILM 
THICKNES'S ' 

AND % 
SOLIDS BY 
VOLUME , ' .  

. . .. . . 
. . 

. . . . 

/.(' . ... I 
<;>, ,. 

N..\PKO . 

277: 

40% , 

. . 

' , 

PPG 

5 ' m i l s  
1 . 5 m i l s  

4 .7  m i l s  
2 m i l s  

14.'4 m i l s  
5 .5  m i l s  

REHARKS 

. .. . 

. . . . 

. 

i. 

NAPKO . 

5.5 m i l s  
1 . 5 m i l s  

5 m i l s  . 

2 m i l s  

15.5 m i l s  
5 . 5  m i l s  



PilmCTIVE CCATIPiG FOX FIEW CUTS Am biLDS 

03 GALVmIZm I ~ S  

r 
P o i n t  
Materials . 

. . 
1 heavy coa t  of ZRC (The Sealube C w p a n y ,  ~ a k e f  i e l d ,  
P iassachuse t~s )  o r  Galvanox, T y p  I (Subox, Inc.) . '  . 

. . . 
. . . . . . 

Thinner For ZRC, mineral  s p i r i t s ;  f o r  Galvanox, ~ y l o i  
Cleaner For. ZRC, kerosene o r  var 'sol ;  f o r  .Galvanox,' Xylol.  . . 

. . 
' ~ p ~ l i c a t i o n  

' . 

. . 

,, . 

Film 
. . .  Thickness . . 

' . . .  ' 

. . .  .. 

* I 

. Remove a l l  s l a g ,  weld s p a t t e r ,  burned z i n c . c o a t i n g ,  rust ,  and . 
a l l  o t h e r  f o r e i g n  mat ter  by handor power Cools and apply  '1 

.one heavy brush coa t  of  thoroughly mixed zinc c a t i n g  the ' 

-serrs day c u t s  and welds a re  md:. &iax t e q .  of: metal shall be 16 
-The coating s5all 0verle.p the undamaged galvanized areas . , ' c l ,  

. . 
a m i n i m . o f 2 " .  . . 

Wet . . . 4 nil; t o t a l ,  m i n i m a  
. . 

Approximziie covetage 300 square f e e t  pn_r gallon, .  o r  12. 
square feet per pound. . 

. 

. .. . . . ., . . . . . . . . 

. . . . 
Remarks . .  '.. ' . 

.: , . 

, . . .  . 

. . . '  . . . . .  .. . 

. . . . . .: . . 
. :Solvente, i n  theda m a t e r i a l s  are v o l a t i l ' e  and flazmable, . . 
. Keep coitgniners closed and ovay. from heat, .'op6n flame, or . ' - 

. . 'sparks. 
. . . . . . . . 

. . . .. . . . 
. . . .. . . . _  .. . 

. . 



5-31 -74 
. Pal]?. 1 o f '  2 

b. DO%' EKGLh'EERING SPECIFlCATION 

PROTECTIVE COATINGS 
lNORGANIC ZINC COATING 

" C .  Maximum Continuous 'iernpekature: Bare - 600°F 
With High Heat Topcoat - 750°F 

e . -  
!: SURFACE All surfaces t o  be coated ni t h  t h i s  material sha l l  bz sandblasted t o  near- 

.pREPARATIOiU white metal (NUCE ?;o. 2 Finish, NACE Standard ?r'.1-01-70}. 
t 

The  surface p ro f t l e  deptk sha17 not be l e s s  than 3/4 mils, nor rare 
than 2 mils. . . . - 

I 
. ... 

Cleaning procedures ot'her than sandblasting will requira pr ior  ' 

writ ten approval of the  wdner. 

For f i e l d  use, surfaces shop-coated with inorganic zinc sha l l '  have . 

all d i r t ,  dus t ,  weld f lux ,  grease, o i l  , rust and/or o ther  foreign 
matter ~ m v e d  before being spot coated with inorganic zinc.. 

The same day cleaning is done, ?;?tile surfaces are s t i l l  d r y  and ' 

' 

uncorroded, one .coat  of one of the  fol l v ~ i  ng inorganic zinc coatings 
sha l l  be applied: 

Manufacturer ~ r b d u c t  

Arreron Corp. Dimtcote  No. 6 
Carboline Co. .- Carbo-Zi nc 17, Green 

41 1 -A-1 00 Cook Paint t varnish Co. . . 
DuPont GanTci n 

No. 521 Engard . . 

&on Rust Ban 188 
G l  idden Co. . G l  i  d-Zi nc 
Mobil Finishes Co. Mobi 1 Zinc 7 
Napko . 52 . . 

Plas-Chern Z i  nc-i t e  G 
Porter  Porter Zinc 31 1 
PPG Industr ies  UC40'103 
Wisconsin Protective Coatings Plasi t e  Plasti-Zinc Pie. 1000 

The inorganic zinc coat ing shall be, spray applied ' i n  accordance with the  
coating manufacturer's privted appl i  cation instructions. 

Note: I t  i s  suggested t h a t  shops unfamiliar with the appl icat ion of 
inorganic zinc coatings contact the coating manufacturer f o r  
ass i s tance  i n  the proper application of same. 

CAUTIOtI: The dry f i lm thickness of thz inorganic zinc coating must 
not exceed 5 mils. Thicker coatings must be reicoved and replaced 
with coat ings having a dry f i l m  thickn2ss of n o t  wore. t han  5 mils.  
The thicker  coatings tend t o  mud crack. - 

. . I. 
1 A dry f i lm thickness o f  3 mils i s  preferred. 
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ENG STD 88C1 
WELDING REQUIREMENTS PAGE 1 

FOR EQUIPMENT AND PIPING REVISION 0 
PROCESS PLANTS DIVISION DATE Sep 1, 1978 , 

I. SCOPE 

A. This standard outlines requirements for welding, including preheat and 
postweld heat treatment of vessels, heat exchangers, piping, piping 
components, heater tubing and other equipment. Requirements for weld 
overlay cladding, fabrication of integral clad plate and tube to 
tubesheet welding are also included. 

B. Except as supplemented in this standard, welding shall confora to the 
requirements of the latest .revision and addenda. of the following 
codes : 

1. ANSI B31.3 - Chemical Plant and Petroleum Refinery Piping Code 
2. ANSI B31.1 - Power Piping Code 
3, ASME Boiler and Pressure Vessel Code, Sections I, VIII and IX 
4. Stafe and local codes 

C. In no case is this standard to be used to supercede, delete and/or 
lower applicable code requirements. 

D. Any conflict between this standard and other Foster Wheeler drawings, 
specifications, standards, codes, etc. shall be brought to the 
attention of Foster Wheeler in writing, for clarification prior to any 
action by the vendor. The more stringent requirements shall govern 
until written resolution is provided by Foster Wheeler. 

11. WELDING - REQUIREMENTS AND RESTRICTIONS 
A. General 

1. Acceptable welding processes are given below. Requests to use any 
other welding processes shall be submitted to Foster Wheeler for 
review, 

SMAW - Shielded Metal 9rc Wdding 
GTAW - Gas Tungsten Arc Welding 
GMAW - Gas Metal Arc Welding 
FCAW - Flux-Cored Arc Welding 
SAW - Submerged Arc Welding 
FGW - Fuel Gas Welding 
PAW - Plasma Arc Welding 
ESW - Electroslag Welding 

The strength of deposited weld metal shall be at least equal to 
the specified minimum tensile strengths of the material being 
welded. 
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3. Where hardness limits are prescri5ed in the job specificatron fcr 
welded equipment, weld metal and heat affsctec zone hzrdnesses 
shall not exceed those values. Zardness linits for piping shall 
not exceed the following values: 

BASE METAL 
P - NUMBER 

MAXIFLW 
HARDNESS, 
BRINELL 

3 Required by ANSI B31.3 

When welding dissimilar metals, the maximum hardnens allowed shall 
be the hardness prescribed for the higher alloy. 

4. Unless otherwise approved in writing by Foster Wheeler only low 
hydrogen electrodes shall be used for shielded metal arc welding 
all carbon and low alloy steels, except for root pass welding of 
single welded joints (See Paragraph 5 below). 

5. Where access precludes the use of double welded butt joints, 
single welded joints shall be made using a root pass deposited by 
the GTAW (TIG) or GMAW (short arc) processes, except that for 
carbon steel piping, the use of E6010 electrodes for root pass 
welding by SX\W is also acceptable. The use of consumable insert 
rings for gas tungston are welding is an exception. 

6. Unless specifically approved in writing by by Foster Wheeler, non- 
removable backing rings or strips shall not be used for butt n 

.joints. s 
Z - 

7. All full-penetration butt joints which are accessible from both ? 
sides shall be back gouged or ground to sound metal after weldhg d 

ln 

the first side and then back welded on the reverse side, unless 8 
the welding procedure otherwise assures that full penetration will > 

be achieved. 

8. All welds of nozzles and manways to equipment shells and heads 
shall be full penetration welds. 

9. Internal purging with inert gas is required for gas tungsten arc 
welding of single-welded butt joints in non-ferrous metals, and 
ferrous metals with over 3% total alloy content. k3en consumable 
inserts are used, internal purging is required for all materials. 
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10. Self-shielded flux-cored arc welding, without external shielding 
gas, of carbon or low alloy steels is not acceptable for pressure 
joints or for welds subject to vibration. 

11, The use of neutral flux (non-voltage sensitive) is required for 
submerged arc welding of all materials other than carbon steels, 
and carbon steels over one inch thick. 

12, For submerged arc welding, the use of alloy wire and neutral flux, 
rather than alloying through the flux, is required where an alloy 
weld deposit is desired. 

13. For submerged arc welding, the flux and wire combination actually 
used shall b,e the same as used in the procedure qualification, 

14. Use of manual submerged arc welding is not permitted for pressure 
joints. 

15, Submerged arc flux shall be specified by manufacturer. 

16. For gas metal arc welding, the C 0 2  spray transfer technique 
shall not be used for the root pass of welds which are not back 
gouged. 

17. The oxy-fuel gas process is restricted to butt or socket welding 
of heat exchanger carbon steel tubing not over two inches nominal 
diameter. 

18. Welding of proprietory items such as alonized pipe, etc. :s not 
permitted without prior Foster Wheeler approval. 

B. Short Arc Welding Restrictions 

1. Pressure Vessels 

Manual short-arc or pulsed arc welding is: 

a. Allowed for root pass welding of butt joints in any material 
regardless of thickness. 

b. Allowed for full thickness butt welds and fillet welds in 
pressure parts, structural supports, and equipment internals 
if the thickness of either material at the joint does not 
exceed 3/8". 

c. Not allowed where large material mass heat sinks can affect 
the integrity of welds, such as nozzle welds, reinforcing 
pads, and flange welds where the thickness of either material 
at the joint exceeds 3/8". 
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2. Piping 

a. Manual short arc or pulsed arc welding is allowed for full 
thickness butt welds in piping, with the following 
limitations: 

( 1 )  It may be used for root pass welding of butt joints in 
any material regardless of thickness. 

( 2 )  It may be used provided the vall thickness does not. 
exceed 3/8" nominal. 

(3) It cannot be used for pipe with diameters less than 3". 

(4) It may be used provided . the direction of travel is 
indicated in the procedure. 

( 5 )  5% of welds performed shall be radiographed in addition 
to any applicable code require~ents. Igspection shall be 
performed as stated in Section V of this standard. 

b. Automatic short arc or pulsed arc welding is allowed fsr full 
thickness butt welds in piping within the following 
limitations: 

(1) No limit on thickness. 

( 2 )  No restriction on diameter. 

(3) 1G (Rolled) position only. 
, 

( 9 )  For thicknesses over 3/8", a minimum current of 170 
amperes is required for all passes after the rock pass. 

T) 

0 
(5) Use of an automatic arc oscillator is recommended for D 5 

joirll; thicknesses over 31'8". - 
6 

(6) 5% of weids in thicknesses up to 3/8" and 10% of welds in w' cn 
thicknesses over 3/8" must be radiographed in addition to k 
any . applicable code requirements. Technique and B 

acceptance standards shall be as stated in Section V of 
this standard. 

( 7 )  Not allowed where large material mass heat sinks can 
affect the integrity of velds, such as couplings, 
weldoletts, branch welds, fillet welds on slip-on 
flanges, socket-welded flanges and fittings, etc. where 
the thickness of either material et the joint exceeds 
3/8". 
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C. Base Metal Preparation 

1. Joint preparations for welding may be performed by machining, 
grinding, thermal cutting or combinations thereof. Excessively 
deep or sharp irregularities in jolnt edges shall be removed by 
machining or by grinding. Joint edges shall be crack and 
lamination free prior to welding, 

2, Prior to welding, all oil, grease, dirt, rust or loose scale shall 
be removed from the surfaces of the joint and the adjacent base 
metal within one inch from the edge of the joint. 

Do Welding Clad & Overlay Materials 

1. Weld overlay procedures shall be qualified in accordance with.the 
requirements of ASME Code, Section IX, Paragraph QW-214 and 
QW-381. Qualification weld test specimens shall be subjected to 
PWHT, if required, equivalent to that anticipated for fabrication, 
including aggregate time at temperature, with appropriate 
allowance for repair cycles. 

2. The minimum .clad or overlay thickness shall be as specified on 
drawings and requisitions. 

3. Weld overlays shall meet the chemical requirements for the 
specified type or grade. 

4. Where specifications require chemical analysis of stainless steel 
overlays in production, and where such overlays will experience 
post weld heat treatment in the temperature range from 1200 F to 
1350 F, the ferrite number fcr Type 309L/308L, and the ferrite 
number and Cb/C ratio for Type 347 shall not exceed the following 
values depending upon the chromium content. 

CHROMIUM CONTENT FERRITE Cb/C , 

OF OVERLAY . NUMDER RATIO 

Up to 20%; incl. 
. 20% to 22% incl. 
Greater than 22% 

4-12 35 Max. 
4-9 25 Max. 
4-9 15. Max. 

5 . -  Ferrite number may be determined by chemical analysis and 
reference to a DeLong or Schaeffler diagram or by measurement uith 
calibrated magnetic instruments. 
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E. Heat Exchanger Tube to Tubesheet Uelds 

1. Tube to tubesheet seal welds are requirsd for m y  of the following 
conditions: 

a, When specified in the job specification. 
b. When design pressure is 1500 psig and greatzr but differential 

pressure is less than 1000 psiq. 

2. Tube to tubesheet strength welds are required for any of the 
following conditions: 

a. When specified in the job specification. 
b. For waste heat boilers. 
c, When design pressure is 1500 psiq and greater with 

differential pressure of 1000 psig and greater. 
d, When design temperatures are greater than 750 F. 

3. When tube to tubesheet seal welds are specified in the job 
specification, they shall be in accordance with Figure TFT-12.1 
(e), Section I of the ASME Boiler and Prossure Vessel Code. When 
strength welds are specified they shall be in accordance with 
Figure PFT-12.1 ( g ) .  For exchanger designs where the tubes are 
considered as stays, only ,strength (not seal) welds shall be used. 

4. For exchangers in aqueous hydrogen sulfide service, carbon steel 
tubesheets shall have 0.215 C maxirnun (SA-516 Gr 55 or 60) and 
carbon steel tubes 0.18% C maximum. Hardness of welds and heat 
affected zone (HAZ)  shall not exceed 225 HE. 

5. Tube to tubesheet mock-up samples shall be submitted to Foster 
Wheeler for any of the following conditions: 

a. When specified on the Material Requisition. n 
0 
D 
E 

b. Ay material combination involving P-numbers of 21 or greater. z 
(P number from ASME code, Section IX, Table QW-422). 0 

0' 
cn 

c. When strength welds are specified. k 
D 

6. Tube to tuhesheet mock-up samples shall be constructed using 
actual production welders, materials and procedures for the piece 
of equipment involved. 

7. Tube to tubesheet mock-up samples shall have a minimum of 6 tubes 
3 inches in length from the backside of the tubesheet, using the 
same pitch arrangement as the piece of equipment involved. 
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F, Selection of Welding Filler Metals 

1, Ferritic Steels 

Recommended filler metals for similar and dissimilar welds in 
ferritic steels are given in Table 2 and Table 3. 

2, Austenitic Stainless Steels and High Nickel Alloys 

Recommended filler metals for joining similar and dissimilar 
stainless steels and high nickel alloys are given in Table 4. 

3. Aluminum and Aluminum Alloys 

Recommended filler metals for joining similar and dissimilar 
aluminum and aluminum alloys are given in Table 5. 

4. Integral Clad materials 

Recommended filler metals for welding integrally clad materials 
are given in Table 6, 

5, Ferritic Steels to Austenitic Stainless Steels and to High-Nickel 
Alloys 

a. For carbon and low allow steels welded to 300 series 
austenitic stainless steels use Type 309 or 309L stainless 
steels, or nickel-chromium-iron alloy filler metals such as 
ENiCr Fe-3 (Inconel 1821, ENiCrFe-2 (Inco-Weld A ) ,  or ERNiCr-3 
(Inconel 82). 

Where thermal cycling conditions and operating temperatures 
over 800 F exist, the Inconel filler metals are preferred, 
except where the environment contains sulfur. 

b. For carbon and low alloy steels welded to Inc~nel or Incoloy 
alloys, use Inconel welding filler metals ENiCrFe-3 (I'nconel 

.- 182), ENiCrFe-2 (Inco-Weld A ) ,  or ERNiCr-3 (Inconel 82).  

c. For carbon and low alloy steels welded to Monel (nickel-copper 
alloy) use Monel filler metals ENiCu-7 (Monel 190) or ERNiCu-7 
(Monel 60). 

6. Deviation from the listed tables shall be indicated in the welding 
procedures. 
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111. PREHEAT 

A. Ferritic Steels 

1. Vessels and Exchangers: Preheat shall be in accordance with ASiME 
Boiler and Pressure Vessel Code. Section VIII; ADDendix R 
recommendations as a minimum, or the applicable requirements of 
the Code. 

2. Piping: Preheat shall 'be in accordawe with the reauirements or 
recommendations. as aoolicable. of ANSI B31.3. Chemical Plant and 
Petroleum Refinerv Pioinn Code. or ANSI B31.l Tower Pi~ina Code. . 

8. Austenitic Stainless Steels and High Nickel. Alloys 

For all thicknesses of austenitic stainless steels, HK, HT, Incoloy 
and high nickel alloys preheat shall be 50 F minimum. The maximum 
interpass temperature shall be 350 F. 

IV. POSTWELD HEAT TREATMENT 

A. For all eauioment and oioinn. ~0stweld heat treatment shall be in 
accordance with the aoorooriate ASME code and Foster Wheeler Heat 
Treatment Ennineerina Standards. 

9. Vessels: Postweld heat treatment shall be in accordance with the 
reauirements of ASME Boiler and Pressure Vessel Code. Section VIII. or 
Section I as aoplicable. 

C. Exchangers: Postweld heat treatment shall be in accordance with the 
requirements of ASME Boiler and Pressure Vessel Code. Section VIII. 
and the TEMA Class soecified on the Material Requisition. 

D. Piping: Postweld heat treatment shall be in accordance with the -n 

reauirements of ANSI B31.3. or ANSI B31.1 as aoolicable. D L 
z 

E. When oostweld heat treatment is s~ecified for chemical or refinerv o 
~rocess reasons no welding nor arc strikes are ~ermitted after final UI 2; 
.oostweld heat treatment. regardless of Code ~rovisions to the 
contrary. . . 

ti > 

V. QUALITY CQNTROL REQUIREMENTS 

A. All welds shall have a workmanlike finish to satisfg the reauirenents 
of Che auolioable Code and/or the intended a~olication. 

8. Reinforcement of butt welds shall be in accordance with the 
requirements of the aoolicable Code. 
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C. Weld repairs shall comply with the requirements of the applicable 
code, including preheat requirements or recommendations, postweld heat 

> treatment requirements, and nondestructive examination. 

D. For pressure containing items, all required repairs of base metal 
shall be reported to Foster Wheeler for review and approval, prior to 
making the repair. 

E. Inspection shall be performed on all ' full thickness butt welds as 
stated below: 

1. Piping 

a. Radiographic technique and acceptance standards shall conform 
to ANSI B31.3, or ANSI B3 1.1 as applicable. 

b, Three-fifths of the welds examined shall consist of welds 
joining a welding neck flange to another component if the 
fabrication involves such joints. 

c. The work of all welers and welding operators for each P-number 
shall be included in radiography. 

2. Vessels and Exchangers 

a. Radiographic technique and acceptance standards shall conform 
to ASME Boiler and Pressure Vessel Code, Section VIII, 
Paragraph UW-51 or UW-52 as applicable; or ASME Eoiler and 
Pressure Vessel Code, Section I, Paragraph PW-11, P - 1  and 
PW-5 1, 

b. The work of all welders employed on the job shall be included 
in this radiography. 

c. When submerged arc welding has been used for main seams, all 
intersections of seams, and all stopping and starting points 
of weld beads shall be radiographed. 
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F. Right of  Access 

Represen ta t ives  of  Fos te r  Wheeler, t h e  Authorized I n s p e c t i o n  Agency, 
end t h e  c l i e n t  o r  h i s  a g e n t ,  s h a l l  have z c c e s s  t o  :be vendor ' s  
f a c i l i t i e s  and equipment f o r  t h e  purpose of  i n s p e c t i o n  acd a u d i t  c f  
work and m a t e r i a l s .  The F o s t e r  'dheeler r e p r e s e n t a t i v e  s h a l l  hzve f r c e  
e n t r y ,  a t  a l l  t imes  whi le  work on t h i s  Contract  i s  being p e r f c r a e d ,  io 
a l l  p a r t s  o f  t h e  vendor ' s  works t h a t  concern t h e  f a b r i c a t i o n ,  assembly 
and/or  i n s t a l l a i o n ,  The vendor s h a l l  a f f o r d  t h e  i n s p e c t o r  211 
reasonable  f a c i l i t i e s  t o  s a t i s f y  him t h a t  t h e  work i s  being furnished 
i n  accordance with t h e  Contract .  A l l  inspec3ion s h a l l  be conducted so  
a s  not  t o  i n t e r f e r e  u n n e c e s s a r i l y . w i t h  t h e  o p e r a t i o n  o f  t h e  works. 

V I .  PROCEDURE SUilMITTAL REQUIREMENTS 

A .  Welding procedures  s h a l l  be submit ted  ,to F o s t e r  'dheeler f o r  approval  
f o r  any one o f  t h e  fo l lowing  c o n d i t i o n s :  

1, Any i t ems  which r e c e i v e  postweld hea t  t r ea tmec t  f o r  e i t h e r  process  
r easons  o r  per  t h e  ASME S o i l e r  and Pressure  Vessel  Code. 

