
i BROWN AND CALDWELL 
CONSULTING ENGINEERS 

May 31, 1989 

M r .  R ick  Andrews 
M u n i c i p a l i t y  o f  M e t r o p o l i t a n  S e a t t l e  
Exchange B u i l d i n g ,  Mai l  S t o p  201 
821  Second Avenue 
S e a t t l e ,  Washington 98104 

S u b j e c t :  S e a t t l e  Metro F i n a l  Des ign E n g i n e e r i n g  For  The Carkeek 
Transfer/CSO F a c i l i t i e s  P r o j e c t  
Nor th  Beach Force  Main I n s p e c t i o n  Repor t  

Dear M r .  Andrews: 

Enc losed  f o r  your  r ev iew and u s e  i s  a  copy o f  t h e  Nor th  Beach 
Force  Main I n s p e c t i o n  r e p o r t  documenting t h e  A p r i l  f i e l d  
a c t i v i t i e s  and subsequen t  l a b o r a t o r y  a n a l y s i s  o f  p i p e  w a l l  
samples .  P l e a s e  c a l l  i f  you have  any q u e s t i o n s .  

Very t r u l y  yours ,  

BROWN AND CALDWELL 

David C l a r k  
P r o j e c t  Manager 

DC:dlc 
F:RA14 
E n c l o s u r e  

cc: M r .  Hank Galka, S p e c i a l t y  C o n s u l t a n t s  I n c  
M r .  S t u a r t  Oppenheim, Brown and  Ca ldwel l  
M r .  Rick  S c h a e f e r ,  Brown and Ca ldwel l  

100 WEST HARRISON STREET SEATTLE. WASHINGTON 98119-4186. (206) 281-4000. FAX: (206) 286-3510 



Worldwide Consulting 

May 25, 1989 Project NO. 563973 

Brown and Caldwell Consulting Engineers 
100 West Harrison Street 
Seattle, Washington 98119-4186 

Attn: Mr. David Clark 
Project Manager 

Reference: Municipality of Metropolitan Seattle 
Final Design Engineering 
Carkeek Transfer/CSO Facilites Project 
(4359.01/1 and 4359.16/1) 

Subject: North Beach Force Main 
Excavation and Evaluation - Task 561 

Dear Mr. Clark: 

Transmitted herewith is our report on the excavation and evaluation 
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between the North Beach Pumping Station and Carkeek Park. 
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I INTRODUCTION 
, 1 

T h i s  r e p o r t  c o v e r s  t h e  e x c a v a t i o n s  a n d  e v a l u a t i o n  made  d u r i n g  t h e  

m o n t h s  o f  A p r i l  a n d  May 1 9 8 9  o f  t h e  METRO N o r t h  B e a c h  F o r c e  Main  

I l o c a t e d  o n  P u g e t  Sound  i n  n o r t h w e s t  S e a t t l e ,  W a s h i n g t o n .  

F o r c e  Main  D e s c r i p t i o n  - a n d  L o c a t  i o n  

T h e  N o r t h  B e a c h  F o r c e  Main is  c o m p r i s e d  o f  a p p r o x i m a t e l y  7 , 0 8 0  L F  

o f  1 4 - i n c h  d i a m e t e r  c a s t  i r o n  p i p e  a n d  a s s o c i a t e d  f i t t i n g s ,  l o c a t e d  
I 

b e t w e e n  t h e  METRO N o r t h  B e a c h  P u m p i n g  S t a t i o n  a n d  t h e  METRO C a r k e e k  
\ 

W a s t e w a t e r  T r e a t m e n t  P l a n t .  T h e  r o u t e  o f  t h e  f o r c e  m a i n  is  shown  

o n  t h e  l o c a t i o n  map o n  p a g e  4 .  

A p p r o x i m a t e l y  4 , 7 0 0  LF o f  t h e  f o r c e  m a i n  i s  l o c a t e d  d i r e c t l y  o n  t h e  

P u g e t  S o u n d ,  p a r a l l e l i n g  two B u r l i n g t o n  N o r t h e r n  R a i l r o a d  t r a c k s  

\ w h i c h  r u n  i n  a s o u t h w e s t  t o  n o r t h e a s t  d i r e c t i o n  a l o n g  t h e  b e a c h .  
1 

T h r o u g h  t h i s  a r e a ,  t h e  f o r c e  m a i n  is  a n  a l m o s t  c o n s i s t e n t  85 f e e t  

t n o r t h w e s t  o f  t h e  c e n t e r l i n e  o f  t h e  r a i l r o a d  t r a c k s ,  i n  t h e  b e a c h  

w h i c h  i s  c o v e r e d  b y  s a l t  w a t e r  e a c h  d a y  d u r i n g  t h e  h i g h  t i d e  
\ 

, p e r i o d s .  

i 

4 1 T h e  f o r c e  m a i n  w a s  c o n s t r u c t e d  i n  1 9 6 1  b y  t h e  F r a n k  C o l u c c i o  

C o n s t r u c t i o n  Company o f  S e a t t l e ,  W a s h i n g t o n .  T h e  f o r c e  m a i n  w a s  

1 
b u r i e d  d i r e c t l y  i n  t h e  n a t i v e  s o i l  a l o n g  t h e  b e a c h ,  w i t h  

a p p r o x i m a t e l y  f i v e  f e e t  o f  c o v e r .  

I t  was f o u n d  d u r i n g  t h i s  e x c a v a t i o n  a n d  e v a l u a t i o n  work  t h a t  t h e  

cas t  i r o n  p i p e  u s e d  i n  t h e  c o n s t r u c t i o n  o f  t h e  f o r c e  m a i n  w a s  

c o a t e d  i n t e r n a l l y  w i t h  a c e m e n t  m o r t a r  l i n i n g .  However ,  t h e r e  w a s  

n o  c o a t i n g  f o u n d  o n  t h e  e x t e r i o r  o f  t h e  p i p e .  



P u r p o s e  of Work -- 
The p u r p o s e  of  t h e  e x c a v a t i o n  and e v a l u a t i o n  work was t o  d e t e r m i n e  

t h e  p r e s e n t  c o n d i t i o n  of  t h e  f o r c e  main p i p i n g  and t o  e s t i m a t e  t h e  

r e m a i n i n g  u s e f u l  s e r v i c e  l i f e  of t h e  f a c i l i t y .  

Scope  of  Work -- 
The work i n v o l v e d  i n  t h e  e x c a v a t i o n  and  e v a l u a t i o n  of t h e  Nor th  

Beach F o r c e  Main i n c l u d e d  t h e  f o l l o w i n g  i t e m s ,  which a r e  d e s c r i b e d  

i n  d e t a i l  i n  t h i s  r e p o r t :  

1. E x c a v a t i o n  o f  t h e  f o r c e  main a t  t h r e e  l o c a t i o n s  a l o n g  t h e  

b e a c h  be tween  t h e  Nor th  Beach pumping S t a t i o n  and  Carkeek  

P a r k .  

2 .  Removal of  coupons  f rom t h e  f o r c e  main p i p e  a t  e a c h  of  t h e  

t h r e e  e x c a v a t i o n  l o c a t i o n s .  

3 .  I n s p e c t i o n ,  a n a l y s i s ,  and e v a l u a t i o n  of t h e  p i p e  coupons  

t o  d e t e r m i n e  t h e  p r e s e n t  c o n d i t i o n  of  t h e  f o r c e  main and 

e s t i m a t e  t h e  r e m a i n i n g  u s e f u l  service  l i f e  of t h e  f a c i l i t y .  

4 .  T e s t i n g  and  a n a l y s i s  of s o i l  and w a t e r  s amples  t a k e n  from 

t h e  t h r e e  e x c a v a t i o n s  t o  d e t e r m i n e  t h e  c o r r o s i v i t y  of  t h e  

s o i l  a n d  i t s  l o n g  t e r m  e f f e c t s  on t h e  c a s t  i r o n  p i p e  of 

which t h e  f o r c e  main  i s  c o n s t r u c t e d .  

A u t h o r i z a t i o n  

The e x c a v a t i o n  and  i n s p e c t i o n  work was c a r r i e d  o u t  i n  a c c o r d a n c e  

w i t h  a  p r o f e s s i o n a l  s e r v i c e s  ag reemen t  be tween  S p e c i a l t y  

C o n s u l t a n t s  Group,  I n c .  and  BROWN AND CALDWELL, INC., a s  a u t h o r i z e d  



I by the Municipality of Metropolitan Seattle (METRO) in their 

contract with BROWN AND CALDWELL, INC. titled "Pre-design 

Engineering Services, Carkeek~ransfer/CSO Facilities Project, 



METRO NORTH BERCH FORCE M R I N  

LOCATION HAP 



CONCLUSIONS 

From t h e  i n f o r m a t i o n  and d a t a  g a t h e r e d  d u r i n g  t h e  e x c a v a t i o n  and 

e v a l u a t i o n  work c a r r i e d  o u t  i n  A p r i l  and  May (1989)  on t h e  Nor th  

Beach F o r c e  Main, t h e  f o l l o w i n g  c o n c l u s i o n s  h a v e  been  r e a c h e d  

r e g a r d i n g  t h e  p r e s e n t  c o n d i t i o n  o f  t h e  f o r c e  main and  i t s  r e m a i n i n g  

u s e f u l  s e r v i c e  l i f e .  

PRESENT C O N D I T I O N  

The p r e s e n t  c o n d i t i o n  of  t h e  f o r c e  main i s  v e r y  good.  

T h i s  c o n c l u s i o n  i s  b a s e d  on t h e  o b s e r v a t i o n s  made of  t h e  f o r c e  main 

d u r i n g  t h e  e x c a v a t i o n  work d e s c r i b e d  i n  t h i s  r e p o r t ,  and on t h e  

e v a l u a t i o n  made o f  t h e  coupons  removed from t h e  f o r c e  main a t  t h e  

t h r e e  e x c a v a t i o n  l o c a t i o n s .  

The good c o n d i t i o n  of  t h e  f o r c e  main i s  q u i t e  r e m a r k a b l e ,  

c o n s i d e r i n g  t h e  r a t h e r  c o r r o s i v e  e n v i r o n m e n t  i n  which i t  h a s  

o p e r a t e d  f o r  t h e  p a s t  28 y e a r s .  

USEFUL SERVICE LIFE R E M A I N I N G  

Based on t h e  e v a l u a t i o n  made of  t h e  t h r e e  coupons  removed f rom t h e  

f o r c e  ma in ,  and  u s i n g  t h e  r a t h e r  d e e p  p i t t i n g  found  i n  Coupon N O .  2 

a s  a " w o r s t  c a s e "  s i t u a t i o n ,  i t  h a s  been  e s t i m a t e d  t h a t  t h e  f o r c e  

main  c o u l d  o p e r a t e  f o r  a n o t h e r  3 1  y e a r s  b e f o r e  c o m p l e t e  p e n e t r a t i o n  

of t h e  p i p e  w a l l  o c c u r s ,  r e s u l t i n g  i n  a  l e a k .  

T h i s  e s t i m a t e  i s  v e r y  c o n s e r v a t i v e ,  and of  n e c e s s i t y ,  i n c l u d e s  some 

s p e c u l a t i o n  s i n c e  t h e  t h r e e  coupons  removed f rom t h e  f o r c e  main  

r e p r e s e n t  o n l y  a  s m a l l  p e r c e n t  ( a p p r o x i m a t e l y  0 .00004%) of  t h e  

t o t a l  s u r f a c e  a r e a  of  t h e  e n t i r e  f a c i l i t y .  



I n  t h e  e v e n t  t h a t  c o r r o s i o n  p i t t i n g  o f  a  m o r e  s e r i o u s  n a t u r e  t h a n  

t h a t  o b s e r v e d  i n  Coupon N O .  2 i s  p r e s e n t  a t  some o t h e r  l o c a t i o n ( s )  

o n  t h e  f o r c e  m a i n ,  t h e  f i r s t  f a i l u r e  ( o r  p e n e t r a t i o n )  c o u l d  

a c t u a l l y  o c c u r  a t  a n y  t i m e  b e t w e e n  now a n d  31 y e a r s  f r o m  now, 

I t  I t  i s  o u r  b e s t  j u d g e m e n t ,  h o w e v e r ,  t h a t  s e r i . o u s  f a i l u r e s  o r  

p e n e t r a t i o n s  i n  t h e  f o r c e  m a i n  w i l l  n o t  o c c u r  f o r  a t  l e a s t  1 0  t o  1 5  

y e a r s ,  



FORCE M A I N  EXCAVATION 

The Nor th  Beach F o r c e  Main was e x c a v a t e d  a t  t h r e e  l o c a t i o n s  a l o n g  

t h e  b e a c h  be tween  t h e  Nor th  Beach Pumping S t a t i o n  and Carkeek  

P a r k .  The e x c a v a t i o n  work was c a r r i e d  o u t  on A p r i l  19 ,  2 0 ,  and 2 1 ,  

The p u r p o s e  of t h e  e x c a v a t i o n  work was t o  i n s p e c t  t h e  f o r c e  main 

p i p i n g  and  remove a  coupon a t  e a c h  l o c a t i o n  f o r  a n a l y s i s  and  

e v a l u a t i o n .  

The f o r c e  main e x c a v a t i o n  work was a c c o m p l i s h e d  by  t h e  F rank  

C o l u c c i o  C o n s t r u c t i o n  Company of S e a t t l e ,  Washington .  Because  

m o t o r i z e d  v e h i c l e s  and  equ ipmen t  a r e  n o t  p e r m i t t e d  on t h e  beach  

t h r o u g h o u t  t h i s  a r e a ,  a l l  e x c a v a t i o n  work was a c c o m p l i s h e d  by  hand 

d i g g i n g .  

Each e x c a v a t i o n  was s h o r e d  u s i n g  wood p l a n k s  and  f r a m e s  t o  e n s u r e  

s a f e t y  f o r  t h e  w o r k e r s  and  t o  a l l o w  maximum d e w a t e r i n g  of  t h e  

h o l e s .  

M o n i t o r i n g  of t h e  work a t  e a c h  e x c a v a t i o n  l o c a t i o n  was r e c o r d e d  on 

D a i l y  F i e l d  Memos, c o p i e s  of which  a r e  i n c l u d e d  i n  Appendix I of 

t h i s  r e p o r t .  

E x c a v a t i o n  N O .  1 - -  

The f i r s t  e x c a v a t i o n  of t h e  f o r c e  main was made on A p r i l  1 9 ,  1989 

on  t h e  b e a c h  n o r t h e a s t  o f  t h e  Nor th  Beach Pumping S t a t i o n  a t  

p i p e l i n e  STA 6+21.  T h i s  l o c a t i o n  was d e t e r m i n e d  by a  measurement  

of  330 f e e t  f rom t h e  e x c a v a t i o n  s i t e  t o  t h e  p o i n t  where t h e  f o r c e  



main t u r n s  s o u t h e a s t  from t h e  beach  (STA 2+91)  i n t o  t h e  pumping 

s t a t  i on .  

The e x c a v a t i o n  work was begun a t  7:30 AM i n  o r d e r  t o  p r o v i d e  

a d e q u a t e  e x p o s u r e  of t h e  f o r c e  main p i p i n g  f o r  removal  o f  a  coupon 

d u r i n g  t h e  low t i d e  p e r i o d  which o c c u r r e d  be tween  11:00 AM and 

12:00  noon of t h a t  day.  The t i d e  was f o r e c a s t e d  t o  b e  a b o u t  +1.3 

f t .  d u r i n g  t h e  low t i d e  p e r i o d .  

The f o r c e  main had a b o u t  f i v e  f e e t  of c o v e r  a t  t h i s  l o c a t i o n ,  

c o n s i s t i n g  of d a r k  brown c o a r s e  s and  and  r o c k s ,  w i t h  w a t e r  

e n c o u n t e r e d  a t  a b o u t  30 i n c h e s  d e e p .  

The coupon removal  was begun a t  1:15 PM and  was comple t ed  a t  a b o u t  

1:30 PM. B a c k f i l l i n g  of t h e  e x c a v a t i o n  and  a l l  c l e a n u p  o f  ' t h e  s i t e  

was comple t ed  by  3:00 PM, 

P i c t u r e s  Nos, 1 t h r o u g h  1 0  i n  Appendix I1 show t h e  work a s  i t  was 

a c c o m p l i s h e d  a t  E x c a v a t i o n  No. 1. 

E x c a v a t i o n  No. 2  - -  
The second  e x c a v a t i o n  of t h e  f o r c e  main was made on t h e  b e a c h  i n  

t h e  Carkeek  P a r k  a r e a  on A p r i l  2 0 ,  1989.  

The l o c a t i o n  of  t h i s  e x c a v a t i o n  was e s t a b l i s h e d  t o  b e  a t  a b o u t  

p i p e l i n e  STA 48+57,  a s  d e t e r m i n e d  by a  measurement  of  1 5 8  f e e t  made 

f rom t h e  e x c a v a t i o n  n o r t h  t o  t h e  p o i n t  where  t h e  f o r c e  main 

i n t e r s e c t s  t h e  33 - inch  d i a m e t e r  O u t f a l l  L i n e  from t h e  Ca rkeek  

T r e a t m e n t  P l a n t  ( a p p r o x .  STA 50+15)  . 



The e x c a v a t i o n  work a t  t h i s  l o c a t i o n  was begun a t  7:30 AM w i t h  

w a t e r  e n c o u n t e r e d  a t  a b o u t  s i x  i n c h e s  d e e p ,  The t o p  of t h e  f o r c e  

ma in ,  which was a b o u t  f o u r  f e e t  d e e p ,  was exposed  a t  a b o u t  10:00 

AM. The beach m a t e r i a l  a t  t h i s  l o c a t i o n  was v e r y  r o c k y ,  making t h e  

e x c a v a t i o n  work q u i t e  d i f f i c u l t ,  C o n s i d e r a b l e  b l u e  c l a y  was 

e n c o u n t e r e d  a t  t h e  p i p e  d e p t h .  

The low t i d e  p e r i o d  f o r  t h i s  d a t e  o c c u r r e d  be tween  11:30 AM and  

12 :30  PM, w i t h  a  +0.5 f t .  t i d e  f o r e c a s t e d .  

The coupon removal  work was begun a t  12:30 PM and was comple t ed  a t  

1:00 PM. B a c k f i l l i n g  of  t h e  e x c a v a t i o n  and  c l e a n u p  of t h e  s i t e  was 

c o m p l e t e d  a t  a b o u t  2:30 PM. 

P i c t u r e s  Nos. 11 t h r o u g h  1 6  i n  Appendix I 1  show t h e  work a s  i t  was 

a c c o m p l i s h e d  ' a t  E x c a v a t i o n  No 2 .  

E x c a v a t i o n  No. 3  - -  
The t h i r d  e x c a v a t i o n  of t h e  f o r c e  main was made on t h e  b e a c h  s o u t h  

o f  E x c a v a t i o n  No. 2  on A p r i l  21 ,  1989.  

The l o c a t i o n  of t h i s  e x c a v a t i o n  was e s t i m a t e d  t o  b e  a t  a b o u t  

p i p e l i n e  STA 4 1 t 8 1 ,  a s  d e t e r m i n e d  by a  measurement  of 366 f e e t  

s o u t h  f rom t h e  e x c a v a t i o n  t o  t h e  abandoned Blue  Ridge O u t f a l l  L i n e  

a t  STA 38+15.  The abandoned B l u e  Ridge  O u t f a l l  L i n e ,  wh ich  i s  a  

1 0 - i n c h  d i a m e t e r  c a s t  i r o n  ma in ,  i s  shown i n  P i c t u r e s  Nos. 1 7  and 

18  i n  Appendix 1 1 .  

The work a t  E x c a v a t i o n  No.3 was begun a t  7:30 AM; however ,  d u e  t o  

p r o b l e m s  e n c o u n t e r e d  by METRO p e r s o n n e l  i n  a c c u r a t e l y  l o c a t i n g  t h e  



f o r c e  main i n  t h i s  a r e a ,  two e x c a v a t i o n s  were s t a r t e d  a t  e r r o n e o u s  

l o c a t i o n s ,  w i t h  t h e  main f i n a l l y  l o c a t e d  i n  t h e  t h i r d  e x c a v a t i o n  a t  

11 :15  AM. 

The e x c a v a t i o n  work t o  uncove r  t h e  f o r c e  main a t  t h i s  l o c a t i o n  was 

q u i t e  d i f f i c u l t  due  t o  extreme r o c k y  c o n d i t i o n s  and t h e  heavy  w a t e r  

i n t r u s i o n .  T h i s  l o c a t i o n  was a t  a  much lower  e l e v a t i o n  on t h e  

b e a c h  t h a n  t h e  p r e v i o u s  two e x c a v a t i o n  l o c a t i o n s .  

The t o p  o f  t h e  f o r c e  main ,  which was a b o u t  f o u r  f e e t  d e e p ,  was 

r e a c h e d  a t  a b o u t  1:00 PM. Work was g r e a t l y  i n t e n s i f i e d  a t  t h i s  

t i m e  i n  o r d e r  t o  c o m p l e t e l y  e x p o s e  t h e  e n t i r e  c i r c u m f e r e n c e  of t h e  

main f o r  t h e  i n s t a l l a t i o n  o f  t h e  t a p p i n g  s l e e v e ,  v a l v e  a s s e m b l y ,  

and  t a p p i n g  machine  f o r  t h e  removal  of t h e  p i p e  coupon b e f o r e  t h e  

incoming  t i d e  would wash i n t o  t h e  e x c a v a t i o n .  (The low t i d e  f o r  

t h i s  d a t e  was a  minus 0.2 f t .  which o c c u r r e d  a t  a b o u t  12:00 n o o n ) .  

The coupon removal  work was s t a r t e d  a t  a b o u t  2:20 PM and  was 

c o m p l e t e d  a t  2:50 PM, w i t h  t h e  incoming t i d e  s t a r t i n g  t o  wash i n t o  

t h e  e x c a v a t i o n .  The e x c a v a t i o n  had been  bermed up on t h e  Sound s i d e  

b y  t h e  c o n s t r u c t i o n  crew i n  o r d e r  t o  d e l a y  t h e  f i l l i n g  of  t h e  h o l e  

f o r  a s  l o n g  a s  p o s s i b l e ,  u n t i l  t h e  coupon removal  work c o u l d  b e  

c o m p l e t e d .  

A l l  work e q u i p m e n t ,  t o o l s ,  pumps, g e n e r a t o r s ,  e tc .  were removed 

f rom t h e  s i t e  b y  b o a t  a s  t h e  t i d e  was f a s t  r u s h i n g  i n  a t  3:00 PM. 

Dur ing  t h e  low t i d e  p e r i o d  on t h e  n e x t  d a y  ( S a t u r d a y ,  A p r i l  22 ,  

1 9 8 9 ) ,  t h e  s h o r i n g  was removed from t h e  e x c a v a t i o n ,  t h e  e x c a v a t i o n  

was b a c k f i l l e d ,  and t h e  s i t e  was c o m p l e t e l y  c l e a n e d  up and  r e s t o r e d  



t o  i t s  o r i g i n a l  c o n d i t i o n .  

