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ANALYSIS AND MANAGEMENT OF A PIPELINE 

SAFETY INFORMATION SYSTEM 

EXECUTIVE SUMMARY 

I n  t roduc  t i o n  

The O f f i c e  of P i p e l i n e  S a f e t y  (OPS) and t h e  O f f i c e  of Un ive r s i ty  

Research of t h e  Department of T ranspor t a t ion  en te red  i n t o  a c o n t r a c t  

(DOT-OS-30110) wi th  t h e  Un ive r s i ty  of Oklahoma i n  A p r i l ,  1973 t o  con t inue  

o p e r a t i o n  of t h e  e x i s t i n g  OPS "Automated Leak and Tes t  F a i l u r e  Report ing 

System" and t o  ana lyze  d a t a  a v a i l a b l e  from t h e  system. The i n i t i a l  c o n t r a c t  

per iod covered from A p r i l ,  1973 through May, 1974 b u t  t h i s  per iod  w a s  

extended through November, 1974 t o  a l low f o r  t h e  a n a l y s i s  of an  a d d i t i o n a l  

yea r  of d a t a .  Therefore ,  d a t a  was a v a i l a b l e  f o r  fou r  y e a r s  - 1970 through 

1973. 

The "Automated Leak and Tes t  F a i l u r e  Report ing System" i s  a d a t a  

base  developed from the  c o l l e c t i o n  of  in format ion  from p i p e l i n e  o p e r a t o r s  

(both t r ansmiss ion  and d i s t r i b u t i o n  o p e r a t o r s )  about t h e  s i z e  and type  

of t h e i r  system and t h e  l e a k s  which occur  on t h e  system. The d a t a  system 

a c t u a l l y  c o n s i s t s  of two components: (1)  I n d i v i d u a l  F a i l u r e  Reports  - 
which provide  comprehensive d a t a  concerning t h e  cause  and n a t u r e  of c e r t a i n  

"ser ious"  l e a k s ,  and ( 2 )  Annual Repor ts  - summary d a t a  provided by each 

o p e r a t o r  on an  annual  b a s i s  t h a t  d e s c r i b e  the size and c h a r a c t e r i s t i c s  of 

h i s  system (e .g . ,  m i l e s  of p ipe  by type )  and t h e  na tu re  of I eaks  r e p a i r e d  

d u r i n g  t h e  yea r  (e .g . ,  number of  c o r r o s i o n  caused l e a k s ) .  

Ob jec t ives  

The o b j e c t i v e s  t o  be achieved under t h i s  program of c o n t r a c t  

r e sea rch  were a s  fo l lows :  

1. Opera t ion  and maintenance of the  existing OPS "Automated Leak 

and Test  F a i l u r e  Repor t ing  System," inc lud ing  t h e  product ion  

of  p e r i o d i c  d a t a  summaries. 

2 .  S t a t i s t i c a l  a n a l y s i s  of  t h e  data c o l l e c t e d  by OPS t o  draw 

a p p r o p r i a t e  i n f e r e n c e s  concerning any a s p e c t  of  p i p e l i n e  

s a f e t y  f o r  which d a t a  had been  r epor t ed .  
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3 .  Analys is  of  t h e  d a t a  system t o  i d e n t i f y  any problems wi th  t h e  

d a t a  r e p o r t i n g  forms and any d a t a  need not c u r r e n t l y  be ing  met 

by t h e  e x i s t i n g  system. 

The f i r s t  o b j e c t i v e  was accomplished by t h e  Un ive r s i ty  of Oklahoma 

O f f i c e  of Informat ion  Systems Program. The second o b j e c t i v e  was accomplished 

by t h e  Un ive r s i ty  of Oklahoma School of I n d u s t r i a l  Engineer ing.  

t h r e e  was accomplished through t h e  j o i n t  e f f o r t s  of bo th  groups i n  t h e  

Un ive r s i ty .  

wi th  o b j e c t i v e s  two and t h r e e .  

Ob jec t ive  

The m a j o r i t y  of t h e  r e p o r t ,  which i s  summarized h e r e ,  d e a l s  

Resu l t s  

OBJECTIVE 1: 

The Un ive r s i ty  of Oklahoma O f f i c e  of Informat ion  Systems Program 

provided t h e  keypunch/keytape and v e r i f i c a t i o n  s e r v i c e s  necessary t o  

e n t e r  d a t a  i n t o  t h e  Automated Leak and Tes t  F a i l u r e  Report ing System as 

d a t a  forms were rece ived  from OPS. Standard summary r e p o r t s  were 

prepared and d e l i v e r e d  t o  OPS q u a r t e r l y  o r  annual ly  a s  r equ i r ed  by t h e  

c o n t r a c t .  A few examples of t h e s e  summary r e p o r t s  a r e :  

(a )  D i s t r i b u t i o n  Annual Report  Delinquency L i s t  by S t a t e  
(b)  Comprehensive Annual Report  by S t a t e  
(c )  Eamages and I n j u r i e s  Report  by S t a t e  
(d)  I n d i v i d u a l  Leak Report  - Major I t e m  Report  by Operator  
( e )  Corros ion  Report  by Opera tor  and by S t a t e  

e t c .  These r e p o r t s  a r e  on f i l e  a t  OPS. 

OBJECTIVES 2 AND 3 :  

The major e f f o r t  of t h e  r e sea rch  was aimed a t  a s t a t i s t i c a l  a n a l y s i s  

of t h e  d a t a  i n  o rde r  t o  i d e n t i f y  both  t h e  u t i l i t y  and weaknesses i n  t h e  

e x i s t i n g  d a t a  system. 

d a t a  e lements ,  and t h e r e f o r e ,  i t  w a s  necessary  t o  o rgan ize  t h e  assessment  

i n t o  a number o f  i n d i v i d u a l  ana lyses  cen te red  around a p a r t i c u l a r  parameter.  

F o r  example, t h e  fo l lowing  l i s t s  a few of t h e  types  of  ana lyses  t h a t  were 

performed : 

The d a t a  system i n c l u d e s  a l a r g e  number o f  d i f f e r e n t  

( a )  I n d i v i d u a l  F a i l u r e  Reports  - Analyses Rela ted  t o  Type of  Mate r i a l  
(b)  I n d i v i d u a l  F a i l u r e  Reports  - Analyses Rela ted  t o  Age of P i p e l i n e  
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( c )  I n d i v i d u a l  F a i l u r e  Reports  - Analyses of Leak Rates f o r  M e t a l l i c  

(d)  Annual Reports  - Analyses Rela ted  t o  Cause of P i p e l i n e  System 

(e)  Analysis  of  I n d i v i d u a l  Opera tors '  Sa fe ty  Performance 

A l a r g e  number of s t a t i s t i c a l l y  v a l i d  conclus ions  were drawn from t h i s  

v s .  P l a s t i c  Pipe 

Leaks 

d e t a i l e d  a n a l y s i s ,  Some of t h e  more important  conclus ions  a r e  l i s t e d  below: 

1. The i n d i v i d u a l l y  r epor t ed  l e a k  r a t e  (from a l l  causes )  g e n e r a l l y  

i n c r e a s e s  wi th  t h e  age of t h e  system. However, i n  d i s t r i b u t i o n  mains t h e  

l e a k  r a t e  f o r  systems i n s t a l l e d  i n  t h e  1970's  i s  s i g n i f i c a n t l y  h i g h e r  t h a n  

t h e  l e a k  r a t e  f o r  t h e  prev ious  two decades.  