2. A l l  m a t e r i a l s  o r  m a t e r i a l  combinations with P Numbers of 3 o r  
g r e a t e r .  (P-number from ASME B o i l e r  and Pressure  Vessel Code, 
Sec t ion  I X ,  Table QW-422). 

3. Any i tem con ta in ing  p r e s s u r e  g r e a t e r  than 1000 p s i g ,  and 
. temperatures  which a r e  g r e a t e r  than 800 7 ,  o r  l e s s  than -20 F. 

9. Vendor s h a l l  prepare  and q u a l i f y  welding procedures i n  accc rdasce  w i t h  
t h e  requirements  o f  Sec t ion  I X  of  t h e  ASMS S o i l e r  and Pressure  Vessel 
Code. The vendor s h a l l  submit an  index o f  a l l  weld .procedures 
r e q u i r e d  f o r  t h e  job accompanied by f o u r  cop ies  of  each crocedure 
( i n c l u d i n g  t h e  Procedure Q u a l i f i c a t i o n  Record). I n  a d d i t i o n ,  weld 
maps s h a l l  be submit ted  f o r  v e s s e l s  and exchangers. n o 

?; r 
C. A l l  procedur-e8 s l l a l l  be i n  accordance k i t h  t h e  e d i t i o n  o f  Sec t ion  fX z 

o f  t h e  B o i l e r  and Pressure  Vessel  Code i n  e f f e c t  on t h e  d a t e  the  ? 
F o s t e r  'dheeler Purchase Order i s  placed.  w' 

Cn 

k 
D. Postweld h e a t  t rea tment  procedures f o r  f i e l d  PWET and/or l o c a l  ?WET B 

f o r  l i n e d ,  c l ad  o r  weld overlayed equipment s h a l l  be submitted t o  
F o s t e r  'iiheeler f o r  review and approval .  

E. A l l  procedures s h a l l  be submitted a t  l e a s t  one ffionth p r i o r  t o  r equ i red  
f a b r i c a t i o n  date .  Submi t t a l s  s h a l l  be mad? i n  accordance with the  Job 
General  Notes Requ i s i t ion .  

F. A l l  procedures s h a l l  c o n t a i n  t h e  s p e c i f i c  informat ion requ i red  i n  
Table 1 .  
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TABLE 1 - SPECIFIC ITEMS TO BE INCLUDED IN WELDING PROCEDURES 
DESCRIPTION 

a Welding current type, polarity, amperages and voltages including appropriate 
ranges 

b Filler metal size, type, classification, A-number and F-number where 
classified. If no classification is available, give manufacturer's 
designation 

Nonconsumable electrode type 

Arc starting aids or devices 

Shielding gas composition and flow rate (as applicable) 

Composition and flow rate of internal gas purging (as applicable) 

AWS classification, if any, and manufacturer's trade name of designation for 
welding flux 

Travel speed for mechanized welding 

Special requirements such as constant potential power sources, pulse 
setting, wire feed or oscillation rates, electrode stick-out, etc. (as 
applicable) 

Single or multiple arcs 

Specific precautions that will be taken for field welding, if applicable, to 
prevent wind or drafts from interfering with the shielding gas protection 
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TABLE 2 

R E C O H N D E D  FILLER METALS FOR K E L D I N G  

FERRITIC STEELS 

(Code L e t t e r  D e f i n i t i o n s  a r e  g iven i n  Table 3 )  

MAT ' LS 
TO BE 
WELDED 

CARBON 1 1 1 4  C r -  
STEEL 6-1 /2 Mo Mn-Mo 1/2 Mo 

A/B B/C B / D  B/E Carbon 
S t e e l  

Mn-No 

MAT ' LS 
TO B5 
WELDED 

2 1/4 C r -  5 C r -  7 C r -  
1 MO 1 1/2 MO 1/2 Mo 

9 Cr- 
1 Mo 

Carbon 
S t e e l  

Mn-No 

1 1/4 Cr- 
1/2 Mo 

5 Cr- 
1/2 Mo 

7 C r -  
1/2 Mo 

9 C r -  
1 Ho 
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TABLE 3 - RECOMMENDED FILLER METALS FOR JOINING FERRITIC STEELS 
FILLER MANUAL SUBMERGED GAS GAS GAS 
CODE SHIELDED ARC CORED TUNGSTEN METAL 
FROM METAL WIRE ARC ARC ARC 
TABLE 2 ARC (6) 

A E6010(1) Carbon E70T- 1 E70S-3 E70S-3 
E6011(1) Steel E70T-5 E70S-2 E70S-3 

(7) (8) 

B E70 18 Carbon E70T- 1 E70S-3 E70S-3 
E70 15 Steel E70T-5 E70S-2 . E70S-2 
E ~ O  16 (7) (8) 

C E70 18-A 1 C-1/2 Mo E70S-1B E70S- 1 B 
E7015-A1 ' EA2, ( Mn-Mo ) ( Mn-Mo ) 
E70 16-A 1 EA3 

D E9018-Dl(2) --- E70S- 1 E E70S- 1 B 
E9015-G(3) EA3 ( Mn-Mo ) (Mn-P!o ) 

. .. E ' E8015-B2 1 1/4 Cr-1/2 Mo Type 515 Type 515 
1.. E8015-B2L(4) 

E80 16-B2 EB2 
. . E80 1 8 - ~ 2  

2 1/4 Cr-1 Mo Type 521 Type 521 

NOTES FOR TABLE 3: 

1. Uoe only as root pass. 

2. For hydrogen service, special order resulting in welds with G.40 to 0.60% Mo 
content must be used. 
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3. This r e f e r s  t o  spec i a l  E9015-G electrode developed by Champion t o  ?;eld Nn-Ho 
steel.. 

4. For equipment operat ing i n  creep range do not use low carbon grade of f i l l e r  
metal. 

5. Where a u s t e n i t i c  s t a i n l e s s  s t e e l  f i l l e r  a e t a l  i s  used for  d i s s imi l a r  metal 
j o i n t s ,  thermal s t r e s s e s  r e su l t i ng  from di f fe rence  i n  coe f f i c i en t s  of 
thermal expansion s h a l l  be considered. 

6. ~ l l o y  welding e lec t rodes  s h a l l  have the a l loy ing  agents i n  the wire and not 
i n  the flux. 

7. Manganese - Molybdenum s t e e l  e lec t rode  wires nay be used provided the weld 
metal hardness does not exceed a  hardness of 200 BHN. 

8. Electrodes spec i f ied  i n  ASME SA5.7, and e lec t rode  c l a s s i f i c a t i o n s  EL12 o r  
EM12K, spec i f ied  i n  ASME SFA5.23, s h a l l  not be used f c r  submerged a r c  
welding carbon s t e e l s  having a  minimum spec i f ied  t e n s i l e  s t rength  of 70,000 
p s i  o r  higher ,  where postweld heat treatment i s  spec i f ied ,  

TABLE 4 - RECOWJNDED FILLER METALS FOR JOINING AUSTENITIC STAIIU'LESS STEELS P.ND 
H I G H - N I C K E L  ALLOYS ( I ) ,  (21, (31, ( 4 )  
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TABLE 4 (Con t inued)  

MAT ' LS 317 32 1 347 348 INCOLOY 
TO BE 800 
WELDED 

MONEL 

lL 

Monel 
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NOTES FOR TABLE 4: 

1. Deposited Type 300 stainless steel weld metal shall have a delta ferrite 
number as indicated in Paragraph II.D.4. 

2. Filler metals used in welding 316, 316L or 317 parts in fatty acid service 
shall contain a minimum Mo content of 2.55 and a maximum carbon content of 
0.03bp.. 

3. Where Type 321 filler metal is specified, this applies to bareswelding 
filler metal. For coated electrodes, use Type 347'- 

4. Filler metals used in welding Monel parts in hydrofluoric acid service shall 
contain no columbi0m. 

TAELE 5 - RECOMMENDED FILLER METALS FOR JOINING ALUMINUM AND ALU?4IXUM ALLOYS ( 1 )  

MAT ' LS 1060 1100 3003 3004 5050 5052 
TO 9E . 5652 
WELDED 
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TABLE 5 (Continued) 

MAT ' LS 
TO BE 
WELDED 

NOTES FOR TABLE 5: 

1. The filler metal listed on the top line of each combination is the preferred 
wire. The filler metal listed on the bott.am line of each combination is an 
acceptable alternate. 
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* The choice of filler metal mav be linited bv service conditicns such as . 
immersion in fresh or salt water. exDosure to soecific che~icals. cr to a 
sustained temoerature between 150 F and 450 F. Contact Fcster iiheeler 
Technical Services and Qualitv Control De~a-tment if such conditions exist 
for s~ecific recommendations. 

TAELE 6 - RECOMNENDED FILLER METALS FOR WELDING INTEGRALLY CLAD YATE2IALS 
CLADDING SPECIFIC 
MATERIAL REQUIREMENTS 

70 Ni-30 Cu 
(Annealed Monel)' 

Austenitic 
- Stainless 

Steel 

FILLER FETALS FOR 
OVERLAYING WELDED 

JOINT (4) 

ASME SFA-5.11 
Class ENiCu-7 ( 1 )  

Do Not Overlav 

ASME SFA-5.11 
Class ENiCrFe-3 (2) 

ASME SFA-5.4 
Class E309L ( 3 )  

FIRST PASS SUaSEOUENT PASSES 

NOTES FOR TABLE 6: n o 
3 
2 

1. ENiCu-7 (Monel welding electrode 190. or eaual) 

2. SNiCrFe-3 (Inconel welding electrode 182. or eaual)  referred for i; 
Cn 

tem~eratures above 800 F or where thermal cvclina conditions are b: 
antici~ated. Consult Foster kheeler Technical Services and Oualitv Control > 
De~artment if environment contains sulfur above 800 F. 

3. For o~eratinn temoeratures below aooroxinatel-7 800 F and/or where thermal 
cvclinn conditions are not severe. 

. Overlavs usuallv reauire a minimum of two lavers: however sinnle-laver 
overlavs are acceotable ~rovided dimensional reauirements are met and 
chemical comoosition and soundness are satisfactorv. The nuaber of lavers 
in ~roduction shall not be less than the number of lavers in the Drocedure 
aualification test. 
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PIPING TESTIiiG Pi?OCZRJIG 

1. Scope 

. 47-120 
@ 5-15-73 -- 

Page 1 of 8 

1.1 To provide d e f i n i t e  requirezents f o r  t e s t i n g  piping systems t o '  be  
i n s t a l l e d  f o r  o r  by The Co(,q Chemical- Corqeay. J r m 5 . o ~ ~  cle.ss=s of 
t e s t i n g  a re ' inc luded  i n  order t o  o'oteir a s t r i n g e r t  t e s t  of in-  
po r t an t  l i n e s ,  o r  a l e s s  r igorous test  of secondary l i n e s ,  a s  r e -  

. . . .  
. . . .quired b y  t h e  service.. . . 

1.2 The t e r n - " p i p i n g  system'' a s , u s e d  here in  i s  intended t o  include' p i ~ e ,  
valves,  and f i t t i n g s .  .Vessels, i n s t - e~ t s ,  and r e l i e f  devices are , 

not included. . .. . . .  . > . . 
. . . . 

. :  l'.'j The acceptance of piping s y s t e m  under t h i s  spec i f i ca t i on  includes . . 

approve1 f o r  pressure  t i gh tnes s  only. 

1.4 Vessels and f lansed items. not included i n  t h e  t e s t s  s h l l  be i s o l a t e d  
by l i n e ,  b l inds .  Line blihdi; shall be i n s t a l l e d  between ex i s t i ng  p ip ing  . 

. and new p ip ing  under t e s t  t o  prevent appl icet ion of pressure  t o  e x i s t -  
. . i n g  l i n e s .  The D m  representat ive  s h a l l  be n o t i f i e d  i n  a d e n c e  by t h e  

. - .. cont rac tor  o f .  t e s t  schedules end t e s t  conditions. . . 

. . . . ' . .  . . . . 
' . 2 .  . P h t e r i a l s  er^d . ~ e w i = e s  . . 

. . 

2.1 Dm w i l l  f i m i s h  water f o r  t e s t  purposes a t  ex i s t i ng  pressures  wi th in  
the block o r  p l an t  l i m i t s  when evei leble .  DWJ . w i l l  f u rn i sh  a l l  required 

. Freon R-12.'- If, a .recording instrument is  required f o r  t hz  t e s t ,  D m  : 

w i l l  f 'urnish . t h e  instrument and t h e  contractor  shall i n s t z l l  end re- 
move sane. '  The contmctor  shall f u r n i s h  a l l~misce l l eneous  pi?=, gauges, 

. . f i t t i n g s ,  t e s t  pumps, o r  c o q r e s s o r s ,  l i n e  bl inds ,  VE?~V,OS, etc. ,  
. .. . . 

.. necessary t o  provide t h e  p r o p r  t e s t i n g  equipment. A l l  such m - t e r i a l s  
shall be  remov,ed upon conrpletion of t e s t i n g  unless  s h c m  on the 2 ~ - d i n g s  
as p a r t  of t h e  f inished work. The contractor  sb11 f u n i s n  e l l  p ip ing  
o r  hose .from t h e  source of water t o  t h e  pc in t  of t e s t  connection ar?d 
6 h R U  he ~esponsibXe~, when biilding, f o r  determinirg t h +  nezrest '  source  
of w a t e r  and w h s t  equipment w i l l  b e  needed. A i r  c o q r e s s u t s  s l ~ e l l  b e .  
equipped wi th  dischzrge f i l t e r s  f o r  removal'of water, o i l ,  and fo re ign  
mztter .  BIaximum discharge t e q e r s t u r e  of o i l  lubr ica ted  air  coxpressors 
s h a l l  be  300°F. 

2.2 The cont rac tor  s h a l l  fu rn i sh  experienced t e s t  crews of adequzte s i z e ,  
equipped with su f f i c i en t  and proper k n d  too l s ,  t o  hzndle p rose r ly  t h e  
t e s t i n g  operations. The DWJ representat ive  s h a l l  d e t e n i n e  t h e  a.ileciuzcy 
of a l l  eq~.lipnent used by t h e  t e s t  creris. 

2.3 The contrcctor  s h a l l  be respoasible f o r  tho ren?o-.121 of water used I n  
t e s t i n g  from a l l  ~ i p i n g  systems. \.lhsre d-i'tches o r  tci ;scrary Sin-s t o  
d i t c h ~ s  a r e  necessary, t h e  con.tracto? s k a l l  provic?e them; a f t e r  t h e i r  
use, such di-t,c)ics o r  l i n e s  ski11 be rexoved I.eaviny t h e  e r z e  i n  its 
or ig ina l ,  o r  eclual, condition. 
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-> 

2.4 .If s p e c i a l  d ry ing  o r  i p e c i a l  c l ean ing  i s  requ i red  a f t e r  t e s t i n g  i s  
(-. 
2 g;. .. completed, it w i l l  b e  done b y  D&.r u n l e s s  o t h e r v i s e  s p e c i f i e d  i n  t h e  

job s p e c i f i c a t i o n s .  

2 - 5  ~ l a ~ d &  of  a l l  s t e a n  l i n e s  p e p a r a t o r $  t o  t e s t  o r  p u t t i n g  i n t o  s e n r i c z  
s h a l l  b e  done by t h e  DDJ Por~er  Departnent o u t s i d e  block l i m i t s  o r  by 
t h e  Par p l a n t  super in tendent  i n s i d e  b lock l i m i t s .  A l l  va lves  connecting 
t o  e x i s t i n g  w a t e r  raains, pkocess l i n e s ,  e t c - ,  s h z l l  b e  opened only  b y  
Dm' s proper  r e p r e s e n t a t i v e .  

. . 

2.6 blhere l a r g e .  m p o r  o r  gas l i n e s  a r e  t o  b e  h y d r o s t a t i c a l l y  t e s t e d ,  t h e  
c o n t r a c t o r  s h a l l  not  start t h e  t e s t  u n t i l . h e  has  a s su r snce  from t h e .  

i . '.Dwd r e p r e s e n t a t i v e  t h a t  t h e  l i n e  w i l l  . . support  t h e  weight o f  t h e  t e s t  
" . l i q u i d .  

'3. s p e c i f i c & t i o n  of  Class Required 

Classes o f  test  w i l l  b e  s p e c i f i e d  as f o l l m s :  

3.1 The l i n e  schedule i s sued  g i v i n g  genera l  s p e c i f i c a t i o n s  f o r  each l i n e  - 
. . such as material, s i z e , t n s u l a t i o n ,  e t c * ,  w i l l  a l s o  con ta in  z designa- 

t i o n  o f  t h e  c l a s s  of  t e s t  r equ i red  2nd t h e  test  p ressure .  

3.2 . I n  t h e  absence of  a l i n e  schedule,  t h e  c l a s s  of  t e s t  and p r e s s u r e  r e -  
qui red  may b e  covered i n  t h e  job speci f ica- t ion ,  c o n s t r u c t i ~ n  . . .  order,  or .  ' 

f o r  maintenance jobs by  an  AVO. . . . . . . . k; . . 
. . 

4. D - t a i l s  o f  Tes t  . . . . . . . 
. . .  . . . . 

. . 4.1 ~ e n e r a l  . . 
. . '  . . 

4.1.1 A i r  and instrument a i r  supply p i p i n g  ' s h a l l  - no t  b e  cleaned o r  
t e s t e d  w i t h  w a t e r .  Before t h e  f i n a l  connection is rrade t o  . . .  . 

instrument,  accessory  o r  equipment, t h e  l i n e s  s h a l l  b e  blolm 
' 

f r e e  o f  a l l  d i r t ,  s c a l e ,  f i l i n g s ,  o r  o t h e r  extraneous ~ a t t e r .  
. 111strumcnt air  supply pi.ping is  defined a s  p i p i n g  t h a t  connects  

ins t ruments  t o  t h e  a i r  supply system ( ~ o t e :  This  does not  i n c l u d e  
. . instrument.  pneurrietic t ransmiss ion tub ing  o r  p ipe ,  which i s  ' t o  b& 
. cleaned and t e s t e d  p e r  61-110 and 61-150): 

A l l  o t h e r  p i p i n g  s h a l l  be thoroughly cleaned and f lushed wi'th 
water be fo re  t e s t i n g . '  This  s h a l l  i ~ c l u d e  instrumen'; process  
p iping,  vrhich i c  defined z s  yj.ping t h a t  connects ins t ruments  
t o  process  l i n e s  o r  v e s s e l s  and i s  t o  conta in  p rocess  f l u i d s .  
Instrument process  p i p j n g  s h z l l  n o t  be  connected t o  t h e  in -  
strument o r  accessory  dur ing  cleaning.  A f t e r  vash ing  and p r l o r  
t o  connection t o  instruments,  e t c . ,  thi: ins.trurnent process  p5,p.i.n:: 
s h a l l  be blown f r e e  of a l l  ~. :atzr  r n d , e ; ~ r a ~ l e o u s  mat ter .  



c. 4.1.2 Control vzlves, sar"ct;. >zlves ,  m ~ t u r e  d i scs ,  re&ucir,g \??lves, 
l e v e l  con t ro l le r s ,  l e v e l  s i ~ t t c h z s ,  o r i f i c e  ~ l a t e s ,  end o t h ~ r  
instruments o r  f i t t i n g s  d e s i m s t e d  by t h e  DUJ , r epres=nta t ive  
sha,l l  be remvsd fro= t h e  l i n e s  b e f ~ r e  cleaning 2nfi replcced 
bef.ore t e s t i kg .  A l l  such i t ens ,  ecceat. ssf e.ty ~..r,l-~~s, z:~Xer 
remo-a1 shall be cleaned se?zrs te ly  by t h e  contrector .  The 
l i n e  bore o r i f i c e  spacers a ~ d  gzskets o r  spare  r i n g s  ~ C r n i s h -  
ed with ne te r .  rms sbi=lb be i n s t a l l e d  p r i o r .  t o  c l e m i n g  and 
remiin i n  p lace  u n t i l  e~?ter  t e s t i n g ,  Safety v->yes: end 
rup ture  d i s c s  shall be i n s t e l l e d  f o r  f i t-u?,  rznovee dur ing 
the t e s t  and r e i n s t ~ l l e d -  Tim; gaskets s'mll be use2 when . 
r e i n s t a l l i ~ g  a l l  f largya items. Wher- con t ro l  'izlv~a a r e  t o  
operate  n o m ~ l l y  shut,  t h e  t e s t  c r s ?  s h a l l  not  t e s t  t h e  l i n e  

. u n t i l  t h e  valve hes been openea by t h e  D m  represen ts t ive ,  

4.1.3 The cont ree tor  s 'nsll be responsible  f o r  vent ing piping and 
ves se l s  while cleen-ing and t e s t i n g  end, a l t e r  t e s t i c g ,  wh i l e  
d ra in ing  t o  ionure as%icst  t h e i r  c o l l a p e  by - la -uu~.  . 

4.l.Q The contractor  skil l  be responsible  f o r  m y  and e l l  denage re- - 

suiting from t e s t  pressures  more t b n  10% higher than spec i f i ed  
. by %,I. A sa fe ty  valve o r  r e l i e f  valve r a y  be used z t  t h e  . .. 

pressure  source t o  p ro tec t  systexs under t e s t .  . The t e s t  crew 
s h a l l  be responsible f o r  venting a l l  sec t ions  of piping system 
and vesse l s  not under d i r e c t  t e s t  t o  prevent c v e q r e s s u r i n g  
any p a r t  of system through valve leekage o r  excess fla?s. 

. -  . 

4.1.'5 Ove*ightening of a n l v e  i n  an e f f o r t  t o  make it hold ray . 

be cause f o r  r e j ec t i on  of t h e  valve by t h e  D m  reFres&nta%.ive, 

4 . i .6  For hydrosta t ic  t e s t s ,  every precaution s h a l l  be  takez f o r  t h e  
. . . rernoml of trapped eir . . . .  . . . .  . 

. . 

