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INTRODUCTION 

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  and  e v a l u a t i o n  made d u r i n g  t h e  

months of ~ p r i l  and May 1989 o f  t h e  METRO North Beach F o r c e  Main 

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

F o r c e  Main D e s c r i p t i o n  and L o c a t i o n  - 
The Nor th  Beach F o r c e  Main is  compr i sed  of a p p r o x i m a t e l y  7 ,080 LF 

of  14 - inch  d i a m e t e r  c a s t  i r o n  p i p e  and  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  

be tween  t h e  METRO North Beach Pumping S t a t i o n  and  t h e  METRO Carkeek  

Wastewater  T r e a t m e n t  P l a n t .  The r o u t e  of t h e  f o r c e  main is shown 

on t h e  l o c a t i o n  map on page  4 .  

Approximate ly  4 ,700 LF o f  t h e  f o r c e  main i s  l o c a t e d  d i r e c t l y  on t h e  

Puge t  Sound, 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  

which run  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 .  

Through t h i s  a r e a ,  t h e  f o r c e  main i s  a n  a l m o s t  c o n s i s t e n t  85 f e e t  

n o r t h w e s t  of t h e  c e n t e r l i n e  of 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  

which i s  c o v e r e d  by 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 .  

The f o r c e  main was c o n s t r u c t e d  i n  1961  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 o f  S e a t t l e ,  Washington.  The f o r c e  main was 

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

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

no c o a t i n g  found on 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 ema in ing  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 :  

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  

beach  between t h e  North Beach Pumping s t a t i o n  and Carkeek  

Pa rk .  

Removal of coupons  from 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 .  

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 ema in ing  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 .  

T e s t i n g  and a n a l y s i s  of s o i l  and wa te r  s a m p l e s  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  and  i t s  l o n g  term 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 is 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  

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  agreement  between 

o u t  i n  a c c o r d a n c e  

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 A N D  CALDWELL, I N C . ,  a s  a u t h o r i z e d  



by the ~unicipality of Metropolitan Seattle (METRO) in their 

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

Engineering Services, CarkeekTransfer/CSO Facilities Project, 

CW/FI-88 .lo 



METRO NORTH BECICH FORCE M R I N  

LOCfiTION B6P 



CONCLUSIONS 

From t h e  i n f o r m a t i o n  a n d  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  a n d  

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  a n d  May ( 1 9 8 9 )  o n  t h e  N o r t h  

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  b e e n  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  a n d  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 CONDITION 

The 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  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  o n  t h e  o b s e r v a t i o n s  made o f  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 ,  a n d  o n  t h e  

e v a l u a t i o n  made o f  t h e  c o u p o n s  removed f rom t h e  f o r c e  m a i n  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 g o o d  c o n d i t i o n  o f  t h e  f o r c e  main  is 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  2 8  y e a r s .  

USEFUL SERVICE LIFE REMAINING - 
Based  o n  t h e  e v a l u a t i o n  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  

f o r c e  m a i n ,  a n d  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  f o u n d  i n  Coupon No. 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  b e e n  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  

o f  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  is  v e r y  c o n s e r v a t i v e ,  a n d  o f  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  c o u p o n s  removed f r o m  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 . 0 0 0 0 4 % )  o f  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 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  of a  more 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 No. 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 )  

on t h e  f o r c e  main ,  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  be tween  now and 3 1  y e a r s  f rom now. 

I t  I t  i s  o u r  best judgement ,  however ,  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  main  w i l l  n o t  o c c u r  f o r  a t  l e a s t  10  t o  1 5  

y e a r s .  



FORCE MAIN 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  1 9 ,  2 0 ,  and 2 1 ,  

1989 .  

The p u r p o s e  o f  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 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 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 o f  

t h i s  r e p o r t .  

E x c a v a t i o n  No. 1 - -  
The f i r s t  e x c a v a t i o n  o f  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  North Beach Pumping S t a t i o n  a t  

p i p e l i n e  STA 6 t 2 1 .  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  



m a i n  t u r n s  s o u t h e a s t  f r o m  t h e  b e a c h  (STA 2 + 9 1 )  i n t o  t h e  p u m p i n g  

s t a t  i o n .  

The  e x c a v a t i o n  work  was b e g u n  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  o f  t h e  f o r c e  m a i n  p i p i n g  f o r  r e m o v a l  o f  a c o u p o n  

d u r i n g  t h e  l o w  t i d e  p e r i o d  w h i c h  o c c u r r e d  b e t w e e n  11 :00  AM a n d  

12 :00  n o o n  o f  t h a t  d a y .  T h e  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  l o w  t i d e  p e r i o d .  

The  f o r c e  m a i n  h a d  a b o u t  f i v e  f e e t  o f  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  o f  d a r k  b r o w n  c o a r s e  s a n d  a n d  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  c o u p o n  r e m o v a l  was b e g u n  a t  1 : 1 5  PM a n d  was c o m p l e t e d  a t  a b o u t  

1:30 PM. B a c k f i l l i n g  o f  t h e  e x c a v a t i o n  a n d  a l l  c l e a n u p  o f  t h e  s i t e  

w a s  c o m p l e t e d  b y  3:00 PM. 

P i c t u r e s  Nos. 1 t h r o u g h  1 0  i n  A p p e n d i x  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 s e c o n d  e x c a v a t i o n  o f  t h e  f o r c e  m a i n  was  m a d e  o n  t h e  b e a c h  i n  

t h e  C a r k e e k  P a r k  a rea  o n  A p r i l  2 0 ,  1 9 8 9 .  

The  l o c a t i o n  o f  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 4 8 + 5 7 ,  a s  d e t e r m i n e d  b y  a  m e a s u r e m e n t  o f  1 5 8  f e e t  m a d e  

f r o m  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  w h e r e  t h e  f o r c e  m a i n  

i n t e r s e c t s  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  

T r e a t m e n t  P l a n t  ( a p p r o x .  STA 5 0 + 1 5 ) .  



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  

main ,  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 

A M .  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  o f  t h e  s i t e  was 

comple t ed  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  

of  E x c a v a t i o n  N O .  2  on A p r i l  2 1 ,  1989.  

The l o c a t i o n  o f . 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 41+81,  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 3 8 t 1 5 .  The abandoned B lue  R idge  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. 17  and  

18  i n  Appendix 11. 

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 rob lems  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  m a i n  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  m a i n  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  

1 1 : 1 5  AM. 

T h e  e x c a v a t i o n  work  t o  u n c o v e r  t h e  f o r c e  m a i n  a t  t h i s  l o c a t i o n  w a s  

q u i t e  d i f f i c u l t  d u e  t o  e x t r e m e  r o c k y  c o n d i t i o n s  a n d  t h e  h e a v y  water 

i n t r u s i o n .    his l o c a t i o n  was  a t  a  much l o w e r  e l e v a t i o n  o n  t h e  

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

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

r e a c h e d  a t  a b o u t  1 : 0 0  PM. Work w a s  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  o f  t h e  

m a i n  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 ,  

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

i n c o m i n g  t i d e  wou ld  w a s h  i n t o  t h e  e x c a v a t i o n .  ( T h e  l o w  t i d e  f o r  

t h i s  d a t e  was  a  m i n u s  0 .2  f t .  w h i c h  o c c u r r e d  a t  a b o u t  1 2 : 0 0  n o o n ) .  

T h e  c o u p o n  r e m o v a l  work  was s t a r t e d  a t  a b o u t  2 :20  PM a n d  was  

c o m p l e t e d  a t  2 :50  PM, w i t h  t h e  i n c o m i n g  t i d e  s t a r t i n g  t o  w a s h  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  h a d  b e e n  be rmed  u p  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  o f  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  c o u p o n  r e m o v a l  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 r o m  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. 

D u r i n g  t h e  l o w  t i d e  p e r i o d  o n  t h e  n e x t  d a y  ( S a t u r d a y ,  A p r i l  2 2 ,  

1 9 8 9 ) ,  t h e  s h o r i n g  w a s  removed f r o m  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  

w a s  b a c k f i l l e d ,  a n d  t h e  s i t e  w a s  c o m p l e t e l y  c l e a n e d  u p  a n d  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  21  and 22 ,  1989 ,  a r e  i n c l u d e d  i n  Appendix 1 1  

( P i c t u r e s  Nos, 19 t h r o u g h  23)  . 