P i c t u r e s  showing t h e  work a t  E x c a v a t i o n  No. 3 on F r i d a y  and 

S a t u r d a y ,  A p r i l  2 1  and  22 ,  1989 ,  a r e  i n c l u d e d  i n  Appendix I 1  

( P i c t u r e s  Nos. 19 t h r o u g h  2 3 )  . 
G E N E R A L  OBSERVATIONS 

The f o l l o w i n g  o b s e r v a t i o n s  were made a t  t h e  t h r e e  e x c a v a t i o n  

l o c a t i o n s  w i t h  r e s p e c t  t o  t h e  s o i l  c o n d i t i o n s  found and t h e  g e n e r a l  

c o n d i t i o n  of  t h e  e x t e r i o r  of  t h e  f o r c e  main.  

S o i l s  

The s o i l  o r  "beach  m a t e r i a l "  i n  which t h e  f o r c e  main was found  a t  

e a c h  of  t h e  e x c a v a t i o n  l o c a t i o n s  g e n e r a l l y  c o n s i s t e d  of  t h e  u s u a l  

s a n d  and  g r a v e l s  ( r o c k s ) .  However, t h e r e  were some r a t h e r  

s i g n i f i c a n t  d i f f e r e n c e s  n o t e d  be tween  t h e  t h r e e  l o c a t i o n s .  These  

became e v e n  more n o t i c e a b l e  by t h e  r e su l t s  of t h e  t e s t i n g  c o n d u c t e d  

on t h e  s a m p l e s  t h a t  were t a k e n  d u r i n g  t h e  e x c a v a t i o n  work -- a s  

r e p o r t e d  i n  t h e  SOIL A N D  WATER TESTING s e c t i o n  of t h i s  r e p o r t .  

A t  E x c a v a t i o n  No. 1, t h e  f o r c e  main was b u r i e d  i n  c o n s i s t e n t  d a r k  

brown c o a r s e  s a n d  w i t h  s m a l l  t o  medium s i z e d  r o c k s  f rom t h e  t o p  of  

t h e  main t o  t h e  bo t tom.  T h i s  s o i l  ( m a t e r i a l )  would b e  c o n s i d e r e d  

t o  b e  w e l l  a e r a t e d ,  w i t h  t h e  f o r c e  main c o n t i n u o u s l y  i n  s e a w a t e r  a t  

t h i s  l o c a t i o n .  

A t  E x c a v a t i o n  No. 2 ,  t h e  f o r c e  main was b u r i e d  i n  a  s a n d y  b l u e - g r a y  

c l a y e y  t y p e  s o i l ,  w i t h  s m a l l  t o  medium s i z e d  r o c k s .  T h i s  m a t e r i a l  

was c o n s i s t e n t  f rom t h e  t o p  t o  t h e  bo t tom of t h e  main.  With 

r e s p e c t  t o  a e r a t i o n ,  t h i s  s o i l  would b e  c l a s s i f i e d  i n  t h e  f a i r  t o  



poor  r a n g e ;  however ,  a s  w i t h  ~ x c a v a t i o n  No. 1, t h e  f o r c e  main a t  

t h i s  l o c a t i o n  i s  a lways  i n  c o n t a c t  w i t h  s e a w a t e r .  

A t  E x c a v a t i o n  N O .  3 ,  t h e  f o r c e  main was b u r i e d  i n  medium t o  d a r k  

brown f i n e  s a n d ,  w i t h  some b l u e - g r a y  c l a y  and medium t o  l a r g e  s i z e d  

r o c k s .  T h i s  m a t e r i a l  was c o n s i s t e n t  f rom t h e  t o p  t o  t h e  bo t tom of  

t h e  main.  With r e s p e c t  t o  a e r a t i o n  q u a l i t i e s ,  t h i s  m a t e r i a l  would 

b e  c l a s s i f i e d  a s  w e l l  a e r a t e d ,  w i t h  t h e  f o r c e  main c o n t i n u a l l y  i n  

c o n t a c t  w i t h  s e a w a t e r  a t  t h i s  l o c a t i o n .  

P i p e  C o n d i t i o n  

Because  of  t h e  a c c e l e r a t e d  p a c e  a t  which t h e  work had t o  b e  

a c c o m p l i s h e d  a t  e a c h  of  t h e  t h r e e  f o r c e  main e x c a v a t i o n s  i n  o r d e r  

t o  c o m p l e t e  t h e  coupon removal  b e f o r e  t h e  low t i d e  p e r i o d  was o v e r ,  

i t  was n o t  p o s s i b l e  t o  c o n d u c t  i n - d e p t h  v i s u a l  i n s p e c t i o n s  of  t h e  

c o m p l e t e  e x t e r i o r  s u r f a c e  of  t h e  main.  However, t h e  r a t h e r  c u r s o r y  

i n s p e c t i o n s  made d i d  r e v e a l  d i f f e r e n c e s  i n  t h e  p i p e  s u r f a c e s .  

A t  E x c a v a t i o n  No. 1, a  heavy  ( t h i c k )  l a y e r  of g r a p h i t i z a t i o n  

combined w i t h  s a n d  and r o c k s  was found  a d h e r i n g  t o  t h e  s u r f a c e  of  

t h e  p i p e .  T h i s  l a y e r  of  m a t e r i a l ,  which was up t o  two i n c h e s  t h i c k  

i n  p l a c e s ,  was removed q u i t e  e a s i l y  f rom t h e  p i p e  i n  l a r g e  p i e c e s .  

Of t h e  o v e r a l l  t h i c k n e s s  of  t h i s  m a t e r i a l ,  t h e  g r a p h i t i z a t i o n  was 

c o n s i s t e n t l y  be tween  1 / 4  and  3 /8 - inch  t h i c k .  One l a r g e  p i e c e  of 

t h i s  m a t e r i a l  i s  shown i n  P i c t u r e s  Nos. 3 ,  4 ,  and 5 i n  Appendix I 1  

of  t h i s  r e p o r t .  

A t  E x c a v a t i o n  No. 2 ,  a  l a y e r  of s i m i l a r  m a t e r i a l ,  a s  found  a t  

E x c a v a t i o n  No. 1, was a l s o  found  a d h e r i n g  t o  t h e  s u r f a c e  of t h e  



pipe.   his material was about the same in overall thickness (up 

to two inches thick in places), with the thickness of the 

graphitization material being a rather consistent 1/4-inch. This 

material, however, was slightly different from that at Excavation 

No. 1, with respect to the following; it was more tightly adhered 

to the pipe surface, it was not as easily removed, it was more 

brittle, and it broke up into smaller pieces with removal. 

At Excavation No. 3, the pipe was covered with a thin film of 

graphitization, about 1/16 to 1/8-inch thick. This material was 

quite soft and not tightly adhered to the pipe surface. It was 

easily removed by scraping as the pipe was prepared for the 

installation of the tapping sleeve used in conjunction with the 

removal of the pipe coupon. 

Analysis - of ~ra~hitization ~r,oducts 

A sample of the graphitization product removed from the force main 

at Excavation No. 1 was delivered to AM-TEST Laboratories in 

Redmond, Washington to be tested for graphite (carbon) content, and 

for a Plasma Spectrographic Analysis to determine other 

constituents. 

The test reports received from AM-TEST are included in Appendix I11 

as Figures 111-1 and 111-2. 

The results of the AM-TEST analyses showed the major components of 

the material as follows: 



Iron 
Sulfur 
Strontium 
Magnesium 
Calcium 
Aluminum 
Sodium 

140,000 pprn 
18,000 pprn 
6,400 pprn 
4,300 pprn 
4,100 pprn 
3,600 pprn 
1,800 pprn 

Graphite (carbon) content of the material was tested at 0.76 

percent "total organic carbon." 

Other pertinent constituents were: 

silicon 
Phosphorous 
Nickel 

860 pprn 
590 pprn 
27 PPm 

The major constituents of seawater are shown on the table included 

in ~ppendix IV as Figure IV-1. These include sulfates (sulfur), 

strontium, magnesium, calcium, sodium, potassium, and others as 

indicated in the AM-TEST analyses (Figure 111-2 in Appendix 111). 

The iron, silicon, phosphorous, nickel, and carbon content of the 

graphitization material represent constituents that have been 

removed from the cast iron force main through the normal corrosion 

process. 

Aluminum is, of'course, a major constituent of soil, sand, etc. 



PIPE SAMPLING, INSPECTION, - A N D  ANALYSIS 

I n  o r d e r  t o  a s s e s s  t h e  p r e s e n t  c o n d i t i o n  of  t h e  Nor th  Beach F o r c e  

Main,  and  e s t i m a t e  t h e  r e m a i n i n g  u s e f u l  s e r v i c e  l i f e  o f  t h e  

f a c i l i t y ,  p i p e  s a m p l e s  ( coupons )  were removed f rom t h e  main a t  e a c h  

o f  t h e  t h r e e  l o c a t i o n s  where  e x c a v a t i o n s  were made on A p r i l  1 9 ,  2 0 ,  

and 21 ,  1989 .  

COUPON REMOVAL 

A t h r e e - i n c h  ( 3 " )  d i a m e t e r  coupon was c u t  o u t  o f  t h e  t o p  o f  t h e  

f o r c e  main a t  e a c h  e x c a v a t i o n  by  a  Tapping  and  S e r v i c e s  S p e c i a l i s t  

f rom t h e  P a c i f i c  Waterworks S u p p l y  Company of  Tacoma, Wash ing ton ,  

u t i l i z i n g  a  power d r i v e n  t a p p i n g  machine .  

The t a p p i n g  mach ine  was used i n  c o n j u n c t i o n  w i t h  a  t a p p i n g  s l e e v e  

and  g a t e  v a l v e  a s s e m b l y  p e r m a n e n t l y  i n s t a l l e d  on t h e  f o r c e  main a t  

e a c h  o f  t h e  t h r e e  e x c a v a t i o n  l o c a t i o n s  -- see P i c t u r e s  Nos. 6  

t h r o u g h  1 0  and 1 4  t h r o u g h  1 6  i n  Appendix 11. 

S p e c i f i c a t i o n  s h e e t s  d e s c r i b i n g  t h e  t a p p i n g  s l e e v e s  and  g a t e  v a l v e  

a s s e m b l i e s  u sed  f o r  t h e  coupon removal  work a r e  i n c l u d e d  i n  

Appendix V a s  F i g u r e s  V - 1  t h r o u g h  V-6. 

The t a p p i n g  s l e e v e s  and g a t e  v a l v e  a s s e m b l i e s  were c o a t e d  w i t h  two 

c o a t s  of  KOPPERS " B i t u m a s t i c  No. 300-M", a  two-component,  s e l f -  

p r i m i n g ,  c h e m i c a l l y - c u r e d ,  c a t a l y z e d  c o a l  t a r  epoxy p r o t e c t i v e  

c o a t i n g .  S e e  c o a t i n g  s p e c i f i c a t i o n s  s h e e t s  i n  Appendix V 

( F i g u r e s  V-7 t h r o u g h  V-10 .) 



One c o a t  o f  t h e  Koppers 300-M was a p p l i e d  t o  t h e  t a p p i n g  s l e e v e s ,  

g a t e  v a l v e  a s s e m b l i e s ,  and  a s s o c i a t e d  f i t t i n g s  a t  t h e  F rank  

C o l u c c i o  C o n s t r u c t i o n  Company s h o p s  p r i o r  t o  t r a n s p o r t i n g  them t o  

t h e  p r o j e c t  s i t e .  A s econd  c o a t  was a p p l i e d  a t  t h e  p r o j e c t  s i t e  

b e f o r e  i n s t a l l a t i o n ,  w i t h  t ouch -up  c o a t i n g  a p p l i e d  a f t e r  t h e  

i n s t a l l a t i o n  and  p r i o r  t o  b a c k f i l l i n g ;  see P i c t u r e s  Nos. 6 ,  7 ,  and  

8 i n  Appendix 11. 

INSPECTION A N D  ANALYSIS OF COUPONS - 
The t h r e e  coupons  removed f rom t h e  N o r t h  Beach F o r c e  Main were 

v i s u a l l y  i n s p e c t e d  and p h o t o g r a p h e d ,  a f t e r  which t h e y  were 

s u b m i t t e d  t o  SCAN TECH, I N C . ,  a  m a t e r i a l  a n a l y s i s  l a b o r a t o r y  i n  

B e l l e v u e ,  Washington f o r  Scann ing  E l e c t r o n  Microscopy (SEM) and 

Energy  D i s p e r s i v e  S p e c t r o s c o p y  (EDS) work t o  d e t e r m i n e  t h e  

m e t a l l u r g i c a l  c o m p o s i t i o n  and  t h e  w a l l  t h i c k n e s s  of  e a c h .  

V i s u a l  O b s e r v a t i o n s  

P i c t u r e s  Nos. 2 4  t h r o u g h  32 i n  Appendix I1 show t h e  c o n d i t i o n  of 

t h e  t h r e e  p i p e  coupons a s  t h e y  were removed from t h e  f o r c e  main ,  

b e f o r e  b e i n g  c l e a n e d  and  making an  i n - d e p t h  i n s p e c t i o n  and  

e v a l u a t i o n ,  

The e x t e r i o r  s u r f a c e s  of  Coupons Nos. 1 and  3 (removed f rom t h e  

f o r c e  main a t  E x c a v a t i o n s  Nos. 1 and  3 r e s p e c t i v e l y )  a p p e a r e d  t o  b e  

i n  v e r y  good c o n d i t i o n ,  w i t h  a  t h i n  f i l m  o f  t i g h t l y  a d h e r i n g  

g r a p h i t i z a t i o n  and no p i t t i n g  e v i d e n t .  Coupon No. 2  (removed from 

E x c a v a t i o n  No, 2 ) ,  however ,  showed some p i t t i n g  a c t i v i t y .  



The  i n t e r i o r  s u r f a c e s  o f  Coupons  Nos. 1 a n d  2 showed e v i d e n c e  o f  

c e m e n t  m o r t a r  l i n i n g  a p p a r e n t l y  a p p l i e d  t o  t h e  i n t e r i o r  o f  t h e  

f o r c e  m a i n  p i p e  b e f o r e  i n s t a l l a t i o n ,  w i t h  u p  t o  1 / 8 - i n c h  o f  t h e  

l i n i n g  s t i l l  i n t a c t  on  Coupon No. 2 .  I t  i s  s u s p e c t e d  t h a t  mos t  o f  

t h e  l i n i n g  was l o s t  f r o m  Coupons  Nos. 1 a n d  3  when t h e y  were b e i n g  

c u t  a n d  removed b y  t h e  t a p p i n g  m a c h i n e .  

P i c t u r e s  Nos. 3 3  t h r o u g h  3 5  i n  ~ p p e n d i x  I1 show t h e  e x t e r i o r  a n d  

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

c l e a n e d  w i t h  a  power  d r i v e n  f i n e  b r i s t l e d  w i r e  b r u s h  t o  r emove  t h e  

m i n o r  d i r t  a n d  t h e  t h i n  f i l m  o f  g r a p h i t i z a t i o n .  

The p i t t i n g  on  t h e  e x t e r i o r  s u r f a c e  o f  Coupon No. 2  c a n  b e  s e e n  

somewhat  b e t t e r  i n  P i c t u r e  No. 37 t h r o u g h  3 9  a f t e r  l i g h t l y  

c l e a n i n g .  I n  a d d i t i o n ,  t h e  c e m e n t  m o r t a r  l i n i n g  s t i l l  i n t a c t  o n  

t h e  i n t e r i o r  s u r f a c e s  o f  Coupons  Nos. 1 a n d  2 c a n  b e  s e e n  q u i t e  

w e l l  i n  P i c t u r e s  Nos. 4 5  t h r o u g h  5 1 .  

M e t a l l u r g i c a l  A n a l y s i s  

The  m e t a l l u r g i c a l  a n a l y s e s  r u n  o n  t h e  t h r e e  c o u p o n s  removed f r o m  

t h e  f o r c e  ma in  showed t h e  f o l l o w i n g  c o n s t i t u e n t s ,  r e p o r t e d  a s  

p e r c e n t  b y  w e i g h t :  

E l e m e n t  Coupon No. 1 - -  
C a r b o n  (C)  4 . 4 7 %  
S i l i c o n  ( S i )  1 . 3 1 %  
~ h o s p h o r o u ' s  ( P I  0 . 6 9 %  
Chromium ( ~ r )  0 . 1 9 %  
M a n g a n e s e  (Mn) 0 .51% 
I r o n  ( F e )  92 .84% 

Coupon No. 2 - -  Coupon No. 3 - -  



The compu te r  p r i n t - o u t s  of  t h e s e  a n a l y s e s ,  a s  run  by  SCAN TECH,  

INC. of B e l l e v u e ,  Washington a r e  i n c l u d e d  i n  Appendix I11 a s  

F i g u r e s  111-3 t h r o u g h  111-8.  

The r e s u l t s  of  t h e  m e t a l l u r g i c a l  a n a l y s e s  r u n  on t h e  t h r e e  coupons  

show t h a t  t h e  p i p e  used f o r  t h e  c o n s t r u c t i o n  of t h e  Nor th  Beach 

F o r c e  Main is  a  g r a y  c a s t  i r o n - t y p e  p i p e  which g e n e r a l l y  c o n t a i n s  2 

t o  4 %  c a r b o n ,  1 t o  3% s i l i c o n ,  and up t o  0.7% manganese,  w i t h  

chromium added  t o  i n c r e a s e  c o r r o s i o n  r e s i s t a n c e .  See  ~ p p e n d i x  V I  

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

T h i c k n e s s  Measurements  

Wal l  t h i c k n e s s  measurements  were  made of  t h e  t h r e e  f o r c e  main 

coupons  b y  SCAN TECH,  INC. by means of Scann ing  E l e c t r o n  Microscopy 

(SEMI. These  measurements  were made a t  s e v e r a l  l o c a t i o n s  a c r o s s  

t h e  coupon w a l l s  a f t e r  t h e  coupons  had b e e n  c u t  i n t o  s e c t i o n s  t o  

b e t t e r  r e v e a l  t h e  w a l l s .  

These  measu remen t s  a r e  summarized a s  f o l l o w s :  

Coupon No. 1 - -  Coupon No. 2 - -  

AVG. = 0.6237" 

Coupon No. 3  - -  



T h e  SCAN TECH r e p o r t  c o n t a i n i n g  t h e s e  m e a s u r e m e n t s  i s  i n c l u d e d  i n  

A p p e n d i x  I 1 1  a s  F i g u r e  111-9. 

T h e  s e c t i o n i n g  o f  Coupon No. 2  b y  SCAN TECH t o  m e a s u r e  t h e  w a l l  

t h i c k n e s s e s  was  d o n e  a c r o s s  t h e  p i t t i n g  t h a t  was e v i d e n t  o n  t h e  

e x t e r i o r  s u r f a c e  o f  t h e  c o u p o n .  T h i s  a l l o w e d  a n  a c c u r a t e  

m e a s u r e m e n t  t.0 be made  n o t  o n l y  o f  t h e  p i t  d e p t h ,  b u t  a l s o  o f  t h e  

r e m a i n i n g  w a l l  t h i c k n e s s  b e n e a t h  t h e  p i t .  

T h e  p i t  was m e a s u r e d  a t  220  m i l s  ( 0 , 2 2 0 " ) .  w i t h  a r e m a i n i n g  p i p e  

w a l l  t h i c k n e s s  o f  4 4 0  m i l s  ( 0 . 4 4 0 " )  b e n e a t h  t h e  p i t .  

 his p i t t i n g ,  w h i c h  i s  e v i d e n t  o n  b o t h  s e c t i o n s  o f  Coupon No. 2 

w a s  p h o t o g r a p h e d ,  a s  shown i n  P i c t u r e s  Nos. 5 6 ,  5 7 ,  a n d  58  i n  

A p p e n d i x  11. 



SOIL AND WATER TESTING -- 

S o i l  and w a t e r  s a m p l e s  were t a k e n  f o r  t e s t i n g  and a n a l y s i s  a t  e a c h  

of t h e  t h r e e  e x c a v a t i o n s  made on t h e  N o r t h  Beach F o r c e  ~ a i n  on 

A p r i l  1 9 ,  1 0 ,  and  21 ,  1989.  

One s o i l  s a m p l e  was t a k e n  a t  t h e  t o p  o f  t h e  f o r c e  main and  o n e  

s a m p l e  was t a k e n  a t  t h e  bo t tom a t  e a c h  l o c a t i o n .  One w a t e r  s ample  

was t a k e n  f rom e a c h  e x c a v a t i o n ,  and o n e  s a m p l e  of Puge t  Sound 

s e a w a t e r  was t a k e n  and t e s t e d  f o r  c o m p a r a t i v e  p u r p o s e s .  

SOIL TESTING PARAMETERS 

The D u c t i l e  I r o n  P i p e  Resea rch  A s s o c i a t i o n  (DIPRA),  f o r m e r l y  t h e  

C a s t  I r o n  p i p e  Resea rch  A s s o c i a t i o n  (CIPRA), h a s  e s t a b l i s h e d  a  

1 0 - p o i n t  s o i l  e v a l u a t i o n  p r o c e d u r e  b a s e d  on t h e i r  e x t e n s i v e  

e x p e r i e n c e  w i t h  s o i l  t e s t i n g  a s  i t  r e l a t e s  t o  c o r r o s i o n  of c a s t  

i r o n  and d u c t i l e  i r o n  p i p e .  

The D I P R A  1 0 - p o i n t  e v a l u a t i o n  is  w i d e l y  r e c o g n i z e d  and u t i l i z e d  

t h r o u g h o u t  i n d u s t r y  a s  a  g u i d e  t o  d e t e r m i n e  t h e  n e c e s s i t y  f o r  

a d d i t i o n a l  c o r r o s i o n  p r o t e c t i o n  when i n s t a l l i n g  new p i p e  i n  s o i l s  

t h a t  a r e  c o n s i d e r e d  t o  b e  c o r r o s i v e .  T h i s  p r o c e d u r e  h a s  been 

i n c l u d e d  f o r  i n f o r m a t i o n a l  p u r p o s e s  b y  t h e  American Water  Works 

A s s o c i a t i o n  (AWWA) a s  Appendix A of ANSI/AWWA S p e c i f i c a t i o n  c i 0 5 .  

The s o i l  p a r a m e t e r s  used  i n  t h e  DIPRA 1 0 - p o i n t  e v a l u a t i o n  a r e  

l i s t e d  a s  f o l l o w s :  

* R e s i s t i v i t y  
* PH 
* Redox 
* S u l f i d e s  
* M o i s t u r e  



A copy of the DIPRA 10-point evaluation scale is included in 

Appendix IV of this report as Figure IV-2 for reference purposes. 

\ 
Brief definitions and descriptions of the above soil parameters and 

their relationship to the corrosivity of soils follow. 

Resistivity 
I 

I '  
Soil resistivity is directly related to soil corrosivity. Low 

resistivity soils readily conduct DC currents associated with 

corrosion cells, and therefore, are classified as corrosive. High 

resistivity soils do not readily conduct electrical current, and 

therefore, are classified as noncorrosive. This relationship is 

shown in the following table. 