. 4.1-7 Pressure  gzuges s h a l l  be of a s u i t a b l z  s ca l e  capeci ty  f o r  t h e  
. .  . pressure ,  havfng a d i a l  &t l e a s t  kg1 i n  diameter. The naxinuo 

pressure  cepaci ty  s h a l l  not exceed t h r e e  t imes t h e   articular 
. t e s t  pressure.  The geuges s b l l  be checked ae-inst a stendard ' 

gauge by t h e  Dm< Instrument lkpartment . 
4.1.8 Vaxietions of pressure  and Goluze due -i;o t e rqe ra tu re  changes 

s h a l l  be taken i n t o  account by t h e  D=r represen tz t ive  i n  
dc t emin ing  whether przssure  d u r f ~ g  t e s t  i s  setisTactory.  
V i s u a l  checks of short, duretion rczy be r;,ade st in t smzr l i a t e  
pressures  at. t h e  op't:ion of thz  D m  representr,.tive. 

4.1.9 A l l  hyilros.tztic t e s t s  Ere essu~ncd $0 be rase, u s l r : ~  :;ctcr, 
unless  o.l;he;-vise s.tcte3. ..; 
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,?. 4.1.10 Presence of t he  D m  representatfvs  i s  not necessary while 
i n i t i a l  going-o~rer of l i n e s  f o r  leeks  is  progressing. 

4.1.11 No insu la t ion  s h z l l  be a.llcmed 02 sys t em under t e s t  except 
an those p a r t s  which hcve hsd a ~ e . ~ i f i e d  sho;, t e s t .  

4.1.12 The t e s t  f l u i d  s h e l l  not be e l l m e d  t o  freeze. When t e s t i n g  
, s t e e l  piping belo-?. ~o'F, a wr i t t en  Szfe Work ProceClure w i l l  , . . 

be  required t o  p ro t ec t  ageinst  b r i t t l e  f r a c t u r e  hazards. 

4.1.13 Pressure t e s t s  shall include as much inst runent  process  p ip ing  
as possible.  \There an instrument process l i n e  contains  more 
than one block wive, a l l  valves shauld be o2en except t h a t  . 

nearest  t h e  instrument. 

4.1.14 A l l  ins t runknts  and s imi l a r  spec i a l  equipment are -to be pro- 
. . t e c t e d  aga ins t  overpressure during cleaning and t e s t i n g  by . 

. :. .d.isconnecting t h e  p ip ing  between th,o closed block m l v e s  and 
t h e  instruments. Direct  opereted o r  self-contained regula tors  
are t o  be removed o r  blocked a rd  vented. Special  ca re  i s  t o  

. be exercised i n  t h e  protect ion of flm-t actuated devices, such 
. t h a t  f l o a t  is  not subjected t o  collapsing pressure.  

4.1.15 w a n s i o n  jo in t s  having t ie-rods m y  be t e s t e d  a s  p a r t  of t h e  

&. piping system unless  otherwise specified.  The t i e - rods  mst 
be  hand t i g h t  ,' with  no s lack  under t h e  outs ide nuts .  Etrpansion 
' j o i n t s  not having t i e - rods  s h a l l  be rernoved o r  i s o l a t e d  f ron  :: 

t h e  t e s t .  The c o ~ t r a c t o r  shall check the  drzwings and speci-  
. f i ,cat ions  f o r  any spec i f i c  i u s t a l l z t i o n  o r  operat ing instzvct ions  

per ta in ing  t o  t h e  expansion joint .  
. . 

4.1.16 A y r i t t e n  Safe 170rk Procedure s h a l l  be subz~i t ted  by t h s  contract.or . - 

f o r  approvzl of t h e  Dug representat ive and rrsnufacturing repyesent- . 

a t i v e  p r i o r  t o  beginning of Class D Pneunatic o r  C l a s s  K Ultrasonic 
t e s t s  i f  the t e s t  pressure  i s  t o  exceed 15 p i g .  The procedurz 
s h a l l  cover a rninimm of' t he  f o l l u ~ i n g  i t e m s ;  P r e t e s t  v i sua l  

' . inspection, a r eas  t o  be  roped o f f ,  time schedule, and indoctr lus-  
. t i o n  of personnel on' hazards involved. 

4.1.17 A t  t he  c o q l e t i o n  of t h e  t e s t ,  a l l b l i n d s ,  plugs,  caps, e t c .  used 
t o  i s o l a t e  vesse l s ,  instru~nen-ts, e tc .  s h a l l  be rerooved, ' f l a ~ g e  
faces  and threads inspected f o r  dznage 2nd p ip ing  re-connected. 
Gaskets removed after t e s t s  s h a l l  not be re-used. Special  ca re  i s  
required trhen reconnecting these  points  t o  avoid leaks. 
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fz . 5. Classes of Tests 
k- 

5.1 Class B - Hydrostatic: 

5.1.1 B c h  valve s ! ~ l l  bz pressure t e s t e d  t o  .th? sa.tisfcc-i;ion, o f  t h e  
Dm representat ive,  Velve t e s t  s h a l  'not exceed 20 ninutes .  
1Jhere Mlves  occur in headers, both s ides  s h a l l  be t e s t e d .  . . a t ,  
t i le option of . t h e  D V ~  r e_~resen ta t ive .  .. 

5.1.2 APter eS- Gives .. - have been t e s t ed ,  t h ~  e n t i r e  systen, s h 2 l l  hold . ' 

t h e  designgted p r e s s w e  f o r  a period of four  hours. 

5.2 Class C - Hydrostetic: 

' , 5.2.1 Conplete l i n e  o r  sect ion of lice c o n t a i o i ~ g  seirereX - e l v e s  and 
branches may be t e s t e d  a t  one time. The durat ion of t e s t  shal.1 
not  exceed four hours, Generally, t h e  Dc;~ . represente t ive  s h e l l  
f b  t h e  dumtion  of t e s t  a.s only s u f f i c i e n t  t.o exanine the l i n e  
and s a t i s f y  himself t h a t  t h e r e  i's no leak~.ge. 

.. 
. . 

5.3 Class D - P n z w t i c :  

CAUTION: Pneumatic t e s t i n g  should be used only as a 3zst e l t e rne t ive .  
s-'Cr - ~ @ j  . . ' /. 

Care f i l l y  p l amed  2nd supervised procedures ' s h z l l  be used 
B 

. L e R .  ' 

' 
. t o  guerd agxinst  t h e  k z a r d s  .of l a t e n t  energy oP conpressed \?&. 

.- . . &ses. ' ( s ee  4.1.16) 

This class co-vers t e s t s  m ~ d e  with air, nitrogen, o r  o the r  gzses f o r  
pipicg designed i n  accordance with ANSI B31.3, Code f o r  P e t r o l e ~ m  
Refinery P i p b g .  Where zppl iczble ,  t h e  t e s t  s h a l l  m e t  t h e  require-  . 

rnents of OSHA 1910.106, F l a m b l e  and Combus2ible Liquids, erg - , . . 

. l9lO.110, Storege end Hzndiir?& of Liquified Petroleum P-ses- P*ing .. 

, designed by other  Codes shill be t e s t e d  i n  accordance with tho-se Codes. 

5 . 3 . l  L m  Pressure Test - l~kxhm 15  psig.  
. . 

5.3.i.1 P r io r  t o  t e s t i n g , ~  thorough v i s u z l  inspection s h a l l  
be made f o r  der'ects such a s  i q r o p e r  mater ials ,  poor 
gasket ios ta l l2kion ,  loose jo in ts ,  e t c .  A l l  b o l t s  
must be m d e  up t i g h t  . 

5.3.1.2 A l l  f l ~ n g e d  jo in t s  sh811,be taped shut using a .suit- 
able  adhesive c a t e d  pzper tape  with a s a z l l  vent hole 

' punched ir, t h e  t a p .  The tape s h a l l  be applied very 
careful ly  t o  insure an a i r t i g h t  s e z l  a11 zrolnd both 
f lenges.. . . '.i. 
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5.3.1.3 Soapsuds made from mi ld  soap  o r ' a  commercial bubble  t e s t  - 

f l u i d  s h a l l  b e  a p p l i e d  t o  each  v e n t  h o l e  f o r  f  lanoe.d j o i n t s  
and a l l  around each  screwed o r  welded j o i n t .  Any l e a k  
d e t e c t e d  s h a l l  be  marked f o r  t h e  subsequen t  i n s p z c t i o n  of 
t h e  Dow r e p r e s e n t a t i v e  i f  he is  n o r  i ro . .ed ia te ly  p r e s e n t .  

5.3.1.4 The f i r s t  l e a k a g e  check s h a l l  b e  made a t  5 p s i g  mas. 
. . Any ' d e t e c t a b l e  l e a k s  s h a l l  be e l i m i r a t e d  b e f o r e  p roceed ing .  

The l e a l a g e  test nay be  r e p e a t e d  a t  h i g h e r  p r e s s u r e s  n o t  t o  
exceed 15 p s i g  o r  t h e  s p e c i f i e d  t e s t  p r e s s u r e ,  whichever  i s  
lower ,  as d i r e c t e d  by t h e  Dow r e p r e s e n t a t i v e .  

I 

5.3.2 High P r e s s u r e  T e s t  - Above 15 p s i g  . 

: .  . . .  . . 

CAUTIOX: S p e c i a l  * r e c a u t i o n s  r e q u i r e d .  (See 4.1.16) ' 

3 . J o i n t s  are -- n o t  t o  b e  t aped  f o r  t h i s  test .  A l l  p e r s o n n e l  s h a l l  b e  
k e p t  c l e a r  of t h e  immediate a r e a  w h i l e  t h e  test  p r e s s u r e  i s  b e i n g  
r a i s e d .  The p r e s s u r e  s h a l l  be  r a i s e d  s l o w l y  i n  s t e p u i s e  f a s h i o n  

. - . i n  inc remen t s  of n o t  n o r e  than  20% of t h e  n a x i m m  test p r e s s u r e  . . . 
. . 
, (lo p s i s  s t e p s  a r e  a c c e p t a b l e  up t o  50 p s i g  t e s t  p r e s s u r e ) .  

Yause 5 minu tes  mininuin a t  each s t e p  t o  a l l o w  f o r  i n s p e c t i o n  and 
. . e q u a l i z a t i o n  of s t r a i n s .  Leak d e t e c t o r  used s h a l l  b e  u l t r a s o n i c  

t y p e  p e r  5.8.3. I f  t h e r e  i s  ev idence  of l e a k a g e ,  t h e  p r e s s u r e  6 
v4- -. 

. . . w i l l  b e  , r educed  by. a n i n i n u a  of 20% o r  a s  r e q u i r e d  t o  l o c a t e  and  i . - c o r r e c t  any 1 e a k a g e . d e t e c t e d .  T h e . t e s t i n g  s h a l l  c o n t i n u e ' s t e p w i s e  
u n t i i  t h e  f i n a l  test p r e s s u r e  i s  reached  and h e l d  f o r  10 m i n u t e s  - . 

.. rninhum w i t h o u t  ev idence  of leakage .  
. . . . 

' 

C l a s s  F - F i r e  Ifai-n:s, ' s p r i n k l e r  and 'spray Sys t ems  
' 

5.4 -- . - 
. . 

W e t -  P i p e  S p r i n k l e r  Sys t ems  (See Eng. Spec. 47-101 and N F F A ' ~ ~ ,  . . . 

'1973, Chapt. 1, Sec t .  1-11) . . .. . 
. . 

P r i o r  t o  connec t ion  t o  t h e  s p r i n k i e r  r i s e r  e n t e r i n g  t h e  b u i l d i n g ,  
t h e  f i r e  w a t e r  mains s h a l l  b e  f l u s h e d  a t  an a p p r o x h a t e  r a t e  as 
f o l l o w s  , u n t i l  c l e a r  : 

750 f3pE 
1000 gpm 
1500 gpin 
2000 gpm 

Nter f l u s h i n g ,  connec t  t h e  main t o  t h e  r T s e r  and f l u s h  a l l  
p i p i n g  w i t h  heads i n  p l a c e  o r  p l u g ~ e d  2nd bulk-main f l u s h  conn- 
e c t i o n s  open, u s i n g  f u l l  l i n e  p r e s s u r g .  \There neces sayy ,  f l u s h  

0 by s e c t i o n s  f o r  a d e q w t e  f low throuGh".al l  open ings .  I l yd ros t a t -  

i c a l l y  p r e s s u r e  t e s t  e n t i r e  system f o r  2 h o u r s  with heads  i n  . . 

p l a c e  a t  200 psj.f; rsj.ninx'n o r  50 p s i g  5.2 e x c e s s  of m a s .  s t a c i c .  
l i n e  p r e s s u r e  w l ~ e r e  mnx. l i n e  p r e s s u r e  exceeds  153 p s i g .  i 

'- 

. . 
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5.4.2 Water Spray Fixed Sys tems (deluge) 
(See Eng. Spec. 47-102 ~ ~ ~ ' N F P A  15,  1973, Chapt.  5)  

P r i d r  t o  connection t o  t h e  deluge vz lve ,  t h e  f i r e  water  mains 
, s h a l l  be  f lushed a t  an approximate r a t e  a s  fo l lows ,  u n t i l  c l e a r .  

: 390 gpm (10 f t . /Sec . )  
880 c ~ n p '  (10 f t i / 3 e c . )  
1.560 gpm (10 f t . /Sec t . )  

, 2.440 g2n (10 f t . /Sec t -1  
3520 gpm (10 f t - / S e c t . )  

~ f t &  f lush ing ,  connect t h e  main t o  the deluge system and f l u s h  
a l l  spray  p ip ing down streain a t  f u l l  l i n e  p r e s s u r e  wi th  s p r a y  

'a ' nozzles  removed, u n t i l  c l e a r .  \?here' necessary ,  f l u s h  by 
s e c t i o n s  f o r  adequate flow through a l l  openings. . . 

p i l o t  a i r  system p ip ing  s h a l l  be cleaned en2 t e s t e d  as fo l lows :  
. - 

b7ith t h e  a i r  f i l t e r ,  p ressu re  r e g u l a t o r  and p i l o t  v a l v e  
omittecl from t h e  t e s t ,  h y d r o s t a t i c a l l y  p r e s s u r e  t e s t  

' 

t h e  p i p i n g  a t  70 p s i g  f o r  1 hour wiL& a l l  p i l o t  heads  
' i n . p l a c e .  A f t e r  conple t ion  of t e s t ,  d r a i n  wa te r  and 

. . blow o u t  one branch a t  a  t i n e  by in t roduc ing  50-75 p s i g  
a i r  and r e l e a s i n g  the a i r  a t  t h e  n o s t  remote p i l o t  head 

. . opening o f  t h e  branch,  wi th  a l l  o t h e r  openings c l o s f d ,  
. . 

' . A f i n a l  acceptance test .in opera t ion  s h a l l  be made, t o  b e  . ' 

. witnessed by a xepresen ta t ive  from Loss 'Prevent ion  Engineering . 

. - . . 
. . 

. . . .: 
. .. . .: 

C l a s s  C; - Hydrosta t ic  (Gravity)  r 

. . 
5 .5 -1  Th i s  t e s t  f o r  v e n t s ,  s t andp ipes ,  e t c . ,  r e q u i r e s  t h e  f i l l i n g  of .the 

- - piping system wi th  water  and v i s u a l  i r i spec tGn  f o r  l e a k s .  No 
p ressure  s h a l l  be  app l i ed  by puiip, by supply l i n e ,  o r  o t h e r  extern;  
source .  The t e s t  crew s h a l l  be  r e spons ib le  f o r  f i l l i n g  such a 
system a t  a  r a t e  lo:$ enough t o  prevent  p ressu r ing  due t z ~  r e s t r i c k -  
ing  outflow of a i r .  
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<;.'., 5.6 - Class H - Boiler CO&: 

5.6.1 Boiler piping s h a l l  be t es ted  i n  accordence with t h e  AS?.fZ 
. h i e r  ,Boiler Code. Boiler p T ~ i n g  includes a l l  pi?ing attached 

t o  t h e  boi le r ,  up t o  and including t h e  second valve fron t h e  
boi le r ,  f o r  nul t iple-boi ler  i n s t a l l a t ions -  For s ingle  bo i l e r s ,  
t he  piping nay include a l l  piping up t o  t h e  f i r s t  valve only. 

Class 3 - Halogen: 

5.7.1 Halogen leak detector  s h a l l  be used t o  de tec t  leaks  zt a l l  . 
welds, seam,  joints ,  2nd other areas  ol" possiSle lealege. 

5.7.2 This t e s t  s h a l l  be ~ a d e  by pressuring up t h e  piping systea t o  
be tes ted  t o  13 ps ig  by use of a coxpressed a i r  smrce ;  ther, 
increasing t h e  pressure t o  15 ps ig  with Fre0n.R-12. The , 

pressure s h a l l  be held at 15 psig u n t i l  t e s t i n g  i s  congleted. 

5.7.3 A l l  f langed joints  s h a l l  be taped shut using a su i tab le  zdhesive 
. coated paper tape with a small vent hole punched a t  one po2.nt, 

, 

preferably on top. A l l  bo l t s  or  studs must  bs made up tigil-t . 
.Tape s h a l l  be carefu l ly  applied t o  insure an a i r t i g h t  s e a l  a l l  
around both flanges. 

. . 

5.7-4 The Halogen t e s t i n g  equipnent s h a l l  be Generitl E lec t r ic  Ealogen 
Leak .Detector, Type H-2, or approved equal, 2nd used i n  accor- ' 

, 

. . .. . dance with t h e  manufacturer's recoi;lzendations. 

5.8 class K - Ultrasonic: 

. -5.8.1 Ultrasonic leak  de+ector s h a l l  5e u s e d . t o  de tec t  leaks a t  a l l  
. . . . .. welds, seanis, joints ,  and other arees of poss ib le  lezkage. 

' 

5.8.2 This t e s t  shall be made by pressuring up t h e  system t o  be t e s t ed  
t o  15 ps ig  by use of a compressed aTr source. The pressure s h a l l  
be held a t  15  ps ig  u n t i l  t e s t ing  i s  cozpleted. ' This -test Fay be 
conducted at pressures above 1 5  ps ig  i f  p r o p r  sef'ety p -oced~res  
a r e  observed per  4.1.16 and 5.3.2. 

5.8.3 The Ultrasonic t e s t i n g  equipment' s h a l l  be Delcoz Model 49188, 
Edphonics Eiiodel 500, o r  approved equrl ,  an2 used i n  zccor- 
dance w i t i l  t h e  rccinufic-turer ' s' r e c  oi~!:~~endatio'~~s. 

.'*!"' 5.9.1 CAUTIOli: T h i s  t e s t ,  5.n general, is ii:xi:.ed t o  sc.3 vzter ,  r i v e r  ;;f$j: 

. \  - ~ 3  ' trrzt.c:r, and potable wz.tei. systcns ... 5 G 3  
+a, r.' 

5.9.2 Conipletc l i nes ,  s e c t  io!-~ of  L:ines, o r  corr~2le.t~ syste:cs z?-y bc 
t.cs-t.ecl ;~;t o:lc i; i r i p  . 
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5.9.3 This t e s t  s h a l l  be m a d e  by put t ing the  l i n e s  . to be t e s t e d  i n t o  
02eration. 

5.9-4 J ~s t runen t  pneumatic trensmission tubing o r  p ipe  s h a l l  be t e s t e d  
.?r &gr. Spec. 61-110 and 61-150. . . .  

1 6. Retests . .  . 

. . 

6.1 i n  t h e  event t h a t  a 'piping system or  any part fails t o  pass  t h e  t e s t  
prescryoed, a new t e s t  s h a l l  be applied a f t e r  r e p s i r s  end correct ions 
have been made. This r e t e s t  s h a l l  include a l l  p a r t s  of a connected 
system which-may have passed a t e s t  previously, but which i n  t h e  opinion 

. . 
. . 

of t h e  Dov.representa-tive have been affected by t h e  correct ions -=adz or . 
b y  a delay attending t o  t h e  corrections.  

7. Acceptance 

7.1, The Dow representat2ve s h a l l  s igni fy  h i s  acceptance by ini- t ia l ing the.  
' approved portions of t h e  piping system on t h e  con t rac to r ' s  s e t  of p r i n t s  

o r  by any other d e f i n i t e  means mutually agreed upon. 
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Vendor and Service Assistance 
Leak and Pressure Tests 
Inspection 
EeIsnits 
Removal of Rust Preventive& 
Operating Supplies and Chemicals 
Lubricants 
Rotation and Alignment 
Packing and Sea l s  
Safety Devices 
Flushing and Chemical Cleaning 
Temporary S t ra iners ,  Screens and Blinds 
Drying Out 
m g i w  
Maintenance and Spare Par t s  
Housekeeping 
Tie-ins a t  U n i t  L i m i t s  
Ins t ruct ions  
Removal of Temporary Bracing, Supports, e tc .  

SPECIFIC PROCEDURES 

E lec t r i ca l  Power and Lighting Systems 
Instrument Systems 
Piping Systems 
Vessels 
She l l  and Tube Fxchangers 
Air Cooled Exchangers 
Fired Heaters 
Pumps, Compressors, anc! Drivers 
Miscellaneous Equipment 
Boi lers  
Water Treating Plants  
Water Systems 
Waste Disposal, Flares, and Stacks 
Euildings and Accessories 
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I. SCOPE - 
This standard i s  intended t o  define when the respons ib i l i ty  f o r  care, 
custody end control  of various units ,  systems o r  f a c i l i t i e s  of a plant  
i s  t ransferred from Foster Wheeler to the Client. The general pr inciples  
d i f fe ren t ia t ing  the l im i t s  and respons ib i l i t i e s  f o r  the work f o r  both 
par t i es  are  defined and a tabulation of the specif ic  work perfomknce 
respons ib i l i t i e s  required t o  place common process equipment or  sys tem 
in to  operation i s  presented. 

This section presents def in i t ions  which, along.with the General and 
Specific Procedures given i n  Paragraphs I11 and I V ,  serve to c l a r i fy  the 
basic pr inciples  associated with ' the tranaf er of respons ib i l i ty  from the 
contractor to the Client a t  commissioning timeo 

A .  Pre-coramissioniq. F're-co~mmissionig a c t i v i t i e s  a re  the  non~pera t ing  
adjustnents and cold alignment checks made by the contractor a s  detaFLad 
i n  Paragraphs I11 and IV. 

B. Ready f o r  Comissioninfi. The date when the plant  o r  par t  thereof i a  
"ready f o r  comissioningn occurs when the  plant ,  uni t  or  f a c i l i t y  o r  
par t  thereof has been erected i n  accordance with drawings, specifica- 
tione, and applicable codes, to the  extent  necessary to permit 
commissioning, and pre-commissioning a c t i q i t i e s  have been completed 
by contractor a s  detai led in-paragraphs 111 and IV. 