GENERAL 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  between t h e  t h r e e  l o c a t i o n s ,  T h e s e  

became even  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  ~ 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  is  a l w a y s  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  No. 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  from 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  o f  

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  from 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  o f  

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 I1 

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 Graphitization Products 

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: 



~ r o n  140,000 ppm 
Sulfur 18,000 ppm 
Strontium 6,400 ppm 
Magnesium 4,300 ppm 
Calcium 4,100 ppm 
Aluminum 3,600 ppm 
Sodium 1,800 ppm 

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 Appendix 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, o f  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  North 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  samples  ( c o u p o n s )  were removed f rom t h e  main a t  e a c h  

of  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 ,  20 ,  

and 2 1 ,  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  of  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  b y  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  14 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 s e d  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  of 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 e c o n d  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 AND ANALYSIS OF COUPONS - - 
The t h r e e  coupons  removed from t h e  Nor th  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, INC., 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. 24 t h r o u g h  32 i n  Appendix I 1  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  m a i n ,  

b e f o r e  b e i n g  c l e a n e d  a n d  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 from 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  of  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 f rom 

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 and 2 showed e v i d e n c e  o f  

cement  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  main 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  up t o  1 / 8 - i n c h  of  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  most o f  

t h e  l i n i n g  was l o s t  f rom Coupons Nos. 1 and 3  when t h e y  were b e i n g  

c u t  and removed by t h e  t a p p i n g  machine .  

P i c t u r e s  Nos. 33 t h r o u g h  35 i n  Appendix I 1  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  of t h e  coupons  a f t e r  t h e y  had been  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  wire b r u s h  t o  remove t h e  

minor  d i r t  and  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  39 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  cement  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  of  Coupons Nos. 1 and 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. 45 t h r o u g h  51 .  

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  on t h e  t h r e e  coupons  removed f rom 

t h e  f o r c e  main 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  by  we igh t :  

E lement  Coupon No. 1 - -  
Carbon ( C )  4.47% 
S i l i c o n  ( S i )  1 .31% 
Phosphorous  (PI  0 .69% 
Chromium ( ~ r )  0.19% 
Manganese (Mn) 0  -51% 
I r o n  ( F e )  92.84% 

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



The c o m p u t e r  p r i n t - o u t s  o f  t h e s e  a n a l y s e s ,  a s  r u n  b y  SCAN TECH,  

I N C .  o f  B e l l e v u e ,  W a s h i n g t o n  a r e  i n c l u d e d  i n  Append ix  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  o f  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  o n  t h e  t h r e e  c o u p o n s  

show t h a t  t h e  p i p e  u s e d  f o r  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  Beach  

F o r c e  Main i s  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 ,  a n d  u p  t o  0.7% m a n g a n e s e ,  w i t h  

chromium a d d e d  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 .  S e e  A p p e n d i x  V I  

o f  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  o f  c a s t  i r o n  a n d  c o r r o s i o n .  

T h i c k n e s s  M e a s u r e m e n t s  

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  were made 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  b y  SCAN TECH, I N C .  b y  means  o f  S c a n n i n g  E l e c t r o n  M i c r o s c o p y  

(SEMI. T h e s e  m e a s u r e m e n t s  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  c o u p o n  w a l l s  a f t e r  t h e  c o u p o n s  h a d  b e e n  c u t  i n t o  s e c t i o n s  t o  

be t te r  r e v e a l  t h e  w a l l s .  

T h e s e  m e a s u r e m e n t s  a r e  s u m m a r i z e d  a s  f o l l o w s :  

Coupon No. 1 - -  

AVG. = 0.6237" 

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



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

Appendix I 1 1  a s  F i g u r e  111-9. 

The s e c t i o n i n g  of Coupon No. 2  by SCAN TECH t o  measu re  t h e  w a l l  

t h i c k n e s s e s  was done 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  on t h e  

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

measurement t.0 b e  made n o t  o n l y  of t h e  p i t  d e p t h ,  b u t  a l s o  of  t h e  

r ema in ing  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 .  

The p i t  was measured  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  of 440 m i l s  (0 .440")  b e n e a t h  t h e  p i t .  

T h i s  p i t t i n g ,  which i s  e v i d e n t  on b o t h  s e c t i o n s  of Coupon No. 2  

was 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 ,  57 ,  and 58 i n  

Appendix 11. 



SOIL AND WATER TESTING -- 

Soil and water samples were taken for testing and analysis at each 

of the three excavations made on the North Beach Force Main on 

April 19, 10, and 21, 1989. 

One soil sample was taken at the top of the force main and one 

sample was taken at the bottom at each location. One water sample 

was taken from each excavation, and one sample of Puget Sound 

seawater was taken and tested for comparative purposes. 

SOIL TESTING PARAMETERS 

The Ductile Iron Pipe Research Association (DIPRA), formerly the 

Cast Iron pipe Research Association (CIPRA) , has established a 
10-point soil evaluation procedure based on their extensive 

experience with soil testing as it relates to corrosion of cast 

iron and ductile iron pipe. 

The DIPRA 10-point evaluation is widely recognized and utilized 

throughout industry as a guide to determine the necessity for 

additional corrosion proteetion when installing new pipe in soils 

that are considered to be corrosive. This procedure has been 

included for informational purposes by the American Water Works 

Association (AWWA) as Appendix A of ANSI/AWWA Specification C105. 

The soil parameters used in the DIPRA 10-point evaluation are 

listed as follows: 

Resistivity 
PH 
Redox 
sulfides 
Moisture 



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 

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 

Below 580 ohm-cm 
500 to 1000 ohm-cm 
1000 to 2000 ohm-cm 
2000 to 10,000 ohm-cm 
Above 10,000 ohm-cm 

Soil Corrosivitv 

very corrosive 
Corrosive 
Moderately corrosive 
Mildly corrosive 
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 (Ht) ion concentration in a 

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

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

at 1x (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 Ht 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  t i m e s  less t h a n  n e u t r a l ,  a n d  t h e  s o l u t i o n  i s  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  m o r e  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 ee 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 ,  a n d  c o n c r e t e ;  w h i l e  t h e  

m o r e  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  a l u m i n u m .  

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  o f  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  w a y s .  F o r  

e x a m p l e ,  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  

a m o u n t s .  A 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  o p t i m u m  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  1 4 . 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  a n d  l o w  s o i l  r e s i s t i v i t y  i s  u s u a l l y  f o u n d .  

S i m i l a r  t o  s t ee l ,  c a s t  i r o n  a n d  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  b e t w e e n  pH 4 .0  a n d  pH 8 . 5 .  B e l o w  

t h e  pH 4 . 0  r a n g e ,  t h e  i r o n  is i n c r e a s i n g l y  o x i d i z e d .  A b o v e  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 g o o d  e l e c t r o l y t e  f o r  d e v e l o p m e n t  o f  

a n o d i c  a n d  c a t h o d i c  d i f f e r e n t i a l  ce l ls  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  l o w  R e d o x  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 ,  a n d  

water  p r e s e n t .  



Redox 

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 " .  T h e  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  

a m o u n t  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 .  

B e l o w  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  i s  

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  o p t i m u m ,  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 water 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  water 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  c o n s u m e  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  

c o m p o u n d s  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  best a t  s o i l  t e m p e r a t u r e s  a b o v e  50  

d e g r e e s  F a n d  a  pH o  7 . O .  T h e y  b e c o m e  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 .  

T h e  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  S o d i u m - A z i d e  

I o d i n e  q u a l i t a t i v e  tes 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 :  N 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 rom 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  Beach  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  - Dark  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  

360 ohm-cm 
6 - 6 9  
+ 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  No. 2  - -  

T o p  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 
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 .  

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  

E x c a v a t i o n  No. 3  - -  

2 2 0  ohm-cm 
6 .98  
-25  mv 
n e g a t i v e  
s a t u r a t e d  

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  s o m e  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  
+ 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  
p H  
Redox 
S u l f i d e s  
M o i s t u r e  

1 , 1 0 0  ohm-cm 
7  - 2 5  
+ 7 2  mv 
n e g a t i v e  
s a t u r a t e d  

WATER T E S T I N G  PARAMETERS 

T h e  water 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  s o u n d  

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. 



I n  a d d i t i o n ,  t h e  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  

were t e s t e d  f o r  s u l f a t e s  a n d  c h l o r i d e s .  

S u l f a t e s  a n d  c h l o r i d e s  a r e  t w o  common s a l t s  w h i c h  a f f e c t  t h e  

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

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

t h e  e l e c t r o l y t e  t o  c o n d u c t  c o r r o s i o n  c u r r e n t s ,  s i n c e  t h e y  

e f f e c t i v e l y  l o w e r  t h e  r e s i s t i v i t y  o f  t h e  e l e c t r o l y t e .  

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

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

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

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

c o n c r e t e ,  when o c c u r r i n g  i n  s u f f i c i e n t  q u a n t i t i e s  t o  c a u s e  l o w  

r e s i s t i v i t y  i n  t h e  s o i l  o r  w a t e r .  T h i s  w i l l  o c c u r  e s p e c i a l l y  i n  

n e u t r a l  a n d  a l k a l i n e  pH e n v i r o n m e n t s  ( i . e .  s e a w a t e r ) ,  a n d  i n  

c o n j u n c t i o n  w i t h  s u l f a t e s .  