2 .  The i n d i v i d u a l l y  r epor t ed  l eak  r a t e  caused by c o r r o s i o n  s t e a d i l y  

i n c r e a s e s  wi th  t h e  age of  t h e  system. I n  d i s t r i b u t i o n  systems,  t h e  g r e a t e s t  

e f f e c t  of p r o t e c t i o n  a g a i n s t  c o r r o s i o n  i s  obta ined  by combining ca thod ic  

p r o t e c t i o n  wi th  coa t ing .  

3 .  Outs ide  f o r c e  i s  t h e c a u s e o f  t h e  g r e a t e s t  percentage  of 

i n d i v i d u a l l y  r epor t ed  l e a k s ,  about 70 percen t  i n  d i s t r i b u t i o n  systems and 

5 4  percent  i n  t r ansmiss ion  systems. Corros ion  accounts  f o r  about 15 percen t  

of i n d i v i d u a l l y  r epor t ed  l eaks .  I n  c o n t r a s t ,  when ana lyz ing  a l l  r e p a i r e d  

l eaks  (from t h e  annual  r e p o r t s ) ,  c o r r o s i o n  accounts  f o r  t h e  m a j o r i t y  of l e a k s ,  

45 percen t  i n  d i s t r i b u t i o n  systems and 77 percent  i n  t r ansmiss ion  systems.  

Outs ide  f o r c e  accounts  f o r  on ly  15 pe rcen t  ( d i s t r i b u t i o n )  and 3 percen t  

( t r ansmiss ion )  of  a l l  r e p a i r e d  l eaks .  Therefore ,  whi le  o u t s i d e  f o r c e  l eaks  

a r e  a r e l a t i v e l y  s m a l l  p o r t i o n  of a l l  r e p a i r e d  l e a k s ,  t hey  tend t o  b e  t h e  

s e r i o u s  ones  ( i . e . ,  those  r e q u i r i n g  i n d i v i d u a l  r e p o r t s ) .  
4 .  The i n d i v i d u a l l y  r epor t ed  l e a k  r a t e  ( l e a k s  per  mi l e  of p ipe )  due 

t o  t h i r d  p a r t y  damage i n  d i s t r i b u t i o n  systems g e n e r a l l y  i n c r e a s e s  wi th  age ;  

however, f o r  p ipe  i n s t a l l e d  i n  t h e  1 9 7 0 ' ~ ~  t h e  t h i r d  p a r t y  damage l eak  r a t e  

shows a sudden inc rease .  

5 .  Metal l ic  p ipe  m a t e r i a l s  i n  aggrega te  show a s i g n i f i c a n t l y  lower 

i n d i v i d u a l l y  r epor t ed  l e a k  r a t e  than  do p l a s t i c  p ipe  m a t e r i a l s .  P l a s t i c  

p ipe  systems were a l s o  found t o  have a h ighe r  equipment caused l eak  r a t e  t han  

( a )  s t e e l  and c a s t  i r o n  i n  d i s t r i b u t i o n  mains and (b)  s t e e l  and copper i n  

d i s t r i b u t i o n  s e r v i c e s .  
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6 .  A s  noted above, more i n d i v i d u a l  l e a k  r e p o r t s  were f i l e d  on a per 

u n i t  b a s i s  f o r  p l a s t i c  p ipe  t h a n  f o r  me ta l l i c  p ipe  i n  d i s t r i b u t i o n  systems. 

However, no s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  were found between p l a s t i c  

and m e t a l l i c  p ipe  on t h e  b a s i s  of  i n j u r i e s ,  d e a t h s ,  o r  proper ty  damage, 

p r imar i ly  due t o  t h e  wide v a r i a n c e s  which r e s u l t e d  from t h e  l imi t ed  amount of  

d a t a .  

7. The i n d i v i d u a l  r e p o r t  r a t e  f o r  t hose  acc iden t s  involv ing  f i r e ,  

exp los ion ,  d e a t h ,  o r  i n j u r y  appears  t o  be  t h e  b e s t  measure f o r  e v a l u a t i n g  

t h e  s a f e t y  performance of i n d i v i d u a l  o p e r a t o r s .  Unfor tuna te ly ,  a t  t h e  c u r r e n t  

t i m e  t h i s  l i m i t s  t he  a n a l y s i s  t o  only  t h o s e  o p e r a t o r s  wi th  over  100,000 

s e r v i c e s .  A procedure i s  presented  f o r  i d e n t i f y i n g  o p e r a t o r s  t h a t  appear t o  

have s a f e t y  problems so t h a t  f u r t h e r  i n v e s t i g a t i o n  and p o s s i b l e  c o r r e c t i v e  

a c t i o n  may be undertaken.  

R e  c omme nd a t  i o n s 

The s p e c i f i c  recommendations concerning t h e  d a t a  system and d a t a  

a n a l y s i s  a r e :  

1. The e x c l u s i o n  of  d i s t r i b u t i o n  o p e r a t o r s  w i th  less than 100,000 

s e r v i c e s  from t h e  requirement  t o  submit an  i n d i v i d u a l  f a i l u r e  r e p o r t  

s e r i o u s l y  l i m i t s  t h e  u s e f u l n e s s  of t h e  d a t a  system. S ince  t h e  o p e r a t o r s  

a r e  c u r r e n t l y  r equ i r ed  t o  f i l e  an  annual  r e p o r t ,  it seems unwise t o  

exc lude  them from t h e  requirement  t o  f i l e  i n d i v i d u a l  f a i l u r e  r e p o r t s .  

Therefore ,  i t  i s  recommended t h a t  i n d i v i d u a l  f a i l u r e  r e p o r t s  b e  r e q u i r e d  

of a l l  p i p e l i n e  o p e r a t o r s  who now f i l e  an  annual  r e p o r t .  