C. Comdssioning. Basically, cormnissioning a c t i v i t i e s  are associated 
with the running o r  operating of the plant  and a re  the C l i e n t ' s  
r espons ib i l i t i e s  unless spec i f ica l ly  directed otherwise by the  contract.  

The commissioning period by the c l i e n t  follows the completion of the 
pre-commissioning a c t i v i t i e s  performed by Foster Wheeler. During 
commissioning, the  Cl ient  makes operating adjustments required before 
the  plant  may be sa t i s f ac to r i l y  operated, and commences operation of 
the  plant  o r  par t  thereof, performing aqj fu r ther  adjustments, se t t ings ,  
etc., t ha t  may be required. 

D. Completion of Construction. Completion of construction means tha t  the 
contractor has: 

1. Provided erection i n  accordance with drawings and specif icat ionso 
2. Completed pre-comissioning work. 
3 .  Completed final cleanup, painting,and thermal insula t ion work. 
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1 REVISION 

DATE Feb. 1, 1979  

FOSTER WHEELER 
I 

PROCESS PLANTS DlVlSlON 

General work procedlms tabulated i n  Table I ou t l i ne  the work t o  be 
performed by Foster  'dleeler a d  by the Client. Procedures appl icable  
t o  s p e c s i c  systems o r  items of equipmect are separa te ly  covered in 

( 1 )  Paragraph I V .  
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TABLE I 

Obtain manufacturer I s ( vendor) 

t o  render a sa t i s fac tory  i n s t a l l -  
ation, as mutually agreed btween 
Foster Wheeler and the Cl ient .  

B 

Leak and 
Pressure 
Tests 

C 

Inspec t i on  

* 

Make non-operating f i e l d  ledc . 
o r  pressure tests on piping and 

1 
Provide any specia l  media 

f i e l d  fabricated equipment, All f o r  t e s t  purposes and facia-  
testing will be conducted in accord 
ance with ENG STD 69A1.' 

Dispose o f ,any  specia l  t e s t  media 
in accordance with c l i e n t  instruc- 
t ions.  

Notify Cl ient  of test schedule. 

provide' inspection 02 the plant  
t o  check conformity of erected 
f a c i l i t i e s  t o  flow diagrams, 
construction drawings, vendor 
p r in t s ,  and specifications.  

i t i e s  fo r  disposal. 

Witness t e s t s  when no t i f i ed  
by Foster 'Wheeler. 

Conduct a l l  o p e r a t i o d  
t ightness tes t ing.  

- 

Provide f o r  special  inspec- 
t i ons  such as required by 
insurance o r  governmentab 
agencies and obtain required 
approvals. 

Shop inspected equipment ui3.l not I Perform shop inspection be reopened f o r  insyection i n  the 
f i e l d  except as spec i f ica l ly  noted 
i n  Paragraph 1V.D. 

desired. 

Verify and approve plant  
check with agy exceptions 
noted on a separate work 
order l i s t  (punch list). 
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TABLE I (contd) 

D 

Permits 

Item 

?&inoce a l l  r u s t  preventives a d  
o i l s  used. to p ro t ec t  the equipment 
during the ccnstruct ion period 
whea sucn mater iz l  -411 be d e t r i -  
n e n t d  to opereticn. 

I 

3 y  Foster  ii;lheele;. 

Secure permits and c e r t i f i c a t i o c s  
required by o r  f o r  h i s  design uork 
or f o r  h i s  e r ec t ion  work. . 

Assis t  c l i e n t  i n  the procuremen% 
of a l l  permits and c e r t i f i c a t i o n s  
required t o  be secured by the 
c l i e n t  f o r  initial use of the 

I2szoct r~2ssel  ipts,-i-or before 
- . 

1 c ~ 2 . i ~ ~  02 in2rt 2 s c ~ c z  mzteriQs 
o r  chemicals t o  insure v e s s a l  i s  
rezdqr l o r  p r o p r  izstallation. . 

BY 

Hake appl ica t ions  f o r  and Pro 
' c u r e  a l l  permits issued in his 
name and required for p l an t  
i n s t a i l a t i o n ,  use,  occupancy, , 
and operat ion.  

i 
I 

I 
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! ! .  PROCESS PLANTS DlVlSlON DATE 
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Feb. 1, 1979 
, . . - .. , . . , . . -  . 

'. ..... 
111 GmERAL PROCEDURES . G 

TABLE I (contd) 

. 

! 3 v u  

Develop lubrication list with 
lubzicant supplier and e ~ u i p -  
"en t vendor. 

Maintain 1ubricati.on a f t e r  
init ial  charge. 

Operate equipment and make 
vibrat ion checks, t r i p  checks, 
governor checks, and sa fe ty  
device check, and other oper- 
a t ing  t e s t s  and adjustments 
required. 

~ a k e  hot alignment and any 
doweling required. 

Make necessary adjustments 
and replacements t o  mechan- 
ioa1 seala ,  paoking, aml 
accessories during comis -  
sioning period, 

Test and adjus t  all sa fe ty  
devices and sea l  where 
necessary o r  desirable. 

lYaintain the necessary rec- 
ords. 

Item 

G 

Lubricants 
. 

H 

Rotation 
and 

Alignment 

J 

Packing 
and 

Sea ls  

K 

Safety 
Devices 

B y  Foster Wheeler 

', Include vendor's lubricant recom- 
mendations in the mechanical cata- 
log .  

I n s t a l l  i n i t i a l  charge only of all 
lubr icants  as  provided by the 
Client .  

Check ro ta t ing  machinery fo r  cor- 
r e c t  d i rec t ion  of ro ta t ion a d  
freedom of moving pa r t s  before 
connecting driver.  

Make only cold alignment to manu- 
f ac tu r e r ' s  tolerances. 

Foster  Gheeler w i l l  not operate 
o r  run any piece of equipment. 

I n s t a l l  mechanical seals ,  permanent 
packing and accessories when re -  
quired. 

I n s t a l l  a l l  safe ty  devices e.g., 
pressure re l i e f  valves, a f t e r  t e s t -  
ing and adjustment by the Client .  

Provide c l i e n t  with proper se t t ings  
of safe ty  devices . 
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111. Garw PiiO OUiEs 

Item 

L 

Flushirk- 
and 

Chemical 
Cle&3 

M ' 

Temporary 
S t r a i n e r s ,  
Screens 

and 
Blinds 

N 

Drying Out 

3 

Pwg- 

WiZ I (contd) 

By Foster  T,rZLeeler 
. . 

Turn systems over t o  the c l i e n t  f r e e  
of t r a s h  and cons t ruc t ion  d e b r i s  
(not  necessar i iy  f r e e  of welding 
slag- 

I rovide  and i n s t a l l  all required 
temporary s t r a i n e r s .  

Dry o u t  when required t o  complete 
f u r t h e r  c o n s t r ~ c t i o n  o r  xhere 
f a c i l i t i e s  supplenientd t o  those 
required f o r  normal operat ion a r e  
needed. 

I n s t a l l  purge connections. 

By C l i en t  
. . 

CoIldlict a l l  f lush ing ,  blowirg 
and chemical c leaning opera- 

' t i o n s  and provide c i r c u l a t i r g  
media and ckkemicals requi red  
except a s  noted i n  paragraphs 
IV.3, IV.G, and 1V.H. Dispose 
of any r e su la t an t  wastes 2nd 
cleaning media,. 

Clean s t r a i n e r s  a s  required 
during c i r c u l e t i o n  and re -  
move when w a r r a t e d .  

Proviae, i n s t a l l ,  and remove 
all bl inds  required f o r  
f lush ing  o r  operation. 

Etaintain required records.  

Dry out systems, r e f r a c t o r i e s  
and l i n i n g s  when such mrg 
can be accomplished k i t h  per- 
manently h s t a l l e d  equipnent 
o r  a s  p a r t  o f  t h e  comiss ioo-  
a c t i v i t i e s .  

Provide purge mater ia l s  and 
conduct necessary purge 
operations.  
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1x1. GENERAL PROCEDURES 

TABLE I (contld) 

... . , . . . .  . . . .  _ .  % .., >._ . I.. .. . ..._ ... ...,,.., ,..... . ... .. ..__. ,__. .... _: , .  .:.. C...,,.. ..... .... __ ...... ..: _. ... ...a -.I .... :.. 

Protect equipment frcm normal Provide adequate maintenance 

F~ainta in  adequate spare pa r t s  

R . 

Housekeeping 

S 

Tie-ins a t  
Uni tLimits  

T 

Ins t ruct ions  

. 

Provide construction cleanup in- 
cluding removal of excess materials, 

'temporary f a c i l i t i e s  and scaffold- 
ing, rough sweeping o r  raking the 
area, and t rash pickup. Washing 
o r  fu r ther  cleanup i s  not included. 

Obtain Cl ien t ' s  approval and make 
the  necessary t ie - ins  a t  the u n i t  
l im i t s  a s  required by the specif i -  
cations. 

Transmit t o  c l i e n t  any vendor s or  
manufacturer's ins t ruct ions  and 
drawings , as applicable . 
Provide c l i e n t  with any special  
ins t ruct ions  such a s  requirements 
f o r  drying l ine rs .  

Maintain adequate housekeaping 
practices a f t e r  pre-comnissim 
ing i s  complete a s  required 
f o r  safe opefetion. 

Prepare a l l  systems f o r  safe 
t i e - ins  and observe same. 

.Maintain adequate vendor 
ins t ruct ion f i l e  so t ha t  the 
information may readi ly  be 
re t r ieved a s  may be required. 
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T.@iE I (contd)  

Item 

U 

Removal of  
Temporarg 
Bracing, 
Supports, 

e tc .  

By Foster  ? h e e l e r  

3move a l l  t emporary supports , 
bracing, or  o ther  fore ign  objec ts  
which have been i n s t a l l e d  i n  equip- 
ment to prevent danags during 
shipping, s torage,  and erection..  
e.g. , .ressels,  transformers,. r o t a t -  
ing machinery, etc., i n c l u d i ~ g  o ther  
i tems spec i f ied  elsewhere f o r  the 
appropriate  equipment type. 

By C l i e n t  
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I V .  SPECIFTC P;IOCE3URZS 
I n  addi t ion  to the work to be performed i n  accordance with Parkwraph 111, 
General Procedures, t h e  d e t a i l e d  procedures out l ined  i n  Table I1 b&ow 
f u r t h e r  .define the  work r e s p o n s i b i l i t i e s  of Foster  Wheeler axxi C'lient 
f o r  sp 'ec i f ic  systsms and items of euuiment .  . 

I 
' Foster  Itheeler w i l l  not f i e l d  c d i - 1  A s  d i c t a t e d  by his p rac t i ce ,  

b r a t e  any instrument compo~ent un- c a l i b r a t e  instruments wi th  I l e s s  required by the  job specifics- standard t e s t  k u i p n e n t  and 
t ions .  ]Be w i l l ,  howe w r ,  mace such! make a l l  requi red  zdjustmentz 
non-operating checks which Kill, 2s- 1 and cont ro l  poin t  s e t t i ~ g .  
sure instrument o p e r a b i l i t y  i . e . , 
remove a l l  shipping stops, check 

I 
po in ter  t ravels ,  and verir'g in s t ru -  M l y  pressur ize  and energizs  
ment capab i l i ty  t o  measure, operata, the  t ransmi t t ing  arvl con t ro l  
and s t roke  i n  the d i r e c t i o n  and s i g n a l  system, opening proc- 
manner' required by the  procsss ap- e s s  connections a t  p r i i i  
p l i ca t ion .  sensors  and f i n a l  r egu la to r s  

and making cont ro l  mode s e t -  
I n s t a l l  and mnnect a l l  system corn- t i n g s  f o r  automa-tic opera t ion  
ponents and verify t h e i r  conform- of e q u i p e n t  as t h e  procsas 

k i t h  spec i f i ca t ions  and design u n i t  i s  charged and brought 01 

c r i t e r i a  f o r  funct ion  and range stream. 
using dummy t r a n ~ ; n i t + ~ e d  simals a s  

c ~ j  

Clean all transmission and con t ro l  
tubing by blowing with cooled and 
f i l t e r e d  clean a i r  p r i o r  t o  con- 
nect ing t o  instrument componentso 

Clean d l  a i r  supply headers by 
blowing with clean a i r  2nd check 
f o r  t ightness .  

A 

E l e c t r i c a l  
Power and 
Lighting 

Leak test pneumatic c o n t r o l  c i r -  
c u i t s  i n  a c c ~ r d a ~ c e  wi th  ISA &corn- 
mended Prac t i ce  7.1. 

Notify c l i e n t  of test schedds .  1 Witness t e s t s  when n o t i f i e d  / and record test da ta  i f  de- 
Test  e l e c t r i c a l  i n s t a l l a t i o n s  i n  I s i r e d .  
accordance with SYG STD 7UA2. I 1 

Check process lead  piping f o r  

-.. 
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IV. SPECIFIC: P,COCE;DufQS 
?-GLZ I1 ( c o n t i )  

B I Check ~ 2 1  alecti-ical. s l ; d  I 
dan xirip? f o r  con t in iL ty ,  cor-  

Instrurrient rect soxrce of p m e r ,  sxd p o l ~ i t y .  i 
Systems 

' check themococ? les  f o r  npe r  I 
I j o i n i r g  02 -A res ,  p ~ s l t i o n  of elo- 

~ e n t s  i n  lr;ells, pro,%? p o k i t j  a ~ x l  
c o n t i n ~ t y  of r e c e i r i c g  i n s t ~ u i i e n t s  i 
I d e n t i f y  o r i f i c e  glztes by taggir? 
and d e l i v e r  t o  c i i s ~ % .  

I s o l a t e ,  o r  relr,c;.s 2.f necessary  in- 
l i n e  c c z p o m n t s  imch 22 z c ~ t r c l  
valves, c s i t i - r e  cii zplscedenf, 
~ e t ~ r s ,  t ~ i b i r i s  ? % t e r s 9  e t c .  Tor 
?ressure tes tFr% 2nd r c l r ? s t L l  such 
i . tens.  

Check b c m s  of o r i f i c e  p l a t a s  1 
sin3 i n s t a - i l  s u n  plat;s &'ten. I 
c o n p l s t i o n  cf t e s t i n g  and 
flushing o p e r a t i m s .  

i 
.. . . .. 

i s c i z t e  o r  rono *iri-li-e cola,- 
9ofi.zi;ts fcr Client's flus;.?;. / 
o p e r a t i c n s .  a i  r e i n s t C i  t k x  
on t h e  ccmpletij5i;' of such op- / 

s j -bosia ' ; i  r ,aDr o r  r,r,e:3,-~tic& 7 1, 
t e s t  a l l  3 i p i q  zs r e q - & ~ ? a  by %he 
era~r;ings CL= q e c i l " i c a t i o n s  i n  ac- ' 

cordaicz  w i t ; ?  z:?G ' STD 9 9 A 1 .  

Check pi?ehangers, s i i ? -~r t s ,  guides 
and ~ i p  s p e c i a l t i s s  f o r  the r e -  
moval o r  dl snipping a d  s r e c t i o n  
s tops ;  =d f o r  t h e  c o r ~ e t n e s s  o f  
c o l d  s e . c t h g s  f o r  6=e & s i g n  s e r -  
v ice .  I n  a c d i t i c i i  provide  t h e  
c l i e n t  with i n e . ~ r . x r i o c a  f c r  r-ot 
s e t t h z s .  

Check pipehangsrs ,  scppor t s ,  
guides.  & pipe  s p e c i a l t i e s  
fcr h o t  s e t t i n g s  and ~ Y S  

n i n o r  a d j u s t n s n t s  as neces- 
sary. 

i I IZls?>d C Z r  seais on v C 7 - e ~  vhere I Chec?;, r - co r j  ?osi tic?, ere 
neccssaq7.  i d e n t i f y  all c z r  s e a l e d  v a l v e s  I 

I 
Correct suaport , ~'2ration, zrld 
t h e m i d  expa::sior. p r o B l e ~ s  Ce tec t sd  
dlirirlg C O ~ ~ S ~ O ~ L ~ . ? ~ .  I 

d 
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- PROCESS PLANTS DI\IlSION . . . -. .- -- -. 
DATE I?% 1. J979 

. .. . -- - . . . . .-- .. ---- 
'. .... . ' 

I V .  SPECIFIC PROCEDUXES 

By Client Item By Foster Wheeler 

Unhead a f t e r  erect ion t o  place 
in te rna l s  requiring f i e l d  i n s t a l l a -  
t i o n  e x c e p t  a s  n o t e d  i n  Pa rag raph  
111. F. These  i n t e r n a l s  w i l l  b e  

D 

Vessels 

- 

E 

Yhell aid 
Tube 

Exchangers 

- 

F 

A i r  Cooled 
Exchangers 

+ 

i n s p e c t e d  a t  t ime  o f  i n s t a l l a t i o n .  
E x t e r n a l  manways on v e s s e l s  w i l l  be Witness inspections t o  the 
opened for i n s p e c t i o n , w i t n e s s e d  by 
c l i e n t ,  even  i f  t h e y  have  been  shop  
i n s p e c t e d .  For t h e s e  s h o p i n s p e c t e  
v e s s e l s ,  i n t e r n a l  manways w i l l  n o t  

extent  desired, 1 
be opened u n l e s s  r e q u i r e d  by t h e  
job  s p e c i f i c a t i o n s .  

Head up upon p r o p e r  e x e c u t i o n  o f  
c l o s u r e  p e r m i t s .  

When v e s s e l s  have been s u b j e c t e d  
t o  a  shop t e s t  t h e y  w i l l  n o t  be 
f u r t h e r  t e s t e d  i n  t h e  f i e l d  b u t  
may be i n c l u d e d  a s  p a r t  o f  a  
p i p i n g  sys t em t e s t .  

Shop inspected exchangers will not 
be reopened i n  the  f i e ld .  

When exchangers ha= been subjected 
t o  a shop t e s t  tiley w i l l .  not be 
fu r the r  tes ted i n  the f i e l d  but mqy 
be included as par t  of a piping 
system t e s t .  

Inspect t o  assure that  temporary 
shipping supports and erect ion 
m a t e r i a l  have been removed. 

Flhen exchangers have been subjected 
to a shop test they w i l l  not be 
fu r ther  tes ted i n  the  f i e l d  but m q  
be included as part sf a piping 
system t e s t .  

Unhead a f t e r  dryout and , charge materials  a s  desig- 
I nated i n  P a r a g r a p h  111. F. 

and head up. 

I 
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Obtain serviss a ~ i ~ e e r  ' f OT 
st.az,--L-,l?, i f  aes i rzd  . 

%y Cl ien t  

Dr7 r e f r a c t o r i e s  dur-k! 
i n i t i a l  f i r -  by fo l r lw i rg  
t he  mnufact-=er ' s t e x p e r s t u r ~  
cycles .  

Conduct boi l -ont ,  and chemics 
cleanicg and flushing ocsrz- 
t i o n s  a s  rsquired.  

Obtain and ch=ga l i q u i d  hezt  
trans fa^ neain,  il rzqlcired. 

CorAuct 1i.ght-off,  c~~ring 
and 3uiiging 9peration.s. 

I Item 3y Poster  h l e e l e r  

G 

Fired 
Eea tzrs  

I 

Pressure t e s t  i n  zccordar.ce ~ i t h  t i l e  
appllicable code, i f  requirsd.  

Provide all ncnoper'ating pref i r i r ig  
checks L? accordvlce xLth m a d a c -  
tui-er ' s ins t ruc t ions .  

91ow f u e l  oil.. l i .nes,  check f o r  
c leanl iness ,  a d  conner,.t b u r r ~ r  
piping. 

Check operat ion of r e g i s t e r s  and 
dampers, and v e r i f y  pos i t i on  of 
ind ica tors .  

I 

I 

I Level banepl+t,es a d  p l a t e s  & \  
grout dl tzzrirg surfaces.  

C i i c u l a t e  Lor L l ~ s h i n g  a : r l  
c l ean ing  purposes the  .approp- j 
r i 'ate medium fo r  the seal ,  l ube /  

- .  
' "6  C!?CAP~ Syst? !? Is .  I 
Obtain s e r v i c e  engineer  f o r  
s t a r t - u p ,  i ?  d e s i r e d .  

I I 
I 

1 H .  1 
( I )  

FUnps, 
Compressors, ' 

and 
Drivers 

CP&& for a,vd remove an.; e::c,-ss pip- 
ing s t r e s s e s  vhich may be inposed 
on t h e .  e q ~ u p e n t .  

Chemically clean t h e  con?leted in-  
s t a l l a t i o n  of aqy s e a l  acd l u k  o i l  
system, when specif ied.  

C k g e  the lube and s e a l  o i l  systems 
with c i l .  
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IV. SPECIFIC PFDCEWFES . TABLE I1 (contd) 

N l y  assemble rotary f i l t e r s  except 
f o r  f i n a l  f i l t e r  media (c loth  or  

Item 

( ~ g i t a t o r s  ,. 
Mixera 

Rotary Filter 
Weigh Scales 
 ater rials 
Handling 
Equipment , 
E t c . )  

Level and ca l ib ra te  weigh scales  
; with assistance of t h e  manufactur- 
e r ' s  representative and s e t  tare 
weights where possible. 

& Foster Wheeler 

Iv!anually check materials  handling 
equipment f o r  freedom and direct ion 
of movement. 

Ely Client. 

I n s t a l l  a l l  f i n a l  f i l t e r  
media (c loth ,  prscoat, etc. ) 

- Make all f i n a l  adjustments 
during run-in and any per- 
formance t e s t s  required. 

Obtain service engineer f o r  
start-up, i f  desired. 

K 

Boilers 

1.me nonoper'ating pressure t e s t  i n  
accordance with appli  cable codes, 
i f  required. 

Inspect i n s t a l l a t i on  f o r  complete- 
ness and correctness of i n s t a l l a t i on  
and make other *onoperating pre- 
f i r i n g  checks. 

Check proper damper positioning and 
t ravel .  

Dry re f rac tor ies  during i n i t -  
i a l  f i r i n g  by following the 
manufacturers temperature 
cycles . 
Purge, f lush,  and drain  steam 
mains a s  necessary. 

Obtain and charge t reatad 
water f o r  boil-out and i n i t -  
ial  operation as required. 

Commission aux i l i a r ies  a s  de- 
t a i l e d  elsewhore wder the 
appropriate equipment type. 

Conduct boil-out a d  chemical 
cleaning and f lushing opera- 
t ions ,  as  required.' 