WATER TESTING RESULTS 

T h e  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  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  m a d e  o n  t h e  N o r t h  B e a c h  F o r c e  M a i n ,  a n d  

o f  t h e  P u g e t  S o u n d  s e a w a t e r  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 

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  

39  ohm-cm 
6 .75  
1 , 4 6 0  ppm 
9 , 2 3 0  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  

E x c a v a t i o n  No. 3  - -  
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 

4 3  ohm-cm 
7 . 0 6  
1 , 5 3 0  ppm 
8 , 7 5 0  ppm 

3 7  ohm-cm 
7  - 2 3  
1 , 5 0 0  ppm 
9 , 4 0 0  ppm 

2 6  ohm-cm 
7  - 9 9  

N o t e :  T h e  s u l f a t e  a n d  c h l o r i d e  t e s t i n g  w a s  d o n e  b y  AM-TEST 

LABORATORIES i n  Redmond, W a s h i n g t o n .  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  ~ p p e n d i x  I V  a s  ~ i g u r e  IV-10.  

EVALUATION OF SOIL AND WATER CORROSIVITY --- 
A r e v i e w  o f  t h e  s o i l  a n d  water 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  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 l o c a t e d  i s  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  ~ x c a v a t i o n  N o .  2 b e i n g  somewha t  

m o r e  c o r r o s i v e  t h a n  t h e  o t h e r  t w o  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  p ~ ,  a n d  n e g a t i v e  Redox. )  

T h e  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 ,  a n d  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 .  

T h e  c o r r o s i o n  r a t e s  f o r  b a r e  s tee 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  f r o m  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  o f  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  DIPRA/CIPRA 1 0 - p o i n t  e v a l u a t i o n  s c a l e  ( F i g u r e  IV-2 

i n  Append ix  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 ,  would  g i v e  1 0  

p o i n t s  -- w h i c h  would 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 .  

The 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 )  would  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  more  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  amount  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 .  

The 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  Beach  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  would  n o r m a l l y  b e  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 .  



1 
FORCE MAIN EVALUATION 

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

i n s p e c t i o n  work a c c o m p l i s h e d  o n  t h e  N o r t h  End F o r c e  Main ,  a n d  f r o m  

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

f o r c e  m a i n  o n  A p r i l  1 9 ,  2 0 ,  a n d  2 1 ,  1 9 8 9 ,  a n  e v a l u a t i o n  was made t o  

Ir 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  o f  t h e  f o r c e  main  a n d  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 .  
1 

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  a n d  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  a n d  

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

1. T h e r e  was  n o  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  o f  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  f o r c e  m a i n ;  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  o n  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  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  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 . 0 0 0 0 4 % )  o f  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  ex i s t s  f rom t h e  N o r t h  Beach Pumping S t a t i o n  

t o  t h e  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 .  

E v a l u a t i o n  Approach  

The N o r t h  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  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 c c o r d i n g  t o  Amer ican  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  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  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 . 9 4 "  ( 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. 

T h e  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  w a s  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. 

T h e  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  B e a c h  F o r c e  M a i n ,  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  r e m o v e d  

f r o m  t h e  m a i n  o n  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 . 7 0 5 "  -- see t h e  SCAN TECH, INC. r e p o r t  i n  

A p p e n d i x  I11 F i g u r e  1 1 1 - 9 ) .  T h e  l o w  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  A p p e n d i x  11) .  

T h e  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 
Coupon No. 2  
Coupon No. 3 

I n  o r d e r  t o  d e t e r m i n e  w h i c h  c lass  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  M a i n ,  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  A N S I  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 = 0.51" 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 Thickness +0.08" tolerance = 0.77" Max. 

-0.08'' tolerance = (i1.61" Min. 

Class 27 Pipe -- 
0.75" Wall Thickness +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  been  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  Nor th  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  Meta l  L o s s / C o r r o s i o n  R a t e s  

The maximum and  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  of 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  w e r e  removed; and  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  h a v e  been  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 s u 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 ( 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  2 7  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  

Meta l  Loss  ( 2 8  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  Rates)  

C l a s s  2 7  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 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 )  

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

0  - 6 5 "  0 . 6 5 "  

0  - 1 8 "  0  - 0 2 "  

6 .43"  mpy 0 . 7 1 "  mpy 

Coupon - -  No. 3  (Metal L o s s / C o r r o s i o n  R a t e s )  

C l a s s  2 7  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  

M e t a l  L o s s  ( 2 8  y e a r s )  0  - 1 3 "  --- 
C o r r o s i o n  R a t e s  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  

be 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  

From 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  



f r o m  t h e  f o ' r c e  m a i n  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  b e e n  

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

c o n s i d e r i n g  t h e  number  o f  y e a r s  i t  h a s  b e e n  i n  s e r v i c e ,  a n d  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  w h i c h  i t  i s  l o c a t e d .  

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  

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  N o r t h  B e a c h  F o r c e  

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

m a i n ,  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  wou ld  o c c u r .  

I n  c o m p a r i n g  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 a n d  minimum p i p e  w a l l  

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

2 8  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  a n d  a  r a t e  o f  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  2 7  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  
Minimum W a l l  T h i c k n e s s  

Coupon No. 2  
M e t a l  R e m a i n i n g  B e n e a t h  P i t  0 .44" 0 . 4 4 "  

Metal L o s s  ( 2 8  y e a r s )  - 0 .39"  0 . 2 3 "  

C o r r o s i o n  R a t e s  1 3 . 9 3  mpy 8 . 2 1  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 e d u c e d  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  o f  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  a n  a r e a  of t h e  p i p e  w a l l  h a s  b e e n  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  a n y  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 b e  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 .  

Again ,  however ,  i t  mus t  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  N o r t h  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  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  o n l y  a  f r a c t i o n  of  a  p e r c e n t  (0 .00004%)  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  i s  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 a n  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 s u b s t a n t i a t i o n  of  t h i s  p o s s i b i l i t y  and  a  d e t e r m i n a t i o n  

of  t h e  e x t e n t  t o  which t h e  f o r c e  main h a s  s u f f e r e d  from s u c h  

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

and  i n s p e c t i o n  of t h e  main.  

Assuming t h a t  p i t t i n g  of a  somewhat more s e r i o u s  n a t u r e  t h a n  t h a t  

a l r e a d y  found d o e s  e x i s t ,  a  more r e a l i s t i c  e s t i m a t e  o f  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  f o r  t h e  Nor th  Beach F o r c e  Main would 

p r o b a b l y  b e  i n  t h e  r a n g e  of 10 t o  1 5  y e a r s .  
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Pictures 



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  
o n  A p r i l  1 9 ,  1 9 8 9 .  C o n s t r u c t i o n  c r e w  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 

North Beach Force Main ( 1 4 - i n c h  d i a m e t e r  cast i r o n  
p i p e )  exposed a t  Excavation No. 1 near t h e  North 
Beach Pumping Station o n  A p r i l  1 9 ,  1 9 8 9 .  Pipe was 
e n c a s e d  i n  a thick l a y e r  of graphitization combined 
with sand  and rocks,  which was e a s i l y  removed from 
t h e  p i p e  s u r f a c e  (see next three p i c t u r e s )  . 



PICTURE NO. 3 

Large piece of thick layer of material removed from 
the North Beach Force Main at Excavation No. 1 on 
April 19, 1989. The pipe was encased in this 
material which consisted of a layer of graphitization, 
sand, and rocks. This picture shows the soil-side of 
the material. See next picture for view of the pipe 
side. 



I + -  
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PICTURE NO. 4 

p i p e - s i d e  o f  t h i c k  l a y e r  o f  m a t e r i a l  r emoved  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 o n  
A p r i l  1 9 ,  1 9 8 9  s h o w i n g  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 )  w h i c h  was  e a s i l y  r e m o v e d  
f r o m  t h e  p i p e .  



PICTURE NO. 5 

S i d e  or end v i e w  of p i e c e  of  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 on 
A p r i l  1 9 ,  1989 ;  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  of  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 t c . )  was 
measured at up t o  2 inches, w i t h  t h e  t h i c k n e s s  of 
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 

T a p p i n g  s l e e v e  f o r  i n s t a l l a t i o n  on  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 on A p r i l  1 9 ,  1 9 8 9 ;  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  m a c h i n e  t o  be u s e d  t o  remove  
coupon  f r o m  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 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  a r e  i n c l u d e d  
i n  Append ix  I 1 1  of  t h i s  r e p o r t .  



PICTURE NO. 7 

Tapping 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  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 o n  Apr i l  19, 1989. All 
parts and c o m p o n e n t s  had  been  c o a t e d  w i t h  
KOPPERS s i t u r n a s t i c  No.  300-M p r o t e c t i v e  c o a t i n g .  



PICTURE NO. 8 

KOPPERS situmastic NO. 300-M protective coating at 
Excavation No. 1 site on April 19, 1989; used for 
applying a second coat of protective coating to the 
tapping sleeve and gate valve assembly prior to 
installation on the force main, and for touch-up 
repair prior to backfilling the excavation. 