2 .  S i g n i f i c a n t  problems of d a t a  accuracy e x i s t  f o r  1970 d a t a ,  

and t o  a lesser e x t e n t  i n  t h e  d a t a  f o r  1971, 1972 and 1973. A more ex- 

t e n s i v e  d a t a  review and a u d i t  procedure i s  necessary  i f  accu ra t e  d a t a  i s  t o  

b e  a v a i l a b l e  f o r  a n a l y s i s .  Therefore ,  i t  i s  recommended t h a t  a r e g u l a r  

program of a u d i t i n g  should be  implemented, us ing  a s t a t i s t i c a l l y  v a l i d  

sampling procedure f o r  s e l e c t i n g  o p e r a t o r s  f o r  a u d i t .  

3 .  Other  methods of c o l l e c t i n g  p i p e l i n e  s a f e t y  d a t a  +should be  

explored ,  e s p e c i a l l y  t h e  fo l lowing  two methods : 

( a )  Data should b e  c o l l e c t e d  f o r  more p i p e l i n e  acc iden t s  by 

in-depth  , m u l t i d i s c i p l i n a r y  acc iden t  i n v e s t i g a t i o n  teams 

s i m i l a r  t o  t h e  t e a m  s t a f f e d  by t h e  NTSB f o r  i n v e s t i g a t i n g  
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a few s e l e c t e d  p i p e l i n e  a c c i d e n t s .  

(b)  The use  of t h e  " c r i t i c a l  i n c i d e n t  technique" by p i p e l i n e  

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

s a f e t y  should b e  encouraged by OPS through a demonst ra t ion  

program and a follow-up educa t iona l  program i n  us ing  t h e  

technique .  

4 .  The i n d i v i d u a l  f a i l u r e  r e p o r t  d a t a  should b e  u t i l i z e d  annual ly  

t o  compare t h e  s a f e t y  performance of i n d i v i d u a l  o p e r a t o r s ,  a s  desc r ibed  i n  

Sec t ion  2 . 5 .  

5. Annual r e p o r t  d a t a  and t h e  remaining i n d i v i d u a l  r e p o r t  d a t a  

should be  analyzed a t  l ea s t  every two y e a r s  i n  a format  s i m i l a r  t o  the  

one used f o r  t h i s  r e p o r t .  

6 .  When approximately 7-10 y e a r s  of d a t a  have been c o l l e c t e d ,  

c o n s i d e r a t i o n  should be  g iven  t o  us ing  a t ime- t rend  type  of a n a l y s i s  on 

a y e a r l y  b a s i s .  I t  w i l l  be  necessary  t o  wa i t  t h i s  per iod  of t ime f o r  most 

o f  t h e  usua l  t ime-trend a n a l y s i s  methods t o  be  s u c c e s s f u l l y  app l i ed .  

7. The i n s t a l l a t i o n  of a computer t e rmina l  i n  t h e  O f f i c e  of P i p e l i n e  

Sa fe ty  f o r  t h e  purpose of performing d a t a  ana lyses  does not  appear t o  be  

j u s t i f i e d  because of t h e  r e l a t i v e l y  low l e v e l  of  a n t i c i p a t e d  use  over t h e  

e n t i r e  yea r  and because most of t h e  ana lyses  w i l l  r e q u i r e  d a t a  f o r  t h e  e n t i r e  

r e p o r t  yea r .  Thus, i t  i s  recommended t h a t  t h e  ana lyses  t o  b e  performed on an  

annual  b a s i s  be  completed each y e a r  a s  a ba tch-process  ope ra t ion .  

8. The forms used f o r  d a t a  c o l l e c t i o n  were reviewed and i t  was found 
t h a t  changes were needed. N e w  forms were developed and reviewed with OPS 

personnel .  

U t i l i z a t i o n  of  R e s u l t s  

The O f f i c e  of P i p e l i n e  Sa fe ty  w i l l  u se  t h e  r e s u l t s  of  t h e  d a t a  a n a l y s i s  

t o  e v a l u a t e  t h e  r e l a t i o n s h i p  of s e v e r a l  parameters  t o  p i p e l i n e  s a f e t y .  These 

parameters  i nc lude  type  of p i p e l i n e  materia-1s used ,  amount of c o r r o s i o n  of  

p i p e l i n e  m a t e r i a l s ,  e tc .  The O f f i c e  of P i p e l i n e  Sa fe ty  may t h e n  i n i t i a t e  

rulesmaking a c t i v i t i e s  as a r e s u l t  of t h i s  d a t a  e v a l u a t i o n  t h a t  a re  intended 

t o  r e s u l t  i n  s a f e r  p i p e l i n e  o p e r a t i o n s .  The redes igned  d a t a  forms w i l l  b e  of 

s i g n i f i c a n t  h e l p  t o  OPS by improving t h e  q u a l i t y  o f  t h e  d a t a  r epor t ed  by 

p i p e l i n e  o p e r a t o r s  and i n  t u r n  t h e  q u a l i t y  of  f u t u r e  d a t a  ana lyses .  
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1.1 BACKGROUND AND OBJECTIVES 

The O f f i c e  of  P i p e l i n e  Sa fe ty  (OPS) of t h e  Department of Trans- 

p o r t a t i o n  en te red  i n t o  a c o n t r a c t  (DOT-OS-30110) w i t h  t h e  Un ive r s i ty  of 

Oklahoma i n  A p r i l ,  1973 t o  cont inue  o p e r a t i o n  of  t h e  e x i s t i n g  Automated 

Leak and Tes t  F a i l u r e  Report ing System and t o  analyze d a t a  which was 

a l r eady  a v a i l a b l e  i n  the  system a s  w e l l  a s  d a t a  which would be  r epor t ed  

du r ing  t h e  cour se  of t h e  c o n t r a c t .  The i n i t i a l  c o n t r a c t  per iod  covered 

from A p r i l ,  1973 through May, 1974 b u t  t h i s  per iod  was extended through 

November, 1974 t o  a l l o w  the a n a l y s i s  of more d a t a  as it became a v a i l a b l e .  

This  a d d i t i o n a l  d a t a  was r epor t ed  f o r  t h e  ca l enda r  year  of 1973, and 

was not a v a i l a b l e  f o r  a n a l y s i s  u n t i l  J u l y ,  1974. 

I n i t i a l  d a t a  r e p o r t i n g  f o r  p i p e l i n e  o p e r a t o r s  began i n  1970 s o  

t h a t  d a t a  was a v a i l a b l e  f o r  t h e  ca l enda r  yea r s  of 1970 through 1973. 

The o b j e c t i v e s  t o  be  achieved under t h i s  program of c o n t r a c t  

r e s e a r c h  were as fo l lows :  

1. Opera t ion  and maintenance of  t h e  e x i s t i n g  OPS Automated Leak 

and T e s t  F a i l u r e  Report ing System, inc lud ing  the  product ion  of 

p e r i o d i c  d a t a  summaries. 

2 .  S t a t i s t i c a l  a n a l y s i s  of t h e  d a t a  c o l l e c t e d  by OPS t o  draw 

a p p r o p r i a t e  i n fe rences  concerning any a spec t  of p i p e l i n e  s a f e t y  

f o r  which d a t a  had been r epor t ed .  