Conduct i n i t i a l  light-off . 
with associated checks and 
adjustments. 

Obtain a service engineer f o r  
start-up, i f  desired. 

Conduct a l l  operating t e s t s  
and obtain required c e r t i f i -  
cation, 
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IV. SPFCIFIC -3?&CEDLJ5B 

ness of i n s t a l l z t i o n s  zcd z.:.b any 

i 
Inspect  f o r  a n p l e t e ~ e s s  =id co r rec t  ~"zlco the n e c e z s q  operat icg ( 

i fas5s =id tidjus-lments t o  1 
nonoperating checks ' ~ n i c h  may tE water t rss tmont  systems.. I 
required. 

Pruviae all i ja ter  ti-eatmer.? 
I 

P r o v i d e a ~ d i n s t z L l i ~ t i z l c h ~ g e  chemicals except initid 
of ion-exchange r e s ins  arid i n e r t  

I 
i 

charge of ion-exchsnge zasins . 
bed matsrial. 

Cbtain ae~vi:es cl' x a t s r  ccc- 
s u l t a n t  t o  ey i l s e  ;ad mod-d- 
the water tre.;.txent operat ion 
as desired.  

I 
1 

Obtain a ~ d  i n s t 2 1  ail fire 
f i g h t i r g  chenicais;  a s  r e -  
quired a d  ?orta.bie ~ ~ r i i g z . ~ ~ t .  
such 2s hose:, T i re  ex t ic -  

, guishers  mci r e l a t ad  e q e ~ f i e z t  
i 

I 1ns2ect fcr conplete?-ess xc C u s h ,  L-xLn, 2.6 c i e a i  coc l -  ~ ~ e s s  of i n s t d l a t i o z s  &id ix t o x e ~  &sins.  
)I 
A. 

I 
- 
.nonoperating checks ;iiLcn m 2 y  be 
required. C l e a ~  i n t a k e  sc:-eers. 

d a t e r  Zpstzms 
( s e ~ e c a  
wells ,  cool- 
i p 3  'awers, 
sea watsr ,  
f i r e  va t z r ,  
e t c . )  

I 

I ~ i t i a l l y  clean cooling tcwer 'casin 
and i n s t a l l  scrsens i n  suct ion p i t )  
before water circulation, when speci- 
-fiea on the drawinqs. 

Provide test pump for wells a ~ d  test 
wel.1.  delivery a ~ d  fiush wells when 
~ 2 1 1 s  are provided by FostSr '.+heeler. 

Operste f i ~ e  y x ~ p s  t o  ckeck 
output or" 3-4-3t.36~. 

3.11 r e sey -~c i r s ,  head tmiers ,  
e t c .  

Frc\%& i P , ~ u w c ~  conpaq,? .',r,- 
s?ec t ioa  of T i - 3  sgslen: as 
required. 

f 
the water trsatment o p e r a t i c i ~  ' 
as d e s i ~ e c .  I 

i 

, 

Esta t ; l i sh  i; at;er. .i;;,#$ati?z 
D - T g r a V .  

. . 
! 

Obtain ser.rj.cns of water coz- 
s u l t z r t  'a a d r i s e  and morA%or , 
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' IV.  SPECIFIC PEDCEDURES 
TABLE I1 (contd) 

I I I I 
Item 

Waste 
Disposal, 

Flares, and 
Stacks 

E3y Foster Wheeler I Ey Client  

Inspect f a c i l i t i e s  f o r  completeness 
and correctness of i n s t a l l a t i o n  and 
make any nonoperating checks t o  
ensure conformance with specifica- 
tions. 

Operate all equipment and 
supply all chemicals, agents, 
e tc .  re la ted  t o  waste t r e a t -  
ment. 

Buildings 
and 

Accessories 

Check i n s t a l l a t i on  of any buildings 
and accessories including a l l  heat- 
ing, vent i la t ing,  and a i r  condi- 
t ioning equipment to assure corn- 
ple teness  and conformance with 
specif icat ions.  

Obtain ce r t i f i c a t i on  tha t  all 
plumbing and elevator  i n s t a l l a -  
t ions  a re  i n  compliance with l oca l  
goverpen ta l  regulations. 

Operate heating, ven t i l a t ing ,  
and a i r  conditioning units 
and make all performance 
t e s t s .  

Obtain c e r t i f i c a t e  f o r  
occupancy and use, If 
required. 
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FOR SHIPMENT 
- 

PROCESS PLANTS DIVISION DATR Feb. I ,  1979 

I. SCOPE - 
A. This speci f ica t ion covers the e s s en t i a l  ins t ruc t ions  f o r  proper 

preparation and packaging of equipment, mater ia ls  and supplies t o  
insure delivery in sa t i s fac to ry  condition regardless of dest ination.  
A l l  shipments, whether scheduled f o r  immediate use or f o r  delivery 

. . t o  storage, s h a l l  comply with these requirements and ins t ruct ions .  

B., Any deviation from t h i s  speci f ica t ion must have the  pr ior  approval 
of Foster Wheeler. This speci f ica t ion i s  applicable t o  prime 
vendors and a l l  sub-vendor s. 

C. Information and speci f ica t ions  s ta ted  in the  inquiry, mater ia l  
requis i t ion,  or purchase order sha l l  TAKE PRECEDENCE over the  
,requirements s e t  f o r t h  herein, 

11. FURPOSE 

The i-equiremants a re  specif ied so t ha t  mater ia l  a s  shipped w i l l  endure 
the r i go r s  of: 

A. Handling, stacking and transport  t o  p lant  construction s i t e .  

B. Outdoor storage f o r  a period of twelve months on Domestic 
(U.'S.A. and ~ a n a d a )  jobsi tes  and eighteen months on 
Ekport jobsi tes  (including Alaska and Hawaii). 

outdoor weather exposure from the time equipment i s  uncrated and 
s e t  on i t s  foundation u n t i l  plant  s tar t -up which may be as much 
a s  one year l a t e r .  This general requirement may not apply 
t o  a l l  equipment; e.g. pumps and compressors (pa r t i cu la r ly  non- 
lubricated) f o r  which vendor s b id  s h a l l  propose fo r  Purchaser s 
consideration and approval recommended methods and mater ia ls  of 
preservation, allowable exposure time and other necessary require- 
ments. 

TYPE OF PACKAGING 

A.  The type of packiging t o  be used i s  bes t  determined by the vendor 
and may consist  of boxing or crating,bundles, bags, f ihreboard 
boxes, barre ls ,  metal drums, or  merely skids. The se lect ion 
should be based upon s u i t a b i l i t y  t o  the type of mater ia l  t o  be packed 
and cost.  

B. Table A i s  a guide which tabula tes  methods of packing.acceptable f o r  
categories of material  a s  well  a s  dest ination.  Final  se lect ion 
f o r  each project  s h a l l  be given i n  the inquiry,, matorial  r equ i s i t ion  
or purchase order. 
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IV . ?REPARATIO N OF NATERIAL 

A.  P.11 equipment and m t e r i a l  s h a l l  be cleaned Lnterna.lly and ex te rna l ly  
t o  remove a l l  we.ld s p a t t e r ,  s ca l e ,  r u s t ,  cu t t i ngs ,  f i l i n g s ,  e t c . ,  a s  
we l l  a s  any and a l l  foreign mater ia l .  

B .  . C r i t i c a l  wearing surfzces,  h ighly  s t ressed.  p a r t s ,  and. hignly f in i shed  
sur faces  s h a l l  be Arther clear.& by dipping o r  brushing ~ 5 t h  a s u i t -  
a b l e  solvent ,  such a s  petroleum r a p h t h  o r  a lka l ine  c l e a ~ i n g  compow-d. 
C r i t i c a l  functioning o r  c lo se  to le rance  sur faces  s h a l l  be add i t i ona l ly  
clean&d t o  insure  removal of perspLnation and l i n g e ~ r i n t  s t a i n s ,  us- 
ing any commercially avs i l ab l e  o i l  f  i nge lp r in t  removsr . 

C . After  b jdro tes t ing ,  operat ion,  and/or performance t e s t ,  a l l  f l u i d s ,  . 
i . e . ,  lubricat-ing o i l ,  f'uels, water ,  e tc  . s h a l l  be c o q i e t e l y  drained 
from a l l  tanks,  vesse ls ,  Jacketing, piping, e t c .  and wiped o r  bloxn 
d r y .  Lin t  f r e e  rags s h a l l  be used f o r  w5ping. 

1. ?rimer and f i n i s h  coat  s h a l l  be applied only when spec i f i ed  
pa in t ing  JOB STfiDPLL113. 

2 .  Cast rachinery s h a l l  be given a t  l e a s t  one coat  of primer and 
one coa t  of p a i n t .  Pa in ts  which combine a primer 7 i t h  the  f i n i s h  
coa t  a r e  acceptable  and one coa t  of such paiii t  is sufficient. 
I n  any case,  both primers and pa in t s  s h a l l  be su i t ab l e  f o r  a nin- 
imun of 5 0 ° ~  more than: the design t e m p e r ~ t u r e  as  spec i f i ,  ad on the  
r equ i s i t i on .  

3 .  Smooth surfaces such a s  f ab r i ca t ed  sheet  mstal,  blower .casings,  e t c  . 
rnus L have sepcrate cos to  of p r i n e r  and pa.i.n.tl (inininurn o f  one coa t  
of each) .  However, c o r ~ o s i o n  r e s i s t a t  mater ia l s  such a s  s k i n -  
l e s s  s t e e l  s h a l l  not be primed nor painted.  

. Do ~ o t  apply f i l l e r  t o  c a s t  surf.=ces o r  weldments. 

5 .  Xasking tape appl ied t o  such items a s  gage glasses ,  nameplatas, 
e t c  , sha.11 be 1.eft i n  place ar ' ter  p a i i t i n g  . 

6. h t e r n a l  machined o r  higiily f i n i shed  sufaces,  extem.al r o t a t i q g  
o r  r ec ip roca t i i g  s h a f t i l g ,  packed valve stems ma l idkages m u s t  
be kept f r z e  from p a i n t .  
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PRESERVATION ( continued) 

B .  Rust Prevention 

A l l  unpainted machined metal su r faces ,  both ex te rna l  and i n t e r n a l  
s h a l l  be cleaned and d r i e d  a s  s p e c i f i e d  above, and amply coated with 
a rust preventa t ive  which w i l l  .maintain a p ro tec t ive  coa t ing  f o r  a 
minimum of twenty-four months provided t h e  coa t ing  is not  
burned, d isso lved  o r  mechanically rubbed o f f .  

1. For su r faces  which a r e  ex te rna l ,  t h e  r u s t  preventa t ive  should 
be a heavy app l i ca t ion  of grease  o r  l i q u i d  f i l m  which d r i e s  
t o  a tough coat ing  and which confoims'with t h e  performance 
requirements o f  U.S. Defense Department Spec i f i ca t ions  f o r  
P rese rva t ives  a s  l i s t e d  below: 

Spec. Designation - Mil-C-11796 Class  1 

Applicat ion Method - Hot app l i ca t ion ,  brush o r  d i p ,  
maximum temperature o f  a p p l i -  
c a t i o n  200'~. 

Descript ion and Use - Thick, hard drying, greasy 
f i l m .  For pro ' tect ion of h igh ly  
f in i shed  p a r t s  of simple design 
f o r  long per iods .  

Acceptable p rese rva t ives  a r e  a v a i l a b l e  f r o m  t h e  .major o i l  
companies and t h e i r  dea le r s ,  f o r  example: 

G u l f  Gulf No-Rust #1 
Esso ( ~ n j a ~ c h e m . )  Rust-ban 385 
S h e l l  Ensis  264 
Mobil Mobilcoat 601 
T exac o Texaco Rust-Proof Compound L 
Valvoline Tec t y l  506 

Other brands a r e  a v a i l a b l e  and a r e  acceptable  providing 
t h e y  conform wi th  the  performance requirements above. 

2. For i n t e r n a l  machined sur faces  of an assembled unit, 
t h e  r u s t  preventa t ive  should be 'of  a type which does no t  r e -  
q u i r e  removal before operat ion o f  t h e  equipment and which con- 
forms wi th  the  performance requirements or' U .  S. Defense 
Department Spec i f i ca t ions  f o r  Preserva t ives  a s  l i s t e d  below: 



V .  PEERJJATION (continued) 

B .  Rust Prevention (continued) 

Spec. Designation - Navy Mil-L-21260, Grade i, 2, o r  3 

Application Method - Brush, d ip ,  o r  spray, 60 t o  1 2 0 ' ~  

Description - Engine lube o i l  with corrosion i ~ h i b i t o r s ,  
including hydrobromic a c i d  n e u t r a l i z e r s  . 

Acceptable p r e s e m t i v e s  a r e  a n i l a b l e  from t h e  major o i l  companies 
and t h e i r  dea le rs ,  f o r  example: 

Gulf Gulf No-Rust Engine 011. 
Grade 2 o r  Nox Rust 310AC 

S h e l l  Ensis Engine Qil Grade 20 
Mobil , ,Mobilcoat. - 501 o r  503 
T exac o Preserva t ive  O i l  1QJ 
Esso (Eniay Chem.) Rustban # 623 

Other brands a r e  ava i lab le  and a r e  acceptable ,  providing they con- 
f o m  with the  perl'omance requirements above. 

Acceptable methods of apply-ing r u s t  preventat ive a r e  s?ra~*g, brush- 
ing ,  f i l l i n g ,  f lushing,  e t c  . through a l l  ava i l ab l e  openings, o r  by 
disassembly i f  n e c e s s a v ,  t o  completely coa t  and p ro t ec t  a l l  un- 
pa in ted  i n t e r p a l  sur faces .  P a r t i c u l a r  z t t e n t i o n  should be pa id  t o  
journal  surfaces of s leeve bearings and con~plete a n t i - f r i c  t i o n  
bearings,  so they  a r e  completely coated. 

3 .  The mznufacturer s h a l l  wi re  a l a r g e  r ed  t ag  t o  t h e  machine which 
s t a t e s :  "Caution - This equipment has been t r e a t e d  with a r u s t  
preventat ive and no p a r t s  should be dis turbed uti l  ready t o  p lace  
i n  serv tce .  I f  p ro t ec t ive  coat ing f i l m  i s  broken, it should be re- 
s tored  f o r  continued s torage".  

&. Any piping disassembled from squipment f q r  ease oi" shlpment s h a l l  
have i n t e r n a l  sur faces  cleaned f r e e  of s c a l e  and a l l  o ther  foreign 
mztter and coated with a r u s t  preventat ive which confoms with 
Wa~ry Mil-L-21260, Grade 1, 2, o r  3 per  Paragragh :I'.B. 2 .  above. 
P ick l ing  and cleaning ?er  z n g i n e ~ r i n g  Stmdarci 504-6 i s  a l s o  
acceptable .  I n  e i t h e r  case, a l l  pipe ends s h a l l  be s ecu re ly  
sealed ~ 5 t h  noistureproof paper arid r.iooden f l a i g e  covers  o r  
mctal o a p ~ .  
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V. PRESERVATION (Continued) 

B. Rust Prevention (continued) 

5. Af ter  appl ica t ion  of r u s t  preventat ive,  exposed machined surfaces  
s h a l l  be wrapped with a heavy llVPItl t r e a t e d  paper, o r  o the r  heavy 
waterproof paper ('or p l a s t i c )  enclosing "VCIu  (Vapor Corrosion 
I n h i b i t o r )  c rys t a l s .  I n  a l l  cases, pH of wrapping s h a l l  be neu t ra l .  
The wrapping s h a l l  be secured t i g h t l y  with tape  o r  twine. Sharp 
edges s h a l l  be cushioned t o  prevent puncture of wrapping. 

'Spare p a r t s  and replacement p a r t s  s h a i l  be covered with a secovd 
wrapping of heavy waterproof paper,  

6. Because of poss ib le  damaging e f f e c t ,  care  should be exercised i n  
applying r u s t  preventat ives l e s t  i tems fab r i ca ted  of l ea the r ,  rubber, 
mica, and s i m i l a r  items be coated with the preservat ive  compound. 

Protec t ion  % of Openings 

1,. Flanged openings s h a l l  be ro tec ted  with bolted-on wooden outdoor 
plywood (min. thickness 7 o r  metal covers using a t  l e a s t  t h ree  

, bo l t s .  (wiring-on covers i s  not  acceptablej .  A s e a l e r ,  Permatex 
No. 2 o r  equal, s h a l l  be used between the  f lange  and t h e  cover. 
Af ter  openings have been covered, the  j o i n t  s h a l l  be'wrspped with 
waterproof tape. 

2. Porous bags f i l l e d  with dess icant  s h a l l  be hung on t h e  i n s i d e  of t h e  
wooden o r  metal  bolt-on covers on a l l  major connections of r o t a t i n g  
equipment unless  phys ica l  s i z e  i s  r e s t r i c t i v e .  

3.  Uncor~iected p ipe  threads 'used i n  normal operat ion s h a l l  be closed 
with threaded metal plugs o r  caps. These s h a l l  be i d e n t i f i e d  with 
metal tags  explaining purpose and/or providing connection number 
used on Fos ter  Wheeler and vendor's drawings. 
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V . PREEXVAT1OM ( Cont inued) 

C . P r o t e c t i o n  o f  9 p e a n ~ s  (cont inued)  

4. A l l  c l o s u r e s  t h a t  a r e  p a r t  o f  o r i g i n a l  equipment s h a i l  be 
t i g h t  - f i t t i n g .  

5. P l a s t i c  c l o s u r e s  and t h r e a d  p r o t e c t o r s  a r e  s p e c i f i c a l l y  
p r o h i b i t e d  unless  t h e i r  use  r e c s i v e s  p r i o r  approval  from 
F o s t e r  Wheeler .  

D .  F l e x i b l e  C o ~ n e c t i o r s  

A l l  f l e x i b i s  coi~n.ections s a b j e c t  t o  p o s s i b l e  d a m g e  dur ing sh ip -  
ment s h a l l  be  disconnected and l o o s e  ands adequate ly  s ~ -  
p o r t e d  o r  p r o t e c t e d  t o  prevent  damage. 

E. S h a f t  C o u ~ l i n g s  

F l e x i b l e  coupl ings  s h a l l  be broken and adeqdate ly  su?por isd  s a d  p r o t e c t e d  
t o  p reven t  damags. Rigid  couplings s h a l l  be i n  accordance ?ri_th t h e  mzriu- 
Tac tu re r  s reconmendation, a s  r e q u i r e d  t o  ?ro%-ice f u i l  p r o t e c t i o n  a d  
s a f e t y  i n  t r a n s i t  and s t o r a g e .  

F .  Deh-ydration 

1. T'ne use o f  d e s i c c a n t  c r j s t a l s  withir!  an enclosed p i e c e  o f  
equipment i s  of  p a r t i c d a r  i n p o r t a n c e  ii? high h l ~ m i d i t y  a r e a s  
s u b j e c t  t o  wide v a r i ~ t i o n  i n  tempesatu-re over  a txen ty- four  
(2b) hour pe r iod .  Locat ion o f  d e s i c c a t  should be a t  suit- 
a b l e  i n t e r n a l s  t o  provide -miform d i s t r i b u t i o n .  

2 .  The q u a n t i t y  o f  dehydrat ing a g e n t  t o  be used s h a l l  be determined 
on t h e  b a s i s  o f  t h e  s u r f a c e  a r e a  o f  t h e  mois tu re  b a r r i e r ,  t h e  
mois ture  vapor t r ansmiss ion  r a t e ,  and t h e  volume o f  t h e  enclosed 
398ced Addi t iona l  d a s i c c a a t  s'ne1.1lil h e  used if other n o i s t u r e -  
absorbing dunnage o r  suppor t ing s t r u c t u r e s  a r e  included ~ , t t h i n  
t h e  enc losed  volume. 

3. A l l  equipment shipped u t i l i z i n g  den-&ating n a t e r i a l s  s h a l l  
be l a b e l e d  o r  tagged vi5th a n  e a s i l y  observed r e d  s i g n ,  reading: 
"Caution - Desiccant r i t e r i a l s  a r e  enclosed wi th in  t h i s  equip- 
ment. Do - n o t  o p e r a t e  j e f o r e  remo~ring.  Should t h e  of 
t h e  e n c l o s w e  be broken before  o p e r s t i o n ,  t h e  d e s i c c a n t  must be 
rep laced  znd t h e  anc1os:ire r e s e a l e d  f o r  cont inue5 s t o r a , ~ e " .  
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VI . SHIPPING ENCLOSURE 

A .  Domes t i c  Shipment 

1. Very l a r g e  and complicated .machinery such a s  compressors, 
. generators ,  l a r g e  motors, engines, pressure  vesse l s ,  e t c .  

not  supplied with self-support ing baseplates ,  s h a l l  be 
bol ted  t o  a sk id  formed of heavy timbers s u i t a b l e  f o r  s l i n g  
l i f t  o r  fo rk  l i f t  t ruck  handling, a s  appl icable .  This 
equipment s h a l l  be wrapped wi th  hea-vy waterproof paper, 
heavy p l a s t f c ,  o r  t a r p a u l i n  so a s  t o  be enclosed on top  
and s ides  and v e n t i l a t e d  underneath t o  permit a i r  c i r c u l a t i o n .  
Th i s  covering s h a l l  be secured t o  the  sk id  o r  basepla te  i n  
such a manner t h a t  it w i l l  no t  extend beyond the  outs ide  edge - and thus be t o r n  when a s l i n g  o r  fork l i f t  handies t h e  equip- 
ment. 

Equipment supplied with l i f t i n g  lugs o r  s p e c i f i c  d i r ec t ions  
. f o r  l i f t i n g  s h a l l  have such i d e n t i f i c a t i o n  o r  i n s t r u c t i o n s  
s t enc i l ed  o r  secure ly  a f f i x e d  a t  prominent loca t ions .  

2. Very l a rge  and/or complicated equipment mounted on s e l f -  
supporting baseplates  w i l l  no t  r e q u i r e  sk ids .  Coverings 
s h a l l  be a s  l i s t e d  i n  t h e  preceding paragraph. 

3 .  Medium o r  small  s i z e  equipmentwhether on self-support ing 
baseplates  o r  not,  s h a l l  b e  bol ted  t o  sk ids  formed of timbers 
s u i t a b l e  f o r  s l i n g  lift o r  fork l i f t  t rxck  hsndling.  A l l  
equipment s h a l l  be wrapped with heavy waterproof paper o r  p l a s -  
t i c ,  so a s  t o  be enclosed on top  and s ides  but v e n t i l a t e d  under- 
neath t o  permit breathing.  This covering s h a l l  be securely 
at taohcd t o  t h c  cquipmcnt with tape,  twPne, or s t a p l e s .  