PICTURE NO. 9 

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



PICTURE NO. 1 0  

Tapping machine o p e r a t i o n  a t  Excavation No. 1 
on the North B e a ~ h  Farce Main en 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  is  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 4 8 t 5 7 ,  a s  d e t e r m i n e d  b y  a  
m e a s u r e m e n t  o f  1 5 8  f e e t  f rom 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  m a i n  o n  t h e  b e a c h  on  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 o n  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  o f  t h e  h o l e .  A c o n s i d e r a b l e  a m o u n t  o f  
b l u e - g r a y  c l a y  w a s  f o u n d  a t  t h e  f o r c e  m a i n  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  o f  E x c a v a t i o n  No. 2 o n  the N o r t h  Beach  
Force Main on  A p r i l  2 0 ,  1 9 8 9 .  



PICTURE NO. 14 

I n s t a l l a t i o n  o f  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  on the 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 on A p r i l  2 0 ,  1 9 8 9 .  



PICTURE NO. 15 

I n s t a l l a t i o n  o f  t a p p i n g  m a c h i n e  o n  t h e  N o r t h  B e a c h  
F o r c e  M a i n  a t  E x c a v a t i o n  N O .  2 o n  ~ 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  mach ine  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  M a i n  on A p r i l  2 0  1 9 8 9 ;  f o r  
t h e  removal  of a  3 - inch  diameter coupon f r o m  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  
366  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  wes t ,  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  low t i d e  p e r i o d  o n  
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  Beach 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 rom 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 s l e e v e  o n  North Beach F o r c e  
Main at Excavation NO. 3 o n  April 21, 1989; in 
preparation for installation of tapping machine 
and removal of p i p e  coupon. 



PICTURE NO. 21 

Excavation No. 3 on the North Beach Force Main at 
3:00 PM on A p r i l  2 1 ,  1989, immediately following 
the completion of the p i p e  tapping operation and 
the hurried removal of the equipment and materials 
by boat. 



PICTURE NO. 2 0  

Removing equipment and materials from Excavation 
NO. 3 site following the completion of the pipe 
tapping operation at 2 : 5 0  P M  on April 21, 1989, 
with tide coming in. 



PICTURE NO. 2 2  

Removal o f  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  on  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  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 ,  a n d  c l e a n - u p  o f  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 .  2 

E X C A V A I I O R  * 2  

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

C O U P O N  N O .  3 

E X C X V A T I . I N  r J 

I 1 9 8 9  

PICTURE NO. 24  

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  
r emoved  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 ,  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  had  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 .  



E X C A V A T I O N  # 1 

PICTURE NO. 2 5  

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. 1 a s  
removed f rom E x c a v a t i o n  No. 1 on  t h e  N o r t h  E n d  
F o r c e  M a i n ,  b e f o r e  c l e a n i n g .  



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  

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. 2 a s  
removed f rom 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 .  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  of  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 Force 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 .  



C O U P O N  NO.  1 

E X C A V A T I O N  s 1 

C O U P O N  N O  2 

E X C A V A T I O N  5 2  

A u r ! :  2 0 ,  1 9 s q  

PICTURE NO. 2 8  

Coupons removed from t h e  N o r t h  Beach F o r c e  Main 
showing  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  w e r e  m e a s u r e d  a s  f o l l o w s :  

Coupon No. 1 = 6 2 3  m i l s  ( 0 . 6 2 3 " )  
Coupon No. 2 = 6 4 8  m i l s  ( 0 . 6 4 8 " )  
Coupon N O .  3 = 7 0 1  m i l s  ( 0 . 7 0 1 " )  



PICTURE NO. 29  

I n t e r i o r  s u r f a c e s  of coupons  removed from t h e  Nor th  
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  o n  coupons  f rom 
E x c a v a t i o n s  Nos. 1 a n d  2 .  



PICTURE NO. 30 

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. 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, b e f o r e  c l e a n i n g .  N o t e  t h i n  
c o a t i n g  o f  c e m e n t  m o r t a r  l i n i n g .  



C O U P O N  N O .  2 8 
' I  

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

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  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 ,  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 2 U P O N  N O .  I 

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

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 rom 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  on  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  of t h e  p i p e .  



pw-- * -- 
I.. 2;; ,?. 

C O U P O N  N O -  1 C O U P O N  N O .  2 c -OUPON NO. 3 

PICTURE NO. 3 3  

E x t e r i o r  s u r f a c e s  of  c o u p o n s  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  cleaning 
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  
remove d i r t  and 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  

C l o s e - u p  o f  e x t e r i o r  s u r f a c e  of  Coupon No. 1 
removed f rom 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,  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  
c o u p o n .  



PICTURES NOS. 35 and  3 6  

En la rgemen 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  C o u p o n  
No. 2  r e m o v e d  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 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  
p o w e r  d r i v e n  w i r e  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  s h o w n  
s h o w n  i n  P i c t u r e s  N o s .  5 6 ,  5 7 ,  a n d  5 8 .  



P I C T U R E S  N O S .  38  and  3 9  

Enla rgemen t s  of  e x t e r i o r  s u r f a c e  of  Coupon 
No. 2 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. 2 ,  a f t e r  c l e a n i n g .  Note t h e  
e x t e n s i v e  p i t t i n g  on s u r f a c e ,  w i t h  g r a p h i t i z a t i o n  
b u i l d - u p  d i r e c t l y  o v e r  p i t s .  



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  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  w i r e  b r u s h .  The s u r f a c e  o f  t h i s  
coupon  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 £  i c i a l  p i t s .  



P I C T U R E S  NOS. 4 1  a n d  4 2  

E n l a r g e m e n t s  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  
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 .  N o t e  t h e  
r e l a t i v e  s m o o t h n e s s  o f  t h e  s u r f a c e  o f  t h i s  c o u p o n ,  
w i t h  o n l y  a f ew m i n o r  s u p e r f i c i a l  p i t s .  



E O U P O N  N O .  3 - 
c a c A v h 1 t a n  r 3 

PICTURE NO. 4 3  

I n t e r i o r  s u r f a c e s  o f  the c o u p o n s  r emoved  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  w i r e  b r u s h  t o  r e m o v e  s c a l e  a n d  
d e b r i s .  



.C,.bUP,QN N O .  1 

PICTURE NO. 4 4  

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 
r emoved  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  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  w i r e  b r u s h  t o  r emove  s c a l e  a n d  
d e b r i s .  N o t e  t h e  t h i n  l a y e r  of 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 .  



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 .  



'$* 
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PICTURES NOS. 4 6  and 4 7  

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. 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 .  
The 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  i s  
q u i t e  e v i d e n t .  



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 rom 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 ,  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  w i r e  b r u s h  t o  remove 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  of 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 
r emoved  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  
on  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.  5 0  a n d  5 1  

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  C o u p o n  
No. 2 r e m o v e d  f r o m  t h e  N o r t h  B e a c h  F o r c e  Ma in  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 .  T h e  
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  c o u p o n  w a s  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 .  



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 rom 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  w i r e  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  of 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  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  o f  t h i s  coupon  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  
of  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 N O S .  5 4  a n d  55 

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. 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  N O .  3 ,  a f t e r  l i g h t l y  c l e a n i n g .  



PICTURE NO. 56 

Coupon No. 2 a s  s e c t i o n e d  b y  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. 57  a n d  58 .  



PICTURE NO. 5 7  

L a r g e  s e c t i o n  o f  Coupon  No. 2 s h o w i n g  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  w a s  m e a s u r e d  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  m e a s u r e d  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 

S m a l l  s e c t i o n  o f  Coupon No. 2 s h o w i n g  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 m e a s u r e d  a t  0.2211, 
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  m e a s u r e d  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 .  



APPENDIX 111 

Testing and finalysis Repor ts  



ANALYSIS REPORT 

ArnTest Inc. 

Professional 

Analytical 

Services 

14603 N.E. 87th St. 

Redrnond, WA 

98052 

Fax: 206 883 3495 

Td 706 E85 1664 

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

DATE REPORTED : 5/ 11/ 8 9 
REPORT TO: Hank Galka 

P.O. Box 3428 
Redmond, WA 98073 

Laboratory Sample Number 

Client Identification 

905770 

Cast Iron Pipe 

Total Carbon (%)  

Total Organic Carbon (%)  

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 
Limit 

Client Identification Cast Iron Pipe 

Silver 
Aluminum 
Arsenic 
Boron 
Barium 
Beryllium 
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 
L = Less than 

in parts per million. 

REPORTED BY: 
MO/ j a Marc Osso 

FIGURE 



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

90.962 LIVE SECONDS 

WT % 
EL EM CPS REL . CONC . 
C K 3.881 1 ,000 
S I  K 24.780 1 ,679 
P K 12.236 1.139 
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. TKOFF=ZZ. 

