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Dear Mr. Clark: 

Transmitted herewith is our report on the excavation and evaluation 
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If you have any questions concerning this report, please contact 
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I INTRODUCTION 
, 1 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

, p e r i o d s .  

i 

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

P a r k .  

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

Engineering Services, Carkeek~ransfer/CSO Facilities Project, 



METRO NORTH BERCH FORCE M R I N  

LOCATION HAP 



CONCLUSIONS 

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

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

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

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

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

PRESENT C O N D I T I O N  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

y e a r s ,  



FORCE M A I N  EXCAVATION 

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

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

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

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

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

e v a l u a t i o n .  

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

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

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

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

d i g g i n g .  

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

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

h o l e s .  

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

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

t h i s  r e p o r t .  

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

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

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

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

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



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

s t a t  i on .  

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

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

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

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

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

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

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

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

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

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

was comple t ed  by  3:00 PM, 

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

18  i n  Appendix 1 1 .  

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

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



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

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

11 :15  AM. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

c o m p l e t e d .  

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

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

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

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

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



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

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

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

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

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

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

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

S o i l s  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

material, however, was slightly different from that at Excavation 

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

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

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

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

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

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

easily removed by scraping as the pipe was prepared for the 

installation of the tapping sleeve used in conjunction with the 

removal of the pipe coupon. 

Analysis - of ~ra~hitization ~r,oducts 

A sample of the graphitization product removed from the force main 

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

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

for a Plasma Spectrographic Analysis to determine other 

constituents. 

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

as Figures 111-1 and 111-2. 

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

the material as follows: 



Iron 
Sulfur 
Strontium 
Magnesium 
Calcium 
Aluminum 
Sodium 

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

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

percent "total organic carbon." 

Other pertinent constituents were: 

silicon 
Phosphorous 
Nickel 

860 pprn 
590 pprn 
27 PPm 

The major constituents of seawater are shown on the table included 

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

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

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

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

graphitization material represent constituents that have been 

removed from the cast iron force main through the normal corrosion 

process. 

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



PIPE SAMPLING, INSPECTION, - A N D  ANALYSIS 

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

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

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

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

and 21 ,  1989 .  

COUPON REMOVAL 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

8 i n  Appendix 11. 

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

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

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

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

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

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

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

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

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

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

e v a l u a t i o n ,  

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

T h i c k n e s s  Measurements  

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

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

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

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

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

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

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

AVG. = 0.6237" 

Coupon No. 3  - -  



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

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

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

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

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

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

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

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

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

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

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

A p p e n d i x  11. 



SOIL AND WATER TESTING -- 

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

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

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

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

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

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

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

SOIL TESTING PARAMETERS 

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

\ 
Brief definitions and descriptions of the above soil parameters and 

their relationship to the corrosivity of soils follow. 

Resistivity 
I 

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

resistivity soils readily conduct DC currents associated with 

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

resistivity soils do not readily conduct electrical current, and 

therefore, are classified as noncorrosive. This relationship is 

shown in the following table. 

Soil Resistivity Soil Corrosivity 

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

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

usually very corrosive. Examples of high resistivity soils are dry 

sands and gravels which are relatively noncorrosive. 

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

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

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

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

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

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



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

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

o r  a l k a l i n e .  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



Redo x  

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

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

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

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

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

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

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

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

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

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

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

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

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

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

b a c t e r i a .  

S u l f i d e s  

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

s a m p l e .  

SOIL TESTING RESULTS 

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

WATER TESTING PARAMETERS 

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

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

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

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



In addition, the water samples taken from the three excavations 

were tested for sulfates and chlorides. 

sulfates and chlorides are two common salts which affect the 

corrosion rate of buried or submerged metallic structures. High 

concentrations of these particular salts increase the ability of 

the electrolyte to conduct corrosion currents, since they 

effectively lower the resistivity of the electrolyte. 

Sulfates in soils can result in higher corrosion rates on buried 

metallic structures, since they are utilized by sulfate-reducing 

bacteria which thrive in anaerobic and near neutral pH conditions. 

Chlorides in soil or water will contribute significantly to the 

corrosion of buried metallic structures and the deterioration of 

concrete, when occurring in sufficient quantities to cause low 

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

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

conjunction with sulfates. 

WATER TESTING RESULTS 

The results of the testing conducted on the water samples taken 

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

of the Puget Sound seawater are summarized as follows: 

Excavation No. 1 - -  
Resistivity 
PH 
Sulfates 
Chlorides 

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



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

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

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

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

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

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

26 ohm-cm 
7.99 

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

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

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

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

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

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

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

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

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

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

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

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

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

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



r o c k s .  

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

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

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

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

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

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

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

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

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

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

p o t e n t i a l .  

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

E v a l u a t i o n  Approach 

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

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

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



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

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

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

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

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

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

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

F i g u r e  IV-4. 

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

or Class 27. 