3 .  Analys is  of t he  d a t a  system t o  i d e n t i f y  any problems with the  

d a t a  r e p o r t i n g  forms and any d a t a  need not c u r r e n t l y  be ing  m e t  

by the  e x i s t i n g  system. I n  a d d i t i o n ,  t h e  u t i l i t y  of t h e  d a t a  
c u r r e n t l y  be ing  r epor t ed  was t o  b e  eva lua ted  i n  terms of 

improving p i p e l i n e  s a f e t y .  

The f i r s t  o b j e c t i v e  was accomplished by t h e  Un ive r s i ty  of Oklahoma 

O f f i c e  of Informat ion  Systems Program. The second o b j e c t i v e  was 
accomplished by t h e  Un ive r s i ty  of Oklahoma School of  I n d u s t r i a l  Engineer ing.  

Ob jec t ive  t h r e e  was accomplished through t h e  j o i n t  e f f o r t s  of bo th  groups 

i n  t h e  Un ive r s i ty .  
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1 . 2  DATA COLLECTION FORMS 

The o r i g i n a l  s t r u c t u r e  of  t h e  d a t a  system w a s  based on t h e  u s e  of 

fou r  d i f f e r e n t  forms a s  l i s t e d  and b r i e f l y  expla ined  below. A copy of 

each form and t h e  r e l a t e d  i n s t r u c t i o n s  f o r  completion can be  found i n  

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

1. Leak Report - D i s t r i b u t i o n  System - DOT F7100.1 (1-70) 

2 .  Leak o r  Tes t  F a i l u r e  Report  - Transmission and Gathering 

Systems - DOT F7100.2 (1-70) 

3 .  Annual Report f o r  D i s t r i b u t i o n  System - DOT F7100.1-1 (10-70) 

4 .  Annual Report  f o r  Gas Transmission and Gather ing  Systems - 
DOT F7100.2-1 

I n d i v i d u a l  r e p o r t s  of l eaks  o r  t es t  f a i l u r e s  are r equ i r ed  f o r  

l e a k s  which a r e  of l ' s e r ious l l  n a t u r e  ( s e e  49 CFR, P a r t  191 f o r  r e p o r t i n g  

requi rements ) .  These r e p o r t s  c o n t a i n  d e t a i l e d  informat ion  about t h e  

c i rcumstances  surrounding t h e  l e a k  occurrence.  D i s t r i b u t i o n  o p e r a t o r s  
w i t h  f e w e r  than  100,000 s e r v i c e s  a r e  n o t  r e q u i r e d  t o  file i n d i v i d u a l  leak 

r e p o r t s .  

Annual r e p o r t s  are f i l e d  by a l l  p i p e l i n e  o p e r a t o r s  and c o n t a i n  d a t a  

d e s c r i b i n g  t h e  s i z e  and na tu re  of t h e  o p e r a t o r ' s  system, summary d a t a  about 

l e a k s  r e p a i r e d ,  d a t a  about t h e  i n s p e c t i o n  of t h e  p i p e l i n e  f o r  l e a k s ,  and 

o t h e r  misce l laneous  informat ion .  The annual r e p o r t  w i l l  b e  e i t h e r  f o r  a 

d i s t r i b u t i o n  system o r  a gas  t r ansmiss ion  and g a t h e r i n g  system, o r  b o t h ,  

as a p p r o p r i a t e  f o r  t h e  o p e r a t o r .  

A number of changes have been proposed i n  t h e  des ign  of  t h e  

f o u r  d a t a  c o l l e c t i o n  forms as a r e s u l t  of t h e  d a t a  maintenance and 

a n a l y s i s  a c t i v i t i e s  performed dur ing  t h e  course  of completing t h i s  c o n t r a c t .  

These suggested changes were developed i n  con junc t ion  wi th  OPS personnel  

who a l s o  were aware of d e f i c i e n c i e s  i n  t h e  d e s i g n  of t h e  o r i g i n a l  d a t a  

c o l l e c t i o n  forms. The pmposed d e s i g n s  f o r  t h e  fou r  d a t a  c o l l e c t i o n  forms 

have been reviewed by OPS personnel  and rule-making a c t i v i t i e s  w i l l  be 

i n i t i a t e d  i n  t h e  f u t u r e  by OPS t o  u t i l i z e  t h e  new forms. Thus, t h e  proposed 

des igns  of t h e  new d a t a  forms have no t  been presented  i n  t h i s  c o n t r a c t  

r e p o r t  because of t h e  p o s s i b l e  confus ion  which might a r i s e  i n  p r e s e n t i n g  t h e  

new forms b e f o r e  o f f i c i a l  rule-making a c t i v i t i e s  have been i n i t i a t e d .  
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1.3 DATA PROCESSING, MAINTENANCE AND REPORTING ACTIVITIES 

The Un ive r s i ty  of  Oklahoma O f f i c e  of Informat ion  Systems Program 

provided t h e  keypunch/key t a p e  and v e r i f i c a t i o n  of s e r v i c e s  necessary  t o  

e n t e r  d a t a  i n t o  t h e  Automated Leak and T e s t  F a i l u r e  Repor t ing  System as 

d a t a  forms were rece ived  from OPS. I n d i v i d u a l  l e a k  and t e s t  f a i l u r e  r e p o r t s  

were processed q u a r t e r l y ,  and annual  r e p o r t s  were processed as r ece ived  

a f t e r  t h e  end of t h e  p r i o r  r e p o r t i n g  year .  

The annual  r e p o r t  was processed two t i m e s  du r ing  t h e  c o n t r a c t  

pe r iod .  I n  June, 1973, t h e  1972 Annual H i s t o r y  F i l e  updat ing  was 

accomplished. I n  March, 1974, t h e  1973 annual  r e p o r t s  from the  o p e r a t o r s  

were processed.  

OPS were a s  fo l lows :  

The summary r e p o r t s  t h a t  were prepared  and d e l i v e r e d  t o  

1. Annual E d i t  L i s t  

2 .  D i s t r i b u t i o n  Annual Report  Delinquency L i s t  by S t a t e  

3. Transmission Annual Report  Delinquency L i s t  by S t a t e  

4. O i l /P roduc t s  Annual Report  Delinquency L i s t  by S t a t e  

5 .  D i s t r i b u t i o n  Commercial I n s p e c t i o n  Delinquency L i s t  

6 .  Transmission Commercial I n s p e c t i o n  Delinquency L i s t  

7. Oi l /P roduc t s  Commercial I n s p e c t i o n  Delinquency L i s t  

8. Comprehensive Annual Report  by S t a t e  

9. Damages and I n j u r i e s  Report  by S t a t e  

I n d i v i d u a l  l e a k  r e p o r t s  were processed f i v e  t i m e s  d u r i n g  t h i s  

c o n t r a c t  pe r iod .  Quar t e r ly  runs  were completed i n  A p r i l ,  J u l y ,  and 

October of 1973, and aga in  i n  January,  1974. A fifth r u n  w a s  a l s o  made 

t o  update  t h e  1973 I n d i v i d u a l  Leak Report  H i s t o r y  F i l e .  

r e p o r t s  t h a t  were furn ished  t o  OPS €or t h e  i n d i v i d u a l  l e a k  r e p o r t s  were 

a s  fo l lows:  

The summary 

1. 
2. 
3. 