Soil Resistivity Soil Corrosivity 

Below 5fl0 ohm-cm Very corrosive 
500 to 1000 ohm-cm Corrosive 
1000 to 2000 ohm-cm Moderately corrosive 
2000 to 10,000 ohm-cm Mildly corrosive 
Above 10,000 ohm-cm Progressively less corrosive 

Wet, heavy clays are examples of low resistivity soils which are 

usually very corrosive. Examples of high resistivity soils are dry 

sands and gravels which are relatively noncorrosive. 

PH - 
pH is the measurement of the hydrogen (H+) ion concentration in a 

soil or solution. ~n water, when the pH is 7 (or neutral), the 

hydroxyl (OH-) ions are in equal concentration to the hydrogen ions 

at lx(E-07) moles/liter. The log of the reciprocal of this value 

is equal to 7, or therefore neutral. At a pH of 6, the H+ ion 

concentration is 10 times greater than the neutral state, and the 



s o l u t i o n  i s  a c i d i c .  C o n v e r s e l y ,  when t h e  pH i s  8  t h e  c o n c e n t r a t i o n  

o f  H +  i o n s  i s  1 0  times less t h a n  n e u t r a l ,  and  t h e  s o l u t i o n  is  b a s i c  

o r  a l k a l i n e .  

S o i l s  may b e  e i t h e r  a c i d ,  a l k a l i n e ,  o r  n e u t r a l .  A c i d i c  s o i l s  t e n d  

t o  b e  more c o r r o s i v e  t h a n  a l k a l i n e  s o i l s  f o r  m a t e r i a l s  s u c h  a s  

s t e e l ,  c a s t  i r o n ,  d u c t i l e  i r o n ,  c o p p e r ,  and  c o n c r e t e ;  w h i l e  t h e  

more a l k a l i n e  s o i l s  may a d v e r s e l y  a f f e c t  aluminum. 

S o i l  pH, i n  c o m b i n a t i o n  w i t h  o t h e r  f a c t o r s ,  w i l l  a f f e c t  t h e  

c o r r o s i o n  r a t e  of a  b u r i e d  m e t a l l i c  s t r u c t u r e  i n  v a r i o u s  ways. Fo r  

example ,  a t  pH 0.0 t o  6.5 ( a c i d i c  r a n g e ) ,  a  s o i l  w i l l  s e r v e  a s  a  

v e r y  c o r r o s i v e  e l e c t r o l y t e  when m o i s t u r e  i s  p r e s e n t  i n  s u f f i c i e n t  

amounts .  ~t pH 6.5 t o  7 .5  ( r e l a t i v e l y  n e u t r a l  r a n g e ) ,  c o n d i t i o n s  

a r e  optimum f o r  b a c t e r i o l o g i c a l  a c t i o n ,  s u c h  a s  s u l f a t e - r e d u c i n g  

b a c t e r i a ,  A t  pH 7.5  t o  14.0 ( a l k a l i n e  r a n g e ) ,  d i s s o l v e d  s a l t s  a r e  

g e n e r a l l y  p r e s e n t  and  low s o i l  r e s i s t i v i t y  i s  u s u a l l y  found .  

S i m i l a r  t o  s t ee l ,  c a s t  i r o n  and  d u c t i l e  i r o n  a r e  n o t  r e a d i l y  

a t t a c k e d  i n  e n v i r o n m e n t s  r a n g i n g  be tween  pH 4.0 and pH 8.5. Below 

t h e  pH 4.0 r a n g e ,  t h e  i r o n  i s  i n c r e a s i n g l y  o x i d i z e d .  Above t h e  pH 

8.5 r a n g e ,  t h e  s o i l s  p r o v i d e  a  good e l e c t r o l y t e  f o r  deve lopmen t  o f  

a n o d i c  and  c a t h o d i c  d i f f e r e n t i a l  ce l l s  t h a t  c a u s e  e x t e n s i v e  

p i t t i n g .  I n  t h e  n e u t r a l  pH r a n g e  (6 .5  t o  7 . 5 ) ,  a n a e r o b i c  b a c t e r i a  

t h r i v e  i n  s o i l s  w i t h  low Redox p o t e n t i a l ,  o r g a n i c  f o o d  s o u r c e s ,  and  

w a t e r  p r e s e n t .  



Redo x  

Redox i s  a n  a b b r e v i a t i o n  o f  t h e  term " O x i d a t i o n - R e d u c t i o n  

p o t e n t i a l " .  The  m e a s u r e m e n t  o f  Redox i s  a n  i n d i c a t i o n  o f  t h e  

amount  o f  o x i d e n t s  i n  a  s o i l .  A k n o w l e d g e  o f  s o i l  Redox is  

i m p o r t a n t  s i n c e  m e t a l s  i n  a  l o w  o x i d a t i o n  e n v i r o n m e n t  a r e  a n o d i c  t o  

t h o s e  i n  a  h i g h e r  s t a t e .  An i n c r e a s i n g  Redox p o t e n t i a l  a b o v e  1 0 0  

m i l l i v o l t s  (mv) i s  a n  i n d i c a t i o n  o f  i n c r e a s i n g  s o i l  a e r a t i o n .  

Below t h a t  r a n g e ,  t h e  l i f e  s u p p o r t  f o r  s u l f a t e  r e d u c i n g  b a c t e r i a  is 

e n h a n c e d  a n d  i n c r e a s e s  a s  t h e  Redox p o t e n t i a l  d e c r e a s e s .  Where 

n e g a t i v e  Redox p o t e n t i a l s  a r e  f o u n d ,  t h e  g r o w t h  o f  a n a e r o b i c  

s u l f a t e  r e d u c i n g  b a c t e r i a  i s  op t imum,  p r o v i d i n g  t h a t  o t h e r  s o i l  

c o n d i t i o n s  a r e  f a v o r a b l e  -- s u c h  a s  n e u t r a l  pH w a t e r  a n d  t h e  

p r e s e n c e  o f  s u l f a t e s .  S o i l s  c o n t a i n i n g  s t a g n a n t  w a t e r  w i t h  much 

o r g a n i c  m a t e r i a l ,  a r e  l i k e l y  t o  e x h i b i t  l o w  Redox p o t e n t i a l  a n d  

i n d i c a t e  c o n d i t i o n s  s u i t a b l e  f o r  t h e  g r o w t h  o f  s u l f a t e  r e d u c i n g  

b a c t e r i a .  

S u l f i d e s  

When s u l f a t e  r e d u c i n g  b a c t e r i a  consume s u l f a t e s  p r e s e n t  i n  s o i l ,  

t h e  b y - p r o d u c t s  o f  t h a t  p r o c e s s  i n c l u d e  s u l f i d e  compounds .  T h e s e  

compounds  a c t  a s  d e p o l a r i z i n g  a g e n t s  t h a t  e n h a n c e  c o r r o s i o n  

a c t i v i t y  i n  l o c a l i z e d  c e l l s  o n  b u r i e d  m e t a l l i c  s t r u c t u r e s .  

A n a e r o b i c  b a c t e r i a  t h r i v e  bes t  a t  s o i l  t e m p e r a t u r e s  a b o v e  5 0  

d e g r e e s  F a n d  a  pH o  7 . 0 .  They  become less a c t i v e  a t  l o w e r  

t e m p e r a t u r e s  a n d  a s  pH d e p a r t s  f r o m  t h e  n e u t r a l  r a n g e .  

The p r e s e n c e  o f  s u l f i d e s  i n  s o i l  i s  d e t e r m i n e d  b y  t h e  Sod ium-Azide  

I o d i n e  q u a l i t a t i v e  t es t .  I n  t h i s  t e s t ,  s u l f i d e s  i n  t h e  s o i l  s a m p l e  



a c t  a s  a  c a t a l y s t  a n d  r e l e a s e  f r e e  n i t r o g e n  f r o m  t h e  compound 

m i x t u r e ,  w i t h  r e s u l t a n t  b u b b l i n g  o r  f o a m i n g .  

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

r e p o r t i n g  p u r p o s e s :  ~ e g a t i v e ,  T r a c e ,  a n d  p o s i t i v e .  T h e s e  

c a t e g o r i e s  r e f l e c t  a n  i n c r e a s i n g  s c a l e  o f  r e a c t i o n  f r o m  n o t h i n g  t o  

v i g o r o u s  f o a m i n g  o r  e v o l u t i o n  o f  g a s .  The g r e a t e r  t h e  g a s  

e v o l u t i o n ,  t h e  h i g h e r  t h e  a m o u n t s  o f  s u l f i d e s  p r e s e n t  i n  t h e  s o i l  

s a m p l e .  

SOIL TESTING RESULTS 

The  r e s u l t s  o f  t h e  t e s t i n g  c o n d u c t e d  o n  t h e  s o i l  s a m p l e s  t a k e n  f r o m  

t h e  t h r e e  e x c a v a t i o n s  made o n  t h e  N o r t h  B e a c h  F o r c e  Main a r e  

s u m m a r i z e d  a s  f o l l o w s :  

E x c a v a t i o n  No 1. -- 
Top o f  P i p e  - D a r k  brown c o a r s e  s a n d  w i t h  s m a l l  t o  medium 

s i z e d  r o c k s ,  s a t u r a t e d .  

R e s i s t i v i t y  
PH 
Redox 
S u l f i d e s  
M o i s t u r e  

390 ohm-cm 
6 . 6 1  
+ 8 2  mv 
n e g a t  i v e  
s a t u r a t e d  

B o t t o m  o f  P i p e  - D a r k  b rown c o a r s e  s a n d  w i t h  s m a l l  t o  medium 
s i z e d  r o c k s ,  s a t u r a t e d .  

R e s i s t i v i t y  
PH 
Redox 
S u l f i d e s  
M o i s t u r e  

360  ohm-cm 
6 .69  
+ 4 7  mv 
n e g a t i v e  
s a t u r a t e d  



E x c a v a t i o n  N O .  2 - -  
Top o f  P i p e  - S a n d y  b l u e - g r a y  c l a y  w i t h  smal l  t o  medium 

r o c k s ,  s a t u r a t e d .  

R e s i s t i v i t y  
PH 
Redox 
S u l f i d e s  
M o i s t u r e  

1 7 0  ohm-cm 
6.12 
+ 3 1  mv 
n e g a t i v e  
s a t u r a t e d  

B o t t o m  o f  p i p e  - S a n d y  b l u e - g r a y  c l a y  w i t h  s m a l l  t o  medium 
s i z e d  r o c k s ,  s a t u r a t e d .  

~ e s i s t i v i t y  
PH 
Redox 
S u l f i d e s  
M o i s t u r e  

220 ohm-cm 
6 .98  
-25 mv 
n e g a t i v e  
s a t u r a t e d  

E x c a v a t i o n  No. 3 - -  
Top o f  P i p e  - Medium t o  d a r k  f i n e  s a n d  w i t h  some b l u e - g r a y  

c l a y  a n d  medium s i z e d  t o  l a r g e  r o c k s ,  
s a t u r a t e d .  

R e s i s t i v i t y  
PH 
Redox 
S u l f i d e s  
M o i s t u r e  

1 , 2 0 0  ohm-cm 
7.19 
t 5 8  mv 
n e g a t i v e  
s a t u r a t e d  

B o t t o m  o f  P i p e  - Medium t o  d a r k  f i n e  s a n d  w i t h  some b l u e - g r a y  
c l a y  a n d  medium s i z e d  t o  l a r g e  r o c k s ,  
s a t u r a t e d .  

R e s i s t i v i t y  
PH 
Redox 
S u l f i d e s  
M o i s t u r e  

WATER TESTING PARAMETERS 

1 , 1 0 0  ohm-cm 
7 .25  
+ 7 2  mv 
n e g a t i v e  
s a t u r a t e d  

The  w a t e r  s a m p l e s  t a k e n  f r o m  t h e  t h r e e  e x c a v a t i o n s  made o f  t h e  

N o r t h  B e a c h  F o r c e  Main ,  a n d  t h e  s a m p l e  t a k e n  f r o m  t h e  P u g e t  Sound 

were t e s t e d  t o  d e t e r m i n e  r e s i s t i v i t y  a n d  pH. 



In addition, the water samples taken from the three excavations 

were tested for sulfates and chlorides. 

sulfates and chlorides are two common salts which affect the 

corrosion rate of buried or submerged metallic structures. High 

concentrations of these particular salts increase the ability of 

the electrolyte to conduct corrosion currents, since they 

effectively lower the resistivity of the electrolyte. 

Sulfates in soils can result in higher corrosion rates on buried 

metallic structures, since they are utilized by sulfate-reducing 

bacteria which thrive in anaerobic and near neutral pH conditions. 

Chlorides in soil or water will contribute significantly to the 

corrosion of buried metallic structures and the deterioration of 

concrete, when occurring in sufficient quantities to cause low 

resistivity in the soil or water. This will occur especially in 

neutral and alkaline pH environments (i.e. seawater), and in 

conjunction with sulfates. 

WATER TESTING RESULTS 

The results of the testing conducted on the water samples taken 

from the three excavations made on the North Beach Force Main, and 

of the Puget Sound seawater are summarized as follows: 

Excavation No. 1 - -  
Resistivity 
PH 
Sulfates 
Chlorides 

39 ohm-cm 
6.75 
1,460 ppm 
9,230 ppm 



E x c a v a t i o n  No. 2  - -  
R e s i s t i v i t y  
PH 
S u l f i d e s  
C h l o r i d e s  

R e s i s t i v i t y  
PH 
S u l f a t e s  
C h l o r i d e s  

P u g e t  Sound S e a w a t e r  

R e s i s t i v i t y  
PH 

43 ohm-cm 
7.06 
1 ,530  ppm 
8,750 ppm 

37 ohm-cm 
7.23 
1 ,500  ppm 
9,400 ppm 

26 ohm-cm 
7.99 

Note:  The s u l f a t e  and  c h l o r i d e  t e s t i n g  was d o n e  by  AM-TEST 

LABORATORIES i n  Redmond, Washington.  T h e i r  a n a l y s i s  

s h e e t  i s  i n c l u d e d  i n  Appendix I V  a s  F i g u r e  IV-10. 

EVALUATION OF SOIL AND WATER CORROSIVITY --- 
A r e v i e w  of  t h e  s o i l  and w a t e r  t e s t i n g  r e s u l t s  i n d i c a t e d  t h a t  t h e  

e n v i r o n m e n t  i n  which t h e  Nor th  Beach F o r c e  Main i s  l o c a t e d  is  q u i t e  

c o r r o s i v e ,  w i t h  t h e  c o n d i t i o n s  a t  E x c a v a t i o n  No. 2 b e i n g  somewhat 

more c o r r o s i v e  t h a n  t h e  o t h e r  two l o c a t i o n s  ( l o w e r  r e s i s t i v i t y ,  

l o w e r  pH, and n e g a t i v e  Redox.) 

The s o i l s  a t  a l l  t h r e e  l o c a t i o n s  a r e  c o n t i n u a l l y  s a t u r a t e d  w i t h  

s e a w a t e r ,  a r e  r e a s o n a b l y  w e l l  a e r a t e d ,  and a r e  i n f l u e n c e d  b y  t h e  

t i d e  c h a n g e s  e a c h  d a y .  

The c o r r o s i o n  r a t e s  f o r  b a r e  s t ee l  i n  a n  e n v i r o n m e n t  s u c h  a s  t h i s  

c o u l d  r a n g e  from 6 t o  30 m i l s  p e r  y e a r  (mpy) w i t h  d e e p  p i t t i n g  

a n t i c i p a t e d  b e c a u s e  of  t h e  s o i l  m i x t u r e :  s a n d ,  b l u e - g r a y  c l a y ,  



r o c k s .  

R e f e r r i n g  t o  t h e  D I P R A / C I P R A  1 0 - p o i n t  e v a l u a t i o n  scale  ( F i g u r e  IV-2 

i n  A p p e n d i x  I V ) ,  f o r  c a s t  a n d  d u c t i l e  i r o n ,  t h e  r e s i s t i v i t y  o f  t h e  

s o i l  a n d  w a t e r  i n  c o n t a c t  w i t h  t h e  f o r c e  m a i n ,  a l o n e ,  w o u l d  g i v e  1 0  

p o i n t s  -- w h i c h  w o u l d  i n d i c a t e  t h e  n e e d  f o r  a  p r o t e c t i v e  c o a t i n g  

a n d / o r  c a t h o d i c  p r o t e c t i o n  f o r  c o r r o s i o n  c o n t r o l .  

T h e  f a c t  t h a t  t h e  e n v i r o n m e n t  a r o u n d  t h e  m a i n  i s  c o n t i n u a l l y  

s a t u r a t e d  ( w i t h  l o w  r e s i s t i v i t y  s e a w a t e r )  w o u l d  a d d  a d d i t i o n a l  

p o i n t s  -- m a k i n g  t h e  c o n d i t i o n s  e v e n  m o r e  c o r r o s i v e ,  

I n  a d d i t i o n ,  t h e  n e g a t i v e  Redox  a n d  t h e  l a r g e  a m o u n t  o f  b l u e - g r a y  

c l a y  a t  E x c a v a t i o n  No. 2 a r e  a n  i n d i c a t i o n  o f  d e e p  p i t t i n g  

p o t e n t i a l .  

T h e  f a c t  t h a t  t h e  c a s t  i r o n  p i p e  u s e d  i n  t h e  c o n s t r u c t i o n  o f  t h e  

N o r t h  B e a c h  F o r c e  Main  h a s  b e e n  a l l o y e d  w i t h  n i c k e l  h a s  h e l p e d  i n  

k e e p i n g  c o r r o s i o n  r a t e s  l o w e r  t h a n  w o u l d  n o r m a l l y  be a n t i c i p a t e d  

f o r  t h i s  e n v i r o n m e n t .  



FORCE M A I N  E V A L U A T I O N  

u t i l i z i n g  t h e  i n f o r m a t i o n  and  d a t a  o b t a i n e d  from t h e  e x c a v a t i o n  and 

i n s p e c t i o n  work a c c o m p l i s h e d  on t h e  Nor th  End F o r c e  Main, and  from 

t h e  i n s p e c t i o n  and  a n a l y s i s  made of t h e  coupons  removed from t h e  

f o r c e  main  on A p r i l  1 9 ,  20 ,  and  21 ,  1989 ,  a n  e v a l u a t i o n  was made t o  

d e t e r m i n e  t h e  p r e s e n t  c o n d i t i o n  of t h e  f o r c e  main and  e s t i m a t e  t h e  

r e m a i n i n g  u s e f u l  s e r v i c e  l i f e  o f  t h e  f a c i l i t y .  

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

e s t i m a t i o n  o f  r e m a i n i n g  u s e f u l  s e r v i c e  l i f e ,  t h e o r e t i c a l  v a l u e s  

were c a l c u l a t e d  f o r  p i p e  w a l l  t h i c k n e s s e s  w i t h  somewhat 

h y p o t h e t i c a l  c o n c l u s i o n s  r e a c h e d  w i t h  r e s p e c t  t o  m e t a l  l o s s  and 

c o r r o s i o n  r a t e s ,  b e c a u s e  of  t h e  f o l l o w i n g  f a c t o r s :  

1. There  was no  d o c u m e n t a t i o n  a v a i l a b l e  p e r t a i n i n g  t o  t h e  

a c t u a l  o r i g i n a l  w a l l  t h i c k n e s s  of  t h e  c a s t  i r o n  p i p e  used  i n  

t h e  c o n s t r u c t i o n  of t h e  f o r c e  main ;  t h e r e f o r e ,  a n  a s s u m p t i o n  

was made c o n c e r n i n g  t h i s  i t e m ,  b a s e d  on p u b l i s h e d  d a t a .  

2 .  The combined s u r f a c e  a r e a s  of t h e  t h r e e  coupons  removed from 

t h e  f o r c e  main r e p r e s e n t s  o n l y  a  f r a c t i o n  o f  a  p e r c e n t  

( a b o u t  0 .00004%) of t h e  t o t a l  s u r f a c e  a r e a  o f  t h e  e n t i r e  

f o r c e  main a s  i t  e x i s t s  from t h e  Nor th  Beach Pumping S t a t i o n  

t o  t h e  Carkeek  Was tewa te r  T r e a t m e n t  P l a n t .  

E v a l u a t i o n  Approach 

The Nor th  Beach F o r c e  Main was c o n s t r u c t e d  i n  1 9 6 1  of  1 4 - i n c h  

d i a m e t e r  c a s t  i r o n  p i p e .  Accord ing  t o  American N a t i o n a l  S t a n d a r d s  

I n s t i t u t e  (ANSI) s p e c i f i c a t i o n s ,  t h e r e  were e l e v e n  c l a s s e s  of  



1 4 - i n c h  d i a m e t e r  c a s t  i r o n  p i p e  m a n u f a c t u r e d ,  r a n g i n g  i n  w a l l  

t h i c k n e s s  f r o m  0.43"  ( C l a s s  2 0 )  t o  0 .94"  ( C l a s s  3 0 )  . T h e s e  p i p e  

c l a s s e s  a r e  shown i n  ANSI T a b l e  1 -7  i n c l u d e d  i n  A p p e n d i x  I V  o f  

t h i s  r e p o r t  a s  F i g u r e  IV-3. 

The  a l l o w a b l e  w a l l  t h i c k n e s s  t o l e r a n c e  f o r  t h e  m a n u f a c t u r i n g  

( c a s t i n g )  o f  1 4 - i n c h  d i a m e t e r  c a s t  i r o n  p i p e  was a  p l u s  o r  m i n u s  

0 . 0 8 " ,  a s  i n d i c a t e d  i n  ANSI T a b l e  1 - 6  i n c l u d e d  i n  A p p e n d i x  I V  a s  

F i g u r e  IV-4. 

The p r e s e n t  p i p e  w a l l  t h i c k n e s s  o f  t h e  N o r t h  Beach F o r c e  Main ,  a s  

d e t e r m i n e d  b y  t h e  m e a s u r e m e n t s  made o f  t h e  t h r e e  c o u p o n s  removed 

f r o m  t h e  m a i n  on  A p r i l  1 9 ,  2 0 ,  a n d  2 1 ,  1 9 8 9 ,  r a n g e s  f r o m  a  l o w  o f  

0 .440"  t o  a  h i g h  o f  0 .705"  -- see t h e  SCAN TECH, INC. r e p o r t  i n  

Append ix  I11 F i g u r e  1 1 1 - 9 ) .  The low m e a s u r e m e n t  o f  0 .440"  is t h e  

w a l l  t h i c k n e s s  r e m a i n i n g  b e n e a t h  t h e  d e e p  p i t  i n  Coupon No. 2  (see 

P i c t u r e s  Nos.  5 6 ,  5 7 ,  a n d  5 8  i n  Append ix  11) .  