Th i s  equipment, i f  required,  s h a l l  then  be enclosed within a 
wooden c r a t e  o r  box of ample s i z e  and s t rength  t o  p ro tec t  
t h e  equipment ( including a f f i x e d  p ip ing  and accessories)  
aga ins t  damage during t r anspor t a t ion  and handling a t  t h e  job- 
s i t e .  

4. B u l k  mater ia ls  .may be bundled, enclosed i n  burlap sacks, 
waterproof bags, waterproof f i b r e  box, f i b r e  drums, o r  .metal 
drums. The t-ype of  ma te r i a l  w i l l  govern the  bes t  method f o r  
shipment. Shipment s h a l l  then be p a l l e t i z e d  i n  convenient 

A q u a n t i t i e s .  
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SHIPPING EI\CMSU?-ES 

A .  Domestic Shiunaen t (continued) 

5 .  Piping may be shipped a s  loose p ieces  except t h a t  a l l  piping 
2" and smaller s h a l l  be bundled and strapped i n  order  t o  make 
more r i g i d  s t r u c t u r e s  f o r  shipment. 

Piping s h a l l  be corso l ida ted  a s  required by Foster  \ 'heeler 
f o r  shipment. k ~ y  piping s p e c i a l l y  cleaned i n t e r n a l l y  p r i o r  
t o  shipment s h a l l  have ends capped o r  tap& t o  make them 
wa te r t i gh t ,  and s h a l l  be desiccant  protected.  

6 .  equipment i s  shippea i n  a "blocked-up" condit ion the  
requirements of Paragraph TII -B2-C below s h a l l  a l s o  apply. 

For Overseas Export Shipment 

1. I n  general,  a l l  equipment s h a l l  be enclosed i n  na i l ed ,  
wooden boxes supplemented with s t e e l  st7appin.g. C r a t i n ~  
s h a l l  be or' aciequate s t r eng th  t o  p e m i t  s tacking.  The 
c r a t e  s h a l l  be reinforced with s t e e l  s t rapping .  

Box Construction 

a .  Waterproof paper s h a l l  be used t o  l i n e  top, ends, 2nd 
s ides  of  a l l  boxes. 

b .  Each box s h a l l  be equipped with screened vent openbgs  
of a s i z e  comemura te  with s i z e  of box loca ted  on the 
s ides  with i n t e r n a l  sp lash  boards, so a s  t o  prevent en- 
t rance of r a i n  a s  wel l  a s  t o  prevent  =<eating from 
f luc tua t i ans  i n  temperature. 

c .  Any f i n i s h  mchined p a r t  t h a t  i s  blocked f o r  shipment 
using wood chocks o r  wood framing s h a l l  be i s o l a t e d  f ron  
t h e  wood using copper sheathing o r  some o ther  moisture 
impervilous mater ia l  to  prevent moisture pene t ra t ion  from 
t h e  wood through t o  t h e  metal sur fece .  

3 .  Large vol-m,e equipmezt such a s  prsssure  vesse ls ,  l a r g e  mach- 
i ne ry  p ieces ,  s t r u c t c c a l  s t e e l ,  l a r g e  s i z e  pipe,  e t c  . , vhich 
a r e  i nhe ren t ly  xeather  r e s i s t a n t  and capable of ~crithstanait?g 
the  r i g o r s  of t ranspor ta t ion  may be shipped ~ L t h o u t  being 
boxed. 
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V I  . SHIPPING ENCLOSURES (Continued) 

B . For Overseas Ekport Shipment (continued) 

4. Any equipment conta in ing  s t a i n l e s s  s t e e l  p a r t s  .must be 
boxed and marked:' "This .mater ia l  t o  be s t o r e d  below 
deck and n o t  a s  deck cargo!'. 

5 .  Any s p e c i a l  shipping f i x t u r e s ,  t a rpau l in s ,  e t c .  a r e  con- 
s ide red  t o  be expendable 'items and will - n o t  be  r e tu rned  
t o  s u p p l i e r .  

SMALL LOOSE PARTS 

Small l oose  p a r t s  s h a l l  be  packed in a separa te ,  s t u r d y  wood box 
wi th  s t e e l  s t rapping  & each p a r t  marked wi th  waterproof i n k  f o r  proper  
i d e n t i f i c a t i o n .  h y  such box may be shipped with t h e  main equi-merit, 
provided t h a t  i t i s  secu re ly  a t tached  t o  t h e  main sk id  or wtthin t h e  
main box. Secure attachment c o n s i s t s  of s t r a p p h g  or-bol t ing.  -yi6ing 
or  wir ing a r e  p-ohib i ted .  

VIII. SPEIAL TOOLS 

Tools s h a l l  b e  packed i n  a n  ind iv idua l ,  s t e e l  s t rapped,  rugged, 
wood box and marked a s  " s p e c i a l  tools". .  However, l a r g e  p i eces ,  
such a s  disassembly c rad le s ,  .may be packed t h e  same as t h e  .main 
equipment. 

I X  . SPARE AND REPLAC ENENI' PARTS 

A.  Small spare  and replacement p a r t s  s h a l l  b e  packed. i n  a n  ind iv idua l ,  
s t e e l s t r a p p e d ,  rugged wood box f o r  r a i l  o r  t r u c k  shipment. A 
s tee l - s t rapped ,s turdy ,  we l l  packed ca r ton  i s  permiss ib le  f o r  par-  
c e l  p o s t  and a i r  f r e i g h t  shipment. 

B .  Large s p a r e  and replacement p a r t s ,  s u c h a s  r o t o r  assemblies ,  a r e  
to be prepared and enclosed t h e  same a s  t h e  main machinery unless  
otherwise d i r e c t e d  by t h e  purchase order  o r  r e q u i s i t i o n .  

These ma te r i a l s  s h a l l  not  be  shipped t o  t h e  cons t ruc t ion  s i t e  more 
than  6 months p r i o r  t o  use .  High alumina r e f r a c t o r i e s  r a p i d l y  d e t e r i o r a t e  
p a r t i c u l a r l y  i n  a hot  c l ima te  and s p e c i a l  sh ipping  scheduling s h a l l  be 
made fir t h i s  ma te r i a l .  
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XI. LONG TEd< STORAGE 

M a t e r i a l  t o  be prepared f o r  long  t e r n  s t o r a g e  i s  beyond t h e  scope 
of t h i s  s p e c i f i c a t i o n .  Such requirements w i l l  be handled on a n  
i n a i v i d u a i  b a s i s .  

XI1 . 12JSTALUTION INSTZUCTIO NS PJUD DRATnTIJIGS 

One set o f  i n s t a l l a t i o n  i n s t r u c t i o n s  z i d  drawings s h a l i  b e  inc luded  
wi th  t h e  shipment i n  a s e a l e d  waterproof envelop I'irinly a t t a c h e d  
d i r e c t l y  t o  t h e  equipment w t t h i n  t h e  packing c o n t a i n e r  . 

A .  The s h i p p e r  s h a l l  s t e n c i l  on t h e  o u t s i d e  o f  , t h e  shipping c a s e  
a p p r o p r i a t e  i n s t r u c t i o n s  f o r  t h e  handl ing,  t r a n q o r t ,  and 
s t o r a g e  o f  equipment. 

B . Other  marking of shipment, ' supp ly  o f  packing lists, i n v o i c e s ,  
e t .  s h a l l  be a s  s p e c i f i e d  on t h e  purchase o r d e r .  
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Date February 1'; 1979 
NAILED FIBKE FIBRE METAL SKIDDED PLDIGOD TEXTILE MULTI-WALL BRJDLE ,LCOS 

CLASS OF MATERIAL WOOD!D BOX DRUM DRUM DRWl BAGS SHIPTXNG o r  COIL 
BOX SACKS 

1. Struaztural Par t s  
rcetal o r  wcod 

2. Major Items 
2. Large Machinery 
b. Medium-Small Machinery 

3. Tools & Machine Fa r t s  
4. Pipe 

a .  3" and above 
b. 2" and below 

5. Metal rods & sheets 
6. B u l k  Materials - Solids 
7.  Loose a r t i c l e s  not subject  

t o  daclage in t r a n s i t  
8. Hzrdxzre & Fi t t ings  
9. Wire & Cable 

10. Furniture-Office & Field  
. 11. Instruments 

.12.  Liquids - i n  bulk 
. 13. Liquids - i:l 'con'ieiners 
a. Che~2ca ls  - i n  bci;tles 
15. Chenicals - Inert., 

Granldar - in bulk 
16. C;:enicals, Iner t ,  

Grsn-Aar - In c o ~ t a j n e r  
17 ,  T _ . . - , - ~ . . ~ ~  a -...-., Vessels 

2.' 3; : 'kametz r  and above 
b. .3 Eiarneter and below 

18. Heat Exchangers 
19. Spars Parts 

NOTES : 

1. 'ID" designat,es acceptable f o r  domestic shipmsnt. 
2. "Eft designates suitaSle f o r  expcrt  shipment,. 
3. See I . C . C .  rc ,dat ions  f o r  chemicals and other  

dangerous substances. 
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JOB SPECIFICATION 60863-98A1 
INDEX - 

PAGE NO. 

I. SCOPE 1 

11. EXTENT OF INSPECTION OF VESSELS - SECTION 1100 . 1  

A. Towers, Reactors, Regenerators, Tanks, 
Drums and Deaerators 1  

B. Tower Internals 2 
C. USA Field Erected Spheres & API Stor. Tanks (Erect. by Vendor) 2 
D. Overseas Field Erected Spheres & API Stor. Tanks 

(Erect. by Others) 2 
E. ~iscellaneous vessels 3 

EXTENT OF INS~ECTION OF HEAT TRANSFER EQUIPT. - SECTION 1200 3 

A. Shell and Tube Exchangers 
B. Air Cooled Exchangers 
C. Fired Process Heaters 
D. Vacuum Equipment , Including Condensers 
E. Other Heat Exchange Equipment 

IV. EXTENT OF INSPECTION OF MECHANICAL EQUIPMENT - SECTION 1300 

A. Pumps 
B. Compressors 
C. Pump and Compressor Drivers 
D. Mixers and Agitators 
E. Material Handling, Finishing and Packaging Equipt. 
F. Rotary Filters 
G. Pulsation Dampers 
H. Double Pipe Exchangers (Scraped Surface) 
J. Refrigeration Systems - Package (Except Air Conditioners) 

4 
r -  
'? 
In 

0 ..v. EXTENT OF INSPECTION FOR CIVIL ENGINEERING - SECTION 1400 
0 

VI. EXTENT OF INSPECTION FOR PIPING MATERIALS - SECTION 1500 
I 
u 
0 
LL A. Valves 

B. Shop Fabricated Piping 
C. Random Pipe 
D. Fittings 
E. Flanges 
F. Bolts, Studs & Gaskets 
G. Underground 
H. Piping Specialties 
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INDEX 

PAGE NO. 

VIII 

A. Instruments, Control Valves and Safety Valves 
B. Analyzers 
C. Control Panels 
D. Instrument Piping 
E. Instrument Electric 
F. Weather Protection 
G. Supports and Racks 

EXTENT OF INSPECTION FOR ELECTRICAL - SECTION 1700 

A .  Underground ~lectrical 
B. Power Equipment 
C. Power Distribution 
D. Lighting 
E. Communications 
F. Support and Racks . . ' 

i '  
IX. EXTENT OF INSPECTION FOR MATERIALS PROTECTION - SECTION 1800 10 

X. EXTENT OF INSPECTION FOR PROJECT AND MISCELLANEOUS ITEMS - 10 
SECTION 1900 

A. Process Driers 10 
B. Steam Generators and Boilers 10 
C. Cooling Towers 11 
D. Miscellaneous Iterds 11 
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EXTENT OF INSPECTION TO BE 
1 

. -. REVISION 3 
PROCESS PbAPdTS DIVISION PERFORMED AT VENDORS' FLANTS DATE Feb. 1, 1979 

... . 

I. SCOPE 

A. This standard shall govern-the extent of inspection of all purchased 
equipment and materials to be performed by Foster Wheeler at vendors' 
plants . 

B. The following inspection percentages are related to the quantity of 
the items of equipment and materials on a given project and are not 
intended to indicate the degree of inspection to be performed. 

1. Where 100% inspection is specified, each item will be inspected. 

2. Where 102 inspection is specified, only 10% of the total quantity 
'purchased on each order will be inspected. 

C. In the event of a conflict between quality standards and delivery 
schedules, the Chief Inspector's decision shall govern. 

D. Customer notification for inspection shall be for final inspection 
only and limited to only those items that are specifically intended 
to be inspected by the customer, the list of which is to be included 
in the contract coordination procedure. 

E. Typewritten Foster Wheeler equipment/material inspection reports will 
be transmitted to the customer on a regular basis as inspection visits 
are made. 

11. EXTENT OF INSPECTION OF VESSELS-SECTION 1100 

A. Towers, Reactors, Regenerators, Tanks, Drums and Deaerators 

100% inspection which will consist of the following: 

1. identify all materials ag'ainst material test certificates, including 
ve~ification of plate thicknesses to assl lre all conform to purchase 
order requirements. 

2. . Review all '-radiographs. 

3. Witness crack detection, hardness checks, ultrasonic tests, etc. which 
may be specified. If unable to witness these tests, a shop certifica- 
tion of satisfactory completion shall be obtained for inspection records. 
If any doubt exists as to the validity of the certification, spot 
checks w i 1 . l  be requested. 

4. Witness hydrostatic tests jointly with the code inspector. 
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11. EXTENT OF INSPZCTION OF VESSELS-SECTION 1100 ( C o n t ' c i )  

A.  Tcwers ,  R e a c t o r s ,  R e s e n e r a t o r s ,  T a n k s ,  Drums and D e a e r a t o r s  ( C o n t ' d )  

5.  D i m e n s i o n a l l y  check  f o r  a c c u r a c y  and v i s u a l l y  i n s p e c t  f o r  c l e a n l i -  
n e s s  and q u a l i t y  o f  workmanship. 

6 .  Check f o r  c o m p l e t e n e s s  o f  i n s t a l l a t i o n  o f  i n t e r n a l  and e x t e r n a l  
a t t a c h m e n t s ,  e x c e p t  f o x  t h e  i n s t a l l a t i o n  o f  t r a y s  which w i l l  b e  
i n s p e c t e d  a t  t h e  j o b s i t e  d u r i n g  o r  a f t e r  i n s t a l l a t i o n  i n t o  t h e i r  
r e s p e c t i v e  towers. 

E .  Tower I n t e r n a l s  

1. E x c e p t  f o r  p r o t o t y p e s  o r  new v e n d o r s ,  n o  i n s p e c t i o n  o f  i n t e r n a l s  
w i l l  b e  r e q u i r e d  a t  v e n d o r ' s  p l a n t .  ? i ~ t = r n a l s ,  e x c e p t  t r a y s ,  s h a l l  b e  

i n s p e c t e d  d u r i n g  o r  a f t e r  i n s t a l l a t i o n  i n t o  t h e i r  r e s p e c t i v e  t o w e r s .  
I n s t a l l a t i o n  o f  t r a y s  w i l l  be  i n s p e c t e d  a t  t h t  j o b  s i t e .  

2 .  For  p r o t o t y p e s  O K  new v e n d o r s ,  i n s p e c t i o n  o f  t r a y s . w i l i  be r e q u i r 5 d  
which w i l l  c o n s i s t  o f  t h e  f o l l o w i n g :  

a .  I d e n t i f y  a l l  m a t e r i a l s  a g a i n s t  m a t e r i a l  t e s t  c e r t i f i c a t e s  i n c l u d -  
i n g  v e r i f i c a t i o n  o f  p l a t e  t h i c k n e s s e s  t o  a s s u r e  a 1 1  conform t o  
p u r c h a s e  o r d e r  r e q u i r e m e n t s .  

b. W i t n e s s  l e a k a g e  t e s t s .  

c. D i m e n s i o n a l l y  check  f o r  a c c u r a c y  and v i s u a l l y  i n s p e c t  f o r  q u z l i i y  
o f  workmahship o f  25% o f  e a c h  t y p e  and s i z e .  

d .  S p o t  check  (203 maximum) f o r  i n t e r c h ~ n g e a b i l i t y  o f  ? a r t s .  

C.  U S A S e l d  E r e c t e d  S p h e r e s  and ?.PI S t o r a s e  Tanks ( E r e c t e d  bv VendorL - 
c 

No i n s p e c t i o n  w i l l  be r e q u i r s d .  n h 
z 

D.  O v e r s e a s  F i e l d  E r e c t e d  S p h e r e s  and  AT1 S t o r a g e  Tanks  ( E r e c t e d  by o t h e r s )  ? 
d 

W 
wl 

100% i n s p e c t i o n  which w i l l  c o n s i s t  o f  t h e  f o l l o w i n g :  i, 10 

> 
1. I d e n t i f y  a l l  m a t e r i a l s  a g a i n s t  m a t e r i a l  t e s t  c e r t i f i c a t e s ,  i n c l u d i n g  

v e r i f i c a t i o n  o f  p l a t e  t h i c k n e s s e s  t o  a s s u r e  a l l  conform t o  p ~ i r c h 3 s 2  
o r d e r  r e q u i r e n i e n t s .  

2 .  D i m e n s i o n a l l y  check  211 s h e l l  p l a t e  a f t e r  fo rming .  

3 .  V i s u a l l y  i n s p e c t  a l l  w e l d i n g .  
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REVISION 3 
PROCESS PLANTS DIVISION PERFORMED AT VENDORS' PLANTS 

. DATE Feb. 1, 1979 

11.. EXTENT OF INSPECTION OF VESSELS-SECTION 1100 (Cont'd) 

D. Overseas Field Erected Spheres and API storage Tanks (Erected by 
Others (Cont'd) 

' 4 .  If radiographs are required for sub-assemblies, they shall be reviewed. 

5 .  Obtain chart or diagram showing field fabrication sequence or arrange- 
ment, complete with all plate numbers. This will be forwarded to the 
foreign office originating the purchase. 

E. Miscellaneous Vessels 

Inspection will be as'specified in the item requisition. 

111. EXTENT OF INSPECTION OF HEAT TRANSFER EQU1PT.-SECTION 1200 

A.  Shell and .Tube Exchanqers 

100% inspection which will consist of the following: 

1. Same as I1 A above, including complete inspection of the tube side. 

2. For stacked exchangers, a final dimensional inspection will be per- 
.formed in the shop on the complete assembly. 

B. Air Cooled ~xchangers 

100% inspection which will consist of the following: 

1. Same as I1 A above for the fabrication of headers and tube bundles. 

2. A shop certification of satisfactory fan blade balance will be 
obtained for inspection records. 

3. Check motor driver unit against its requisition. 

4. Spot check all structural steel for dimensional accuracy and visually 
inspect for quality of workmanship. 

C. Fired Process Heaters 

100% inspection which will consist of the following: 

1. Identify all materials against mill test certificates to assure all 
conform to Purchase Order requirements. 

2. Mill inspection shall be made for all alloy tubes of 5% or greater 
chrome con tent. 
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C. Fired Process Heaters (Cont'd) 

3. Review all radiographs. 

4. Witness crack eetection, hardness checks, ultrasonic tests, etc. which 
may be specified. If unable to witness those tests, a shop certifica- 
tion of satisfactory completion will be obtained for inspection records. 
If any doubt exists as to the validity of the certification, spot 
checks will be requested. 

5. Witness hydrostatic tests jointly with the code inspector. For packaged 
unit, hydrostatic tests and final inspection will be made in the shop 
on the complete assenbly. 

6. Dimensionally check for accuracy and visually inspect for cleanliness 
and quality of workmanship. 

7. Inspect installation of anchors and refractory lining. 

8. Spot check all structural steel, ducting and stacks for dimensional 
accuracy and visually inspect for quality workmanship. 

D. Vacuum Equipment, Including Condensers 

1004 inspection which will consist of the following: 

1. As far as applicable, inspection of condensers will be the same as for 
shell and tube eschangers. See 111. A. 

2. Inspection of ejectors will consist of witnessing performance or other 
shop tests together with a dimensional and visual inspection. 

E. Other Heat Exchanqe Zcuipment 

Inspection will be as specified in the item requisition. 

IV. EXTENT OF INSPECTION OF MECHANICAL EQUIPXENT-SECTION 1300 

A .  Pumps 

Inspection of pumps will norzally be conducte2 only for pumps in excess 
of 500 HP, special applications, prototype units and new vendors. 
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PROCESS PLANTS DlVlOldN PERFORMED AT VENDORS' PLANTS DATE Feb, 1979 

I V .  ' EXTENT OF INSPECTION OF MECHANICAL EQUIPMENT - SECTION 1300 ( C o n t ' d )  

B. Compressors  

Excep t  f o r  s t a n d a r d  p l a n t  and i n s t r u m e n t  a i r  compresso r s  and s m a l l  
s t a n d a r d  b lowers ,  a l l  compresso r s  w i l l  be i n s p e c t e d ,  i n c l u d i n g  t h e i r  
l u b r i c a t i o n ,  s e a l i n g  and c o o l i n g  sys t ems .  

C. Pump and Compressor D r i v e r s  

1. Motors i n  e x c e s s  o f  500 HP w i l l  be i n s p e c t e d .  

2. Steam t u r b i n e s  i n  e x c e s s  o f  500 HP, m u l t i s t a g e  t u r b i n e s  and t u r -  
b i n e s  i n  e x c e s s  o f  SO00 RPM w i l l  be i n s p e c t e d .  

D. Mixers  and A g i t a t o r s  

I n s p e c t i o n  o f  a g i t a t o r s  .and m i x e r s  w i l l  be conduc ted  o n l y  f o r  s p e c i a l  
a p p l i c a t i o n s ,  p r o t o t y p e  u n i t s  and new vendor s .  

E. M a t e r i a l s  Hand l ing ,  F i n i s h i n g  and Packaging  Equipment 

Excep t  f o r  s t a n d a r d  equipment  manufac tu red  on a  s t o c k  b a s i s ,  a l l  u n i t s  
w i l l  be i n s p e c t e d .  

F. R o t a r y  F i l t e r s  

A l l  r o t a r y  and vacuum f i l t e r s  w i l l  be i n s p e c t e d .  