4. 

5. 

6. 

7. 

I n d i v i d u a l  Leak Report  E d i t  L i s t  

I n d i v i d u a l  Leak Report  - Major Item Report  by Opera tor  

Comprehensive Repor t  - Opera tor  Sequence 

Comprehensive Report  - S t a t e  Sequence 

Major I t e m  Report  (Year t o  Date)  by Opera tor  and by S t a t e  

Corros ion  Report  by Opera tor  and by S t a t e  

Cons t ruc t ion  Defec t  and Material F a i l u r e  Report  by Opera tor  and 

by S t a t e  
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8. Cons t ruc t ion  Defec ts  by Manufacturer by Operator and by S t a t e  

9 ,  
10. 

Month of Year ve r sus  Outs ide  Forces  Accident Report 

Depth of Cover versu8 Outs ide  Forces  Accident Report by S t a t e  

The name and addres s  f i l e  was processed approximately once each 

month and t h e  r equ i r ed  o u t p u t  from t h e s e  runs  were a s  fo l lows :  

1. Name and Address V a l i d a t i o n  L i s t i n g  i n  Operator I . D .  Number 

S e quenc e 
2.  Name and Address V a l i d a t i o n  L i s t i n g  i n  S t a t e  o f  Opera t ion  Sequence 

3 .  S e l e c t i v e  Opera tor  Name and Address L i s t i n g  

4. Mailing Labels  

5. S p e c i a l  Companies L i s t i n g  ( D i s t r i b u t i o n  Companies over 100,000 

Se rv ices  ) 

6. E r r o r  L i s t i n g  (Operator w / o  Headquar te rs )  

The i n q u i r y  program was r u n  as r eques t ed  by OPS p r o f e s s i o n a l  

pe r sonne l  t o  answer s p e c i f i c  q u e s t i o n s .  

The l i b r a r y  of updated mas ter  f i l e  t a p e s  w a s  maintained f o r  all t h e  

d a t a  c o l l e c t e d  s i n c e  r e p o r t i n g  was i n i t i a t e d  i n  1970. This  mas ter  f i l e  

was used by t h e  School of I n d u s t r i a l  Engineering f o r  t h e  s t a t i s t i c a l  a n a l y s i s  

of  d a t a  which fo l lows  i n  t h e  nex t  c h a p t e r .  

n 
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1.4 FOREWARD 

The remainder of t h i s  r e p o r t  c o n t a i n s  a s t a t i s t i c a l  a n a l y s i s  

of d a t a ,  conc lus ions  drawn from t h e  d a t a  a n a l y s i s  and recommendations 

concerning f u t u r e  r e p o r t i n g  and a n a l y s i s  of d a t a .  
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CHAPTER 2.0 

STATISTICAL ANALYSIS OF PIPELINE SAFETY DATA 
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. . . . . . . . . . . . . . . . . . - . . . . . . . - 

2 . 1  INTRODUCTION 

2 . 1 . 1  Purpose of Data Analys is  c1Is 
Data h a s  been c o l l e c t e d  by t h e  O f f i c e  of P i p e l i n e  S a f e t y  f o r  fou r  

y e a r s  (1970 - 1973) s i n c e  t h e  i n i t i a t i o n  of  r e p o r t i n g  requi rements  f o r  

p i p e l i n e  o p e r a t o r s .  During t h e s e  fou r  y e a r s ,  t h e r e  was no t  an o v e r a l l  

e f f o r t  t o  s t a t i s t i c a l l y  ana lyze  t h e  d a t a  a v a i l a b l e .  A s  stated e a r l i e r  i n  

t h i s  r e p o r t ,  one of t h e  c o n t r a c t  o b j e c t i v e s  was t o  perform a n  a n a l y s i s  of 

t h e  d a t a  i n  o r d e r  t o  de te rmine  what i n f e r e n c e s  could be  drawn rega rd ing  t h e  

impor tan t  parameters  r e l a t e d  t o  p i p e l i n e  s a f e t y .  S ince  t h e  forms used f o r  

r e p o r t i n g  d a t a  t o  t h e  O f f i c e  o f  P i p e l i n e  Sa fe ty  inc lude  a r e l a t i v e l y  l a r g e  

number of d i f f e r e n t  da t a  e lements ,  i t  was necessary  t o  s t r u c t u r e  t h e  o v e r a l l  

a n a l y s i s  i n t o  a number of i n d i v i d u a l  ana lyses  cen te red  around a p a r t i c u l a r  

parameter.  T h i s  s t r u c t u r e  of  t h e  ana lyses  i s  d i scussed  i n  Sec t ion  2.1.2.  

Since t h e r e  were only four  y e a r s  of d a t a  t o  ana lyze ,  i t  was recognized 

t h a t  t h i s  would p l a c e  a l i m i t a t i o n  on t h e  type  and number of s t a t i s t i c a l  

i n f e r e n c e s  t h a t  could be  drawn. However, i t  was a l s o  recognized t h a t  a n  

a t t empt  t o  ana lyze  t h e  d a t a  a v a i l a b l e  would be  v a l u a b l e  i n  a s s e s s i n g  t h e  

adequacy o f  t h e  c u r r e n t  i n fo rma t ion  system i n  o r d e r  t o  i n s t i t u t e  needed 

changes b e f o r e  too  much more t i m e  h a s  passed ,  Also,  it was expected t h a t  

s u f f i c i e n t  d a t a  d i d  ex is t  t o  i n d i c a t e  a r e a s  where t h e  in fo rma t ion  would be  

of va lue  i n  improving p i p e l i n e  s a f e t y .  
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2.1.2 TyP e s  of Analyses Performed 

The d i f f e r e n t  forms used f o r  c o l l e c t i n g  d a t a  served a s  one of t h e  

b a s e s  of ana lyz ing  t h e  d a t a .  

Sa fe ty  f o r  c o l l e c t i n g  d a t a  have been l i s t e d  i n  Chapter 1. 