The a v e r a g e  t h i c k n e s s  o f  t h e  t h r e e  f o r c e  m a i n  c o u p o n s ,  e x c l u d i n g  

t h e  d e e p  p i t  i n  Coupon No. 2 ,  a r e  l i s t e d  a s  f o l l o w s :  

Coupon No. 1 0.624"  
Coupon No. 2  0 .648"  
Coupon No. 3  0 .702"  

I n  o r d e r  t o  d e t e r m i n e  w h i c h  c l a s s  o f  c a s t  i r o n  p i p e  may h a v e  b e e n  

u s e d  i n  t h e  c o n s t r u c t i o n  o f  t h e  N o r t h  B e a c h  F o r c e  Main ,  t h e  w a l l  

t h i c k n e s s e s  l i s t e d  f o r  t h e  v a r i o u s ~ c l a s s e s  o f  1 4 - i n c h  d i a m e t e r  p i p e  

i n  t h e  ANSI T a b l e  1-7 were c o m p a r e d  w i t h  t h e  h i g h  a n d  l o w  w a l l  

t h i c k n e s s  o f  t h e  f o r c e  m a i n  c o u p o n s .  T h i s  c o m p a r i s o n  i n d i c a t e d  

t h a t  t h e  p i p e  u s e d  i n  t h e  c o n s t r u c t i o n  o f  t h e  N o r t h  B e a c h  F o r c e  



Main could possibly have been either Class 24, Class 25, Class 26, 

or Class 27. 

The maximum and minimum allowable wall thickness for these four 

classes of cast iron pipe were estimated in accordance with the 

ANSI casting tolerance specification, in order to make further 

comparisons with the present wall thicknesses of the North Beach 

Force Main as represented by the coupons. 

The results of these calculations are tabulated as follows: 

Class 24 Pipe -- 
0.59" Wall Thickness +0.08" tolerance = 0.67" Max. 

-0.08" tolerance = 0 .511' Min. 

Class 25 pipe -- 
0.64" Wall Thickness +0.08" tolerance = 0.72" Max. 

-0.08" tolerance = 0.56" Min. 

Class 26 Pipe -- 
0.69" Wall ~hickness +0.08" tolerance = 0.77" Max. 

-0.08" tolerance = fl.61" Min. 

Class 27 Pipe -- 
0.75" Wall ~hickness +0.08" tolerance = 0.83" Max. 

-0.08" tolerance = 0.67" Min. 

A comparison of the present high and low North Beach Force Main 

wall thickness measurements, as provided by the three coupons 

removed from the force main, was made with the above estimated 

maximum and minimum wall thicknesses for the four classes of cast 

iron pipe. This comparison indicated that the force main coupon 

thicknesses could only fit within the maximum and minimum wall 

thickness parameters of the Class 27 pipe. Therefore, for further 



e v a l u a t i o n  p u r p o s e s ,  i t  h a s  b e e n  assumed t h a t  t h e  p i p e  used  i n  t h e  

c o n s t r u c t i o n  of t h e  North Beach F o r c e  Main was t h e  ANSI C l a s s  27 

c a s t  i r o n  p i p e .  

D e t e r m i n a t i o n  - of Metal  L o s s / C o r r o s i o n  R a t e s  

The maximum a n d  minimum w a l l  t h i c k n e s s  measu remen t s  f o r  C l a s s  27 

c a s t  i r o n  p i p e ,  a s  d e v e l o p e d  from t h e  ANSI s p e c i f i c a t i o n s  and 

s u b j e c t  t o  t h e  a l l o w a b l e  c a s t i n g  t o l e r a n c e s ,  were compared w i t h  t h e  

a v e r a g e  t h i c k n e s s e s  of t h e  t h r e e  coupons  removed from t h e  Nor th  

Beach F o r c e  Main. 

The p u r p o s e  o f  making t h e s e  c o m p a r i s o n s  was t w o f o l d :  1) t o  

d e t e r m i n e  a n  e s t i m a t e  of  t h e  m e t a l  l o s s  t h a t  h a s  o c c u r r e d  on t h e  

f o r c e  main d u r i n g  t h e  p a s t  28 y e a r s  a t  t h e  t h r e e  l o c a t i o n s  where  

t h e  coupons  were removed; a n d  2 )  t o  d e t e r m i n e  t h e  a p p r o x i m a t e  

r a t e s  of  c o r r o s i o n  i n  m i l s  p e r  y e a r  (mpy) t h a t  have  b e e n  o c c u r r i n g  

a t  e a c h  of  t h e  t h r e e  l o c a t i o n s .  

The r e su l t s  o f  t h e s e  c o m p a r i s o n s  a r e  t a b u l a t e d  a s  f o l l o w s :  

Coupon - -  No. 1 (Meta l  L o s s / C o r r o s i o n  R a t e s )  

C l a s s  27 C a s t  I r o n  P i p e  

Maximum Wall  T h i c k n e s s  0 .83" 
Minimum Wall  T h i c k n e s s  

Coupon No. 1 

Average  T h i c k n e s s  

M e t a l  Loss  (28  y e a r s )  

C o r r o s i o n  R a t e s  

0  -21"  0.05" 

7.50 mpy 1 .79  mpy 



Coupon - -  NO.  2  ( M e t a l  ~ o s s / C o r r o s i o n  R a t e s )  

C l a s s  27 C a s t  I r o n  P i p e  

Maximum W a l l  T h i c k n e s s  0 . 8 3 "  
Minimum W a l l  T h i c k n e s s  

Coupon No. 2 

A v e r a g e  T h i c k n e s s  

Metal L o s s  ( 2 8  y e a r s )  0 .18"  0  . 02"  

C o r r o s i o n  R a t e s  6 . 4 3 "  mpy 0 . 7 1 "  mpy 

Coupon - -  No. 3 ( M e t a l  ~ o s s / C o r r o s i o n  R a t e s )  

C l a s s  27  C a s t  I r o n  P i p e  

Maximum Wall T h i c k n e s s  0 . 8 3 "  
Minimum Wall T h i c k n e s s  0 . 6 7 "  

Coupon  No. 3  

A v e r a g e  T h i c k n e s s  0 . 7 0 "  0  - 7 0 "  

Metal L o s s  ( 2 8  y e a r s )  0 . 1 3 "  --- 

C o r r o s i o n  Rates 4 .64  mpy --- 

T h e  c o r r o s i o n  r a t e s  d e v e l o p e d  f o r  t h e  f o r c e  m a i n  a t  t h e  t h r e e  

l o c a t i o n s  w h e r e  t h e  c o u p o n s  were r e m o v e d  a r e  much l o w e r  t h a n  w o u l d  

b e  a n t i c i p a t e d  f o r  u n p r o t e c t e d  c a s t  o r  d u c t i l e  i r o n  p i p e  i n s t a l l e d  

i n  a n  e n v i r o n m e n t  s u c h  a s  t h a t  i n  w h i c h  t h e  N o r t h  B e a c h  F o r c e  Main 

is  b u r i e d .  I t  i s  a p p a r e n t  t h a t  t h e  n i c k e l  i n  t h e  c a s t  i r o n  a l l o y  

u s e d  f o r  t h e  p i p e  h a s  k e p t  t h e  c o r r o s i o n  r a t e s  down.  

P r e s e n t  C o n d i t i o n  A s s e s s m e n t  

F rom t h e  i n s p e c t i o n s  made  o f  t h e  N o r t h  B e a c h  F o r c e  Main  a t  t h e  

t h r e e  l o c a t i o n s  e x c a v a t e d  o n  A p r i l  1 9 ,  2 0 ,  a n d  2 1 ,  1 9 8 9 ;  a n d  f r o m  

t h e  s u b s e q u e n t  a n a l y s e s  a n d  e v a l u a t i o n s  made  o f  t h e  c o u p o n s  r e m o v e d  



from t h e  f o ' r c e  main a t  t h e  e x c a v a t i o n  l o c a t i o n s ,  i t  h a s  been  

d e t e r m i n e d  t h a t  t h e  f o r c e  main is  i n  v e r y  good c o n d i t i o n  -- 

c o n s i d e r i n g  t h e  number of y e a r s  i t  h a s  been  i n  s e r v i c e ,  and t h e  

r a t h e r  c o r r o s i v e  e n v i r o n m e n t  i n  which i t  is l o c a t e d .  

Remaining U s e f u l  S e r v i c e  L i f e  

S i n c e  t h e  r e m a i n i n g  u s e f u l  s e r v i c e  l i f e  o f  t h e  Nor th  Beach F o r c e  

Main would t h e o r e t i c a l l y  b e  d e t e r m i n e d  b y  t h e  t i m e  i t  would t a k e  

f o r  a f a i l u r e  o r  f a i l u r e s  t o  o c c u r ,  a  h y p o t h e t i c a l  " w o r s t  c a s e "  

s i t u a t i o n  was used  t o  e s t i m a t e  t h e  t i m e  t o  t h e  f i r s t  f a i l u r e .  

T h i s  " w o r s t  c a s e "  s i t u a t i o n  was bas'ed on t h e  c o n d i t i o n s  i n v o l v e d  

w i t h  t h e  d e e p  p i t  found i n  Coupon No. 2. S i n c e  t h e  p i p e  w a l l  

t h i c k n e s s  r e m a i n i n g  b e n e a t h  t h i s  p i t  r e p r e s e n t s  t h e  ( p r e s e n t l y  

known) l e a s t  t h i c k n e s s  o f  m e t a l  a t  any  o n e  p o i n t  a l o n g  t h e  f o r c e  

main ,  i t  t h e r e f o r e ,  r e p r e s e n t s  t h e  l o c a t i o n  a t  w h i c h t h e  f i r s t  

p e n e t r a t i o n  o r  f a i l u r e  would o c c u r .  

I n  compar ing  t h e  m e t a l  t h i c k n e s s  r e m a i n i n g  b e n e a t h  t h i s  p i t  w i t h  

t h e  p r e v i o u s l y  c a l c u l a t e d  maximum and  m i n i m u m  p i p e  w a l l  

t h i c k n e s s e s  o f  which t h e  f o r c e  main was p r o b a b l y  c o n s t r u c t e d ,  a  

28 y e a r  m e t a l  l o s s  d e t e r m i n a t i o n  and  a  r a t e  of c o r r o s i o n  were 

d e v e l o p e d ,  a s  f o l l o w s :  

C l o s e  27 C a s t  I r o n  P i p e  
Maximum Wall  T h i c k n e s s  
Minimum Wall  T h i c k n e s s  

Coupon No. 2  
Me ta l  Remaining Benea th  P i t  0.44" 0.44" 

M e t a l  Loss  (28  y e a r s )  0.39" 0 .23" 

C o r r o s i o n  R a t e s  13.93 mpy 8 .21  mpy 



I f  t h e  maximum c o r r o s i o n  r a t e  of 13 .93  mpy, a s  h y p o t h e t i c a l l y  

d e t e r m i n e d  a b o v e ,  was t o  c o n t i n u e ,  t h e  r e m a i n i n g  p i p e  w a l l  of t h e  

f o r c e  main would b e  p e n e t r a t e d  a t  t h e  p i t  l o c a t i o n  i n  31.6 y e a r s .  

T h i s  c a l c u l a t e d  t i m e - t o - f a i l u r e  p r e d i c t i o n  of 31.6 y e a r s  i s  

b e l i e v e d  t o  b e  q u i t e  c o n s e r v a t i v e ,  s i n c e  t h e  r a t e  of c o r r o s i o n  

would b e  r educed  c o n s i d e r a b l y  b y  t h e  b u i l d u p  of t h e  t i g h t l y  

a d h e r i n g  c o r r o s i o n  p r o d u c t  ( g r a p h i t i z a t i o n )  i n  t h e  p i t ,  which would 

t e n d  t o  e x c l u d e  oxygen and  s t i f l e  t h e  c o r r o s i o n  a c t i v i t y  

c o n s  i d e r a b l y  . 

I n  a d d i t i o n ,  t h e  cement  m o r t a r  l i n i n g  on t h e  i n t e r i o r  of  t h e  f o r c e  

main w i l l  d e l a y  t h e  a c t u a l  o c c u r r e n c e  of a  l e a k  f o r  some p e r i o d  of 

t i m e  -- u n t i l  t o o  g r e a t  an  a r e a  of t h e  p i p e  w a l l  h a s  been  c o r r o d e d  

away and  t h e  cement  m o r t a r  l i n i n g  r u p t u r e s .  

T h e r e f o r e ,  i t  would b e  s a f e  t o  p r e d i c t  t h a t  t h e  t i m e - t o - f a i l u r e  

p e r i o d  f o r  any  l o c a t i o n  on t h e  f o r c e  main ( t h a t  i s  s i m i l a r  o r  

c o m p a r a b l e  t o  t h e  " w o r s t  c a s e "  s i t u a t i o n  p r e s e n t e d  by  t h e  p i t  i n  

Coupon No. 2 )  would be c o n s i d e r a b l y  g r e a t e r  t h a n  31.6 y e a r s .  

Aga in ,  however ,  i t  must  b e  p o i n t e d  o u t  t h a t  t h i s  e s t i m a t e  o f  

r e m a i n i n g  u s e f u l  s e r v i c e  l i f e  f o r  t h e  Nor th  Beach F o r c e  Main was 

d e v e l o p e d  on a  p u r e l y  h y p o t h e t i c a l  b a s i s ,  s i n c e  t h e  combined 

s u r f a c e  a r e a s  o f  t h e  t h r e e  coupons  removed from t h e  f o r c e  main  

r e p r e s e n t  o n l y  a  f r a c t i o n  of  a  p e r c e n t  ( 0 . 0 0 0 0 4 % )  of t h e  e n t i r e  

s u r f a c e  a r e a  of  t h e  f o r c e  ma in .  

I t  is  e n t i r e l y  p o s s i b l e  t h a t  p i t t i n g  of an  even  more s e r i o u s  n a t u r e  

t h a n  t h a t  found i n  Coupon No. 2 i s  p r e s e n t  on t h e  Nor th  Beach F o r c e  



Main. The substantiation of this possibility and a determination 

of the extent to which the force main has suffered from such 

pitting activity can be made only by further extensive excavation 

and inspection of the main. 

Assuming that pitting of a somewhat more serious nature than that 

already found does exist, a more realistic estimate of the 

remaining useful service life for the North Beach Force Main would 

probably be in the range of 10 to 15 years. 
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PICTURE NO. 1 

E x c a v a t i o n  o f  t h e  N o r t h  B e a c h  F o r c e  Main a t  l o c a t i o n  
# 1  i n  t h e  v i c i n i t y  o f  t h e  N o r t h  B e a c h  Pumping S t a t i o n  
on  A p r i l  1 9 ,  1 9 8 9 .  C o n s t r u c t i o n  crew i n s t a l l i n g  
s h o r i n g  t o  p r e v e n t  c a v i n g  o f  e x c a v a t i o n  a n d  a l l o w  
e x p o s u r e  o f  t h e  m a i n .  



PICTURE NO. 2 

Nor th  Beach F o r c e  Main ( 1 4 - i n c h  d i a m e t e r  c a s t  i r o n  
p i p e )  exposed  a t  ~ x c a v a t i o n  No. 1 n e a r  t h e  Nor th  
Beach Pumping S t a t i o n  on A p r i l  1 9 ,  1989 .  P i p e  was 
e n c a s e d  i n  a  t h i c k  l a y e r  of  g r a p h i t i z a t i o n  combined 
w i t h  s a n d  and  r o c k s ,  which  was e a s i l y  removed f rom 
t h e  p i p e  s u r f a c e  (see n e x t  t h r e e  p i c t u r e s )  . 



PICTURE NO. 3 

Large  p i e c e  of t h i c k  l a y e r  o f  m a t e r i a l  removed f rom 
t h e  Nor th  Beach F o r c e  Main a t  ~ x c a v a t i o n  No. 1 on 
~ p r i l  1 9 ,  1989.  The p i p e  was e n c a s e d  i n  t h i s  
m a t e r i a l  which c o n s i s t e d  o f  a  l a y e r  o f  g r a p h i t i z a t i o n ,  
s a n d ,  and  r o c k s .  T h i s  p i c t u r e  shows t h e  s o i l - s i d e  of 
t h e  m a t e r i a l .  S e e  n e x t  p i c t u r e  f o r  v i ew  of  t h e  p i p e  
s i d e .  



PICTURE NO. 4 

P i p e - s i d e  of t h i c k  l a y e r  of m a t e r i a l  removed f r o m  
t h e  Nor th  Beach F o r c e  Main a t  E x c a v a t i o n  No. 1 on  
A p r i l  1 9 ,  1989  showing t h e  l a y e r  o f  g r a p h i t i z a t i o n  
( u p  t o  1 / 4 - i n c h  t h i c k )  which  was e a s i l y  removed 
f rom t h e  p i p e .  



PICTURE NO. 5 

S i d e  o r  e n d  v i e w  o f  p i e c e  o f  m a t e r i a l  removed f r o m  
t h e  N o r t h  Beach  F o r c e  Main a t  E x c a v a t i o n  No. 1 o n  
A p r i l  1 9 ,  1 9 8 9 ;  a s  shown i n  t h e  two p r e v i o u s  
p i c t u r e s .  The t o t a l  t h i c k n e s s  o f  t h e  m a t e r i a l  
( i n c l u d i n g  g r a p h i t i z a t i o n ,  s a n d ,  r o c k s ,  e tc . )  was  
m e a s u r e d  a t  u p  t o  2 i n c h e s ,  w i t h  t h e  t h i c k n e s s  o f  
t h e  g r a p h i t i z a t i o n  l a y e r  m e a s u r e d  a t  up  t o  3 / 8 - i n c h .  



PICTURE NO. 6 

Tapping  s l e e v e  f o r  i n s t a l l a t i o n  on Nor th  Beach F o r c e  
Main a t  E x c a v a t i o n  No. 1 on A p r i l  1 9 ,  1989;  t o  b e  
used  i n  c o n j u n c t i o n  w i t h  g a t e  v a l v e  a s s e m b l y  f o r  
i n s t a l l a t i o n  of t a p p i n g  mach ine  t o  b e  used  t o  remove 
coupon f rom p i p e .  S p e c i f i c a t i o n  s h e e t s  f o r  t h e  
t a p p i n g  s leeve and  g a t e  v a l v e  a s s e m b l y  a r e  i n c l u d e d  
i n  Appendix I11 of t h i s  r e p o r t .  



PICTURE NO. 7 

T a p p i n g  s l e e v e  a n d  g a t e  v a l v e  b e i n g  a s s e m b l e d  
f o r  i n s t a l l a t i o n  o n  t h e  N o r t h  Beach  F o r c e  Main 
a t  ~ x c a v a t i o n  No. 1 o n  A p r i l  1 9 ,  1 9 8 9 .  A l l  
p a r t s  a n d  c o m p o n e n t s  h a d  b e e n  c o a t e d  w i t h  
KOPPERS ~ i t u m a s t i c  N O .  300-M p r o t e c t i v e  c o a t i n g .  



PICTURE NO. 8 

KOPPERS B i t u r n a s t i c  N O .  300-M p r o t e c t i v e  c o a t i n g  a t  
E x c a v a t i o n  No. 1 s i t e  on A p r i l  1 9 ,  1 9 8 9 ;  u s e d  f o r  
a p p l y i n g  a  s e c o n d  c o a t  o f  p r o t e c t i v e  c o a t i n g  t o  t h e  
t a p p i n g  s l e e v e  a n d  g a t e  v a l v e  a s s e m b l y  p r i o r  t o  
i n s t a l l a t i o n  o n  t h e  f o r c e  m a i n ,  a n d  f o r  t o u c h - u p  
r e p a i r  p r i o r  t o  b a c k f i l l i n g  t h e  e x c a v a t i o n .  



PICTURE NO. 9 

Installation of tapping machine on tapping sleeve 
and gate valve assembly on North Beach Force Main 
at Excavation No. 1 on ~ p r i l  19, 1989; in preparation 
for cutting 3-inch diameter coupon out of pipe. 



PICTURE NO. 10 

Tapping machine operation at Excavation No. 1 
on the North Beach Force Main on April 19, 1989; 
removing 3-inch diameter coupon from pipe. Tapping 
work done by Tapping and Service Specialist from 
Pacific Waterworks Supply Company of Tacoma, WA. 



PICTURE NO. 11 

L o c a t i o n  o f  e x c a v a t i o n  No. 2  made o f  t h e  N o r t h  
Beach  F o r c e  Main on A p r i l  2 0 ,  1989  i n  t h e  C a r k e e k  
P a r k  a r e a .  V i e w  o f  t h e  e x c a v a t i o n  s i t e  i s  t o  t h e  
s o u t h  f r o m  P i p e r  C r e e k .  The e x c a v a t i o n  l o c a t i o n  
i s  a t  p i p e l i n e  STA 48+57 ,  a s  d e t e r m i n e d  by a 
m e a s u r e m e n t  of  1 5 8  f e e t  f r o m  t h e  3 3 - i n c h  d i a m e t e r  
O u t f a l l  L i n e  f r o m  t h e  C a r k e e k  WWTP, w h e r e  i t  
i n t e r s e c t s  t h e  f o r c e  main  o n  t h e  b e a c h  o n  t h e  
n o r t h  s i d e  o f  P i p e r  C r e e k .  



PICTURE NO 12 

E x c a v a t i o n  No. 2 on t h e  N o r t h  B e a c h  F o r c e  Main o n  
A p r i l  2 0 ,  1 9 8 9 .  E x c a v a t i o n  i s  b e i n g  s h o r e d  t o  
p r e v e n t  c a v i n g  of  t h e  h o l e .  A c o n s i d e r a b l e  amount  o f  
b l u e - g r a y  c l a y  was f o u n d  a t  t h e  f o r c e  main  d e p t h  ( s i x  
f e e t  d e e p  t o  t h e  b o t t o m  o f  t h e  p i p e )  a t  t h i s  l o c a t i o n .  



PICTURE NO. 13 

S h o r i n g  of  E x c a v a t i o n  No. 2 on t h e  N o r t h  Beach  
F o r c e  ~ a i n  o n  A p r i l  2 0 ,  1 9 8 9 .  
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PICTURE NO. 14 

Installation of tapping sleeve and gate valve 
assembly on the North  Beach F o r c e  Main at 
Excavation No. 2 on April 20, 1989. 



PICTURE NO. 15 

I n s t a l l a t i o n  of t a p p i n g  m a c h i n e  on t h e  N o r t h  Beach  
F o r c e  Main a t  E x c a v a t i o n  N O .  2 o n  A p r i l  2 0 ,  1 9 8 9 ;  
i n  p r e p a r a t i o n  f o r  r e m o v a l  o f  p i p e  c o u p o n .  



PICTURE NO. 16 

Tapping  machine  o p e r a t i o n  a t  E x c a v a t i o n  No. 2 on 
t h e  Nor th  Beach F o r c e  Main on A p r i l  2 0  1 9 8 9 ;  f o r  
t h e  removal  of a  3 - i n c h  d i a m e t e r  coupon f rom t h e  
p i p e .  



PICTURE NO. 17 

Abandoned B l u e  R i d g e  O u t f a l l  L i n e  l o c a t e d  a b o u t  
3 6 6  f e e t  s o u t h  o f  E x c a v a t i o n  No. 3 on t h e  N o r t h  
Beach  F o r c e  Main .  v i e w  i s  t o  t h e  west,  o u t  i n t o  
P u g e t  S o u n d ,  d u r i n g  t h e  l o w  t i d e  p e r i o d  on  
A p r i l  2 1 ,  1 9 8 9 .  