ZflF CORRECTION 

C K 0.0031 1.174 0.060 1 .000 
SIK 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 

WT X 
CPS ELEM 

3.8807 4.47 
24.7796 1.31 
12.2359 0.69 
10.6528 0.19 
17.5238 0.51 

2062.9312 92.84 

FIGURE 111-3 



I c . UlrJ b. ULI 

OCPS 1. 4 4 K E V  iBcV/ch B E D A X  

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 1 940. 500 206.126 

USED PEIF: USER 

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

96.893 LIVE SECONDS 
KV= 20.0 TILTa30. TKOFF=22. 

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 
1940.4996 91.25 

FIGURE 111-5 



1 0 - M A Y - B 9  1.4:52:29 SUPER Q U A N T  
R A T E -  3 4 C P S  T I M E =  9 7 L S E C  
F S =  4720 472 P R S T -  O F F  
A =SCGBC32 

c. UlrJ 4. 41U b . CIU U . m 
C P S  1. 4 4 K E V  I B e V k h  A E D A X  

FIGURE 111-6 



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

93.935 LIVE SECONDS 

WT X 
EL EM 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 
HN K 14.425 1.280 
FE K 1 998.042 282.217 

USED PEIF: USER 

INTE-X-ZAF: 
LflBEL = SCG003 
10-MAY-89 16:15:30 

93.935 LIVE SECONDS 
KV= 20.0 T ILT t30 .  TKOFFf22 . 

ZAF CORRECTION 

C K 0.0033 1.173 0.060 1.000 
SIK 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 
HNK 0.0042 0.968 0.997 1.000 
FEK 0.9177 0.987 1.001 1.000 

ELEM CPS 
C K 3.8963 
S I  K 25.230 1 
P K 9.5065 
CR K 6.9303 
MN K 14.4248 
FE K 1998.0420 

TOTAL 

FIGURE 111-7 



1 8 - M R V - 8 9  16:22:35 S U P E R  Q U A N T  
R A T E - -  7 2 6 4 C P S  T I M E -  9 4 L S E C  
FS- 4740 474 P R S T =  O F F  
A  = S C G 8 8 3  

I L. wu -I. wu . LN-I a. IJLI 

O C P S  1 . 3 B K E V  10eV/ch A EDFIX 

FIGURE 111-8 



6- o o z y  

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



AmTest Inc. 

Professional 

Analytical 

Services 

14603 N.E 87th St. 

Redmond, WA 

98052 

Fax. 206 883 3495 

Tel: 206 885 1664 

ANALYSIS REPORT 

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 Coliform (mg/l) DNA DNA DNA 

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

REPORTED BY: 

FIGURE 111-10 



APPEND I X 

REFERENCE HCITERIALS 



Anlont Parts per mllllon Mllllsqulvalsntt 
per lltrs 

Chbride 
Sulphate 
Bicarbonate 
Bromide 
Fluoride 
Borate 

594.25 

Cllont 

Sodium 10561 459.4 
Potassium 
Magnesium 
Calcium 
Strontium 

-~ ~ 

Notea: 
1) The above composition shows slight difference between anims and cations, expressed as 
milllequivalents per litre because of the presence of traces of other components not Isled In the above 
corn sition. 
2) C%brinity is the total amau*ofchbrine, bromine and iodine in grams contained in one kilogram01 sea 
water assuming that the bromine and lodine 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 lo oxide. the bromine and d i n e  replaced by chlorine, and all organic matter is 
completely oxidized. In the open sea the salinity varies between 32 and 36. 

salinity = 1.807 % chbrlnlty 

CHEMICAL COMPOSITION OF SUBSTITUTE SEA WATERa 

Compound Concrnltation 
(o/LI 

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

Source: F. L. LaQue. Marine Corrosior? Causes and Prevention, 
Wiley, p. 98. 

FIGURE IV-1 



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

(Protection is indicated) 
Points 

Resistivity (ohm-cmJ)+ .' < 700 10 
700-1000 8 
1000-1200 5 
12W1500 2 
15W2000 1 

> 2000 0 

P 1-l 0-2 5 
2 4  3 

4-6.5 0 
6.5-7.5 0** 
7.5-8.5 0 

>8.5 3 
Redox >I00 mv 0 

50-100 mv 3.5  
0-50 mv 4 

Negative (-) 5 
Sulfides + 3.5 

Trace 2 
Negative 0 

Moisture Poor drainage, continuously wet 2 
Fair drainage, generally moist 1 
Good drainage, generally dry 0 

+ Based on slngle probe at pipe depth or.water-saturated Miller soil box. 
++ I t  sulf~des are present and low or negatwe redox results are obta~ned. 3 points should be 
given for this range. 

Corrosion of cast iron pipe 
BY 

W. HARRY SMITH AND CURTIS M. CLARK 

Reprlnkd from the June 1968 Issue of WATER AND WASTES ENGINEERING 
Copyright 1 968 by The Reuben H. Donnelley Corporation 
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AMERICAN N A T I O N A L  STANDARD 

= 
PJW 
Skc 
In. 
L- 

3 
4 
6 
8 

10  
12 
14 
16 
18 
2 0  
2 4 
30 
36 
42  
4 8 

TABLE I-7-Sfandurd Thickness C b t r c s  o f  Carl-Iron Pipe 
(See note on facing page) 

Thlckaa for SuDdard Thlckneu C k u  Numkr--ir. 

g 1 Thlcknssr Nomogrun lor Pipe of 18/40 Iron Btrsngth, Low-Bangs Load 

Thicknesse~ are net, and cokputations are made using nominal pipe diameter for in- 
d r  diameter. S qua& 18,000, R equals 40,000. The encircled  value^ at the md of 

each curve art for pipe sire, in inckes. 
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THICKNESS DESIGN OF CAST-IRON PIPE 

TABLE 1-5 

InkrtlcJ Pressures (p)' 

Case 1-Internal Pressure With Surge Pressure Allowannsl 

Case 2-lctunal Pressure Without Surge Pressure Allowances 

3-60 1 I5 / 125 I 250 I 375 I 500 / 625 I 750 I 875 
all 

eWrt~ factor d 2.S Lncluded. 
t For aorge p M u n  b l l o ~ c t o .  m Table 1-10. 

TABLE 1-6 

Allowances For Carting Tokronce 

FIGURE IV-4 
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( ~ 4 / 1 W & Y  0 7 . 4 3  v 2 0 6  725 4764 F. COLUCC I0 CNST 

"SST"'" SPECIFICATIONS 
sQ4 STAINLEIS STEEL'. O(I 
auCriU! I N N  FLANGE 
ANSI 150 IB. flange or~lllng 
rcccmmodwr IaoPlng valve 
MSSSPW Flvlpa,  4 0 . 0  lo 3 M  
p.*.n a d  W. h Coubd D 
p1ov16m malrrnvrn solrocton 

NUT& BOLT& AND WASHERS A R N O R I  I CAIKET 

30( Sl~mleor S l d  k' NC lhrasd Heavy gwgb 300 Stamleas Slsd Spcldly dmrlgned grld pallmm. 

and haavy hmr NUIS. Boll thnsde m p n d  anor Vtrgtn SBR com- 

are Tallon coaled lo pnvenl pall- poumco lor ratmr rmrvaces wMI 

tng. Ptablac lubrlcal~ng wartmr. a~u~ox~asm/nntlotonrnt wenn lo 
knCfOD88 &hall l lh.  

I FIGURE V-1 



F. COLUCCIO CNST 

STYLE "SST"" STAINLESS 
STEEL TAPPING SLEEVE 

MATERIAL SPECIFICATIONS: 
SHELLB: 304 Sumem Sled. 

Luas: 304 S ~ W  SWI. 

BOLTS, WASHER8 and NUTS: NC Rolled Thread. 
304 Sllunlcrr Sted. 

&UKETS: Vugm SBR compounded tor w t e r  
eeMM 

FLANOE: 304 S t a ~ ~ e s s  s~eel" or ducUlc (nodular) 
Ifon. S T M  536.80. grade 85-45-12. 