The d a t a  forms used by t h e  O f f i c e  of P i p e l i n e  

It was noted i n  e x p l a i n i n g  t h e  d a t a  forms i n  Chapter 1 t h a t  t h e  

i n d i v i d u a l  r e p o r t s  c o n t a i n  more d e t a i l e d  in fo rma t ion  about t h e  c i rcumstances  

surrounding t h e  l e a k  occurrence  than  i s  a v a i l a b l e  f o r  l eaks  r epor t ed  on t h e  

annual r e p o r t  forms. However, t h e  i n d i v i d u a l  r e p o r t s  do not c o n t a i n  i n f o r -  

mation about t h e  s i z e  of t h e  p i p e l i n e  system where t h e  l eak  occurred o r  

o t h e r  measures of exposure of t h e  p i p e l i n e  system t o  a l e a k  occurrence ,  

which l i m i t s  t h e  a n a l y s e s  which can  be  done. Also, d i s t r i b u t i o n  o p e r a t o r s  

wi th  fewer than  100,000 s e r v i c e s  a r e  n o t  r e q u i r e d  t o  f i l e  i n d i v i d u a l  r e p o r t s  

f o r  " se r ious"  l e a k s .  S ince  annual  r e p o r t s  are  f i l e d  by a l l  p i p e l i n e  

o p e r a t o r s  and c o n t a i n  d a t a  d e s c r i b i n g  t h e  s i z e  of  t h e  o p e r a t o r ' s  system, 

i t  was necessa ry  i n  many i n s t a n c e s  t o  use  d a t a  from t h e  o p e r a t o r ' s  annual 

r e p o r t  t o  normalize d a t a  b e i n g  analyzed from t h e  i n d i v i d u a l  r e p o r t .  

Data analyzed from t h e  i n d i v i d u a l  l e a k  r e p o r t s  i s  presented  f i r s t  i n  

t h e  fo l lowing  s e c t i o n s ,  followed by d a t a  analyzed from t h e  annual  r e p o r t s .  

A s p e c i a l  a n a l y s i s  o f  bo th  annual  and i n d i v i d u a l  r e p o r t  forms was 

completed f o r  t h e  purpose of comparing t h e  s a f e t y  r e c o r d s  o f  i n d i v i d u a l  

o p e r a t o r s  and t h i s  a n a l y s i s  i s  p resen ted  i n  S e c t i o n  2.5. 

An a n a l y s i s  of t es t  f a i l u r e  r e p o r t s  was a t t empted ,  b u t  t h e  absence 

of any source  of normal iz ing  d a t a  prevented  t h i s  a n a l y s i s  from be ing  

completed. 
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2.1.3 S t a t i s t i c a l  Methods of Analys is  

Given t h e  type  of d a t a  a v a i l a b l e  f o r  a n a l y s i s ,  t h e  s t a t i s t i c a l  procedures 

a p p r o p r i a t e  f o r  t h i s  a p p l i c a t i o n  are e i t h e r  a t es t  of hypo thes i s  based on an 

F - s t a t i s t i c ,  o r  a t e s t  of means based on one of a number of s i m i l a r  tes ts  

a v a i l a b l e  f o r  t h i s  purpose. 

whether it i s  more impor tan t  t o  c o n t r o l  t h e  Alpha o r  Beta r i s k  l e v e l  i n  per -  

forming t h e  a n a l y s i s .  One of t h e  more wide ly  used tes t s  i n  t h i s  a r e a  i s  

c a l l e d  t h e  Duncan Mul t ip l e  Range T e s t ,  

c o n t r o l l i n g  t h e  Alpha and Beta  e r r o r s  when ana iyz ing  t h e  s i g n L f i c a n t  d i f f e r e n c e s  

between items w i t h i n  a group of i t ems .  

analyzed wi th  t h i s  t es t  i s  as fo l lows :  

The cho ice  of a p a r t i c u l a r  t e s t  i s  p red ica t ed  on 

This  t e s t  does an adequate job o f  

The usua l  way of p r e s e n t i n g  d a t a  

Assume a set  of  fou r  mean va lues  o r  averages  a r e  be ing  compared f o r  

t h e  l e a k  r a t e s  of mains c o n s t r u c t e d  wi th  fou r  d i f f e r e n t  m a t e r i a l s .  The mean 

v a l u e s  are  a s  fo l lows :  

S t e e l  - 0.373 leaks /1 ,000  m i l e s  of main 

Cas t  I r o n  - 1 ,280  l eaks /1 ,000  m i l e s  of main 

P l a s t i c  - 1.297 leaks /1 ,000  mi l e s  of  main 

Other - 1.050 leaks /1 ,000  miles of main 

Using a n  Alpha e r r o r  of  0.05, t h e  a n a l y s i s  of t h e  d a t a  can  b e  p re sen ted  as 

fo l lows  : 

P l a s t i c  Cast I r o n  Other S t e e l  

1.297 1.280 1.050 0.373 cy = 0.05 

For  an  Alpha e r r o r  of 0.01, t h e  d a t a  a n a l y s i s  would be p re sen ted  a s  

follows : 

P l a s t i c  Cas t  I r o n  0 t h e r  S t e e l  

1.297 1.280 1.050 0.373 01 = 0.01 
~ ~ 

A l i n e  drawn under any group of va lues  i n d i c a t e s  t h a t  t h e s e  va lues  do no t  

d i f f e r  s i g n i f i c a n t l y  a t  t h e  Alpha r i s k  l e v e l  g iven .  Thus, t h e  Alpha e r r o r  i s  

t h e  p r o b a b i l i t y  t h a t  w e  have concluded t h a t  t h e  meanvalues  of t h e  i t e m s  i n  a 

group are  d i f f e r e n t ,  when i n  f a c t  t hey  have come from t h e  same set  o r  popu la t ion  

of d a t a .  The Beta e r r o r  i s  t h e  p r o b a b i l i t y  t h a t  w e  s t a t e  t h a t  t h e  i t e m s  i n  a 

group are t h e  same when i n  f a c t  they  a r e  from d i f f e r e n t  popu la t ions ,  g iven  t h a t  

a s t a t emen t  i s  made about t h e  magnitude of t h e  d i f f e r e n c e  between t h e  popu la t ions .  
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I n  p r a c t i c a l  terminology,  t h e  above a n a l y s i s  s t a t e s  t h a t  t h e  l eak  

r a t e  f o r  s t ee l  p ipe  i s  s i g n i f i c a n t l y  lower t h a n  i o r  p l a s t i c  o r  c a s t  i r o n ,  

and t h a t  t h e  p r o b a b i l i t y  of making an e r r o r  i n  reaching  t h i s  conclus ion  i s  

5 times o u t  of 100. Thus, i f  w e  want t o  r e s t r i c t  our  Alpha e r r o r  t o  only 

one i n  100, t h e n  w e  cannot  s t a t e  t h a t  t h e r e  i s  any d i f f e r e n c e  i n  any of  t h e  

l e a k  r a t e s  f o r  t h e  d i f f e r e n t  m a t e r i a l s .  