PICTURE NO. 18 

Abandoned B l u e  R i d g e  O u t f a l l  L i n e  shown i n  p r e v i o u s  
p i c t u r e ,  l o c a t e d  a b o u t  3 6 6  f e e t  s o u t h  o f  E x c a v a t i o n  
No. 3 made o f  t h e  N o r t h  B e a c h  F o r c e  Main o n  A p r i l  2 1 ,  
1 9 8 9 .  V i e w  i s  t o  t h e  e a s t ,  f r o m  t h e  S o u n d ,  t o w a r d s  
t h e  B u r  l i n g t o n  N o r t h e r n  R a i l r o a d  t r a c k s .  



PICTURE NO. 19 

Installation of tapping sleeve on North Beach Force 
Main at ~ x c a v a t i o n  NO. 3 on April 21, 1989; in 
preparation for installation of tapping machine 
and removal of pipe coupon. 



PICTURE NO. 21 

Excavation No. 3 on the North Beach Force Main at 
3:00 PM on April 21, 1989, immediately following 
the completion of the pipe tapping operation and 
the hurried removal of the equipment and materials 
by boat. 



PICTURE NO. 20 

Removing equipment and materials from Excavation 
NO. 3 site following the completion of the pipe 
tapping operation at 2:50 PM on ~ p r i l  21, 1989, 
with tide coming in. 



PICTURE NO. 22  

Removal of s h o r i n g  m a t e r i a l s  f r o m  E x c a v a t i o n  No. 3 
on t h e  N o r t h  Beach  F o r c e  Main ,  d u r i n g  l o w  t i d e  
p e r i o d  o n  S a t u r d a y ,  A p r i l  2 2 ,  1 9 8 9 .  



PICTURE NO. 23 

F i n a l  b a c k f i l l i n g  of E x c a v a t i o n  No. 3 on t h e  Nor th  
Beach F o r c e  ~ a i n ,  and c l e a n - u p  of t h e  s i t e ,  on 
S a t u r d a y  A p r i l  2 2 ,  1 9 8 9 .  



C O U P O N  N O .  1 

E X C A V A T I O N  # I  

PICTURE NO. 2 4  

- 

C O U P O ' N  N O .  2 

E X C A V A T I O N  # 2  

A p r i l  2 0 ,  1 9 8 9  

COUPON N O .  3 

E X C A V A T I O N  # 3  

A p r l l  2 1 .  1 9 8 9 .  

E x t e r i o r  s u r f a c e s  o f  3 - i n c h  d i a m e t e r  c o u p o n s  a s  
removed f r o m  t h e  N o r t h  B e a c h  F o r c e  Main ,  b e f o r e  
c l e a n i n g .  A l l  t h r e e  c o u p o n s  h a d  a t h i n  f i l m  o f  
g r a p h i t i z a t i o n  o n  t h e i r  s u r f a c e s .  



I: C O U P Q N  N O .  1 
*- 

E X C A V A T I O N  # i  
w.T,;'y- ! - .  
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PICTURE NO. 25 

Close -up  of  e x t e r i o r  s u r f a c e  of  Coupon No. 1 a s  
removed f rom E x c a v a t i o n  No. 1 on t h e  Nor th  E n d  
F o r c e  Main, b e f o r e  c l e a n i n g .  



PICTURE NO. 26 

C l o s e  u p  o f  e x t e r i o r  s u r f a c e  o f  Coupon No. L a s  
removed f r o m  t h e  N o r t h  B e a c h  F o r c e  Main a t  
~ x c a v a t i o n  No. 2 ,  b e f o r e  c l e a n i n g .  Some p i t t i n g  
a c t i v i t y  i s  e v i d e n t .  



PICTURE NO. 27 

Close-up  o f  e x t e r i o r  s u r f a c e  of Coupon No. 3 
removed from t h e  Nor th  Beach F o r c e  Main a t  
E x c a v a t i o n  No. 3 ,  b e f o r e  c l e a n i n g .  



, , 

! . , -=coUPQN NO.  COUPON NO.  2 C O U P O N  NO. 3 

E X C A V A T I O N  X 2  E X C A V A T I O N  ~3 E X C A V A T I O N  X I  

A p l l l  2 0 , . 1 9 8 Q  A p r i l  2 1 ,  1 9 8 9  
A p r i l  1 9 ,  1 9 8 9  

PICTURE NO. 2 8  

Coupons  removed f r o m  t h e  N o r t h  Beach  F o r c e  Main 
s h o w i n g  t h e  p i p e  w a l l  t h i c k n e s s .  The a v e r a g e  
t h i c k n e s s e s  were m e a s u r e d  a s  f o l l o w s :  

Coupon No. 1 = 
Coupon No. 2 = 
Coupon N O .  3 = 

6 2 3  m i l s  ( 0 . 6 2 3 " )  
6 4 8  m i l s  ( 0 . 6 4 8 " )  
7 0 1  m i l s  ( 0 . 7 0 1 " )  



. ,  
COUPON NO.  COUPON N O .  3 

E X C A V A T I O N  Y G  " 
E X C A V I T ~ O N  

PICTURE NO. 29 

I n t e r i o r  s u r f a c e s  o f  c o u p o n s  removed f r o m  t h e  N o r t h  
Beach  F o r c e  Main ,  b e f o r e  c l e a n i n g .  

Note  m o r t a r  c o a t i n g  r e m a i n i n g  on c o u p o n s  f r o m  
~ x c a v a t i o n s  Nos. 1 a n d  2 .  



PICTURE NO. 30 

Close -up  of  i n t e r i o r  s u r f a c e  o f  Coupon No. 1 
removed from t h e  Nor th  Beach F o r c e  Main a t  
~ x c a v a t i o n  No. 1, b e f o r e  c l e a n i n g .  Note t h i n  
c o a t i n g  of  cement  m o r t a r  l i n i n g .  



PICTURE NO. 31 

C l o s e - u p  o f  i n t e r i o r  s u r f a c e  o f  Coupon No. 2 
removed f r o m  t h e  N o r t h  Beach  F o r c e  Main a t  
E x c a v a t i o n  No. 2 ,  b e f o r e  c l e a n i n g .  N o t e  
c e m e n t  m o r t a r  l i n i n g  w h i c h  m e a s u r e d  u p  t o  
1 / 8 - i n c h  t h i c k .  



C O U P O N  N O .  3 

E X C A V A T I O N  # 3  

~ p r l l  2 1 ,  1 9 8 9  

. , . I 
PICTURE NO. 32 

C l o s e - u p  o f  i n t e r i o r  s u r f a c e  o f  Coupon No. 3 
removed f r o m  t h e  N o r t h  B e a c h  F o r c e  Main a t  
E x c a v a t i o n  No. 3 ,  b e f o r e  c l e a n i n g .  Only  a  
v e r y  t h i n  f i l m  o f  c e m e n t  m o r t a r  l i n i n g  was 
n o t e d  o n  s m a l l  a r e a  o n  t h i s  c o u p o n .  I t  i s  
b e l i e v e d  t h a t  t h e  l i n i n g  came o f f  d u r i n g  t h e  
c u t t i n g  o f  t h e  c o u p o n  o u t  o f  t h e  p i p e .  



?7 C O U P O N  N - .  .-;.;-;:, 
C ' C A V A T I O N  X I  

1 9 .  1 9 8 9  I : A p r l l  2 0 , . 1 9 8 9  ' ' T  
A p ~ i l  2'1, 1 9 8 9  

PICTURE NO. 3 3  

E x t e r i o r  s u r f a c e s  o f  c o u p o n s  removed f r o m  t h e  
N o r t h  B e a c h  F o r c e  M a i n ,  a f t e r  l i g h t l y  c l e a n i n g  
w i t h  a  power  d r i v e n  f i n e  b r i s t l e d  wire b r u s h  t o  
r emove  d i r t  a n d  t h i n  f i l m  o f  g r a p h i t i z a t i o n .  



PICTURE NO. 34 

Close-up  of e x t e r i o r  s u r f a c e  of Coupon N O .  1 
removed from t h e  Nor th  Beach F o r c e  Main a t  
E x c a v a t i o n  No. 1, a f t e r  c l e a n i n g  l i g h t l y  w i t h  
a  power wire b r u s h .  Some v e r y  s u p e r f i c i a l  
p i t t i n g  was n o t i c e a b l e  on t h e  s u r f a c e  o f  t h i s  
coupon.  



PICTURES NOS, 35 and 36 

E n l a r g e m e n t s  of t h e  e x t e r i o r  s u r f a c e  of Coupon 
No. 1 removed from t h e  Nor th  Beach F o r c e  Main 
a t  E x c a v a t i o n  No. 1, a f t e r  c l e a n i n g .  Note t h e  
s u p e r f i c i a l  p i t t i n g  a t  a  few l o c a t i o n s  on t h e  
s u r f a c e .  



PICTURE NO. 37 

C l o s e - u p  o f  t h e  e x t e r i o r  s u r f a c e  o f  Coupon 
No. 2 removed f r o m  t h e  N o r t h  B e a c h  F o r c e  Main 
a t  E x c a v a t i o n  No. 2 ,  a f t e r  c l e a n i n g  l i g h t l y  w i t h  
power  d r i v e n  wire b r u s h .  N o t e  t h e  e x t e n s i v e  
p i t t i n g ,  w h i c h  was  i n v e s t i g a t e d  f u r t h e r  a s  shown 
shown i n  p i c t u r e s  Nos. 5 6 ,  5 7 ,  a n d  5 8 .  
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PICTURES NOS. 3 8  and 39 

Enlargements of exterior surface of Coupon 
No. 2 removed from the North Beach Force Main 
at Excavation No. 2, after cleaning. Note the 
extensive pitting on surface, with graphitization 
build-up directly over pits. 



PICTURE NO. 4 0  

C l o s e - u p  o f  t h e  e x t e r i o r  s u r f a c e  o f  Coupon 
No. 3 removed f r o m  t h e  N o r t h  Beach  F o r c e  Main 
a t  ~ x c a v a t i o n  No. 3 ,  a f t e r  c l e a n i n g  l i g h t l y  w i t h  
a  power  d r i v e n  wire b r u s h .  The s u r f a c e  of t h i s  
c o u p o n  was  f o u n d  t o  b e  q u i t e  s m o o t h ,  w i t h  o n l y  
a  f e w  s m a l l  m i n o r  s u p e r f i c i a l  p i t s .  



PICTURES NOS. 41 and 4 2  

E n l a r g e m e n t s  of  t h e  e x t e r i o r  s u r f a c e  of  Coupon 
No. 3 removed from t h e  Nor th  Beach F o r c e  Main a t  
E x c a v a t i o n  No. 3 ,  a f t e r  c l e a n i n g .  Note t h e  
r e l a t i v e  smoo thness  o f  t h e  s u r f a c e  of t h i s  coupon,  
w i t h  o n l y  a  few minor  s u p e r f i c i a l  p i t s .  



PICTURE NO. 43  

I n t e r i o r  s u r f a c e s  o f  t h e  coupons  removed f rom 
t h e  Nor th  Beach F o r c e  Main,  a f t e r  l i g h t l y  c l e a n i n g  
w i t h  a  power d r i v e n  wire  b r u s h  t o  remove s c a l e  and 
d e b r i s .  
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PICTURE NO. 4 4  

Close -up  of  t h e  i n t e r i o r  s u r f a c e  o f  Coupon No. 1 
removed from t h e  Nor th  Beach F o r c e  Main a t  
E x c a v a t i o n  No. 1, a f t e r  c l e a n i n g  l i g h t l y  w i t h  
a  power d r i v e n  wire b r u s h  t o  remove s c a l e  and 
d e b r i s .  Note t h e  t h i n  l a y e r  of  cement  m o r t a r  
l i n i n g  on t h e  i n t e r i o r  s u r f a c e .  



PICTURE NO. 4 5  

C l o s e - u p  o f  t h e  i n t e r i o r  s u r f a c e  o f  Coupon No. 1 
removed f r o m  t h e  N o r t h  B e a c h  F o r c e  Main a t  
E x c a v a t i o n  No. 1, a f t e r  l i g h t l y  c l e a n i n g .  N o t e  
t h e  t h i n  l a y e r  o f  c e m e n t  m o r t a r  l i n i n g  s t i l l  
i n t a c t  o n  t h e  i n t e r i o r  s u r f a c e .  



PICTURES NOS. 4 6  and 4 7  

E n l a r g e m e n t s  of t h e  i n t e r i o r  s u r f a c e  of  Coupon 
No. 1 removed from t h e  Nor th  Beach F o r c e  Main 
a t  E x c a v a t i o n  No. 1, a f t e r  l i g h t l y  c l e a n i n g .  
The t h i n  l a y e r  of cement  m o r t a r  l i n i n g  is  
q u i t e  e v i d e n t .  
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PICTURE NO. 4 8  

C l o s e - u p  o f  t h e  i n t e r i o r  s u r f a c e  o f  Coupon N O .  2 
removed f r o m  t h e  N o r t h  B e a c h  F o r c e  Main a t  
E x c a v a t i o n  No. 2 ,  a f t e r  c l e a n i n g  l i g h t l y  w i t h  
a  power d r i v e n  wire b r u s h  t o  r emove  s c a l e  a n d  
d e b r i s .  A h e a v y  l a y e r  o f  c e m e n t  m o r t a r  l i n i n g  
r e m a i n e d  i n t a c t  on t h e  i n t e r i o r  o f  t h i s  c o u p o n .  



PICTURE NO. 4 9  

C l o s e - u p  o f  t h e  i n t e r i o r  s u r f a c e  o f  Coupon N O .  2 
removed f r o m  t h e  N o r t h  B e a c h  F o r c e  Main a t  
E x c a v a t i o n  No. 2 ,  a f t e r  l i g h t l y  c l e a n i n g .  N o t e  
h e a v y  l a y e r  o f  c e m e n t  m o r t a r  l i n i n g  s t i l l  i n t a c t  
o n  t h e  i n t e r i o r  s u r f a c e  o f  t h i s  c o u p o n .  



PICTURES NOS. 50 and 51 

E n l a r g e m e n t s  o f  t h e  i n t e r i o r  s u r f a c e  o f  Coupon 
No. 2 removed f r o m  t h e  N o r t h  B e a c h  F o r c e  Main a t  
E x c a v a t i o n  No. 2 ,  a f t e r  l i g h t l y  c l e a n i n g .  The 
c e m e n t  m o r t a r  l i n i n g  o n  t h e  i n t e r i o r  s u r f a c e  o f  
t h i s  coupon  was m e a s u r e d  a t  a t h i c k n e s s  o f  
1 / 8 - i n c h .  



C O U P O N  0 3 

E X C A V A T I O N  ' # 3  

PICTURE NO. 52 

C l o s e - u p  o f  t h e  i n t e r i o r  s u r f a c e  o f  Coupon N O .  3 
removed f r o m  t h e  N o r t h  Beach  F o r c e  Main a t  
E x c a v a t i o n  No. 3 ,  a f t e r  c l e a n i n g  l i g h t l y  w i t h  
a  power d r i v e n  wire b r u s h  t o  remove s c a l e  and 
d e b r i s .  



PICTURE NO. 53 

C l o s e - u p  o f  t h e  i n t e r i o r  s u r f a c e  o f  Coupon No. 3 
removed f r o m  t h e  N o r t h  Beach  F o r c e  Main a t  
E x c a v a t i o n  No. 3 ,  a f t e r  l i g h t l y  c l e a n i n g .  The 
i n t e r i o r  s u r f a c e  of t h i s  c o u p o n  was f o u n d  t o  b e  
q u i t e  s m o o t h ,  w i t h  o n l y  a  s l i g h t  t r a c e  o f  c e m e n t  
m o r t a r  l i n i n g  n o t e d .  I t  i s  b e l i e v e d  t h a t  t h e  
l i n i n g  was  b r o k e n  l o o s e  f r o m  t h e  i n t e r i o r  s u r f a c e  
o f  t h i s  c o u p o n  d u r i n g  t h e  c u t t i n g  o p e r a t i o n .  



PICTURES NOS. 5 4  and 55 

Enlargements of the interior surface of Coupon 
No. 3 removed from the North Beach Force Main at 
Excavation NO. 3, after lightly cleaning. 
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u E X C A V A T I O N  # 2  

PICTURE NO. 56 

Coupon No. 2 a s  s e c t i o n e d  by SCAN TECH,  INC. f o r  
w a l l  t h i c k n e s s  m e a s u r e m e n t s  a n d  m e t a l l u r i g i c a l  
t e s t i n g .  S e c t i o n i n g  was  d o n e  a c r o s s  a  d e e p  p i t  i n  
t h e  e x t e r i o r  s u r f a c e  o f  t h e  c o u p o n  -- see t h e  
f o l l o w i n g  p i c t u r e s  Nos. 5 7  a n d  58 .  



PICTURE NO. 57 

L a r g e  s e c t i o n  o f  Coupon No. 2 showing c u t  a c r o s s  
d e e p  p i t .  The p i t  d e p t h  was measured  a t  0 . 2 2 " ,  
w i t h  t h e  t h i c k n e s s  o f  t h e  p i p e  w a l l  r e m a i n i n g  
b e n e a t h  t h e  p i t  measu red  a t  0 . 4 4 " .  The p i t  a r e a  
was f i l l e d  w i t h  t i g h t l y  a d h e r i n g  g r a p h i t i z a t i o n .  



PICTURE NO. 58 

Small section of Coupon No. 2 showing cut across 
deep pit.   he pit depth was measured at 0.2211, 
with the thickness of the pipe wall remaining 
beneath the pit measured at 0.44". The pit area 
was filled with tightly adhering graphitization. 
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ANALYSIS REPORT 

Professional 
Analytical 

Services 

14603 N.E. 87th St. 

Redmond, WA 

98052 

Fax: 206 883 3495 

TI=!: 706 885 1664 

CLIENT: Specialty Consultants DATE RECEIVED: 4/28/89 
Group Inc. 

DATE REPORTED: 5/11/89 
REPORT TO: Hank Galka 

P.O. Box 3428 
Redmond, WA 98073 

Laboratory Sample Number 905770 

Client Identification Cast Iron Pipe 

Total Carbon (%)  0.76 

Total Organic Carbon (%)  0.27 

Continued . . . 

FIGURE 111-1 



CLIENT: Specialty Consultants DATE RECEIVED: 4/28/89 
Group Inc. 

DATE REPORTED: 5/11/89 
REPORT TO: Hank Galka 

PLASMA SPECTROGRAPHIC ANALYSIS CERTIFICATE 

Laboratory Sample Number 905770 Detection 

client Identification 
Limit 

Cast Iron Pipe 

Silver 
Aluminum 
Arsenic 
Boron 
Barium 
Beryl1 ium 
Calcium 
Cadmium 
Cobalt 
Chromium 
Copper 
Iron 
Mercury 
Potassium 
Lithium 
Magnesium 
Manganese 
Molybdenum 
Sodium 
Nickel 
Phosphorus 
Lead 
Sulfur 
Antimony 
Selenium 
Silicon 
Tin 
Strontium 
Titanium 
Thallium 
Vanadium 
Yittrium 
Zinc 

All results in parts per million. 
L = Less than 

REPORTED BY: 
MO/j a Marc Osso 

FIGURE 111-2 



INTE-% : 
LABEL = SCG001 
10-MAY-89 13:28:38 

90.962 LIVE SECONDS 

WT % 
ELEM CPS REL. CONC. 
C K 3.88 1 1 .000 
S I  K 24.780 1 .679 
P K 12.236 1 . I 39  
CR K 10.653 0.743 
MN K 17.524 1.561 
FE K 2062.931 292.550 

USED PEIF: USER 

INTE-%-ZAF : 
LABEL = SCG001 
10-MAY-89 13:29:12 

90.962 LIVE SECONDS 
KU= 20.0 TILT=30. TKOFFz22. 

ZAF CORRECTION 

C K 0.0031 1.174 0.060 1.000 
S I K  0.0053 1.103 0.363 1.001 
P K 0.0036 1.076 0.483 1.002 
CRK 0.0023 0.985 0.988 1.280 
MNK 0.0049 0.968 0.997 1.000 
FEK 0.9173 0.987 1.001 1.000 

TOTAL 

FIGURE 111-3 



1 0 - M R Y - 8 9  13:37:07 SUPER QURNT 
R A T E =  6CPS T I M E -  9 1 L S E C  
FS- 470/ 4 7 0  PRST== O F F  
B = S C G 0 B 1  

FIGURE 111-4 



INTE-X : 
LABEL = SCG002 
10-MAY-89 14:43:35 

96.893 LIVE SECONDS 

WT X 
ELEM CPS REL. CONC. 
C K 5.181 1 .000 
S I  K 26.442 1.342 
P K 9.031 0.630 
CR K 8.834 0.461 
MN K 16.142 1 ,077 
FE K 1940.500 206.126 

USED PEIF: USER 

INTE-X-ZAF: 
LABEL = SCG002 
10-MAY-89 14:44:49 

96.893 LIVE SECONDS 
KV= 20.0 TILTm30. TKOFF=2Z. 

ZAF CORRECTION 

C K 0.0044 1.169 0.061 1.000 
SIK 0.0059 1.099 0.368 1.001 
P K 0.0027 1.072 0.487 1.002 
CRK 0.0020 0.982 0.989 1.279 
MNK 0.0047.0.965 0.998 1.000 
FEK 0.8988 0.984 1.001 1.000 

TOTAL 

WT X 
CPS ELEM . 

5.1810 6.13 
26.4415 1.44 

9.0306 0.52 
8.8345 0.16 

16.1415 0.49 
1 940.4996 91 -25 

FIGURE 111-5 



CPS 1. 4 4 K E V  1BeV/ch A E D A X  

FIGURE 111-6 



LABEL = SCG003 
10-MAY-89 16:14:45 

93.935 LIVE SECONDS 

WT % 
ELEM CPS REL. CONC. 
C K 3.896 1 .000 
S I  K 25.230 1 ,703 
P K 9.507 0.881 
CR K 6.930 0.481 
MN K 14.425 1 ,280 
FE K 1998.042 282.217 

USED PEIF: USER 

INTE-%-ZAF: 
LABEL = SCG003 
10-MAY-89 16:15:30 

93.935 LIVE SECONDS 
KV= 20.0 TILT=30. TKOFF=22. 

ZAF CORRECTION 

C K 0.0033 1.173 0.060 1.800 
S I K  0.0055 1.103 0.364 1.001 
P K 0.0029 1.076 0.483 1.002 
CRK 0.0016 0.985 0.988 1.281 
MNK 0.0042 0.968 0.997 1.000 
FEK 0.9177 0.987 1.001 1.000 

TOTAL 

WT X 
CPS ELEM 

3.8963 4.63 
25.230 1 I .38 

9.5065 0.55 
6.9303 0.13 

14.4248 0.43 
1998.0420 92.89 

FIGURE 



FIGURE 111-8 



SCAN TECH, INC. 13240 Northrup Way . Suite 26 Bellevue, WA 98005 . (206) 641-8439 

FIGURE I'II-9 



ANALYSIS REPORT 

AmTest Inc. 

Professional 

Analytical 

Services 

14603 N.E. 87th St. 
Redmond, WA 

98052 

Fax: 206 883 3495 

Tel: 206 885 1664 

CLIENT: Specialty Consultants DATE RECEIVED: 4/24/89 
Group Inc. 