SsT, ) . . , . -. , . i:% - i.w 

0.20.  B.60 S T  - 9.60 

1 0 . 7  11.13 S T .  11.13 
11.0.11.45 EST- 1145 

6" K G .  38b.M 3J7.24 

1 1 . 1  1 2  S T .  12.lO O" FLG. 411.81 661.21 
10" FLO 006 21 I121 84 BO 
3" FLG. WA 68523 50 

12.60 12.w 551- 12.931 4- r i ~ .  1 1 1 1 3 . 1 6  1 1 T 1 .  x 6 L G  1 1 1 13 06. 1424 S T  14.38 6 FLG 037.00 TI8.63 81 

3" TLG. NI* lM5.71 81 
21 4 0 . 2 1  b0 SST .21.00 4" FLG. 854.55 10.5.71 D5 

23" 21.90. 22.31 S T  a I?.M 6.' FIG . 877.21 11m.27 b0 
22.33 . 22.10 S T  . 22.70 I" FIX.  1 W . 8 8  1169.U SY 

10" FLO . 1410.3D 1lSJ.W 120 
12- FLO . 14b1 w m 7  w 205 

1 1 S' FLO NIA I1035 9bl 85 

I 

quest - P.0 .A  
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04/lu/U9 07.45 e 2 0 6  725 4764 F. COLUCCIO CNST 

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

: , ALL JOINT ENDS 

Pacific Water Works Supply Co., Inc. 
Sentnp TM W w r  Works lnouelry Smce 1017 

PIPE VALVES FmlNGS 

IE A 
IDE 

ND 
SCREW 

Y CONSTRUCTION - FOR CAST I R O N  
TIC 
1G 

AND AIC 

FIGURE V-3 



tr4/10/BY 07.45 '6206 725 4764 F. COLUCCIO CNST ........ @B05/607 - 

-cLeW A W W A  G A T E  VALVES ... RUGGE 

FOR ' .  

UNDERGROUND INSTALLATION 
.AND PLANT PIPING SYSTEMS ' 

CLOW AWWA pate vslver otlcr rugged conslrucllon, easy 
.... OperallOn. long rervico tile and ~conomical mainlenmnce. T h y  sroi'.- 
' -!- ' , B d o ~ b l e  dlsc. perallol Seal valves meoling or b x ~ e e d i l ~ g  ell ': . - -  

. requrrements AWWA Sprclllcallons C500. and conform l o  ~ode;e/" ' 
Specilicationr WW-V-5Bb.Type 1, Class I .  
Component parls .re conslruclcd of heavy. rugged proporlions lor 
e m a  clrenolh l o  wilhsland pipe strain and porrible sh~tting in . 
underground service. Clean, rimplc inlernal conslruclion. 
illusIraled at fi01)1. assures lono service and easy mainlcnscice. 
All joinl ends. i n  sizes shown below. and all commonly used 
BcCebIOr~es and operallng devices can be lurnirhod. 

. . . . .  . .;> < : ;;:; PRESSURE.R~INCS .v,.. ; . . .  . . .  . . .  . . 

+ ,~o,rk l f i~ ,~rer~r i r .  pal';"" I Hydrostatic . . 
;';.Test Pressure ,+. . 

+! ~on-~h,Gkj.&~ water .'j; .:, : . p ~ i  : %. ,.-::.: . , 

FIGURE V - 4  



K m e  LOW TORQUE .me 

LOW TOROUE TNRUST BEARING 
4- thru 1 1  cizss ... provtdes h i ~ h  load 
capaclty and low Iriclion which reduces - fly'. - operatrng lorque up lo 50*%.'Sealr " - perlectly lor repack~ng unaer pressure. 

. . . . . . . . . . . .  . . . . .  ..'I '> 

.. SMOOTH OPERATION : - - -  . . 
Prec~se. high rlrenOln manoanese 

-. bronze stem. with erlra heavy Ihrust - - collar, provides smooth opening and 
Closing 01 the gales. Slem torque mmsla 
Underwritorr spec~l~cat~ons. 

SIMPLE, RUGGED CONStRUCTlON 
Stem nut is sohd bronze, end 
Independen1 ol  hooks, wedges and 
gales. It is lreo-lloaling and 
self-ali~ning. For longer womr. Ihe 
Ihreaaod section of stem nu1 is el least 

LONG L IFE CLm 

... Valve  O p e r a l i o n  is Easy and D e p e n d a b l e  
w l th  T w o  Point ,  F ree-F lon t lng  W e d g l n g  
The valve operaws wilh only two p o i n l  of bearlhg 

. . .  . . .  only Iwo po~nls o l  l r i c l~on  w ~ t n  s slmpre. 
roll-cmntarmg. Iloating. V-type, bronze  ale . ',.. I 

. . . . .  ... spreedmg mechanism lor posiliw Lcllon In 
opening nnd clos~ng. Saparato hooks end bronze . .  { 
wedges perm1 mochanlcal adlustmen! to varytng 
positions. 
In opening, IurninQ thr stem releases Ine wedging 
pressure on the gelts. ellowlng lhrm l o  move away 
horn their Senls belore slsrling upward I r w d .  
Furlhur turnlng of Ihc stem rassor the gate5 into the 
cover, permilt~np full opening flow lhrough I h t  
valve. 
In  c los in~.  the  ales move freely downward lo a . . 
posilion opposlte their suats. At lhis point the hOOkS . . . ?  

come In contacl wilh slops which provent lurlhcr - - ! 
1.1 , ' 1h IlmeS !?e Oiameter 01 the stern. -' . . - downward movement 01 tho hooks. The bronze 
. . . .  ................. . : .  . . ,; : :i wodgc riding on Ihe hooks then spreads tho gates -.: . . . . 

. . . . . . . . .  . .. ........ ' : . r .  ' ' . . .i ;I . , . .  ...!,.'-... . . .  . .  apan and lorccr them l o  their coals to mskc a . . . . . . . . .  . . .  .., , .!# . . . , ..... : . . 
' ' wdtert i~hl )ed. end shut oil the flow lhrough the 

. . .  valva. . 
. .  , . . .  . . .  . . 

I 

. ,  . .  .a.  
. * .  ' . . .  

, . , . . . . . I . . . .  . . .  ...... -....- ....... . . . . . .  ....... . I  . 

FIGURE V-5 



CLGW AWWA GATE VALVE PARTS 

" Part bo. Maltnal 

113. Booy . . , I Carl r u n  
114 Gala Nul 1 Ufotue 
1 1s Gus R I I ~  2 h r u r  
116 Care Rmg 2 Blafur 
117 Gala . 2 Casl lron 
i i n  . WWQL . . z B ~ O ~ C  . 
119 Hook ' 2 Carl lron 
120 Hold Down 

Kut 1 B t a m  
121 Handwhrrl Key 1 Sltd 
122 hanawnml 1 Carl lron 
123 O.S.  6 Y. 

hcu~ncr  , . . ....... Plat 1 Carl lrcn 
:21 0.S.LY.  Stem 

hut I EIOND 
125 'O.S.LY. yoke 1 cast ~ r o n  
126 R l r l n ~  Slrm 1 S l r l uc~s  S l r r l  , 

. . 

Glow Vmve Co. 
Dlv. of McWuqe Inc. 
902 SO. 2nc S?. 
O . k . 1 0 0 ~ ~ .  l o w 8  52577 

Pall Nc M m f ~ d  

1111 Followu Nuu 2 Bfonrc 
121b Follower 511101 2 Sir+ 

Rust-proolrb 
128 follower Plrre ' I hr l  lron 
128 followar Glind ' I bronrr 
130 Ptcbnp Brr~oed ASttClOS 

,131 Tecl Plug , .' . I  l r l ron-comd 
. .. C I F ~  

'132 Slcm Nu1 Pin ' . ' 1 branre 
135 C.S.bY. R.P. ' ' Slcri- 

Cap Sc r rw  . , Rur~~oroolea 
136 0 S.LV.  Yoke SI?'!- ' 

6011s 6 huls huzl-praolt l  

, . . . 
I 

.......... . . :  . . .  r . .  ..-. . .  ; 

Pnone: 515-673-8611 
FAX: 51 5-6i3-8263 
wa1s: 800-247-CLOW 

FIGURE V-6 



TECHNICAL DATA SHEET 

Protective Coatings TYPE OF COATING 

COAL TAR EPOXY 
Product: BITUMASTIC NO. 3 0 0 - M  

Koppers Company, Inc., Pittsburgh, Pennsylvania 15219 

FIGURE V-7 



TIXIINICA I. IJAI'A: 

N u ~ n h r  of coals: 

Volume Aids: 

Theoretical coverage: 

Coverage to achieve 
m i ~ ~ i m u m  dry fi lm thickness: 

Film build rrlio: 

I)rying l inw aI 71W 
a d  50% relative I ~ ~ m i d i t  y: 

To Ic,ut:h: 
Ik.lwcc:ll coals: 

Colors: 
I'l~innertx 

Cleaner: 

Surface preparation: 

Primer: 
r.lc:1;1l: 

Usually 2 or nwrc. A sil~gle appli!:atioll, consislillg of mulliplcr Irasscs, is 
arct:p~ablc:, otdy when spraying, l~rovlded 1111: minimum dry film tl~ickness of 
16 nds (20 mils wcl) i s  acllicved withou~ runs, sags, misses, ~hholes, etc. 