The choice  of  an a c c e p t a b l e  Alpha o r  Beta r i s k  l e v e l  must be  based 

on t h e  economic o r  o t h e r  consequences of t he  a c t i o n  taken  a s  a r e s u l t  o f  

t h e  d a t a  a n a l y s i s ,  f o r  i n s t a n c e  t h e  use of only s t e e l  p i p e  f o r  mains. 

I t  w i l l  be observed i n  t h e  a n a l y s e s  whicn fo l low t h a c  two of t h e  mean 

v a l u e s  f o r  a given parameter be ing  analyzed a r e  shown a s  be ing  no t  s t a t i s t i c a l l y  

d i f f e r e n t  from one another ,  w h i l e  two o t h e r  means being analyzed f o r  another  

parameter may d i f f e r  a l g e b r a i c a l l y  by t h e  same amount, b u t  w i l i  be  shown a s  

s t a t i s t i c a l l y  d i f f e r e n t  from one another .  Since t h i s  type  of r e s u l t  i s  

o f t e n  confus ing  t o  a n o n - s t a t i s t i c i a n ,  a b r i e f  e x p l a n a t i o n  i s  i n  o r d e r .  

I f  w e  examine t h e  d a t a  f o r  each y e a r  f o r  a g iven  parameter ,  such a s  

f o r  t h e  data shown i n  Table  2 . 2  which follows in t h e  next s e c t i o n ,  it w i l l  

be seen  t h a t  t h e  l e a k s  per  1,000 mi l e s  of s t e e l  mains have no t  var ied  more 

than 20 p e r c e n t  from t h e  o v e r a l l  mean i n  any y e a r .  On t h e  o t h e r  hand, t h e  

y e a r l y  v a l u e s  f o r  c a s t  i r o n  o r  p l a s t i c  may vary more t h a n  40 percent  from t h e  

o v e r a l l  mean i n  any y e a r .  Thus, t h e  a b i l i t y  t o  s t a t i s t i c a l l y  d i f f e r e n t i a t e  

between mean va lues  be ing  analyzed is a f u n c t i o n  of  t h e  v a r i a b i l i t y  of t h e  

d a t a  comprising t h e  mean v a l u e s .  

The o t h e r  a s p e c t  of s t a t i s t i c a l  i n f e r e n c e  which i s  p e r t i n e n t  t o  t h e  

d a t a  a n a l y s i s  i s  t h e  number o f  y e a r s  of d a t a  a v a i l a b l e  f o r  a n a l y s i s .  I n  

g e n e r a l ,  t h e  g r e a t e r  t h e  number of y e a r s  of  d a t a  a v a i i a b l e ,  the g r e a t e r  t h e  

a b i l i t y  t o  d i f f e r e n t i a t e  between t h e  mean va lues  f o r  a g iven  parameter.  I n  

s t a t i s t i c a l  terms, t h i s  would be c a l l e d  i n c r e a s i n g  t h e  degrees  of freedom 

f o r  t h e  s t a t i s t i c a l  a n a l y s i s .  Thus, t h e  O f f i c e  of  P i p e l i n e  S a f e t y  w i l l  b e  

a b l e  t o  improve t h e  c a p a b i l i t y  of performing s t a t i s t i c a l  a n a l y s e s  o f  t h e  d a t a  

each y e a r  t h a t  more d a t a  becomes a v a i l a b l e .  
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2 . 2  ANALYSTS OF I N D I V I D U A L  FAILURE REPORTS 

Table 2 . 1  p r e s e n t s  a l i s t i n g  of a l l  d a t a  t a b l e s  prepared i n  t h e  

a n a l y s i s  of  i n d i v i d u a l  f a i l u r e  r e p o r t s .  This  l i s t i n g  i s  presented  f o r  

r e f e r e n c e  t o  t h e  s e c t i o n s  t h a t  fo l low cover ing  t h e  v a r i o u s  l e a k  r a t e  

parameters under d i s c u s s i o n .  The va r ious  types  of a n a l y s e s  presented  

encompass a l l  of t h e  parameters a v a i l a b l e  f o r  a n a l y s i s  on t h e  i n d i v i d u a l  

f a i l u r e  r e p o r t s  which were thought t o  have a r e l a t i o n s h i p  t o  l e a k  ra te  and 

p i p e l i n e  s a f e t y  . 
Each of t h e  fo l lowing  s e c t i o n s  inc ludes  t h e  ana lyses  of t h e  t r a n s -  

mis s ion  and d i s t r i b u t i o n  segments of  t h e  p i p e l i n e  system f o r  t h e  p a r t i c u l a r  

parameter t h a t  i s  be ing  eva lua ted  f o r  i t s  e f f e c t  on l eak  r a t e  and p i p e l i n e  

s a f e t y .  

The r e s u l t s  of each a n a l y s i s  of d a t a  a r e  p re sen ted  as t h e  i n d i v i d u a l  

parameters are cons ide red ,  followed by a summary s ta tement  of conc lus ions .  

These conc lus ions  a r e  compared i n  S e c t i o n  2.4 wi th  t h o s e  obta ined  from 

t h e  a n a l y s i s  of d a t a  submitted on t h e  annual  r e p o r t  forms. 
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TABLE 2.1 

4 

P a r t  which 
Leaked 

Pipe 

A l l  Except 
Pipe 

Pipe 

A l l  Except 
Pipe 

Pipe 
- 

Pipe 

3 
P a r t  of 
System 
Analyzed 

5 6 7 
Cause of Measure of Analys is  Parameter 

Leak Leaks/ Sa fe ty  

A l l  Leaks/Year/ Type of Mater ia l  
types  1,000 m i l e ,  

of pipe  

A l l  Leaks lyear l  Type of Mater ia l  
types  1,000 miles 

of Pipe 

A l l  Leaks /Year/ Type of Mater ia l  
types  100,000 

Serv ices  

A l l  Leaks/Year/ Type of Materia1 
types  100 , 000 

Serv ices  

Nominal Diameter A l l  Leaks /Year / 
1,000 mi les  types  
of Pipe 

Nomina 1 Diameter A l l  Leaks f Year 1 
types  100,000 

Serv ices  
--- 

D i s t r i b u t i o n  
Mains 

D i s t r i b u t i o n  
Mains 

D i s t r i b u t i o n  
Se rv ices  

D i s t r i b u t i o n  
Se rv ices  

D i s t r i b u t i o n  
Mains 

D i s t r i b u t i o n  
Se rv ices  

L 

L i e t i n g  of Data Tablee for A l l  Analyees, 
Prepared from Ind iv idua l  F a i l u r e  Report Forme 
(Forma DOT F 7100.1 and DOT F 7100.2) 

P a r t  of Indiv idua l  
Report where Data . Obtained 

5 .e ,  6.a 

5.a, 6.a 

5 .a ,  6.a 

5 .a ,  8 .a  

5 .a ,  8 .a  



c 

2.8 

I 2.9  
t 

TABLE 2.1 L i s t i n g  of D h t R  Tables  for A l l  Analyses 
Tables  8 th ru  14 