G.  P u l s a t i o n  Dampers 

100% i n s p e c t i o n  which w i l l  c o n s i s t  o f  t h e  f o l l o w i n g :  

Same a s  f o r  I L  A above ,  w i t h  s p e c i a l  c o n s i d e r a t i o n  g i v e n  t o  i n t e r n a l  
'' c l e a n l i n e s s .  

H. Double P i p e  Exchangers  (Sc raped  S u r f a c e s )  

1003 i n s p e c t i o n  which w i l l  c o n s i s t  o f  t h e  f o l l o w i n g :  

1. Same a s  1 I . A  above ,  i n c l u d i n g  a l l  p i p i n g  and i n t e r n a l s .  

2.  Check motor d r i v e r  a g a i n s t  i t s  r e q u i s i t i o n .  

3 .  Witness  s h o p  runn ing  t e s t  and per form a  f i n a l  d i m e n s i o n a l  i n s p e c t i o n  
on t h e  comple t e  assembly .  
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EXTENT OF INSPECTION OF kEC5ANICAL EQUIPFENT-SECTION 1300 (Cont'd) 

J. Refrigeration Systems-Packaae (except Air Conditioners) 

1. Ins2ection will be as specified in the item requisition. 

2. No inspection will be required for packaqe type air conditioners. 

Notes on Ins~ection 

1. The requisition data sheet and/or referenced specification will indicate 
the extent'of shop testing to be perforined by the minufacturer and which 
tests will be witnessed. 

1. Inspection will be conducted during assembly'and/or prior to preparation 
for shipment and will consist of: 

a) Check for compliance to the requirements of the Turchase Order. 

b) Check for completeness of vendor's work and/or availability of 
all component parts and accessory items. 

c) Visually inspect for cleanliness and quality of workinanship. 

6) Complete dimensional check to assure its conformity to vendor's 
certified outline drawings. 

e) ~itnessthose tests specified to be witnessed as indicated on the 
requisition data sheet and/or referenced specification. 

V. EXTENT OF INSPSCTION OF CIVIL ENGINEERING-SECTION 1400 

In general, no inspection will be required. 

VI. EXTENT OF INSTECTION OF PIPING t4ATfgIALS-SECTION 1500 

A. Valves 

1. 100% inspection will be required for motor operated valves, slide valves, 2 
switch valves, butterfly valves 14" and larger and any other valve as may & 

0) 

be specified in the item requisition. Inspection will consist of the D 

following: 

a. Idenfify matsrial agaixst material test certificztes to zssure all 
conform to ~urchase order requirements. 

b. ifitness crack detection, hardness checks, Char?y tests, etc., which may 
be specified. If unable to witness these tests, a shop certification 
of satisfactory completion will be obtained for inspection records. If 
any doubt exists as to the validity of the certification, spot checks 
will be requested. 

c. Witness hydrostatic tests of body and seat. 
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VI. . (Cont 'd) 

A. Valves (Cont'd) 

1. (Cont'd) 

d. Dimensionally and visually inspect to ensure conformity to stan- 
dards and specifications. 

e. Ensure valve is properly metal-tagged'with item number as indicated 
i n  requisition. 

f. For motor operated valves, visually inspect motor for conformity 
to requisition. , 

2. All other valves.wi.11 not require inspection. 

3 .  No inspection will be required for valve :accessories such as chain 
wheels,. guides, extension stems, floor' stands, etc. 

B. Shop Fabricated Pipinq 

Un'less otherwise indicated on 'piping drawings or spei=ified in the item 
requisition: 

1. The type and extent of required examination will be in accordance with 
ENG STD 50A1 Paragraph VIII., including a review of all radiographs. 

2. No additional inspection will be required for carbon steel pipicg 12" 
size and.smaller. For all carbon steel piping 14" size and larger and 
for all sizes of'alloy steel and non-ferrous piping, a spot check 
(average,lO%) inspection will be -required consisting of the following: 

a. Identify all material against mill test certificates to assure 
all conform eo purchase order requirements. 

b. Check to ensure that welding procedures used agree with those 
approved by Foster Wheeler Energy Corporation Engineering Depart- 
men t . 

c. Witness hydrostatic test, if required. 

d. Review stress relieving procedures and check ~rinell hardness. 

e'. Dimensionally inspect for accuracy and visually inspect for 
quality of workmanship. Closely inspect the interior for clean- 
liness, especially the welds. . . 

3 .  All sizes of compressor suction and interstage piping will be closely 
inspected for interior cleanliness. If special cleaning is required 
it will be defined in the requisition. 
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VI. EXTENT OF IXSPECTION OF PIPING :XATERIALS-SECTION 1500 (Cont'd) 

C. Random Pipe 

No inspection will be required. 

D. Fittinas 

Inspection will be required for special (non-standard) cast alloy steel 
and carbon steel fittings only and will be specified in the item requi- 
sition. When inspection is required, it will consist of the following: 

1. Identify material against material test certificates to assure all 
conforn to purchase order requirements. 

2. Witness hydrostatic test of cast fittings only. 

3. Witness crack detection, hardness checks, etc. which may be speci- 
fied. 

4. Dimensionally and visually inspect to ensure fittings conform to 
drawings and specifications. 

E. Flanges 

No inspection will be required. 

F. Eolts, Studs & Gaskets 

30 inspection will be required. 

G. Underaround 

No inspection will be required. 

H. Piping Specialties 

No inspection will be required. 

VII. EXTENT OF INSPECTION OF INSTRUMENT-SECTION 1600 

A. Instruments, Control Valves and Safetv Valves 

Generally, these items dn not require inspection, In special cases, 
inspection nay be required. Consideration will be based cn such factors 
as: prototype tinits, new vendors, units for export, critical nature of 
use. 
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VII. EXTENT OF INSPECTION OF INSTRUMENTS-SECTION 1600 (Cont'd) 

B. Analyzers 

Inspection of analyzers will normally apply to prototype units, new 
vendors, units for export and special applications. 

C. Control Panel 

Normally, control panels will be inspected. The extent and nature of 
inspection will be defined by the Instrument Engineering Section. 

D. Instrument Pipinq 

No inspection will be required. 

E. Instrument Electrical 

No inspection will be required. 

F. Weather Protection 

No inspection will be required. 

G. Supports and Racks 

No inspection will be required. 

VIII. EXTENT OF INSPECTION FOR ELECTRICAL-SECTION 1700 

A.  Underground Electrical 

No inspection will be required. 

R, Pnwpr Equipment 

Generally, power equipment will not require inspection unless speci5ied 
in the item requisition. When inspection is.required, the extent and 
nature of inspection will be defined by the Electrical Engineering 
Section. 

C. Power Distribution 

No inspection will be requirrd. 

D. Lighting 

No inspection will be required. 
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VIII. EXTENT OF INSPECTION FOR ELECTRICAL-SECTION 1700 (Cont'd) 

No inspection will be required. 

F. SuDports and Racks 

No inspection will be required. 

IX . EXTENT OF INSPECTION ?OR M4TERIALS PROTECTION-SECTION 18 0 0 

No inspection will be required. 

Xi EXTENT OF INSPECTION FOR PROJECT & MISCELLANZOUS ITEMS-SECTION 1900 

A .  Process Driers 

100% inspection which will consist of the following: 

1. Same as 11. A above. 

2. Witness vendor's standard shop tests and those as may be specified 
in the item requisition. 

B. Steam Generators and Boilers 

1008 inspection which will consist of the following: 

1. Inspection of all drums and headers will be as. specified in 11. A 
above .' 

2. Identify all carbon steel and low alloy tube material against mill 
test certificates to assure all conform to purchase order require- n o 
men ts . D 

I - 
3. Mill inspection shall be made for all alloy tubes of 55 or greater c 

chrome content. 0' VI 

G m 

4. Witness crack detection, hardness checks, ultrasonic test, etc., B 

which may be specified. If unable to witness these tests, a shop 
certification of satisfactory completion will be obtained for 
inspection records. If any doubt exists as to the validity of the 
certification, spot  check^ will be requested. 

5 .  Dimensionaliy check for zccuracy and visually inspect for cleanli- 
ness and quality of workmanship. 
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X. EXTENT OF INSPECTION FOR PROJECT & MISCELLANEOUS ITEMS-SECTION 1900 (Cont'd) 

B. Steam Generators and Boilers (Cont'd) 

6. Spot check all structural steel, ducting and stacks for dimensional 
accuracy and visually inspect for quality of workmanship. 

7. Witness hydrostatic tests jointly with the Code Inspector. For 
packaged units, hydrostatic tests and final inspection w.ill be made 
in the shop on the complete assembly. 

8. Inspect installation of anchors and refractory lining. 

C. Cooling Towers 

100% inspection of fan unit only which will consist of the following: 

1. A shop certification of satisfactory fan blade balance will be 
obtained for inspection records. 

2. Witness standard shop test or running test as specified in the 
requisition for the item. 

3. Check motor driver unit against its requisition. 

D. Other Miscellaneous Items 

Inspection will be as specified in the item requisition. 





FOSTER WHEELER DEVELOPMENT CORPCRATIQN 
JOHN BLIZARG,RESEARCH CENTER 
12 PEACH TREE H I L L  ROAD, 
LIVINGSTON, NEW JERSEY 07039 

BY ...... G2.6 .............  DATE^/.^^/.?$.. SUBJECT EB.G!.~~A~!.~!?...AESI~PI .......... SHEET NO. ........ 1 .......... OF ... 6 ........ 
CHKD. BY .................. DATE .................. .~.Q.R.. .~.~.~cEL./ .~~~~T.Ec.. .c.c!c.LE.c~L)~ JOB NO. ........... 9.-.3.!-.qblB... 

FROM A N S I  60.4, DEs\CM WIND LOAb F O R  A T L A N T A ,  

~ E o R G \ A  ~~~~~D USE A WIND SPEED O F  8 O M p H .  P S U M E  T N E -  
SAME WIND SPEED F o q  DALTON, GEORGIA. 

NIND LoODs ACTING OY TttE FOUNDAT IONS FOR V A R ~ Q W S  

CoLLf CToR eR\EWTATIONS ARE StfOHN IN FIGURE 4-  4 REFERENCE 

( 4 5 )  ,WAS &ED FOR T H ~ S  FOUNDATIOPI B E S \ G F I .  C Y L I N ~ R I C A L  
CONLRETF- PILES NESE SELECTED BECAUSE EJF T*ElR L O W  

INSTALLATIOH COSTS. 

FoR THE WIND LOADS FoR B) .~OPERA'T I~N ULLECT(~K 
OR\ENTATI~NS , FACTOR sF SAFETY u.sEa rs O N E .  T H E  

lAh~\MuR4 MIMD m A B s  bdRlN6 ~ Q P R ~ S T ~ O ~  MAY eCc~ lR h f  

6 = 0' . TCtESE LOADS ARE : 

V E R f I c A L L ?  U P W A R D  Z= 2 9 5 0  LB. 
V E F ~ I C A L L Y  D Q W N W P ~  = 2 9 5 0  LB.  
L A T E R A L  * 1560 LB. 

DEAD ~ a ~ b ,  DOWN HA^^ = 372 LB. 

F O R M  D-22 
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BY ........ CQG, ............ D A T E ~ J . ~ . ? ~ . .  SUBJECT .FMINPA.T.!.Q.N ..... 31s.W ......... SHEET NO. ..... 2 .......... OF ... 6 ........ 
......... CHKD. BY .................. DATE ............................................................................................... JOB NO. ..... 9-.4.!.-.4.0.i0 

THE SELECTE. CYLINDR\ c A L  
PILE 15 \6 lMCHE5 IN 
S\AIVIETER AND 4 F E E T  9 INCHES 
DEE?. 4 FEET BF T W E  POLE 

DESIGN IN THIS CASE IS  

G~VERMED BY THE VERTICALLY 

~PWPRD AND LATERAL LOADS. 

Qu = UERT~ C A C ~  UPNARD L O A ~  
= LATERAL L8Ab 

FROM REFERENCE (15), THE 
CONCRETE PILE S H ~ U L D  s~brlsf Y 
WE Fa~LetdINc, E Q U A T I O P ~  - 

- 
Quv 

FORM 0-22 
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BY ....... GXL ........... DATE$ZS$.~I! .... SUBJECT . . ~ P . V I ( M I P . ~  ....... %!.W ....... SHEET NO. .... 3 ............ OF ... 6 ........ 
CHKD. BY .................. DATE ................... ......................................................................... JOB NO. ..... ~.-.d.~-.. .~~d.C! ........ 

A s  = EMBEDDED SURFACE.  A R E A  

= WT. eF THE CBNtRETE PILE ~ N c ~ u b l r \ l $  B E A b  
WE\&HT A c T \ N $  eM \T. 

= X D Z ( ~ + e ) f  -k DEAD LOAD 
4 C 

- 
y = EFF E CT\ V E  UP117 HT.  O F  Sell 

FORM 0-22 
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BY ....,.. GD.4 ............. DATE .4/.t712... SUBJECT EQQT(P~~~ON...~E~!..$T~ ............ SHEET NO. ... 4 ............ OF .... 6 ....... 
9 41-4010 CHKD. B Y  .................. D A T E  ,.................. ......................................................................... JOB NO.' ......... - ................................ 

FAeM REF. (46) , 

. . C, = 1500 LB/F+' 

F O R M  0-22 
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..... ........... .... ........ .... ......... BY 4.PL DATE .4/. L#*Y.... SUBJECT . f .~.W?.A?XPk DES!.s.M SHEET NO. 5  OF..G OF..^ 
9- 4 1- -6010 CHKD. BY .................. DATE ............................................................................................. JOB NO. ............................................ 

FROM REF. ( 15) , 

L -e. FOR T#% LATERAL Lob3 ALONE TI+€ ~ o ~ , r c b A T l e ~  
*' 

UtN TAME 4832 LB *. 

FORM 0-22 
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BY ......... W G  ......... DATE .+/.?:#if J... SUBJECT .WVNL~~I~.€?N ...... ??E.516N ....... SHEET NO. ..... 6 ............ OF .... 6 ....... 
CHKD. BY .................. DATE .................. ............................................................................. JOB NO. ......... 9.-..44..-../qs!.O... 

I.)EMcE THk F~uMDAT 10H S14T15FiES THS IN- OPERAT\ON 
LOAD R6 glL) IRENE UTS 

FORM 0-22 
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FOSTER W H E E L E R  DEVELOPMENT CORPORATION 

FAILURE MODE AND EFFECTS ANALYSIS 

The f a i l u r e  modes and e f f e c t s  a n a l y s i s  o f  t h e  s o l a r  stearn g e n e r a t i n g  
p l a n t  i s  p resen ted  i n  t h i s  appendix. T h i s  a n a l y s i s  takes  each subsystem and 
examines i t  by f u n c t i o n ,  l o o k i n g  a t  each c~mponen t  oi- compor!ent s e t .  .Ti:€ pos-- 
s i  b l e  modes of  f a i l u r e  a r e  e x m i n e d  t o  de te rmine  a l l  t h e i r  p o s s i b l 2  causes, how 
t h e y  m i g h t  be de tec ted ,  and t h e '  e f f z c t  o f  t h a t  f a i l u r e - - l o c a l l y  w i t h i n  t h e  sub- 
system and u l t i m a t e l y  on t h e  o p e r a t i o n  o f  t h e  p l a n t .  I t  d e l i n e a t e s  any e x i s t i n g  
f e a t u r e s  t h a t  compelisate f o r  t h a t  f a i l u r e  and makes..a q u a l i t . a t i v e  assessmnni; o f  
b o t h  t h e  s e v e r i t y  o f  t h e  s p e c i f i c  f a i l u r e  mode a,nd i t s  p robab i  1  i ty o f  Gccr!.rrr?nce. 
Each f a i l u r e  mode i s  accompanied, when necessary,  by remarks and/or  'recommecda-. 
t i o n s  which s e t  f o r t h  t he  assumptions made o r  f u r t h e r  e l u c i d a t e  t h a t  mode ana ly -  
s i s .  

The c r i t i c a l i t y  o f  a  f a i l u r e  mode i s  based on t h e  i n t e r a c t i o n  o f  s e v e r i t y  
o f  e f f e c t  and t h e  p r o b a b i l i t y  o f  occurrence.*  Obv ious ly ,  a f a i l u r e  mode which 
may have a severe e f f e c t  and which has a n i g h  p r o b a b i l i t y  o f  occur rence  should 
be examined c l o s e l y .  Steps can t hen  be taken  t o  assure t h a t  there a r e  adequate 
p r o v i s i o n s  t o  compensate f o r  t h a t  f a i l u r e  mode, t h a t  i t  can be de tec ted  q u i c k l y ,  
and t h a t  t h e  p o s s i b l e  causes can be e l i m i n a t e d  wherever p o s s i b l e  o r  reduced 2s 
much as p r a c t i c a l .  A f a i l u r e  mode which has a h i g h  p r o b a b i l i t y  o f  o c c u r r x ~ c e  
b u t  n e g l i g i b l e  e f f e c t s ,  o r  one t h a t  i s  severe ,but has a lmost  no char ice.of  occur -  
rence,  csn be g i v e n  s lower  degree o f  concern than one which i s  b o t h  modera te ly  
severe and has a moderate p r o b a b i l i t y  o f  occurrence.  

The c r i t e r i a  used f o r  a s s i g n i n g  p r o b a b i l i t y  l z v e l s  and l e v e l s  o f  s e v e r i t y  
a r e  shown be1 ow: 

PROBABILITY 

Level  1  - F a i l u r e  mode p r o b a b i l  i ty  ve ry  low.  A neg'l i g i  b l e  chance 0.f 
occurrence'  d u r i n g  t h e  .i tern's 1  i f e t i i n e .  

Q Level  2 - F a i l u r e  mode p r o t ~ a b i l i t y  low. U n l i k e l y  t o  occur  d u r i n g  t h e  
i t e m ' s  l i f e t i m e .  

*No c r i , t i c a l i t y  r a n k i n g  i s  p rov ided .  The d e f i n i t . i o n  o f  c r i t i c a l i t y  as t h e  
p roduc t  o f  t h e  s e v e r i t y  and p r o b a b i l i t y  o f  a f a i l u r e  mode i s  mis leadf 'ng 
( P .  E. Vanden D r i e s ,  "Ra t i ona l  R i sk  Assessment f o r  Defence System Safe ty , "  
Proceedings, Annual R e l i a b i l i t y  and M a i n t a i n a b i l i t y  Syrcposium, January 1979, 
IEEE, New York.  
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e Level 3 - Failure mode probability medium. A random 50-50 chance of 
occurrence during the system's lifetime. 

e Level 4 - Failure mode probability high. Frequent occurrence likely 
during the item's lifetime. 

SEVERITY CLASSIFICATION 

0 Level 1 - No effect on gasifier output. Negligible effect or degra- 
dation which can be repaired by performing "adjustment type" mainte- 
nance. 

Level 2 - Causes automatic shutdown with no consequent damage. 

s Level 3 - Minor equipment failure or damage repairable by operators. 
s Level 4 - Major equipment failure or damage not repairable by opera.- 

tors. 

Level 5 - Potential on-site fire or hazard to operators. 
e Level 6 - Potential off-site fire or damage. 
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.I 

I 

I 

J 

4 
I(ern:~rks 

E x l s t l ~ l g  
Collll,ensat,ng 

I ' r o v l s l o n  

Temperature r e c ~ ~ r d c c  
UII l'F.-401. 

As 1.32 

I:l:llll>~hillllCe 

Sympt~bms 
Dc tec ta lb i l  i c y  

h i  1.30 

k 1.30 . 

&s 1.30 

ISy con~l>ar lson wl  CII 
ct?~sl'erattlre recorded 
ail 'TI(-403 and I n d i -  
I :  I I - 0  c 
1.1.5 
k s  L. 311 

As 1 .3f1 

As 1 . 311 

Ly c c ~ ~ n p o r l s o ~ ~  wl tll 
l e ~ ~ ~ p e r i ~ t u r r :  recocclud 
t.11 'I'lt-101 noid Lnrll- 
~ l ; l t cd  1,n 'I ' l-IUI t o  
115 

ns 1.40 

fi:; I . f t0 

4:: S . 110 

I2 f f ac t  < t i  

I.oca.1 EFPecr 

Fa lse I.ow c o l -  
I c c c o r 1 1 1 l e c  
~ c l ~ ~ p e r ; i t ~ ~ r e  ~ : c - '  
t:ortlcd 

As 1.30 

As 1 .31  

I:alse high c n l  - 
l c c c o r  o11t1oc 
c c o ~ l ) c r a c ~ ~ r c  ce- 
corded 

False  l ow  co1.- 
l c c c o r  o t ~ t l e ~  
c.cnll)eracurc rr- 
corded 

As 1 . 34  

As S .15 

I ' i l lse Ir i j : l~ 111rll- 
c a t  l o l l  I > P  hoL l e r  
i111ct  tcnlpcraLurt 

I : i~lse lcsw 111111- 
c;11io11 o f  I ~ o l l e r  
.i 11 l h.L 1C11tl)e l'al. 11r1: 

As l.100 

Poss l b l e  
Causcs 

I : t ~ n ~ : t l o ~ ~ a  L 
I ) e u c r i p c l o ~ ~  

I:c co ctl c r 
'I'R- 1 On 

I - 1 O  

'I'e~alhcracure 
ltcco r d c r  '1'11- 
LO1 

IWI) 'IT-403 

l ' e ~ r r c  
1:ecorde:r 

Yu l . lu rc  

ICnd P f  Fecr 

F:~lsc I11gl1 
i 1 1 t l L l : . I t i i 1 1 1  

o f  cnl.lr:c tlbc 
e f i l c l e l ~ c y  

IFalse I11gI1 
l ~ ~ d l c a t  l o l l  
>E c o l l e c t o r  
2L:f L c l e ~ ~ c y  

( i t l sc  l ow  11r 
S l c a t i o n  o f  
:nl .Lector 
: F f l c l c n c y  

I:;~lsc I11iIl- 

c ; t t l i ~ l ~  , .IT 
I l ca t  cr i lns- 
f u r  ill 
I,oI l e r  

A:; 1.41) 

Fa'l 

SN 

1.31 

1.. '12 

1. 33 

1 .34 

1.35 

1 . 36 

1.37 

I .40 

1.41 

1 .42 

1.43 

i l l r e  k d e  

I)escr 1 p t lo11 

B i l l l s  i n d l c i ~ r l n p  
F i ~ l s e  l ow  teapct.ir.- 
I:IIT~ 

I:a L1.s r e c o r d i n g  
Fa lsc  l l l g l l  Li.nl- 
pc racL rc  

Fa l  I s  r e c o r d t l l ~ g  
€a l se l ow  LLYII- 

p c racu rc  

Y o i l s  1ndtc:at l n g  
f o l s c  l11gI1 
c e ~ ~ i l ~ e r : ~ c u r e  

L:ails I n d l c a t l n e  
Pa lsc  low La l -  
pe r i l l :  u r e  

I:a i . l s  recor2Lng 
Fnl si. I l l g l ~  tea-  
per ;~ tu~.c  

F; l l ls r e c o r i  l n g  
f a l s e  low tcm- 
)lCI'.'ICUKC 

I::, I 1s . 1 1 1 c l l e ~ , t 1 1 ~ ~  
f a l s e  I11gl1 RCIII- 

1::11ls l n 1 l l c a t i n 6 :  
[;I l.se Icbw tell1 

Itccor,Js f a l s e  l l l g l  
ceIII1>eciIcI1re 

I lucurds f n l s e  Low 



I.eve1 Nu. I I lc:~e-'l 'ransfcr I'l u i d  Cl r c111 i1~  II>II 

I.evr l  No. 2  C,,l luccor 

L c v c l  No. 3 

I.eve:l. Nn. 4 

crn 
c -I 
3 I 

FoncL I c11ia1 
U e s c r l p c l o l ~  

Cu l l . ?c to r  

Va Lvcs c l ~ : ~ t  
I s ~ ) l n c o  c o l -  
I O C ~ O F  

Cc~Llec:or 
t'ra111 'la1 vc 

I'SV-l.0?/11.5 

coo 
u I 
c o o  

W 
I 

I:oi 

SN 

2. 13 

2.1.11 

2.15 

2.16 

2 .  17 

2 . 2 0  

2.21 

2 . 2 2  

'2 .23 .  