74 X 
1 111.1 mil sel. fI./gal. 

90 lo  115 q. ft./gal. pcr coal (allows for approx. 20% application loss) on 
smooh surl~rc-s. Actual coverage wilt dcprnd on surfacc porosity and profile. 
A 10 I 0  dry mils (10 l o  14 wct ~nils) per coal. Ke~lui~cxl minimwn dry film 
thickness sllall not bt: lcw than 16 ndr. Dry films in  cxcc:ss of 40 dry mils 
arc- not rc:collllnc:llel~:d. 

3-4 hours 
0vc:rniglll to 24 hours. I:ast~:r botwc-em-coal apl~licdions arc pos4t~lt:. Sur- 
faces cxpo.u:d to and Ill:alctl to tcmpcralurcs over 7001: by 1111: sun can LH: 
givc:lr a~lollrcr coal as soon as 1hc: pre:vious coal is ~rlvc:nl-frcc: (be1 no1 Icss 
than a minilnun1 2 Ilolrrs). I f  all inlinc llcatcr is u.wd wi~cn spraying (Sw 
Spray Dala Sccliun), dry limc bcrwccn coals can Ir rrtlucc:el to aplrroxi- 
mate:ly :I hours. I f  drying time prior lo recoaling cxccx:tls 3 llollrs at 1t:m- 
p:ralurc.s al~ovc 7O01', the dry coating must Le brush-snndllas~cd, or Ii itu- 
~naslic 2 C U  musl bc used to pretreat tllc coaling srrface (Se:c llilumaslic 
2 CII 'I'rchllic:al I h t a  Sllc:c:l). IJo no1 add Iiilun~aslic: 2 (:I1 to I1iluln;lstic: 
No. 300-M. 

All c:l~clnic:ally-eured coatings rccpire a long curing time to reach n~aximu~n 
cl~c:n~icx~l resislalwe. For Iwsl rcts~~lls. :I mi~limurn curing lirlw of fivc days al 
Ic:mpcralurc:s Iwtwecll 70°1: rmd I OO°F is esr.ntial h f o re  plat-ing in scrvic:er. 
I)lack or rc:d 

Koppcrs 'l'hinltcr 2000. Usc Koppcrs ' l ' l~inl~rr 2OOOC with air rc:g~latory 
type or wllc:~~ a flilsh point higher than 99°F is rcquirccl. 

Use: Koppctrs Cleanc:r 2300 to clc-an ccpipnlcnl. C1Ie:;ln cyuipnc:nt i f  i t  i s  cx- 
poclrd lo re:n~;~in idle. for Ierngcr Illan 30 minulc:~ a1 7001:. or appro\ir~lalc:ly 
I 0  tnil~uttra at I00"I:. (I)lac:k IIOS~R layi11g in 1111: sl~rlligllt (:a11 rcavl~ I e m -  
pcvillurcu of 1110 l o  14O01:. vcry quickly.) 
Aflt!r erquiltmewl is wasl~c~tl t l loro~~gldy with tllc (:Ie!~nc:r, follow will1 a fin:d 
flushing will1 Koplwrs 'I'hi~nwr 2000. 
Al l  ban: or pri1nc:d or prc:viously painlcxl ~urfaccs musl In: dry and frc:e: o l  oil, 
dirt,loosc pilrticrlrs and all other forrig11 tl~attcr. 011 surfaces c:oatc:d wit11 an 
UII~IIOWII primcr or coat in^, or coated with a conli~lg or pri1ne:r fre~m anollwr 
~n;lt~ufacturer, spot te:fits arc! n1:ce:ssary l o  assure! rompalihility of t l ~ r  trn- 
h w w n  c:oating with Ililumaslic: No. 300-M and lo  c:llc:c:k ullimalc: inle:grily 
a d  ;rdl~c:sioll of tllc complc:tctl sysle:rn to the: s~rbstrale. 
Ikp:ri~wc:cr of re-s~~lts over a pcrie~cl of wve:raI ycars c:ollfirms 111aI 1111: fulltla- 
mcwtal facrtor for a quality job is propc:r s~~rfacc ~~rcpwa l io l~ .  Unle.ss the: sclr- 
faw is lrroldy prepared, tl~vrc is III~ poi~tt  in  us in^ 1\11! I)1:111!r e!cdi~~gs. 
Slc:c.l surfilc~.s IIIUSI bc blaslcel lo  a miltimum of SSIK-SIP-0. For imn~c-rsion 
or vcry scvcre cllrmicnl cxporulrw blast to SSPC.SI1-10. 
120r .~pplic.ation lo  cot~c:rc:lc, all curing oils, form oils, laitanex:, sih~l~lc: sdls 
anel loow cotrcrc.1c mllsl Lu: rc:n~ovc.cl. Concrc?lc! musl Ln. ele:an anel I1wrougl1- 
ly dry I do re  coating. Unpailltc:el ronerctc: floors or col~crclc: that will hc 
sul~~nc:r~exl inus1 Iw e:h:hcd wilt1 a 15 l o  20% rnuri;~lic: atriel solulion or bnrsh 
llitsl~:cl l o  a141il:ve a profile similar to mediuln grade: ~ ~ ~ e I ~ a p c : r .  Casl ~WI- 

erctc: surferc:~ should Lw: brus!l-undhlaslccl to  open bc~gl~olcs anel l o  rorrdrc:rl 
thc surbcc:. 

FIGURE v-al 



TECHNICAL DATA 

Mctd: 
(Coniinucd): 

Cw~~:rcle nld masonry: 

Wood: 

hhcslos pipe: 

Mixing indructions: 

Mixing ratio by volume: 

Pol life alter mixing: 

Spray dola: 

F IGURE V-9 



' I 'ECIINICAI. DA'I'A 
S p y  d.~la: 

( C o u ~ i l ~ u c d ) :  

Ho l iday  detect ion: 

G t l d i r  protect ion: 
'Fop coaling: 

I lo l iday dc t~ :~ : l i o l r  ol' the cured coat ing o n  ~ l lc : t i~ l  surlaccs is rc:cumn~~:lldc:d. 
b u t  d l o u l d  LH: p:rTur1111:d w i t h  dud. t :o~~s id~ ! ra l i c )~ l  Tor i t s  11orlnd ~T('I:IIIIIIIICII~C:~ 

t l l i c k l l ~ : ~  (20.24 111ils). 'l'lle typ ica l  I l igh vollagc jc l -p  ~ I v l c c l o r  u w d  Tor III)~ 
applied cod- ta r  cl lal l lc ls 100-mils thick, which n o r n d l y  op~:retes at  10-12,000 
volts d ~ o u l d  no1 b c  uwd.  A wet sponge detcc lor  such as a ' i h h c r  and  Rasor 
or K-I) I l i r d  I h g  whil:l l opcrale at 7 5  volts ~nax i l t ru ln  is suitable and adequate. 

0111: yvar III~II~IIIUI~ - sutne IIII~I:~~~I- h d y i ~ ~ g  o f  C~IIIII~III:II~ A w i l l  occur  
a l ter  6 r~tot t t l ts  ol' sloritgc at 70°F. I l i gh  s h a r  or I l ig l l  sl)ccd agi ta t ion w i l l  
11or111aIly rct11r11 C I ~ ~ J I I I : I I ~  A t o  11s originid viscosity. U p  t o  I p i ~ ~ t  Kopp : rs  
' l l l i l l l ~ c r  2000 l;~rr l ive gd1011s o l  coal iug 111ay LH: adclcd i T  wccssary. 
'I'ahc 1I1csc ~TI.I:PU~~UIIS du r iug  app l iea l i o l~  a1111 h:Tore the coat iug dries. 
(Appl ies t o  thc klinlurc: or COIII~~III:II~~~ A a d  U). 

D A N C E R !  