The maximum and minimum allowable wall thickness for these four 

classes of cast iron pipe were estimated in accordance with the 

ANSI casting tolerance specification, in order to make further 

comparisons with the present wall thicknesses of the North Beach 

Force Main as represented by the coupons. 

The results of these calculations are tabulated as follows: 

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

-0.08" tolerance = 0 .511' Min. 

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

-0.08" tolerance = 0.56" Min. 

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

-0.08" tolerance = fl.61" Min. 

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

-0.08" tolerance = 0.67" Min. 

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

wall thickness measurements, as provided by the three coupons 

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

maximum and minimum wall thicknesses for the four classes of cast 

iron pipe. This comparison indicated that the force main coupon 

thicknesses could only fit within the maximum and minimum wall 

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



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

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

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

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

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

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

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

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

Beach F o r c e  Main. 

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

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

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

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

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

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

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

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

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

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

Coupon No. 1 

Average  T h i c k n e s s  

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

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

0  -21"  0.05" 

7.50 mpy 1 .79  mpy 



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

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

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

Coupon No. 2 

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

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

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

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

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

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

Coupon  No. 3  

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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

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



Main. The substantiation of this possibility and a determination 

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

pitting activity can be made only by further extensive excavation 

and inspection of the main. 

Assuming that pitting of a somewhat more serious nature than that 

already found does exist, a more realistic estimate of the 

remaining useful service life for the North Beach Force Main would 

probably be in the range of 10 to 15 years. 
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Date /PA?/L 1 %  / P 8 f  

Weather &45,4'4- L,GUT. - &4/t~, 3 9  o 

Memo No 

Project No. 563473 

Cl ient -- B CALUN~L / M ~ O  

~ o c a t  ion Nonm & E ~ L H  P g ~ p / n / &  S ~ R T I O ~  

Present Site 6 YS - &ILL M U ~ ~ E M C B ,  Mwk@ 

Comments 

-- //o HAM TREU/~ - 



&PEUALTY CONSULTANTS GROUP, JNC. 
wmcmd, wvhlngton 

DRILY FIELD M E W 0  

Date /PR;L 20, 1489 Memo No. @z , 

Wed t her 7 ; o r l ~ M  - Cco)/, @A/o)/ 3 9 0  Project No. 5-639'73 

Client _- &&oLJn/ 6 CALDUIELL / M & ~ A O  

Project MO~W ~ E A W  F~ACE E ; Y C ~ J A ~ ; ~ / E ~ A L U A + ~ M  
# 

Location - CA 4 XEFK PAP< -- /€Y ~ r )  Vd 'dr/oL/ A/o. a ) . v 

Present Site 7 ; o d d d  - &ILL MUSTERED, METRO 

Comments %'OO-AM - C ~ L U C L , ~  Gdsrxl ~ C T I D I J  C ~ ~ L J  (8 L MEN) . 



&PECUL'IY CONSULTANTS GROUP, INC. 
R e ,  Wuhlngtcm 

D A ; X L Y  FIELD MEMO 

Date /PX?/IL Z/J  / 9 d p  Memo No. 2? I d 

Weather 7/@0 A d  - d~e?c~sf, 4f2 O Project No. 5L397J 

Location - CA~REEY /?AX& - /EXCI VA 7/04 k. <) -. 

Present at Site Y.:oo AM - .BILL # u s ~ ? E ~ - I  457=4'7 

9 , c c  C k c s o J J  &'t7&~ 

Comments GL or c /o CM~~J o v  EQ U I C A / W ~  A ALL) ~ J ~ E P I A L ~  



D F I Z L Y  F X E L D  MEMO 

Date /P&/L Z/ ,  /9a9 Memo No. 

Weather Project No. ~ S 4 3 ~ 7 3  

I Client .- 

Project 

Location - EXC~JATILM do. 3 

-. /GUT.WUF~ AWO do. 3) 

Contractor 

Present at Site 

6 Comments 

~ , ' o o  B q  -- EQ,~~,QMEV~ , mu, MA7m'd Lf b*&GG' /dm 



~ ~ P E C ~ A L ~  CONSULTANlS GROUP, MC. 
Redmond, Washington 

Date A !  22, /9B? Memo 

Weather 7.*oo Ale/ - ~ J E Q C ~ S ~  , jra project 
I 

/ 

Project &€AN 6 4 ~  EYC.IJA ~ / o  J ,/'VAL WND";/ 

Location - G ~ ~ - <  PA~X /E 4 ~4 VA ~ / o d  
" - 

Present Site D/CK C A & L , Y L ~ ~  - , &E~&u 

C o m m e n t s  

-- .+ f i e # ~ ~  t r / M / r ~  - r4e7. t~  R o e  OF dew me~?  
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Pictures 



glL -\., . . A ! -  PC-  - 

PICTURE NO. 1 

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



PICTURE NO. 2 

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














































































































































