2. 24 

2 .  2 5  

2. 26 

l'ossLb1.c 
Canrscs 

b l l s l ~ : ~ ~ ~ ,  ,111cc 
o11a11111g OF 
i s o I : ~ c . l ~ ~ t ~  
va l ves  

Va lves l e a k  

I:;I.I l u r e  co 
scow c o l l e c t o r ,  
i . ~ ~ s t ~ f i ' J . c J . e ~ ~ r  
f  I l l l L l  111 sys- 
ten1 

Ili.gll wl 11'1 

lli~ l I. 

Acclde,,c;~l 
closing. o f  
wrong vr l l ve  

As 2.20 

Acc ldc~ rc  on re -  
II,,V~ L cc,l.- 
I c c c u ~  Fronl 
s c r v l c c l p u c -  
t in] :  c o l  I.cctt.,r 
Lneu scrv l .cc  

~ ) ~ h ~ . i ~ ~ / j ~ ~  

l 11rr Hnclc 

I)es~:r ipc lo11 

E I I L ~ ~  o f  c o o l  
l lqt11;I Jnco l ~ o t  
CLIIIC 

I ' c r c o l u t i o n  o f  
f l t a l d  111co e a ~ l ~ t y  
L I I ~ C  

I lo l  l l n g  o f  r e s l d -  
I J l . 1 1 . d  I 
coLle.:~or 

SI:CCSS 

I)a111agi: co c o l  1  ec- 
 LO^ s ~ r f a c e s  

Cl.osure o f  one 
vo l vil 

C l i ~ s ~ ~ r e  o f  IIOCII 
i s o  l ?I: I o n  vi11 ves 
;111ouc co l . leccor  

i l l 'eulng o f  s t ~ p -  
116>scdl.y c l o s e d  
vaI.ve! l exks  

Ac~:Idan~:;rl l y 
u l ' c ~ ~ e ~ l /  €;I I 1 Y open 

St i~ : l ts  

I)lscl~ar):c w l r c  
b  LucLe? 

L ' r es~oc~~rc  o11e1-a- 

c  l.<Ol, 

Sylapton~s 
I ) e t c c t n l ~ l  I . i c y  

Y l SII;I 1, w.111d speed 
i n d l c a c o r  

Vi:i l~il I 

V l s ~ ~ a l ,  low l e v e l  
;: I a rtn l.Al.-800 

V l s ~ ~ a l  

I:fFecc o f  

l.oc:~l. ~ f  i ecc  

e r ~ ~  I s o :  

'L'llc ~ I I I ~  I, s c  res?;c$ 
cx l>osur r  o f  wnrk 
c r s  t a b  f l t ~ l t l  

'The r~na l s t  ressc: 

F ~ I I ~ ~ L I L  ILIII 
clillllsgc 

1);1111agc LLI co  l - 
Lcccor s t i r f ~ ~ c e s  

Excessive ccln- 
p e r ; ~ t ~ ~ r e  111 
c o l  l e c c n r  

As 2 . 2 0  

I'oss 1.b l c  e x ~ o -  
otrrc ~II ~ ~ c r s o n -  
11aL t:u IIUL licot: 
c r i ~ l l s f e r  f l111cl 

SpI1 I 11f I l r l ~ l l t l  

' r t~ l>r  r 61~1 r11 r i  UII 

overj)ri ls:it lre 

A:; 2 . 2 4  

As 2 .?:I 

Exi.sc I.ng 
Coa~l~ens;~Li ng 
Y r o v  1,s i 6111 

Co l l esco rs  scow 111 
I l l y l l  w.l11d 

c'ol l e c ~ o r s  scow when 
I nso 13 c i o n  l o w  

Stowage o f  c o I  I .cccor 

Stowogc o f  collector, 
I'SV 

1.i11cs wl  11, be I) l i~nl<cc 
c t f  f  

( : o l l e c t o r  scowr?cl L f  
I:t:nIIIeraL~Ire LII CC'I - 
lec tor -  IlI,jl 

As 2 . 2 4  

l . ' i ~ l l u~ : c  

I:IIII l ~ f f c c r  

Le;~l<u du- 
villi111 

- 

I)cg.ri~d;~c Lo1 
o f  f l l l l l l  

Ovcrpres- 
su re111  
t:ol l e c t o r  

I ' oss lb l e  
f l r c  

As 2 . 2 3  

r o t -  
~ L I  i t y  

2 

2  

2  

3 

2  

2  

2 

' 2  

2  

2 

2 

> 

Leve l  ol: 
S r v c r l c y  

3 

5  

3  

3 

3 

2 

5 

5  

5 

5 

5 

5 

O p c r n t i l ~ g  111- 
s c r u # : ~  i uns  rntlst 
g~lnl-d ag r~  l n s t  
"IIIJC F i l l " 



I.u%.el No. I I l e a t - l ' r a ~ ~ s f c r  I:l111d CLrcu loClon.  I l o l  Ler 

I . ~ = < c l  No. 2  C ~ > L l c c t o r  

L e v e l  Nu. 3  

L e v e l  No. 4  

rri 
n 
s 
I 
rn 
rn 
I- 
rn 
a 
0 

z 
m 

5 
S 
r n  
2 
-I 

coo 
V I 
c o o  

~uncclonnl 
Doscr l  p t  i o n  

I~~ rm: l i l oc l~m 
S c n v r  1.1'-001 

11'1'1) o n  Cul-  
l e c c u r s  

EIIIC>L.S CCI  SCOW 

c u l  Pcccort i  

'L'ulns 

~oI I~L.  Sf>-.l.O.l 

Syn~ l~ to~ns  
U e t c c t a h l l i t y  

V i s u i l l  

V l s ~ ~ a l  

Vl.sua1--co.Llcctor o u t  
,OK 1x1s i t i.ib11 

I.ow f l o w  i11ar111, ecc. 

V i a  1.11-/,03 

Po t i s l b l e  
Causes " , 

M a l f u ~ ~ c t t o ~ l  

S t ress ,  dc fec -  
t l o n  nlanufec- 
Lure, c o r r o s l > ~  

l ~ n l ~ u r l c l e s  I n  
I>oLl.er feed 
water  

Fnl lu1.u t o  r c -  
IIIUVC titeilm. 
low water  l c w l  

SN 

2. 30 

2.31. 

2.35 

2.36 

2.40 

2.4 I. 

2.42 

3.10 

3.1 1  

3.20 

E f f e c t  o f  

I.ocal. 1.2 f ecc  

F n l l u r o  t o  stow 
c o l l e c t o r s  w l~cn  
I nso l  a  t lo11 l ow  

Sensor stowed 

Col . lec tor  scows 

Cc~l l e c t o r  f a1  1.s 
t o  stow when 
t cn~pe r i l t u r c  ex- 
cuss l.ve 

Inal~i . l i . t :y t o  
t r a c k  1111 o r  
stow c o l  l c c c o r s  

Stowage o f  c o l -  
l c c c o r s  u s l n g  
b a t t e r y  Iubwcr 

As 2.40 

I ! ~ l t r y  o f  w i l t e r  
111to Lcilk 
f e r  f l u i d  

IKcd~a':ed l ~ r i l c  
cribnu l c r  

i l l r e  Hode 

Dcsc r l l r t  i o n  

I ~ a L l s  011 

l.'all.s o f f  

F u l l s  l ~ l d i c a t i n g  
f a  l s r  h i g h  tcnl- 
p e r a t u r e  

P a i l s  L n d i c a t i n g  
f a l s e  ].ow ten)- 
per i lcure  

~ 0 1 0 ~ / i l ~ L v e  f a l l :  

B l e c t r l c a l  power 
L ' a ~ l u r e  

U i ~ c c e r l c a  dral.ned 

Leak 

Sc3 le  

Excessive tcm- 
11CI i l  t lit-B 

E x l s t  l n g  
Conll,ensat,L,g 

P r o v i  s . i o ~ ~  

YSV gusrcl agal.nst 
o v e r p r e s s u r i z a t l m  

- N i t r o g e n  I l t l rge III 
- 'I'K-101 

I : i ~ l l u r e  

End E f f e c t  

Overheat ing 
o r  overpre*  
s u r l z a t i o ~ ~  
o f  c o l l e c c o ~  

O v e r l ~ e a t - ~ n g  
o f  col1.ecto1 
i f  ~ l o l l o w  
F l u i d  f l u w  

Over l~eac i~ ,g  
o f  c o l l c c r o ~  
I f  n o t  
scowcd 

As 2.40 

'ass I b l e  c u r  
~ r a n s - ~ x ~ s l o n ,  vapo 

locl(s i n  
~yscc l l l ,  11igI1 
brcssure i n  
iySLCII1 

I ~ ~ c r c r r s e d  
.cnll,erilCure 
.lf l l c? l t  
c r i ~ l ~ s f r r  

I II~:I.c;I:;~~ de. 
: r a~ l i 1~1# )11  0 1  
I C ~  t t ral ls-  
'e r  f1.11ld 

Cobs- 
b i ~ i t y  

2  

2 

2 

2 

3 

3  

2  

3  

2  

3 

I.eveL o f  
S e v e r i t y  

1  

2  

1 

5 

5 

5 

5 

3 

1 

1 

KeP1erks 

A ch  ro l l  l c  po- 
t c ~ ~ c  la l .  pcob len 

A ~ ~ n c c n c l e l  
Ill>ll:lcIIce 
p rob  l ~III 



L e v c l  No. 1 Iledt-'l'ransfer FJu id  CJ r i :u lat lun.  Hullicr 

L s v z l  No. 2 

I.uve l No. 3 

Level  No. 4 



LevelNo.  1 lioiI.ec 

Lcvrl No. 2 

I.c\.el N o .  3 

Level No. 4 



k v e l  No. 1 U o i  l c r ,  I lu ;~ t - ' l ' r ;~nsfcr  Fl.111d C l r c u l a r l o ~ ~  

I . r ve l  No. 2 I)IIIIIII ~ . L I I ! ~  

Leve l  No. 3 

Le.vcl No. 4 

r o g r n :  S o l a r  I ' r o d ~ ~ c c l o n  o f  I n ~ l u s c r l a l  Process S1cnl11 
Umw111g: 60U63-50-1 

l ' r ~ ~ b a -  
b i l - ~ t y  

2 

2 

2 

2 

2 

2 

2 

2 

2 

> 

I .evc1 o f  
S r v c r l c y  

2 

4 

I. 

' 3  

1 

5 

5 

5 

3 

3 

1 

311sure I .evcI 
;:luge i s  adc- 
l u o t c l y  p r c~ -  
:.ecrcd ;rgalnst 
I,rc:tk;~ge 

E x l s t l n g  
Conll,ensat,ng 

I ' r ov l s  ton 

PSY-400 

Area d l k e d  

Low l evc l .  a l s r n ~  f o r  
I::~nk 

I.AI.-800 

I:ul1ct lol,al 
' f iescr 1~~t1011 

v a l v e s  on  
stc.am .l.Llle 

L ' r ? s s ~ ~ r e  Ileyu- 1 l i l t i n g  ~ n l v a  
L'LV-400 

I u . I l c r  Peed- 
wzcer 

l i t l ~ ~ t l )  'I'al~k 

\i;111ur Space 

I .cval  C n ~ ~ y c  

P o s s i b l e  
Causes 

SN 

3. 7 1  

3.80 

3.81. 

3.82 

3.83 

3.84 

4. 10 

4. 1.1 

4 .  20 

Sy~ap TOIOS 
E f f e c t  o f  

I k t e c t u b l  I . l t y  
1.ncul I:ffr:ct - 

L 1.11rc Elude 

I k s c r i p l l o n  

OIICI~S pren la ture ly  

C loscd 

BaS 1,s glv111fi 
I ~ l g l ~  y ressu rc  

F a i l s  g t d l n g  l ow  
p ressu re  

l.cw p ressu re  

11a f l n l  c l e s  

K u p t ~ ~ r e # l  

I ) r a l n  l e f t  open 

ContaLt~j :  n l r  

r;11 I s  l a ~ d l c ~ r c l . n g  
l a  l ac  111 g l ~  l .evc1 

b'nl.l.urc 

End e f f e c t  

L'ressure 
r l s c v  

'l'en~pe r i tcu~re 
I n  d ~ ~ n ~ p  tank 
I ~ l g h c r  t h i ~ n  
o ~ ~ t i c l p a t r d  

'I 'e~epersturc 
i n  JIIIII~ rank 
lower  t l ~ a n  
unclclpaCccl 

I.evel I n  
h o l l e r  F a l l s  

I'os..il.ble 
f l r c  

Poss i . l ~ l c  
f l r c  I n  
sewer, l ow  
levc l .  of 
f111 ld  411 
sySCI?tII) .Lot$ 
fl.ow o f  
f l .u l1l  

1'0s:; 11, 1.c 
( i r e  o r  ex- 
p l s s l o n  i f  
I 11 li,,., 

I.t,w f1.u 1.d 
111 1.cvcl I n  
sysces~ 

Ir,su o f  s t c ; ~ ~ a  
prcss I I re  

l i o l l e r  water  l e -  
vcL and Lctllpcra- 
I:urc r l s e s  

Low f l o w  t o  
l ~ o l . l e r  

I'ronlotc s c i ~ l  I l l y  

Sp l l .1  o f  f l u i d  

I.oss o f  f l t l l c l  LO. 

IILIW~SS sewer 

lil ~IIIUII~I~~ e ; t ~ -  

~m)s l~ l \ c re  c r c i ~ c c ~ l  

1 '0~s l l ~ l e  e~ l lp ty -  
L ~ ~ g / i n s u f f : l c L e t ~ c  
1'1 11 1111: o f  ~rrnlc 

E r r o r  

+ l tsse~/maL-  V ia  1'1-800 
f t ~ n c t l o n  

I YLsset /n~a l -  l a  T1-800 
func t lo11 

Y a i l u r e  pulnp, 
1.euks 

Impact,  f a l l !  l s l l ; l l  
tare . COTTO-  

s l o n  

l i r r o r  

I look ing 111' r" 
wrolrg l.l.ne 

I'VC-801 c l ose<  



Pal l t r r c  Modes and lif rcccs Analys is  

l a w L  No. 1 IluaL-'l'r;~xslcr I:luld 

I.err1 Nu. 2 I)LIIIII) 'Ta~lk. N I t r ~ g e ~ ~  I 'urce 

I.evrl  No. 3 

I.cvcl. No. 4 

l'rogranl: S61lar I'roduct Ion o f  1111luscr.li1 I Process S r c i ~ ~ n  
Ilraw.lng: 60863-50-1 

Sympcu~w 
lh tecCab lL i t y  

I'ossl b l e  
Ciluses 

1111pacc 

Elal.fu1icc1on/ 
~ l l s c l ~ u r g e  I ced  

U I' 

-- 

F11nct.Luna1 
Ucscc lpt lon 

ISL/IAI.-800 

I<c.LlcP Valve 
I'SV-€00 

Nl  crc-gell !'urge 
I ' r c s s ~ ~ r c  kcgo- 
1 a t  L I ' I ~  Valve 
vcv-con 

i l l  t rogc l l  L'rcs- 
sure K c g ~ ~ l a c l r i g  
'la l.vo I'CV-80 I. 

I'robu- 
b i l l c y  

2 

2 

2 

2 

2 

2 

2 

2 

) 

I!xis t l n g  
Coml~unsatl.~.rg 

Prov is ion  

Vi11.v~ o f f  1.ines t o  
l e v e l  gauge 

L.C-400 

1.C-400 

1'1.-802 

I'SV-800. 1'1-802 

E f f e c t  o f  

I.oc;ll Ef fucc 

I 'osslble over- 
F l l . l l n g  o f  t a ~ ~ k  

Itr leuse o f  f l u i d  
i n t o  c o n t r o l  room 

Shut dt)wn t o r  
Low l e v e l  

l 'rotec t1o11 
against  low 
leve ls  l o s t  

l ' r o tee t lon  
.~gill.nsc overpres- 
sure l o s t  

1 crc1ge11 vcnred 
t o  nt lnos l~ l~erc 

I l g l ~  ptirge race 

Ni.tcogcn purge 
C ~ U S D S  

loss 1hl.c over- 
~ ressur . l ng  of 
.IUIII~ tal i  k 

'urge cease:;, 
I ir enters 

I:ail.ure 

End E f f e c t  

1;luld enter:: 
U2 sysre l l~  

ULIIIII~ tu11Ic 
ru l l turcs 

Accurn~~la- 
tlo11 o f  W;I- 

t c r  III sys- 
tel~t--corro- 
s l on ~IIICI 
pressure 
1 . 1 ~ ~  

Sp 1.1 I. of 
f111ld 

As 4.(01. 
Also poten- 
t lu .1 f o r  
c rcac lon  o f  
f l  illl~llillll C 

i ~ t l ~ i i ~ s p l ~ e  re  

F a l l  

SN 

4.2.1 

4.22 

4.25 

4.26 

4.30 

4.31 

4.40 

4.41. 

f, .42 

4.43 

1.cvcl o f  
Sevc r i t y  

3 

5 

2 

5 

I 

L 

.3 

5 

3 

ure Elode 

Descrlpt1.on 

Pol3s I n d i c i ~ t l n g  
fa lee  low l e v e l  

U r ~ k r n  

Y n l l s  on 

F a l l s  o f f  

l i a i  I s  t o  rlpe11 

Pren~nture ly  opens 

Fn1 . l~  opc31 

Fa-1s c l csed  

rolls ullell 

1'a.Ils c losed 

Itelnarks 

Ensure 1 eve1 
ga~rge I s  i ~ d r -  
quac r l y  pro-  
r cc te t l  against  
breakage. 

# e c < ~ ~ ~ ~ n ~ c n d  pc r l -  
~ ~ d l c  checks t o  
ensure v c ~ ~ r i n g  
occurs 



Irvel No. 1 Iletlc- ' l ' ra~~~.Fer Fluid  C l rcu la r  Lon 

~ ~ ~ , ~ l  No. 2 N l crol;cn Purge. Ileilt-rr r a n s f c r  Y!uld, I ~ ~ s c r u ~ ~ ~ c n c s  prc,gri~ll~: So la r  I'rotluct 1011 of Indus t rLn l  Process  Steals 
I j r n ~ ~ i n g :  60863-50-1 

Level  Nu. 3 

I f ivcl  No. 4 

Proba- 
I > I H ~ ~  

2 

2 

2 

2 

2 

Bx1stl.n~: 
Cnnpensiltlng 

P r o v i s i o ~ ~  

l'SV-400 

l e v e l  of 
Sevcr lcy 

3 

5 

I 

5 

Sy I I I ~ C  only 
Lk tec t ab l  I  l cy  

P i l l  lng s t o p s  

E f f e c t  of 

1,ocal E f f e c t  . 

N i c r o g i . ~ ~   urge 
ceases  

I'ossl b l e  over-  
pressuring of 
ilua~p tank 

I ' l l l i ~ l g  S t l ~ p s  

1.nt:rensed 11 ke- 
I l l ~ o o d  of F l r c  

l l lg l~  p r c s s u r c  In 
s y ~  ten) I'SVs 
openloverpres-  
s u r e  

I I r r n ~ ~ e o u s  L ~ ~ f o r -  
111i1c 1 on gijcllcrcd 

I 

Itccon~~nc~td thae  
t i r r l ngcu t  pre- 
cauclons  be 
nlade t o  ensllre 
c o r r c c c  h e a t  
trails f e r  Flul d 
.i.s usi-d 

Iteconusc~~d clrat 
; ipproprLare 
cllecks be made 
LBII  In fornwc 1011 

g a ~ l ~ c r c i l  

Possl.ble 
Causes 

Source prey- 
s u r e  low. leak 
~ ~ w l s c u r e  
Freezes i n  
1 111e 

Source pres-  
s u r e  high 

blotor f a l l s .  
power ful.l.ure 

Fu~lct . tonal  
U e s c r l l ~ c  Lo11 

N L t  rugam 
S11ppl.y 

I I - I  

~ . i q u i d  used 

I I I ~ ~ ~ L I I I ~ ~ ~ S  

F a l l u r e  

End E f f e c t  

As 4 . 4  I 

Spil.1 of 
l ~ c n t  t r a n s -  
f e r  f l u i d  

Pocen t lu l  
€ 1  r e  ancl 
ovc rp res -  
s u r c  dnn~agc 

Fa 

3N 

4.50 

4.51 

4 . 60 

4.70 

4.71 

5.00 

l . lurc !locle 

IBscrlpeLon 

Low p r e s s u r e  , 

Ill.gl~ ? r c s s u r e  

1 l  s 

Wrong Ilcluid used 
(I.ower Al"l'/ f l  as11 
po Lncs) 

Wroug l lqu-Id  used 
(more v o l a t l l r )  

Lrroneous read- 
l n g s  