DATE REPORTED : 5/8/89 
REPORT TO: Hank Galka 

P.O. Box 3428 
Redmond, WA 98073 

Laboratory Sample Number 905505 905506 905507 

Client Identification Excavation #2 #3 
#1 4/19/89 4/20/89 4/21/89 

Sulfate (mg/l) 1,460. 1,530. 1,500. 

, Chloride (mg/l) 9,230. 8,750. 9,400. 

Fecal Colif orm (mg/l) DNA DNA DNA 

I 

I 

DNA - Did Not Analyze 
Sample expiration time is 30 hours for bacteria analysis. 

I 

REPORTED BY: 

F I GURE 
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THE MAJOR CONSTITUENTS OF SEA WATER 
Chlorlnlty = 19*1, 

Anlont Parts per mllllon Mllllequlvalents 
per lltre 

Chloride 
Sulphate 
Bicarbonate 
Bromide 
Fluoride 
Borate 

594.25 

Cdlons 

Sodium 10561 459.4 
Potassium 380 9.7 
Magnesium 1272 104.4 
Calcium 400 20.0 
Strontium 13 0.3 

593.8 

Nolet: 
1) The above composition shows slight difference between anions and cations, expressed as 
milliequivalsnts per litre because ol the presence of traces ol other components not llsted in the above 
com .sitin. 
2) glorinity is the total arnountolchlorine. bromine and iodine in gramscontained in one kilogramof sea 
water assuming that the bromine and iodine have been expressed as chlorine. 
3) Salinity Is the total solid material in grams contained in one kilogram of sea water when all carbonate 
has been converted to oxide. the bromine and iodine replaced by chlorine, and all organlc matter IS 
completely oxidized. In the open sea !he salinity varies betwen 32 and 36. 

salinity = 1.807 w chlorlnlty 

CHEMICAL COMPOSITION OF SUBSTITUTE SEA WATERa 

Compound Concentration 
la/L) 

NaCI 24.53 

M&b 5.20 
Na,S04 4.09 
CaCI, 1.16 ' 

KC1 0.695 
NaHCOl 0.201 
KBr 0.101 
HsBO, 0.027 
SrCI, 0.025 
NaF 0.003 
Ba(NO1)a 0.0000994 
M~(NOJ)I 0.000034 
Cu(N0a)z 0.0000308 
Zn(NOa)a 0.00001 51 
Pb(NOda 0.0000066 
AQNO, O.OOOOOO49 

aChlorinity = 19.38. Adjust pH to 8.2 with 0.1 N NaOH. 

Source: F. L. LaQue, Marine Corrosioli Causes and Preveti tioti, 
Wiley, p. 98. 

FIGURE I V - 1  



TABLE 1--SOIL TEST EVALUATION 
10 Points = Corrosive to cast pipe 

(Protection is indicated) 

Resistivity (ohm-cmJ)* " < 700 
700-1000 
1000-1200 
1200-1500 
1500-2000 

> 2000 

P I-( 0-2 
2 4  

4-6.5 
6.5-7.5 
7.5-8.5 
>8.5 

Redox > 100 mv 
50-100 mv 

0-50 mv 
Negative (-) 

Sulfides + 
Trace 

Negative 
Moisture Poor drainage, continuously wet 

Fair drainage, generally moist 
Good drainage, generally dry 

Points 
10 
8 
5 
2 
1 
0 
5 
3 
0 
O*' 
0 
3 
0 
3 .5  
4 
5 

Based on single probe at pipe depth or water.saturated Miller soil box. *' I t  sulfides are present and low or negative redox results are obtatned, 3 points 'should be  
glven for t h ~ s  range. 

Corrosion of cast iron pipe 
BY 

W. HARRY SMITH AND CURTIS M. CLARK 

Reprinted from the June 1968 Issue of WATER AND WASTES ENGINEERING 
Copyright 1968 by The Reuben H. Donnelley Corporotlon 

FIGURE I V - 2  



AMERICAN NATIOXAL STANDARD 

TABLE 1-7-Standard Thickness Ckuscs o f  Cast-Iron Pipe 
(See note on facing page) 

Fig, 1-1, Thlckneas Nomogrun for PLpe of 18/40 Lron Bkength, Low-Itango Lord 

Thicknesses are net, and computations are made using nominal pipe diameter for in- 
n'dr diameter. S equals 18,000, R equals 40,000. The encircled values at the md of 

each cuwe MI for pipe she, in inch-es. 

FIGURE IV-3 



THICKNESS DESIGN OF CAST-IRON PIPE 

TABLE 1-5 

Inkrnal Pressures (p)' 

Case 2-1 ntunal Pressure Without Surge Pressure Allowances 

Pips 
She 
In. 

Rated Working Prcmrr'r--psi 

10 I SO / too I I50 I 200 I 2lo I 3M I 350 

W c t y  factor d 2 . S  lnduded, 
t For rurge p m m  rllowance#, m 

Case I-Internal Pressure With Surge Pressure Allowancest 
- -  - - -- 

all 

Table 1-10, 

125 1 250 / I75 ( 500 1 625 1 750 1 875 

TABLE 1-6 

AUowantes For Casting Tokrance 

FIGURE IV-4 

Cutlns foluurce 
$n. 

0.08 
0.10 

P l p  She 
((1. 

14-24 
30-48 

Plv Sire 
((1. 

3 8  
10-12 

Cuting T o t e m  
6% 

0.05 
0.06 



APPENDIX V 

SPECIFICATION SHEETS 



F. COLUCCIO CNST 

SO( STAINLESS STEEL" O11 
W ~ L C  IRON rUNGL 

(' rLANGL OAGKET 
ANSI 150 Ib. Ilange arllllno 

Tha SST- S l m  wmst rbndard rocommodale0 I lpPlnP valve 
wiln a rpac~a l  flange pr,Lol m r d .  MSSPKI FIMQ~, wJ000 10 304 
OI SBR.glurd ontothr  lace 01 the d b ~  noc~, l s  coated 
t l rngr .  P I O V I ~ ~  mmximvm torroclon 

\ 

1 I 
NUTS, BOLTS, AND WASHER6 ARMORS \ GASKET 

nervy peuge 304 Stalnlear Steel. S p r l r l l y  designed grid PEllnrn. 
3W Stainlesr Steel W" NC Ihfesd t a ~ e n o  m a r .  V~rg in  SBR C O W  
I n 4  henvy hex Nuts. Boll thmlda 
are Teflon costed to proven! gall- 

tor water sewicer wltn 
nntiox~aarrvrnl~bzonrnl rgsntr l o  

FIGURE V-1 



ROMAC V~ECTIVE DATE  MI 
INDUSTRIE8, 

1064 4th k. S , Sclllle. WA 98134 
RO. Box 3212. S.@Nb. WA I l l 4  

STYLE "SST"'" STAINLESS 
(2061 6 ~ a e 1  T ~ U I  324165 t . ~ - Iw .eu l  STEEL TAPPING SLEEVE r 

MATERIAL SPECIFICATIONS: 

BOLTS, WASHERS and NUTS: NC Rollbd Thread, 
304 Sbinlou Sleel. 

QASKETS: Virgin SBR cornpoundod lor water 
88NIOO 

FLANQE: 304 Slainless s~eel" of ducUle (nodular) 
Iron. ASlM 536.80, grade 85-45.12. 

test 
chsroe. 

I - P.O.A. 
li brfincn stze. 

FIGURE V-2 
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.. . 

Pacific Water 

CLOW AWWA 
GATE 
VALVES 
FOR UNDERGROUND 
AND PLANT PIPING 
SYSTEMS 
2 THRU 48" 

- 
Works S ~ p p l y  CO., Inc. i 

( PIPE VALVES FIll INGS 

W a  ioll Fres l W 5 5 2 . i J W  . AlaBkr Toll FIW lSWZ&OBBO 

FIGURE V-3 
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... GLGw A W W A  G A T E  VALVES RUGGE 
. . .  

FOR ' 
UNDERGROUND INSTALLATION 

'AND . . .  PLANT PIPING SYSTEMS : . . 

. CLOW AWWA pate valves oller rugged construclion, easy 
.,,;.. operation, long ~ervica lile and economical maintenance. Thcy,arr,;;'.. 
.::)?double dlsc, parallol seal valv,es mesling or exceedillp ell . ,. 11: -. 

. requlrernenls AWWA Specllical!ons C500, and conform lo Federal 
Specificalions WW-V-Sob. -Type II , Class I. 
Component parts are construclcd of heavy, r u g ~ e d  proporlions for 
ektra clrength l o  wilhslond pipe slrain and poerible sh~lting in . 

underground service. Clean, rimple internal construclion, 
illustrated at r i y l~ l ,  assures long service and easy mainlensnce. 
All join1 ends. i n  airas shown below, and all commonly used 
eccebborles and operating devices can be lurniehod. 

1 . : .  .';i , . . $ . :  : : 3w,, ?... .:&. 
...... ..;,:. ,I.,,.. . . . . .  . .. .. . . .  , ,'.,. #. .:,. : . .  .: ..? 

....- (. > '  
. ,  . . . . . : . .  .. . . . . .  ... . . . .  . . . . .  . . . ;  !.'. . ;. , , . : ' - ; , . : .  ! . . . :  .:. .?.'.. .:. . . . . . .  . . .  . . . .  . . I.. 8 .  . .  , .. ................ ---...--. --...- 

-a- -,- 
."I 

- I .-- 
m. "*Y 

Fa5062 F-5064 F.5065 F.5030 F.5068 F.5070 F.5000 
h u ~  Ena* Flanged and A.C Mocnsn~cll Jovnl Flanped an0 -rhr&u)bd En06 Flbnpmd Encs Purn.On Enal 

Ends Mechbnltbl 40lnl t n 0 l  For Cnsl Iron P~PC 

F IGURE V-4  



... I-'... LOW TORQUE LONG L I F E  CLw 

LOW TOROUE THRUST BEARING Valve Operation is  Easy and Dependable - .  . 
4' thru I T  sizes ... provldes high load with Two Point, Free-Floating Wedging 

8nd low lriclion which reduces The valve operrler with only two poinls 01 bearing - f-', - operattng torque up to S(r/..'Seals ... only two po~nts o l  t r ic t~on ... wtlh 0 SlmPle, * perlectly lor rspachlng under pressure. 
.: : .. . .  ( . . . . . . . . . : .  . . *  coll.cantsrtng, tloatinp, V-type, bronze pale . ... . .. . 
. , .. SMOOTH OPERATION : .-, . . 

spreed~ng mechani~m tor positivu action i n  ; ;: ' 
, '  opening and closing. Separ~te hooks and b r o y e  . '. 

Precise, high Strenglh manoanese 
bronze stem, with extra hasvy thrust wedges permil mechantcal ad)uslment to varylng p. - @ - collar, provides srnoolh opening and positions. 

cloalnQ of the gates. Stem torque m.atr In oppcinp. turning the stem releases tne wedging 

Underwrifers spoc~licel~ons. pressure on the getcs. allowing them to move away 
from their seals betore slarlinp upward lrnvd. 

SIMPLE, RUGGED CONSTRUCTION Further turning o l  the stem relsar the gates inlo lh0  

Stem nut is soltd bronze, end cover, parmilt~np tu11 opening flow through the 
valve. tndependent ot Rooks, wedges end 

gales. I t  i s  tree-tloatinp and In closing. Ihe pates move freely downward lo  a 
position opposlte their suatr. At this polnt the hOOkS .: ' ' , ! . self-aligninp. For )onper wonr. lhs 

lhreadod section of stern nut is el least come In contact with stops which prevent further ;. ! 
1.1 , 1H limes $e qiameter of the ste?. .' . .: :,downward movement ol the hooks. The bronze .: . I . . ,  . . . .  . : .  , . . . .  
% <  .. , . . . .  ........... .!.+ :', "..::i;:;:.:e.>. . .  -;:.. wedge riding on the hooks then spreads tho gates .... apart and forces them to their 6ei)ls to make 6 . . . .  

p.  . . . . . . . . . . . .  ,.;+i.,,,<l,..... .- . . . . : . . . . . .  
I 

. . .  . . . .  .:.,. . ..* . . , .,', ;.-. . ' . .: - I 
. . . . . .  

. . I ,  . . ; .  .!..,.,. .... .... . . . watertight ae.01, end shut oft the llow through the . '  ' . . .  - valve.. , - ,  * . .  . 
. . .  . . 

. . .  , :. - .' . .' .. r ; 
. . . . . .  . . . . .  _ .  . .  : . . a .  .' : .', . . . . ! 

. . .  . . . ,  .. :. 1 . . . . . . . .  . ,. 
. . ..". -...-.. . . . . . . . . . . .  ! .- . .  . . .  .. 

- r '-1 
FabOb? F.LO0S F-SOB3 F.5070 f-6072 F.50f.2 

Pusn-On En01 Puur,.On En01 h i 1 ~ h m n l ~ a l  .loin1 F1,np.d t n n r .  HRS F1.ng.a Enca Hub End& NR6 
r ~%amto.-C+ment Plp. For PVC PID. Tapom@ Valw b.*.I paarlng. by.p.ss Ouls,.. $s,.rr b Yoke Spur grrrlnp. by.Dsvr 

0 

FIGURE V-3 
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C l o w  V a l v e  Co. 
DIV. of M c W t l q s  Inc. 
0 0 2  50.2nc S.. 
Oskaoota, I o w a  5 2 5 7 7  

pnone: 515-673-801 1 
FAX: 51 5.673-8269 
W a r s :  8 0 0 - 2 4 7 - C L O W  

' pan . ' Nd. Malerial 

1271 Follower Nus 2 Bronze 
l 2 7 b   follow^^ . . $ 1 ~ 0 ~  :' .. 2 Sled- Ru$l-prooled 

12) Followli Plalr l C a ~ l  Iron 
~ Z P  followor Glad .::I Broruc 
130 Packing . Braiotd AIbCSlOS 

,131 l t t l  Plug , ,' .l TellOh.Co~led 
. . . . .  t10el 

s ~ c m  NUI Pin ,' 1 bronrc 
135 O.S.6Y. R.P. ' . Sleei- 

C ~ D  Screw6 . - . flusl.~roOlt(! 
. 136 0 S.hY. Yokc . Sl?%!- 
* bolts 6 huls fiusl-proofed 

. . . . .  - . :.. . . .  . . . .  . . . . 

. . '  . . .  
.. '. pan :..' . NO. ~ a t r ~ i a l  . . , ' 

. 101 .. Csp Screw.. ' 1 .  Steel .. .. 
. 107. ,, Oprralino Nu1 . ,1 Carl Iron - 

-103 , O.Hlnp Plrlc 
. . Bolls b Nus ':', Slocl 

104 .. Osfilrlgc :; .. ;'.. 2 :  Rubber ': . . . . .  
105 .. 0-Rinp Pl3lc : ... 1' Casl Iron 

. 
106 LOW Torque.':' : '..: , , . . 

,:. Btrr lng -. 1 ' . , . . . 
. '  10.7" Slulhnp 831 . '  ' ' 

;& GarYe~ - :. 1 . 
108 . Cover ' ' .: i.. 1 cast ~ r o n  .:- 

. :. 109.. Non.risinp " ..": . - .: 51rm 2 .:. :' 1 .firowe " ... . 
' f & @ ! $ o ~ N s c ~ n i ~ 3 s ~ ~ s l  Ms..? 

:' Bolls .: . :. . - . hurl-prooled . ' 

FIGURE V-6 

' 111 ' h'rck Flanp8-> i:,, , ." h1~1 1 ~ I O N O  . .  . . .  . b .  .! barns1 .:.; . .;.. I,: Composlllon ' 115 'D,S,bY. 1 call iron . . 
112'. Neck Fllngl': -- ;.-. :... . , : . 

, Ooll NUIS ,:. :..+ .;:t,s,;cl : ,.'!; : 126 fllrlnp Sfem 1 Slalnlcss Slcr l  .: ,... . . . . . .  . . . . 
, : I . . .  . .  , . 

.' Part No. Malcrial 

113.. ~ o o y  . . . . .  I Carl Iron, 
l l 4  Gale Hul 1 Brorue 
115 Gala Rirq 2 B I D N ~  
116 Case Rlnp 2 Brorlre 
117 ~8,s . 2 Cart Iron 
118 ' W ~ O Q C  . . . .  2 B r o f l z r  , 
319 nook 2 Carl Iron 
120 H O I ~  Down 

NUI 1 Blon:t 
121 Handwheel l i ry 1 Sltcl 
122 Hanownlsl 1 Cis1 iron 
129 0,s. h Y. . . 

' 

.:**$.. 
heulnrr . 
Pkle 1 Carl Iron . . . . . .  

,2, .O.S,LY. sIrm . . 



TECHNICAL DATA SHEET 

Protective Coatings TYPE O F  C O A T I N G  

COAL TAR EPOXY 
Product--8ITU MASTIC N 0. 300-M 

DESCIt IPTION: I l i turn i~s~ic :  No.  300.M is a Iwo-c~ompo~~t :n t ,  w:lI'.l~rimirg, c l~c!mical ly-cur4,  
cat;rlyac!d coal tar c.j~uxy prot~:c t ive coirling. 

USE: I ~ 0 1 1  IN1)USTRIAL US13 O N L Y .  N O T  INTICNI)L:,I) F O R  IJSIS IN TlIlS 
IIOMlC. 
l l i l tunast ic  No. 300-M is dcsignt:d fo r  itr1t:rior o r  e:xlc:ric~r exposure ant1 r o w -  
Li~re:s the: o ~ ~ ~ s ~ n n d i n g  corrosion rcs i s lan~c  cI~ar~e~c:r is~ i t :s  o f  s(:Icctcd coal tar 
p i t c h  wil l1 Ilrosc o f  epoxy resin. 
NO'I' PO11 USE WI'I'II I'O'I'AULE: WATER.  
I l i t u m i ~ s t i c  No. 3 0 0 - M  is dc:sigr~t.tl t o  bc: ;~l)plic:d i n  mode:ralc-ly h r a v y  f i lms f o r  
I h e  ceottomit. i~l  protection o f  mc:l;~l, tnilsonry o r  wood  slruclurc:s exftosccl t o  
clre~nic:nl plant c~ rv i ronmcr~ ls ,  water f l o o d  gates and d i m  fitces, a:wirgc plitnts, 
slurage: t i ~ n k  l i ~ ~ i ~ r g s ,  I~rielgc~s, ~ ~ i l ~ : l i n t !  intc-riors and extt:riors, inrrnc:rsion ant1 
utmosphcric exposurc:s where: a tough, abr i~s ion and che:~nical resislanl Ci ln~ is 
ncccSssary l o  il lsure long-lerm SIIIJSI~~III: integr i ty  and strcnglh. No. 300-h l  
can L c  e~tilirc:d i n  c.vc.ry industry irre:lucli~~g c ~ l r t ~ r r ~ i t ~ i ~ l  proc!c!ssin~, 1111lp i ~ t r t l  
I I ~ ~ J I ! ~ ,  marine, food  j~rot:cssing, wale:r and scw;~gc:, o f f s l ~ o r c  clrilling, nuclt:ar 
t:trcrgy, tcxt i lc, pclrolc:um, plating, slet:l, public: ul i l i l ies, fcr l i l iacr, and ~I;II*I: 

f i tci l i t i t :~. 
A l l l ~ o u g l r  300-h l  t :xI~i lr i ts sclf-priming c:l~araclc~ristit:s, i t  F~~rrc.t ions wcl l  o v r r  
co~nl~"iLle: pr imcrs such   IS c:poxy Lilst:d i n l ~ i l i t i v c  1)rodue:ts aud z inc r i ch  
p inrcrs .  
W11c.n al~plic!tl a l  a m i n i m u m  o f  I 6  t l ry  ~n i l s ,  i t  r x l ~ i l ~ i l s  cxc r l l cn t  resislitnt:c 
w11t:n i ~ n m c r s c d  in, or sul~ jec let l  Lo 1111: Followinl; t:nviron~rrc~nts at atnLic:~it 
I t : ~ ~ ~ ~ ~ t : r i ~ l c r r c s :  
I. (:l~t:~nic:aI Solutiotrs - frc:slr w i ~ t t ~ r ,  stsa wittc:r. t.;~lt.iurn t.lrloritlt., ~n i~gt~c.s i t rm 

suII'ate:, ~ ~ t ~ l a s s i e r n ~  alum, soel iu~n carltonielc:, 20% ssc~tl i~tn~ Irytlroxiclt:, 
sot l ium rritrata, sodium sulfitc, t:tc. 

2. Al i l~lr ir t i t :  I~yd rocarbons  - Although sotno dist:olori~l ion o f  1111: licluid 111;ry 
titkc* pI;u:t*, 1111: e :oa l i~~g  fi1111 wi l l  rt!sist ~IIIIIII~~S~IJII i n  ~II-I~~~II~III~ ~ ~ r o t l ~ ~ t ~ l s ,  
sut:lr as gasoline, n a p l ~ t l ~ a ,  sour I-rude:, jc.1 f11t:1 a r~ t l  I ~ ~ I l t - i t . i ~ t i ~ ~ g  oils. 

3, At:itl solut ions - 1111mc:rsion rc:sisl;~tit:~: is t:xc:t:Il~~nt i n  10% ~ ~ h o s l ~ l t o r i c  
i ~ e r i t l ,  ox;llit. at,id anel vi l r i t :  acid. I.xl~il,ils t : x t~ t~ l l t~n l  rt:sistent:t. or intt-r- 
~ n i t t o n t  o r  s l ~ l i ~ s h  c:xpustrrc:s t o  alkirlics aud ~nit~c:r;rl i~t.itls. 

4. Al t .o l~ols  -- I~n~n t : r s ion  rt:sislant.c: is ;tlso c:xc:c~llt~~~t i t 1  r n t ~ l l ~ y l  ale~olrol, 
c l l r y l  ;~ l c t~ l ro l  irud i s o p r o ~ ~ y l  i~It:oIrol. 

A l t l i o u g l ~  the al~ovc: are a ft:w o f  Ihc  clrt-rnic:als i ~ n t l  s o l ~ ~ l i u n s  I l ~ i t t  I!itt~mastit: 
No,  :l00-hl can w i l l ~s to t id  i n  immc:rsion scrvicc:, c o n t i ~ ~ ~ t o u s  irnrnt:rsion sc:rvic:c 
r c t~u i rcmt~r r t s  irr o ther  t:hcrnicaIs:~nd solrrtioos should L! pi~nc!l.tc:stc~d br:c:irt~se 
o f  IIU: ~tn l~ rc~d ic : t i i l ~ l c  11;rlure o f  the r r~u l l i t ude  and c o t n l ~ i ~ r a l i o n  o f  envirun- 
1nc.11ts possiljlt:. 
,, I Ire cured coal ing w i l l  w i~hslarrd col lside!r ir~~~c~ plrysic:;~l d i~ tn i~p : ,  such as tlirc:c,t 
i t np i~v l ,  abrit.sion, f lexing arid w i l l  11ol sag o r  Clow a l  t l ry III*;II It~~nl~c:r i~turc:s 
IIIJ t o  250oI:. 
I t  ~ n t ~ c l s  o r  rxcc~ctls dl 1111: reqt~ i renrcnls  or Corps o f  I'nginrcrs Spc*eificirtion ' 
(;.2UO, Stc:cl S l r ~ ~ e l i ~ r t ! s  I1aiuting (:c)~r~reil I'itint S ~ ~ t ~ c i f i c i ~ l i t ) ~ ~  SSIB(:.l(~-6U'r, 
and Stt:e.l 'I'ank Ir~st i tute: (:orrosion (:ontrol Syslctn S'I'I-1';). I t  can Lc! sr111- 
plic:tl ttn orelt.r i n  a vcrsiotr el~l)rovecl fo r  rtsc untlcr h l i l i la ry  Specification 
l)Ol)-P-232:16A(Sll). 