~ I - I~ I  away I'ro111 III:~~, splrhs a d  ~I~IIIIC. Avo id  l ) r v a I l ~ i ~ ~ g  or v a p r  o r  s p a y  
181isl. Avoid c o l ~ l a c t  will1 c:yt:s a l ~ d  shill. Ih: 111 u l l r a v i t ~ l ~ : l  barrier crc.aul 011 

c.xposc:tl shill. Was11 r l l o r o u g l ~ l ~  a l l c r  l ~ a l ~ d l i ~ ~ g .  K w p  c.losurcs l i g l l l  allcl u p  
rig111 lo  I m : v w l  1c:akqc. Kctell c:olllaill~:r c:losl:~l W~II:II l lol ill usc. III caw ol' 
spillagtr, absorb aid dispose oT ill accorda~lcc: wit11 local  applic:ablc rcgula- 
I i o~ ls .  lh 11o1 IaLc i ~ ~ l c r ~ ~ a l l y .  
YEI-3' O U T  OP ItI:ACII 01: CIII I .DIlGN. 
Use w i t h  adequate v c l ~ l i l a l i o l l  dur i l lg  appl icat ion and dryiug. 111 I a ~ l k s  a11d 
o l l l c r  I.UIII'III~II arc:as, us! only  wilt1 a d q ~ l a l c  I'orcx-tl itir v ~ : u l i l a I i o t ~  lo  Im- 
vcwl t l a ~ l ~ w o u s  c o l ~ ~ w ~ l r a l i o ~ ~ s  o l  vapors w l ~ i c h  c u d t l  cauw 1 h 1 1 1  Trm~ c x -  
pluiucl or fro111 b r ~ u t l r i ~ ~ ~ .  l Js~ -  I'rc:Jl air mashs, I*II.;III ~mJlc:r.livr c lo l l r i l lg  
I ~ : ~ l o s i o ~ ~ - r ~ l  c p i p ~ ~ c ~ t .  I'rt:vc:~ll I'l;cn~c-s. sparks. w c l t l i ~ l g  a111l 
slliokillg. b'ollow 0511A rcgulal ions rc.gartlity v c : l ~ l i l a l i o ~ ~  ;IIIJ rcspiralory 
c ~ l ~ i l m w l .  
C'IIWI' A l l ) :  181 c a w  o f  .shin c u l ~ l a c l ,  was11 I l l o r o ~ ~ g l ~ l ~  wil l1 soill) a1111 w;~lt.r; 
for  eyes, I'IIIJI ~IIIIIII.I~~.I~I.~~ wi lh  ~ ) l t v ~ l y  01 wi111.r Tor I 5  I~I~IIII~I.~ aid vall a 
1111~sit~ia11. I( ~III~)II~II twtwrs, l r tx l  ~y~111111~111ali1~al ly. I t  ~I'(I:I.II~ 11y 
I r c a l l ~ i l r g  14' vayur. I I I~ IV~  lo I'rcslr alr. l i ' swa l lowc~ l ,  C A L I ,  A I ' I IYS I ( : IAN 
l h l h 1 l ~ ~ l ~ l A ' l ' l ~ ~ l . Y .  I NJ N U I '  ~IIIIIII~ vo111iIi11g. 
I N  CASK 01: C'lltl*:: 11~1. dry cI11wi1~i11, I'II~III, wi111.r rug o r  CIM~ 
I:IIM~ c ~ u ~ l a i ~ ~ t w  w i l h  walcr. 
Ihll'Olt'I'AN'l'! A l l y  111ixl11r1. I I ~  (:~IIIIIIIIIII-II~S A ;IIIII ll wi l l  Ilavv I ~ i ~ z i l r ~ l s  01' 
UO'l ' l l  (:IIIII~JIII*II~S. O I W k X V l <  AI.1. AI'I 'I.ICAULE IDItI.X~AU'I'I0NS. 
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APPENDIX V I  

D I S C U S S I O N  O F  CfiST I R O N  
AND CORROSION O F  CaST I R O N  



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 ,  a n d  

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  a n d  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  i s  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 .  G r a y  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  a n d  r e l a t i v e l y  l o w  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  

a n d  s t r e n g t h .  

F i g u r e s  VI-1  a n d  VI-2 a r e  t a b l e s  f r o m  The I r o n  C a s t i n g s  

S o c i e t y  h a n d b o o k  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  o f  C o r r o s i o n  

E n g i n e e r s  (NACE) BASIC CORROSION Handbook s h o w i n g  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  o f  c a s t  i r o n s  d e p e n d s  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  a n d  o n  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  a n d  t h u s  h a v e  a t  l e a s t  t w o  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  o f  

c a s t  i r o n  a r e  d i s t i n g u i s h e d  b y  t h e  fo rm a n d  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  is  d i f f e r e n t  from s tee l  b e c a u s e  

of  t h e  a p p r e c i a b l e  amounts  o f  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 of  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 is  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  most  

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  i s  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  one  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 )  caused  

by t h e  s e l e c t i v e  d i s s o l u t i o n  of  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 h 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  mine  

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 .  

The re  is 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 ,  and  becomes p o r o u s  and  b r i t t l e .  

Depending 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  under  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  any  r ema in ing  p r o d u c t s  o f  

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  i s  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  can  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 .  Wi th  a  low p ~ ,  

g r a p h i t e  is  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  c a n  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 .  

~ i l  i c o n  S u b s c a l e  Format i on  

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  forms .  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  f o r m s  o n  t h e  s u r f a c e .  T h e  

p r e s e n c e  o f  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  o f  a  

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

w h i c h  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  c o m p l e x  phenomenon.  W h i l e  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  m e a s u r e  t h e  l i f e  o f  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  i s  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 .  T h e  s o i l  p o r o s i t y ,  

d r a i n a g e ,  a n d  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  g r o u n d  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  h a v e  a  marked  e f f e c t  o n  t h e  l i f e  o f  

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  u p  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  o f  l o w  

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 be s t i m u l a t e d  

v e r y  m a r k e d l y  b y  i r r e g u l a r  c o n t a c t  o f  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  o f  

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 r o u n d  t h e  p i p e .  P i t t i n g  v a r i e s  

f r o m  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  u n d e r  e x t r e m e  

c o n d i t i o n s .  

F i g u r e s  VI-3  a n d  VI-4 a r e  t a b l e s  t a k e n  f r o m  A m e r i c a n  C a s t  

I r o n  S o c i e t y  a n d  C a s t  I r o n  P i p e  R e s e a r c h  A s s o c i a t i o n  (CIPRA) 

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

cas t  i r o n  a n d  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  o f  s o i l s  a n d  

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

. * * * * * * * * * 



TABLE VI Corrosion of Cast Iron in Field Tests in SoiW7 

Type of Soil Location of Site 

Resistivity 
at 60  F (1 5 C) 

ohm/cm Aeration ' 
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 clav 

Jenkintown, Pa. 
Oakland. CA 
Fargo. N.Dak. 
Milwaukee. Wis. 
Springfield, OH 
Rochester, N.Y. 
Elizabeth. N.J. 
El Vista. Tex. 
Meridan, Miss. 
Cholame. CA 

Mean Wt. Loss 

Locations 1 to 7: Duration of exposure 1 2  years: 4 specimens. 
Locations 8 to 10: Duration of exoosure 14 vears: 8 soecimens. 

'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  Climax44 
Abrasion 
Factor Heat Hardness Typical Analysis Percent 

'base Material Treatment RcA RcB C Mn Si Cr Mo  N i 

89  Martensitic Cr-Mo white iron AQ & T 54 66 2.8 1.0 0.6 15.0 3.0 - 
98 Martensitic high-Cr white iron AQ & T 53 64 2.7 1.0 0.9 26.0 0.5 - 
i 00' Martensitic Cr-Mo steel AQ & T 49 55 1 .O 0.8 0.6 6.0 1.0 - 
107 Chillcast Ni-Cr-Mo white iron - - 5 9 3.2 0.7 0.5 2.0 1.0 3.0 
109 Sandcast Ni-Cr white iron - 5 3 60 3.2 0.6 0.5 2.0 - 4.0 
11 1 Martensitic Cr-Mo steel salt Q&T 55 5 8 0.7 1.0 0.6 1.5 0.5 
115 Austenitic 6-1 alloy steel WQ 10 49 1.2 6.0 0.5 - 1 .O - 
116 Chillcast Ni-Cr white iron - - 55 3.0 0.5 0.4 2.1 - 4.5 
120 Martensitic Cr-Mo steel WQ & T 48 55 0.4 1.5 0.4 0.8 0.5 - 
126 Type 420 cast stainless AQ & T 50 5 2 0.4 0.5 0.5 13.3 0.7 - 
127 Pearlitic Cr-Mo steel AQ & T 38 39 0.8 0.8 0.6 2.3 0.4 - 
140 Austenitic Mn steel WQ 10 49 1.2 12.0 0.5 - - - 
Footnotes for Table Vlll are shown on previous page. RcA is the average Rockwell C hardness k in. below the original surface of the 
AQ & T = air quenched and tempered balls prior to use. 
Q & T =quenched and tempered RcB is the average hardness on the worn surface of the balls after the wear test. 
W Q  =water quenched It reflects the effect of cold-work hardening a t  this surface. 
W Q  & T =water quenched and tempered 

FIGURE V I - 3  



Cipra Test of Six-Inch Ductile lron and Gray lron Pipelg 
- - - -- 

Mean 
Mean Weight Maximum 

Years 
LOSS, mdd"' Pitting, mpyta 

Soil Exposure Duct Gray Duct Gray 

Cinders 3.7 12.2 10.6 35 35 
6.9 16.9 16.0 3 2 3 2 
7.9 12.5 13.8 2 7 28 
9.4 10.6 11.7 18 22 

13.5 9.3 11.3 11 20 

Mean Loss 
in Burst 

Strength. % 

Duct Grey 

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 .S 10 9 <I 5 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 
Grav 3.40 1 .50 0.08 0.50 0.60 - 
'1' mdd = milligrams per square decimetre per day. 0' mpy = mils penetration per year. 

FIGURE VI-4 
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