Koppers Company, Inc., Pittsburgh, Pennsylvania 15219 
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TIXXINICAI. DATA: 
Number of coals: 

Volume mlids: 
Theoretical coverage: 

Coverage l o  achieve 
m i~~ imum dry Film thickness: 

Film huild ratio: 

I ) ry i~~g lin~c* ill 70°F 
and 50% rrc?lativc Ii~rtnitlity: 

To 1ouc:h: 
1ietwcc:n conls: 

Colors: 
I ' l~i~it~ers: 

Surface preparation: 

Usually 2 or nlore. A single nlil~lic:ation, consisting of rn~~ll i l l l t t  passes, i s  
aert:ptablo, only who1 spraying, provided tlic minimum dry Film thickness of 
16 niils (20 mils wct) is achicved without runs, sags, misses, pinholes, etc. 

74% 
1 ItM #nil st{. l'l./gal. 

90 to 1 15 sq. fl./gal. per coat (allows for approx. 20% app1ic:ation loss) on 
smooth surfarc-Y. Actual coverag wil l dclit:nd on surl'ace 1)orosity and profile. 
R to 10 dry mils (10 to 14 wet ~nils) per coal. Recluitc:d n i in im~~m clry Film 
thickness sliall not bc less Illan 16 n~ils. Dry films in cxcc:~ of (10 tlry mils 
are not roco~~l~nc:~rtl~:d. 

3-4 hours 
Ovt:rnigl~l to 24 hours. 12astl:r bc!Iwc~c:n-coal apl)lications are possil~lc:. Sur- 
Faces cxposcd to and 11c:alctl lo  lcrnl)cri~turt:s ovcv 70°1: by I l i t r  sun can bt: 
givct~ a~lotlicr coal i is  soon as Iho prt:vious coat is solvont-Frcc: (but no1 lc:ss 
than a ~nir~irnunt 2 hours). I f  at) ittlinc I~ciitcr is used wl~cn sl~raying (SI:~: 
Spray 1)ata Section), dry time bctwcen coats can Ite rrtlucc:tl lo  al~liroxi- 
rnalc:ly 3 hours. I f  drying time prior lo rccoatingexeceds 24 Iioltrs at tcm- 
pc:ralurt.s ahove 7O012, thc dry coating must be brush-sandblasted, or Isitu- 
rnaslir 2 C U  musl be used lo prelrcul Ilic t:oaling silrfacc (Se:c I{itumastic 

' 

2 C11 'I'ct~hnit:al I)ala Shcc:I). I)o no1 add IJilun~astia 2 (:I1 to Ilil~rm;~stic 
No. 300-hl. 
All t:lic~nit:;rlly-t:urcd coatings rcqtrire o long curing time to reach n~aximutn 
clit:mic.al resislut~ca. Ihtr 1)t:st results, ;I t~rini~nurn curing tinic of Fivt: days ;11 
Ic:mpcralurt:s lwtwec~r 7O012 and 100°F i s  eswnti:~l tn*Forc placing in  servit:~:. 
lllack or rc:d 
lioppcrs 'I'llini~er 2000. Urn Koppcrs 'I'11innt:r 2000C with air rt:gulitlory 
type or whan a finah point higher tl~an 99°F is retluirctl. 
Ust: Koppers Cleant:r 2300 lo  clt!an t:tluipnie~ll. C1c:nn cvluil)~nc:nl i f  i t  i s  ex- 
pcctc.d tu renriiin idltr for longer lltnn 30 minutes at 70t'1:. or i~l~l)ro\ i~t~;t l~: ly 
10 ~n iu~t tc :~  at 10001:. (Illaek lioscs laying in Ilia s~cnlight c:an rc.i~c,l~ tt!rn- 
~~:rittures of I30 to 14001:. vcry quickly.) 
ATtt:r t:c~ui~ttnc:~it is woslic~tl thoro~r~hly with 1I1c (:lt:ancr, follow wit11 a finial 
flushing will, Kol)l~crs'I'l~i~l~~t:r 2000. 
All barc: or pri~nc:d or prc:vio~lsly paintt:d sirrFiccs must b: dry and froc of oil, 
dirt, loose portit:lcu at~d a l l  otl~er foreign ~n;rttr:r. On snrfaces co:rtad with on 
unknow~l primer or coating, or coitlcd with n coirtir~g or pri1nc:r fron~ nnothrr 
rni~trufacturcr, spot tc:sls arc: nc:cassnry to assatrc: coml~ntihility of 1111: url- 
known c:oating with Ililumaslic! No. 300-M and lo c:hec:k ~~ll i~natc: inl~:grity 
and odltc:sion of lllc complatetl systc:m to tho sl~lslralc. 
I<xlx!ri~*ncc of rrsi~lts over a pcriocl of st!vc:ral ycars c:onfirms lhnt 1111: ficntla- 
rnc~titul factor for a quality job i s  propc:r s~trr;rcc ~)rty)i~ral io~~. U111t~ss Ihc: salr- 
fec:~: is prol~crly l~rcparc:d, Ilrc!re is no ~)oitrl in using the! I)ell~!r t!oi~li~tgs. 
Slc:c.l ei~rCitct~s ~irust Ix? ttlastccl to a minimu~n of SSIJC-SIB-(,. \:or imnlc:rsion 
or vcry sc:vcrc cl~emicnl cxposltrc!s blast to SSPC-SIB-10. 
120r nol~licatiot~ to cotu!rctc:, all curing uils, form oils, Iailnnc:n, sol111)ll: s:~lls 
ant1 loosa~ col~crc!lc n111s1 In: rc:~aovc:d. Concrete must bc c11:un and thorough- 
ly dry 111:fore coulirig. Unpaintatl concrctt: floors or concrctc: tltat will I)e 
su111ne:rgc:d rnusl ha c!It:ht:d with a 15 to 20% nturii~tic: nc:itl solution or brush 
l las lc! t l  to ac11ic:vc a profile similar l o  mt!diu~n graclt: wntlpal)t!r. Ciast (:on- 
erekc! surf;~cc!s should bt: brus!i-sandblastctl to open b~~gholcs at111 to rot~ght:n 
iht: surCacc. 

Sl~ol) and 1:ic:ltl 1'rimc:rs: Althoa~gh norm:~lly scllf-priming ill 1111: l'ic:ld 1oc.a- 
tion, Il i i i~~naslic No. :100.hl works wc:ll over 1111: followirlg ~)rirnt.rs: E;opl)t*rs 
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TECHN lCAL DATA 

Mclal: 
(Con~inucd): 

Co~~crcte a i d  masonry: 

Wood: 
Ashcstos pipc: 

Mixing instructions: 

Mixing ratio by volume: 

Pot l i le after mixing: 

Methode of application: 

Spray data: 

6,% 1'rimc:r. #oppc*rs I'11(; I'rirnor, l i o l~ l~c~rs  Orgi~nic Zi~lc:, Kop111:rs Inorganic: 
Zinc No. 701, or Kop11c.r~ 1'- 1500 Inorp~~r i r  %ie~c No. 3. No. 300-M forms 
an cxe~c.llt.r~l boncl elirc.c:lly l o  c.lt-anc:el slt:c.l. 
l)t:grt.iisv and ~~rc.lrc:al with Kolll~c.rs 4O I';~ssiv;~lor or usc! a very l i g l~ l  brt~sh- 
of f  sanclblasti~tg or sa~iding of tllc: surfac.~:. 
Ucgreasc airtl apply Rop1)crs 40 I'i~ssivator; or sandblast to provide ii profilc 
or tootl~;or treat with Ko11pc:rs 30 Mclal (:onditioiic!r. 
No~tc: rrtluiretl; Iiowevc:r, IIic. first coal IIIIISI I)r tliinnt~el (Atlel one+ par1 Thin- 
nt:r 2000 to two ~lar ls Ililtt~nastic. No. :400-hl ;inti ;~l~l) ly at lln- rate of 200- 
:$00 set. I f ,  pt:r ~ ~ l l o n ) .  Allow 11o1 rnorcb I l i i ~ r ~  24 hottrs l~c.lorc* i i l~l i ly ing atltli- 
1io11al c:oals o l  I l i tu l~~asl i~ :  No. JO0.hl at Ill(! ~ ~ o r ~ n a l  IIIII~I~IIII~:~ rule. 
Note: Iri areas w111.r~ I~ ig l i  wi11t.r I i~b l t~s exisl, inlcrnally c-o:~te-d co~lcrete pipc 
t11;lt is to Iw: buried may also rc.qitirt: cxte:r~~;~l coating i f  1111: ~ ~ i l ~ e  cannot 
witlistand hydrosti~tic prcststrrc: Icsling. 
Kottgh sand, rcniovcs dt~sl allel :1011ly as for cont~rc*tc. i~ncl nlitsonry al~ovc~. 
Kougl lr t~ t l ~ e  surrucc., rrmovc! all dust and dirt u ~ i d  i11111ly first c*o:~l III~IIIII*~ 
10%; Illen lopcoat wit11 1 l o  2 coats ut t l ~ e  ~tormal ur i l l~ i~ t~ ie~el  rnle:. Se:c! 
~ io t t !  undt*r concrclc. 
Me~:l~unically agitate Cornpoiic:~il A t l i o r o ~ ~ ~ h l y .  Co t~ l i~n r r  n~ix ing Con~y~o- 
IICII~ A and slowly add <:o~tilrutiott 1% l o  Cornl~onc!nl A. Me~c~I~:~~~ic. i~l ly ngiti~le! 
vigorously for two rninutt:~. I'vur sonic: of tltc! nrixetl ntitlt~riitl 1)ilc.k in lo  IIII: 
(:onil)oncnl II cat, anel slir to insure ll~iil ill1 of Conil1otic~111 I 5  is in  solulion, 
then returri matcrid to Conll)o~~l.nt A ran. Mc:eh;~rrit!:dly ilgili~tc: vigc~rotrsly 
for al least two rnirtul~!~. I f  prol~orl ionir~g equil~nic~r~l is usc.11, ;~giliile! Com- 
~)OIICIII A asal~ove. (Note: 130th (:ontpononts A & L I  will Il~icskt!n in  visc:osily 
wlten cold. 'IYtc niaterinl sliur~ld bc wurmctl to roont lt!nil~c!ri~turc: b*iorc: 
niixing for h!sl  rcsults.) 

Cornl~oncnt A - 3.5 ~ ~ ~ r l s ,  Cornpo~rcnl B - I part. 

at 5001:- 10 hours;al GOOF - 6 I~ours;at II9ol: - 2 Ilours; nl 10001: - 1 11o11r. 

Do not n ~ i x  more of Conipoticnt A i~nr l  I3 ~harr can IJI: al1l11ic:el i n  thc ri~rn~bt:r 
o i  hours listecl al~ovc, using lire. Iiiglrt!st t c rn l~ r ra l~~rc  i~ntic~i~)atccl. 

Iiritsli, roller, c:onvc:nlionitl air spriiy, or ;~irle!ss spray. Avoiel I l i e :  us: c h i  II~~IJII 

or 111;1stic t ~ q t t i ~ ~ r n e ~ ~ ~ ~ .  110 not apply to s~trfilt:es t11;it will 11e e~xl~ost!eI 11' rail1 
b:iorc tlrtr coati~ig is elry or on s~rrfacc.~ with tc~nrpt!ritli~rc~s 11e:low 50"l:. 
(Nolt:: I)o not co~~l inual ly use t l ~ e  same can for spray c:c~~til~nicnl Iiump 
sump as the matc:rial will cure on 1111: sidc o i  ttlc! can.) 
Al l  quality coalirtgs rccpirc: lo11 grade: w o r k n ~ i ~ r ~ s l ~ i l ~  i~nrl  ;I good krtowlt~tl~c. 
of Ll~c ~nalariills i l ~ i e l  syslt.rns o f  i~pl~lication. Sl~c:ciul r:cloil~~rrt.~tt, oll~c:r I l iar~ 
upl~licution rclc~ip~nc:nt, sltotrlel In: 111ilizc:d Cur to11 cluality rt.s~rlts s11c41 as ;I 
wc!l film thick~rc-ss gi~ttgt' or dry fi111, ginlgt:, low volli~gc- I~olieli~y elt~lc!e:ltrr, i111e1 
n~oislurc rnctt:r (for ~~o~tcr t~ lc?,  masoory, eirtl woo11 s~rl~slri~lrs). 

Convt~ntio~inl Slmy AirIc!ss S11rity 
1'111np - (;r;~t:o Mog111 (II: I )  or t.cluitl I'ump - (:r;tc.o Ih~l l t log (30: I)or 
l'rcsst~res-Mitlcri;~I - 110 l o  55 psi c . e l l ~ t ~ l  

A l o m i a i ~ t i o ~ ~  - 50 to OD ~ s i  l i ne  Pre:ss~~rt' - 70 l o  00 psi 
1TIuict 'rip - l/O i t#. l o  114 in. Ti11 - 20 to :I l mil, rt~versil~le!. 
Atomizing t ip - 3/16 itt. (c:xle:rri;~l wir~g) 'fill li1tt:r - none! 

Ilosc: - 1/2 ill, i.11. to 50 f l .  tvtartfoltl fi1tt.r - ~iortc- or 30 111e-sl1 
313 i r ~  i.d. For ovrr 50 i t .  llosc: -:)/ti" id. ,  I t i ~ l i  prt.ssr~rc., 
M i ~ x i m ~ ~ n ~  working pre:ssurc lor 50' or Ic~ss Ir~igl l r ;  

750 psi 112" i.el., high ~~rc~ssurc., 
Mini~nttni I~urs l  ~~rctssttrc: for over SO' will, :1/H" 

3000 psi 11.1'. wIti11 e!neJ fiosc!. 

Spray nl~l~Iic:i~lit)r~ may In! ini l~ovvt l  by IIS~I I~ i t  Ilcult!r wit11 n rrialt-rial host: 
112 ill. i n  ~Iia~\tt:tc~r, it l~ont 50 f l .  IVII~ IM~~WI:~:II 1111: IIIII~III it1111 1111: I ic~ i~I t~r  l o  
~ni~~i~ i tk t . t~ .  pul?;;ttiv~\. 'I'hc* It~~nl,c:r;tlr~rc: o i  1111. ~ ~ r t ~ t l l ~ t - l  I t~i lv i~ig 1111: ~IIII SJIOIIII: 
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, I  % 7 1 L C I I N I C A I .  UA'I'A 
SIway d i ~ l ; ~ :  raligt. Irc~lwt~t.n ')Ool: ;in11 120"l:. Ilt:alt.r ~ l ~ t : r l ~ ~ o ~ l ; t l  s11ouId b1: s1.1 IU a 111ahi- 

(Col r t i~ iucd) :  rrlurll ol' 12001:. A Il~:atcr is r e c o ~ l ~ l r ~ c l i d c d  i f  applic:atio~i is ~ l i a t l c  a l  I c l ~ i l i c r -  
aturt:s bt:twccr~ 5 0  a11d 70o12. W~II:II usi l ig a Iicalcr, I l i c  use o f  a c i r cu la t i r~g  
l i ne  is rccu~n~rr t :nded so t l ~ a l  l l re trraterial w i l l  1101 set u p  i n  tlrc Iicaler. 

f l o l i day  detecl iol i :  I l o l i day  dctr:c:lior~ ol' t l ~ c  cured coat i l ig  ~ I I  rlic:tiiI surl'aces is rc:cornr~it:ridc:d, 
b u t  d i o u l t l  br: ~)t:rl'urllit:d w i t t i  dur! c:or~sidt:ral io~~ Tor i ts  ~ r o r ~ l i d  rc~t:oir~~ticlrde:d 
t l ~ i c k l ~ t : ~  (20-44 rliils). 'I'l~e typ ica l  li iglr voltage jer-p ~ l c l c c l o r  usr:d l'or h o t  
oppl ict l  coal-tar o i a ~ i r c l s  100-n~ i l s  thick, w l i i r h  nornral ly opcralcs a l  10-12,000 
volts s l lou ld n o t  be usc:d. A wet spolige detector sucli as a ' r i l ~ k e r  and R u o r  
o r  K-I) l l i r d  Dog  w t ~ i c l ~  operate at 7 5  volts rnaxilrlurn is suitabla a1111 adequate. 

Cal l locl ir  ~) rutect iun:  Uiturrrustic No. 300-M is co~l ipal iblc: wit11 cori l rol led ca l l lud ic  pro lec l ior i .  
'rap coaling: Ililurriustier No. 3 0 0 - M  can 11: l o l ~ c o a l c d  w i t h  colored coatings sue11 as 

I l i lug loss A l u ~ n i l l u l l l  I'ui111 i ~ r i t l  acryl ic t : i l~~~ls ior rs .  
'I 'ell~lwralure l i ~ ~ ~ i l a l i o r ~ u :  d ry :  250°1.'. wc:t: 120UP. ~ ~ ~ a x i r r i u ~ r r  c o ~ ~ l i r i u o u s  

Slurage l i fe: OIII! year ~ r ~ i t ~ i l l l u ~ n  - surlie 1nodc:ralt. bodyi l ig  o f  ( :o ln l~ont t i~ t  A w i l l  oc:cur 
af lcr  6 r l ~ u ~ ~ t l ~ s  ol' storage at  7001:. l l i g l i  sltc:ar o r  I ~ i g t i  s l~ecd  ugi ta t ion w i l l  
i ~ e ) r ~ ~ i a l l y  r c ! t u r ~ ~  (:IIIIIII~III!III A t o  i t s  o r ig i~ l i i l  visc:osity. U p  t o  1 pi111 Koppr:rs 
'I'ltirilic!r 2000  I;c!r l ive g i i l l o r~s  o f  coal i l tg  l l lay h! udtletl il' rir:c:cssary. 

BKECAU'I'IONS: 'I'akc tlrese ~t r r~c:aut ior~s d l l r i ~ i g  appl icat iol i  a1111 h:I'ore l l l e  coa l ing  dries. 
(Appl ies t o  t l ic  Alixturt: o f  C u ~ n p o ~ ~ c : ~ ~ t s  A and D). 

D A N C E R !  

I l i~r l t tCul  o r  Catd i f  swd lowcd .  Vapor  I~;~rltiTul. Ski11 aritl eye i r r i tant .  May 
se11si1i'~t: sk i i i  LO sur~l igl i t .  
I teguI;~~. 'l 'ype A i r  Kegula lory  'I'ype DOD-P-29236A(Sl l )  T y p e  
1.'lal11111nLle FI~IIIIII~LI~ C o ~ n b t ~ s t i b l c  
C o l ~ t i i i l ~ s  xyltrrrt: (:olitailis 2 - ~ ~ i t r o p r o -  Coi~ la ic ls  aro ln i i l ic  
1 1  i (II~IIIIII~I- palle, cyc: lol~r*xal io~~t!,  I iyt lro~:a~.l tor i  solvc:l~ts at id 
~III~II~IIIII:III~I) at111 t r i  ( t l inic: l l~yl- Lri ( c ~ i ~ ~ ~ c i l i y l a ~ ~ ~ i ~ i o ~ ~ ~ c l ~ ~ y i )  
IIIII.II~I a ~ ~ ~ i r i o t r ~ t : t l ~ y  I) p l ~ c ~ i o l  p l~ r t i i o l  

Kcc:p away frctlri Ilt:al, s l t i~rks a ~ l d  I'li1111t:. Avoit1 I~ r~ .a t l i i t i g  ol' vapor o r  spray 
~ n i s l .  Avo i t l  c o ~ ~ t a c t  w i th  oyt:s a11d skiti. tlsr: ail ultraviolr:l barr icr  crc:alli o i l  
c-xltosi:rl skin. Wash t l ~ o r o u g l ~ l y  al'lcr Iialidlii lg. Ker:)) r!losurcs t i g l i l  ant1 up -  
r i c l ~ t  t o  ~trc:vc:~~t It:akagc. I(t:cl~ t :o l~ la i l~ l : r  t:losc:tl W~II!II 11o1 ill use. III cast: trl' 
splllagu, absorb elit1 tlisposc o r  ili uct:orda~~cc: wi l l1 local  applir:ablc rcgula- 
l iol ix. i)o ~ i o l  lakc i~ i l v rna l l y .  
KEICP OU'I' O F  I t E A C I I  01: CIII1,DILEN. 
Use wi l l1  adequate v e l ~ t i l a t i o l ~  du r ing  apytlicatittn and dry in^. 111 talrks slid 
o lhc r  t *o~~ l ' i ~~c !c l  iIrc!as, us: u l ~ l y  wi l l1 adc*tleiatc Torc:l.ll irir v t : r~ t i l a l i o t~  l o  11ret. 
vcsnl tlal~gt:rous cot~c.c:t~tral io~is o f  villtors wl i ic l i  c o ~ i l t l  c;lttsc t l t :al l~ Tro l i~  t!x- 
~ ) l o s i u i ~  o r  fro111 brc*a~l i i t tg. IJsv I'rc:hIr air lr~aslis, clvilri ~trutc:t:livr: r : I o l I ~ i l ~ g  
al ld t :xl~losio~i- l tretul '  t . r l t~ ip~ r i c l~ t .  I'rr:vt:nl ll;~riic~s, slti~rks, wclc l i r~g ulirl 
s~nuk i l l g .  1~'olluw O S l l A  rt:gulaiiorrs r r .gnr t l i~y vc:nlilulioli i111d rcs l~ i rn lo ry  
c ' t l r ~ i l ~ n t ~ n t .  
1:IItS'I' A l l ) :  111 case of .&in c o ~ i l a c l ,  wasli I l ~ o r o ~ ~ g l i l y  wi l l1 soap at111 wi~tt.r; 
Sot eycs, fll lhll i ~ ~ ~ ~ ~ ~ t : ~ l i ; ~ l t ~ l y  wit11 ~ t l u l ~ l y  o f  wi11t.r I'or 15 III~IIII~I~S ill111  all a 
l l ~ s i i a ~ ~ .  I C  MIII~III~II ot:tatIrs, ttl.;~t s y t ~ ~ ~ ~ ~ ~ l ~ i a ~ i ~ ~ a l l y .  1C uCl'ec.lt:d I ty  
l r t r :a t l i i~~g o f  vapor. 111ctvc Icr I'rcsli air. I I 'swallowt~tl ,  CAI.1. A I ' I IYSI( : IAN 
lh lh1 lC l~ lA ' l ' l ~ l .Y .  IN)  N U I '  i ~ i t l i t e ~ ~ :  v u t ~ i i t i ~ ~ g .  
I N  C A S K  01: YIILIC: llsct dry  c l i t -~~~ ic . ;~ l ,  l'tralri, w;~lc*r l'og o r  (:02. C o d  
t:lo~.tl eo l i l ;~ i~ i l * r s  wi l l1 watc:r. 
I ~ l I ' O l ~ l ' A N ' I ' !  At iy  ~ r ~ i x l i i r t *  IIS (~IJIII~IIIIII-II~S A it1111 I t  wi l l  Itavte I ~ i ~ z i ~ r c l s  t~ l '  

UO'I'll ( : e ~ t ~ ~ ~ t o c ~ c ~ ~ i t s .  0USb:KVI': AL.1. AI'IBI,ICAULE I'ICHCAU'I'IONS. 
u i n n  .I.Y.~v 
111 ~v'.ht~icul u$l~ll'e, rt~t.~,mnot*r~L~lonr urlJ st~nth.a-s art8 n~r1e1~~rc.J by I l t r  .\'rllrr ~ r u l i ~ .  Thry "re8 1,ese.J 1rr1 t~~~. l~n i ra l  Jwru u*ltirh thts Svllrr 

bvla~~tws 181 br. r ~ ~ l u b l r  UIIJ IIIV ~I~I~~I~JcJ /Or uw by perstms ISUV~IW 1Ad1 up111 AIIOU~III*W, UI 11~vtr ~IIVIVIIO,~ ut1t1 IIIA. Sv1b.1 ussunlo*, no 
rrrpur,rtBrlrt) /trr rt.rtrltr e~b~at,~t.tI 01 JUIII~~*I i11curra.J /ronu l lw~r  UIC b)  1Iuj1.r U~IIVIIII~I 01 r*~ca,r~a,rt~.taJ(.II bvrv~n v r  01111.ru~tst.. Su1.h 
n ~ , . ~ , e , , , ~ t ~ , ~ b ~ l t ~ ~ ~ ~ s ,  Ic,c-h~~wul uJ~.r~.e or wn-lc.vr urp taut I,, ruAr~t us u I t r ~ ~ r ~ r v  11, t,prrulr ur~clvr ur tr#trrlJv,l 14, ruy((vrt i tJr~rlyt~nlr,~l I,/ 

urly 1'1111111)1 /~ut~.nl. 

Revired March, 1 9 N l  Suparreoes a l l  prevtour aala rhssls prlnlsa on l h l s  product. 

R e ~ t l n l e O  FaD fuA rY  191)s 
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APPENDIX V I  

DISCUSSION OF CfiST IRON 
AND CORROSION OF COST IRON 



DISCUSSION OF 
CAST I R O N  A N D  CORROSIOTOF CAST I R O N  --- --- 

C a s t  I r o n  -- 
C a s t  I r o n  i s  a  g e n e r i c  t e r m  t h a t  a p p l i e s  t o  h i g h  c a r b o n - i r o n  

a l l o y s  c o n t a i n i n g  s i l i c o n .  The most common a r e  d e s i g n a t e d  a s  

g r a y  c a s t  i r o n ,  w h i t e  c a s t  i r o n ,  m a l l e a b l e  c a s t  i r o n ,  and  

d u c t i l e  o r  n o d u l a r  c a s t  i r o n .  

o r d i n a r y  g r a y  c a s t  i r o n s  c o n t a i n  a b o u t  2  t o  4 %  c a r b o n  and  1 

t o  3 %  s i l i c o n .  The d u l l  o r  g r a y i s h  f r a c t u r e  is  d u e  t o  t h e  

f r e e  g r a p h i t e  f l a k e s  i n  t h e  m i c r o s t r u c t u r e .  Gray c a s t  i r o n s  

c a n  b e  r e a d i l y  c a s t  i n t o  i n t r i c a t e  s h a p e s  b e c a u s e  o f  t h e i r  

e x c e l l e n t  f l u i d i t y  and  r e l a t i v e l y  low m e l t i n g  p o i n t s .  They 

c a n  a l s o - b e  a l l o y e d  f o r  improvement o f  c o r r o s i o n  r e s i s t a n c e  

and s t r e n g t h .  

F i g u r e s  V I - 1  and  VI-2 a r e  t a b l e s  f rom The I r o n  C a s t i n g s  

S o c i e t y  handbook a n d  t h e  N a t i o n a l  A s s o c i a t i o n  of C o r r o s i o n  

E n g i n e e r s  (NACE)  BASIC CORROSION Handbook showing t h e  v a r i o u s  

a l l o y i n g  o f  c a s t  i r o n .  

C o r r o s i o n  R e s i s t a n c e  

The c o r r o s i o n  r e s i s t a n c e  of  c a s t  i r o n s  depends  p r i m a r i l y  on 

t h e i r  c h e m i c a l  c o m p o s i t i o n  and on t h e  d i s t r i b u t i o n  o f  t h e  

e l e m e n t s  w i t h i n  t h e i r  m i c r o s t r u c t u r e .  By d e f i n i t i o n  a l l  c a s t  

i r o n s  a r e  h e t e r o g e n e o u s  and  t h u s  h a v e  a t  l e a s t  two d i f f e r e n t  

c o n s t i t u e n t s  i n  t h e i r  m i c r o s t r u c t u r e .  The v a r i o u s  t y p e s  of 

c a s t  i r o n  a r e  d i s t i n g u i s h e d  by  t h e  form and t h e  d i s t r i b u t i o n  



of  t h e  c a r b o n  i n  t h e  m i c r o s t r u c t u r e  and  by t h e  t y p e  o f  m a t r i x  

s t r u c t u r e  i n  which t h e  c a r b o n  o c c u r s .  

The c o r r o s i o n  of c a s t  i r o n  i s  d i f f e r e n t  from s t e e l  b e c a u s e  

of  t h e  a p p r e c i a b l e  amounts  of  c a r b o n  and  s i l i c o n .  I n  a l l  

e x c e p t  t h e  w h i t e  i r o n s  much o f  t h e  c a r b o n  c o n t e n t  o c c u r s  a s  

g r a p h i t e  which i s  e s s e n t i a l l y  i n s o l u b l e  and i n e r t  i n  mos t  

e n v i r o n m e n t s .  

Under o x i d i z i n g  c o n d i t i o n s  t h e  s i l i c o n  i n  i r o n  o x i d i z e s  a l o n g  

w i t h  t h e  i r o n  and  a n  i r o n  s i l i c a t e  is  formed.  T h e r e  a r e  two 

mechanisms ,  o n e  i n v o l v i n g  g r a p h i t e  and  o n e  i n v o l v i n g  s i l i c o n ,  

which  c a n  o c c u r  i n  t h e  c o r r o s i o n  of i r o n  and  d o  n o t  o c c u r  

w i t h  c a r b o n  s tee l .  

G r a p h i t i z a t i o n  

G r a p h i t i z a t i o n  is  a  form of  d e a l l o y i n g  ( o r  c o r r o s i o n )  c a u s e d  

by  t h e  s e l e c t i v e  d i s s o l u t i o n  o f  i r o n  from some c a s t  i r o n s ,  

u s u a l l y  g r a y  c a s t  i r o n .  

I t  u s u a l l y  p r o c e e d s  u n i f o & l y  inward from t h e  s u r f a c e ,  

l e a v i n g  a  p o r o u s  m a t r i x  of  t h e  r e m a i n i n g  a l l o y i n g  e l e m e n t ,  

c a r b o n .  G r a p h i t i z a t i o n  o c c u r s  i n  s a l t  w a t e r s ,  a c i d i c  m i n e  

w a t e r s ,  d i l u t e  a c i d s ,  and  s o i l s ,  e s p e c i a l l y  t h o s e  c o n t a i n i n g  

s u l f a t e s  and  s u l f a t e - r e d u c i n g  b a c t e r i a .  

T h e r e  i s  g e n e r a l l y  no ou tward  a p p e a r a n c e  of  damage, b u t  t h e  

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

~ e p e n d i n g  on a l l o y  c o m p o s i t i o n ,  t h e  p o r o u s  r e s i d u e  may r e t a i n  

a p p r e c i a b l e  t e n s i l e  s t r e n g t h  and  h a v e  m o d e r a t e  r e s i s t a n c e  t o  



e r o s i o n .  For example ,  a  c o m p l e t e l y  g r a p h i t i z e d  b u r i e d  c a s t  

i r o n  p i p e  may c o n t i n u e  t o  h o l d  w a t e r  unde r  p r e s s u r e  u n t i l  

j a r r e d  by a  backhoe  o r  a  workman's s h o v e l .  

The p r e s e n c e  of s u l f a t e s  and  s u l f a t e - r e d u c i n g  b a c t e r i a  i n  

s o i l  s t i m u l a t e s  g r a p h i t i z a t i o n  a t t a c k .  The a d d i t i o n  of 

s e v e r a l  p e r c e n t  of  n i c k e l  t o  c a s t  i r o n  g r e a t l y  r e d u c e s  

s u s c e p t i b i l i t y  t o  g r a p h i t i z a t i o n .  

S i n c e  t h e  g r a p h i t e  i n  c a s t  i r o n  is  i n e r t  i n  mos t  c o r r o s i v e  

e n v i r o n m e n t s  t h e  a t t a c k  i s  e s s e n t i a l l y  on t h e  m a t r i x  m e t a l .  

I f  t h e  g r a p h i t e  r e m a i n i n g  on t h e  s u r f a c e  is n o t  d i s l o d g e d ,  i t  

w i l l  form a  s u r f a c e  l a y e r  t h a t  w i l l  c o n t a i n  o t h e r  c o r r o s i o n -  

r e s i s t i n g  m i c r o c o n s t i t u e n t s  and  a n y  r ema in ing  p r o d u c t s  of  

c o r r o s i o n .  Because  of  t h e  g r a p h i t e  i n  t h i s  l a y e r ,  i t  a p p e a r s  

b l a c k  o r  d a r k  g r a y ,  and  t h u s  is r e f e r r e d  t o  a s  

g r a p h i t i z a t i o n .  

T h i s  g r a p h i t e  r e s i d u e  c a n  e i t h e r  a c c e l e r a t e  o r  r e t a r d  t h e  

c o r r o s i o n  a t t a c k  on t h e  u n d e r l y i n g  m e t a l .  With a  low pH, 

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

e l e c t r o l y t i c a l l y  a c c e l e r a t e  t h e  a t t a c k  on t h e  m e t a l ;  b u t ,  i f  

t h e  c o r r o s i o n  p r o d u c t s  a r e  r e t a i n e d ,  t h e y  can  e f f e c t  a  

m e c h a n i c a l  b l o c k a g e  which  i n c r e a s e s  t h e  e l e c t r i c a l  r e s i s t a n c e  

and s t i f l e s  f u r t h e r  a t t a c k .  

S i l i c o n  S u b s c a l e  Fo rma t ion  

When a  raw i r o n  s u r f a c e  i s  exposed  t o  m o i s t u r e ,  t h e  t y p i c a l  

orange-brown h y d r a t e d  o x i d e  ( l i m o n i t e r )  r a p  i d l y  fo rms .  With 



c o n t i n u e d  e x p o s u r e  a  b l a c k  o x i d e  forms  on t h e  s u r f a c e .  The 

p r e s e n c e  of  s i l i c o n  i n  t h e  i r o n  c a u s e s  t h e  f o r m a t i o n  of  a  

Uense ,  a d h e r i n g ;  i r o n  ox i d e - i r o n  s i l i c a t e  s c a l e  and s u b s c a l e ,  

which a i d s  i n  m i t i g a t i n g  f u r t h e r  c o r r o s i o n  a c t i v i t y .  

C o r r o s i o n  R e s i s t a n c e  To S o i l s  - 
C o r r o s i o n  i n  s o i l s  i s  a  complex phenomenon. Whi le  many 

s t u d i e s  h a v e  b e e n  u n d e r t a k e n  t o  measu re  t h e  l i f e  of b u r i e d  

c a s t  i r o n  p i p e s  i n  d i f f e r e n t  s o i l s ,  i t  is d i f f i c u l t  t o  u s e  

t h i s  d a t a  f o r  q u a n t i t a t i v e  p r e d i c t i o n s .  The s o i l  p o r o s i t y ,  

d r a i n a g e ,  and  c o n s t i t u e n t s  d i s s o l v e d  i n  t h e  ground w a t e r  i n  

c o n t a c t  w i t h  t h e  p i p e  have  a  marked e f f e c t  on t h e  l i f e  of  

c a s t  i r o n  i n  s o i l s .  

A d d i t i o n s  o f  up  t o  t h r e e  p e r c e n t  n i c k e l  may r e d u c e  t h e  

i n i t i a l  c o r r o s i o n  r a t e  i n  p o o r l y  d r a i n e d  s o i l s  of  low 

e l e c t r i c a l  r e s i s t i v i t y .  P i t t i n g  a t t a c k  may b e  s t i m u l a t e d  

v e r y  m a r k e d l y  by  i r r e g u l a r  c o n t a c t  of  t h e  p i p e  w i t h  t h e  

s u r r o u n d i n g  s o i l ;  t h i s  e m p h a s i z e s  t h e  d e s i r a b i l i t y  of  

c o n s o l i d a t i n g  t h e  b a c k f i l l  a round  t h e  p i p e .  P i t t i n g  v a r i e s  

f rom a b o u t  2 m i l s / y r  t o  a b o u t  4 0  m i l s / y r  unde r  extreme 

c o n d i t i o n s .  

F i g u r e s  VI-3 and  V I - 4  a r e  t a b l e s  t a k e n  from American C a s t  

I r o n  S o c i e t y  and  C a s t  I r o n  P i p e  Resea rch  A s s o c i a t i o n  ( C I P R A )  

p u b l i c a t i o n s  showing t h e  r e s u l t s  of  c o r r o s i o n  t e s t s  r u n  on 

c a s t  i r o n  and  d u c t i l e  i r o n  i n  v a r i o u s  t y p e s  of s o i l s  and  

e n v i r o n m e n t s .  

. * * * * * * * * * 



CAST IRON ALLOYS 

Mechanical ~ropert ies~)  
Yield Tensile Elon- 

Strength Stmngth gation Hardness 
Alloy ASTM UNS Composition, %'I Cond. ksi(MPa) ksi(MPa) 96 HE 

Gray Cast Iron A1 59(G3000) F10006 3.1-3.4C, 0.6-0.9Mn. 1.9-2.33 As cast - 30(207) - 1 87-24 1 
Malleable Cast Iron A602(M3210) F20000 2.2-2.9C. 0.1 5-1.25Mn. 0.9-1.90S1 Ann. 32(229) 50(345) 12. 130 
Duct~le Cast Iron A395(60-40-18) F32800 (none specified) Ann. 40(276) 60(414) 18. 1 70 
Cast Iron A436(1) F41000 3.OC. 1.52.5Cr. 5.57.5Cu. As cast - 25(172) - 150 

0.5-1.5Mn. 13.5-17.5Ni, 1 .O-2.8Si 
Cast Iron A436(2) F41002 3.K.  1.5-2.5Cr. 0.50Cu, As cast - 25(172) - 1 45 

0.5-1.5Mn. 18.-22.Ni. 1 .O-2.8Si 
Cast Iron A436(5) F41006 2.4C, O.lCr, 0.5Cu. As cast - 20(138) - 110 

0.5-1.5Mn. 34.-36.N1, 1.0-2.OSi 
Ductile Austenitic A439(D-2) F43000 3.K.  1.75-2.750, 0.7-1.25Mn. As cast 30(207) 58(400) - 170 

Cast Iron 18-22N1, 1.5-3.0S1 
Ductile Austenitic A439 (D-5) F43006 2.4C, 0.10, 1 .OMn, 34-36N1, 1.0-2.83 As cast 30(207) 55(379) - 155 

Cast lron 
Silicon Cast Iron A51 8 F47003 0.7-l.lC, 0.5Cr, 0.5Cu, As cast - 16(110) - 520 

1 .SOMn, O.5Mo. 14.2-14.75S1 

a)Single values are maximum values. 
b)Typical room temperature properties. 

FIGURE VI-1 



TABLE 1A-la - "Named" Proprietary Steels, Nickel Alloys and 
Other C a t  and Mirr;.Ilwwous Alloys 

For other alloys, see handbooks, suppliers or Engineering Alloys 
by Norman Woldman, 4th Ed. 1962. Reinhold Publishing Company. 

Name TM(') C CI Ni other(') 

Armco Iron . . . .  AS 
Carpenter-20 . . . .  CS 
Chlorimet-2 . . . .  DC 
Chlorimet-3 . . . .  DC 
Croloy-2 . . . . . .  BW 
Croloy-5 . . . . . .  BW 

0.012 0 0 
0.07 20 29 
0.03 0 Bal 
0.03 18 Bal 
0.15 2 0 
0.15 5 0 

2.5 Mo, 3.5 Cu, 1 Si 
32 Mo, 3 Fe, 1 Si 
18 Mo, 3 Fe, 0.5 Si 
0.5 Mo 
0.5 Mo 
4.5 Al, 0.5 Ti, 
0.5 Si, 0.15 Fe, 
0.25 Mn 

0.15 0 Bal 

Durimet-20 . . . .  DC 
Durichior . . . . .  DC 

. . . . . .  Duriron DC 
Hasteiloy B . . . .  HS 
Hastelloy C . . . .  HS 

(Smilax to Carpenter-20) 
0.9 0 0 
0.9 0 0 
0.12 max 0 Bal 
0.15 max 16 Bal 

14.5 Si, 3 Mo 
14.5 Si 
28 Mo, 5 Fe, 0.3 V 
16 Mo, 5 Fe, 4 W 
9 Mo, 18 Fe, 1 W, 1 1.5 Co Hastelloy X . . . .  HS 0.20 max 22 Bal 

lncoloy (802) . . . .  IN 
Incone1 (600) . . . .  IN 

0.35 20.5 32 
0.04 15.8 Bal 

{ 
7.2 Fe, 0.2 Mn, 
0.2 Si, 0.1 Cu 

Nichrome V . . . .  DH 
NiHard (No. 1) . . .  IN 

Ni Resist (No. 1) . . IN 

0.5 Si, 0.6 Mn 

{ 
6.5 Cu, 2.0 Si, 
1.25 Mn 

3.0 max 2 15.5 

1.5 Sn, 0.12 Fe, 
{ balik 

0.2 Cu min, 1 Mn rnax, 
{ 0.1 P A-242 Steel . . . .  - 0.15 max 0.5 0.3 

Cast Iron 
Gray . . . . .  . , -  3.3 0 0 1.7 Si, 0.7 Mn 
Malleable . . . . .  - 2.3 0 0 1.0 Si, 0.4 Mh 
Nodular . . . . .  - 3.5 0 0 2.5 Si, 0.3 Mn 

(' I~rademark: 
AS-Armco Steel Corp. HS-Haynes Stellite Co. 
BW-Babcock & Wilcox IN  -International Nickel Co. 
CS-Carpenter Steel Co. W-Weatinghouse Electric Co. 
DC-Durion Co. 
DH-Driver Harris Co. ("~alance iron unlew otherwise noted. 

TABLE 1A-2 - Soma Commonly Umi Woods and Their 
Gemrat Corrosion Reristanco to  Moist Conditions 

Conosion or Decay Resistance 
I I 

GOML I Fair I Poor 

Cedar 

Black Locust Redwood 

Walnut 1 Honey Locust Sassafras 

Douglas Fir Pine, South Yellow 

I Aspen Fir 

Ash Cottonwood , Red Oak ' 
Spruce 

Chestnut Yew ~ j l i t e  Oak I Beech Hemlock Willow 

I Pine, East White I Birch Maple 

FIGURE V I - 2  



TABLE VI Corrosion of Cast Iron in Field Tests in Soils1' 

Resistivity 
at 6 0  F ( 1 5  C) 

Mean Wt. Loss 

Type of Soil Location of Site PH ohm/cm Aeration ' o ~ / f t . ~  g/dH 

1. Chester loam 
2. Dublin clay adobe 
3. Fargo clay loam 
4. Miami clay loam 
5. Miami silt loam 
6. Ontario loam 
7. Tidal marsh 
8. Lake Charles clay 
9. Susquehanna clay 

10. Docas clay 

- -- 

Jenkintown, Pa. 
Oakland, CA 
Fargo, N.Dak. 
Milwaukee. Wis. 
Springfield, OH 
Rochester. N.Y. 
Elizabeth. N.J. 
El Vista. Tex. 
Meridan. Miss. 
Cholame. CA 

Locations 1 to 7: Duration of exposure 12 years: 4 specimens. 
Locations 8 to 10: Duration of exposure 14 years: 8 specimens. 

' Aeration of Soils: G. good. F. fair; P. poor: VP. very poor. 

TABLE Vl l l  Relative Wear Rates of Mill Liner Materials as 5 Inch Balls a t  Climaxa4 
Abrasion 
Factor 
'base 

Heat Hardness Typical Analysis Percent 

Material Treatment RcA RcB C Mn Si C r Mo Ni 

Martensitic Cr-Mo white iron 
Martensitic high-Cr white iron 
Martensitic Cr-Mo steel 
Chillcast Ni-Cr-Mo white iron 
Sandcast Ni-Cr white iron 
Martensitic Cr-Mo steel 
Austenitic 6-1 alloy steel 
Chillcast Ni-Cr white iron 
Martensitic Cr-Mo steel 
Type 420 cast stainless 
Pearlitic Cr-Mo steel 
Austenitic Mn steel 

- 
salt Q&T 

WQ 
- 

WQ & T 
AQ & T 
AQ & T 

WQ 

Footnotes for Table Vlll are shown on previous page. RcA is the average Rockwell C hardness % in. below the original surface of the 
AQ & T = air quenched and tempered balls prior to use. 
0 & T =quenched and tempered RcB is the average hardness on the worn surface of the balls after the wear test. 
WQ =water quenched It reflects the effect of cold-work hardening at this surface. 
WQ & T = water quenched and tempered 

FIGURE 



Cipra Test of Six-Inch Ductile lron and Gray lron Pipelg 
Mean 

Mean Weight Maximum 

Years Loss, mdd(1) Pitting, mpy'a' 

Soil Exposure Duct Gray Duct Gray 

Cinders 3.7 12.2 10.6 35 35 
5.9 15.9 16.0 32 3 2 
7.9 12.5 13.8 27 28 
9.4 10.6 11.7 18 2 2 
13.5 9.3 11.3 1 1  20 

Mean Loss 
in Burst 

Strength, % 

Duct Gray 

Alkali 3.7 7.2 5.4 22 16 <10 10 
6.0 4.3 3.2 13 10 <10 10 
8.0 3.2 2.3 10 14 <10 2 4 
9.9 2.3 1.5 10 9 <I5 4 2 
12.0 2.6 2.2 8 10 <15 4 1 
14.0 2.4 1.9 9 13 <9 3 9 

Analysis of lron Pipe 
Element C Si S Mn P Mg 

Ductile 3.40 2.40 0.0 1 0.30 0.05 0.04 
Gray 3.40 1.50 0.08 0.50 0.60 - 

mdd = milligrams per square decimetre per day. ( a )  mpy = mils penetration per year. 

FIGURE VI-4 
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