Con t h u e d  

70.73 Transmission 

70- 73 D i s  t r ibrr t ion 
Mains  

70- 73 I ' 2.10 i D i s t r i b u t i o n  
Se rv ices  

I I 

2.12 f 70-73 

3 I Trensmiss ion.  

D i s t r i b u t i o n  

I Mains 

70- 73 D i s t r i b u t i o n  
Se rv ices  

2.14 1 70-73 1 Tran s m i s s  ion 

L 
~~ ~~ 

Par t  which 
Leaked 

Body of Pipe 

A l l  p a r t s  

A l l  p a r t s  

- 
A l l  p a r t s  

~ ~~ 

A l l  p a r t s  

- 
A 1 1  p a r t s  

A 1 1  p a r t s  

5 
Cause of 

Leak 

A l l  
types  

A l l  
t ypes  

A l l  
t ypes  

A l l  
types  

A l l  
t ypes  

l___l 

A l l  
typcs 

6 7 8 
I 1 I 

Measure of Analysis  Parameter Pa r t  of Ind iv idua l  
Leaks / s a f e t y  Report where Data 

-- 
1.000 miles 

I of Pipe 

Leakslyear/  
1,000 m i l e s  
of Pipe 

Leakslyear /  
100,000 
Se rv ices  

Leaks /Year 1 
1.000 miles 
of Pipe 

Leaks f Year I 
1,000 mi l e s  
of Pipe 

Leaks/Yearj 
193 ,coo 
Se rv ices  

LeaksIYearl 
1,000 m i l e s  
of Pipe 

- 

Region 

Reg ion 

Reg ion 

~ 

Decade of 
Construct ion 

Decade of 
Cons t r u c t i o u  

Decade of 
Construct ion 

5.b 

- - 
5.b 

5 . b  



TABLE 2.1 L i s t i n g  of Data Tables f o r  A l l  Analyses 
Tables  15 th ru  24 

--- 
2.20 

2.21 

2.22 

2.23 

2,24 

Continued 
6 5 7 8 

Par t  of Individua 
Report where Data 

Obtained 

4 
P a r t  which 

Leaked 

3 
Par t  of 
System 
Analyzed 
D i s t r i b u t i o n  

Mains 

- 2 
Years of 

Data 

1 
No. of 
Table  I Cause of 

Leak 
Measure of 
LeaksISaf e t y  

Analysis  Parameter 

A l l  p a r t s  Corrosion Decade of 
Construct ion 5.b 

Leaks /Year / 
1,000 miles 
of Pipe 

Leaks /Year/ 
100 ,000 
Services  

Leakslyear/  
1,000 miles 
of Pipe 

70- 7 3  

- 
Corrosion Decade of 

Construct  ion 
5.b 70- 73 A l l  p a r t s  D i s t r i b u t i o n  

Se rv ices  

Transmission A l l  p a r t s  Corrosion 70- 73 5.b Decade of 
Construct  i on  

-- 
70- 73 Pipe Corros Lon LeakslYearJ 

1,000 miles 
of Pipe 

I n t e r n a l  Corrosion vs. 
Exte rna l  Corrosion 

Part-A: 1 .e  D i s t r i b u t i o n  
Mains 

- 
70- 73 Corr o s ion I n t e r n a l  Corrosion vs. 

Ex te rna l  Corrosion 
Leaks /Year / 
100,000 
Services  

Leaks /Year 
1,000 miles 
of PiFe 

Part-A: 1 .a  Pipe D i s t r i b u t i o n  
Se rv ices  

I n t e r n a l  Corrosion VB. 
Exte rna l  Corrosioii 

Part-A: 1 . a  70- 73 Transmission Pipe Corrosion 

-I-_-- -- 
Cathodic vs  . Ncn -Ca thodic  
P ro tec t ion  and 
Bare vs.  Coated 

Cathodic vs .  Non-Cat hodic 
P ro tec t ion  and 
Bare vs.  Coated 

~~ ~ 

5 . a ,  
Part-A: 2 . a ,  

4 . 8  
I 

Part-A: 2 . a ,  
49- 

~~ 

D i s  tr i b u t  ion 
Mains 

Pipe Corrosion Leaks /Year / 
1,000 miles 
of Pipe 

70- 7 3  

-- 
A l l  p a r t s  Corrosion 70- 7 3  Leakslyear l  

1,000 miles 
of Pipe 

Percent of 
Leaks 

Percent of 
Leaks 

Tran smiss ion 

-- 
5.a 

I 

A l l  types  P a r t  which Leaked 70- 73 D i s t r i b u t i o n  
Ma i n s  

-I- 

5 .a  Pa r t  which Leaked 70- 7 3  D i s t r i b u t i o n  
Se rv ices  

A l l  types  
L 



e 

'NO.  of Years of P a r t  of Part  which Cause of 
Table  Data system Leaked Leak 

Analyzed 

2 .25  70- 7 3  Transmission --- A l l  t ypes  

e 
8 

Part of hdividual 
Report where Data 

Obtained 
6 

5.b 

5.b 

5.b 

Combination 01 
Tables 2 . 2 6  & 
2 .27  

5.b,  
Part-B: 1 .b  

5.b,  
Part-B: 1 .b  

5 .a ,  6.a 

5 . a ,  6.6 

I 
I 
I 

TABLE 2.1 L i s t i n g  of Data Tables  € o r  A l l  Analyses 
Tab les  25 t h r u  33 

Continued 

2.26 70-  73 D i s t r i b u t i o n  A l l  p a r t s  --- 
Mains 

Percent  of 
Leaks 

Percent  of 
Leaks 

Percent  of 
Leaks 

Cause of Leak and Recade 
of Construct ion 

Cause of Leak and Decade 
of Construct ion 

Cause of Leak and Decade 
of Construct ion 

D i s t r i b u t i o n  

I Serv ices  I 

I --- 
A l l  p a r t s  

L 

2.28 

2 . 2 9  

70-  7 3  Transmission A l l  p a r t s  --- 

70-  73 D i s t r i b u t i o n  A l l  p a r t s  --- 
Mains and 

Percent  of 
Leaks 

Leaks /Year/ 
1 ,000 miles 
of Pipe 

Cause of Leak and Decade 
of Construct ion 

Decade of Construct ion 

Measure of Analysis  Parameter 
LeaksISa f e t y  

Percent  of 
Leaks F a i l u r e  

O r i g i n  of Leak o r  

2 .30  7 0 -  73 D i s t r i b u t i o n  A l l  p a r t s  Third 
Mains  Pa r ty  

Damage 

7 0 -  73 D i s t r i b u t i o n  A l l  p a r t s  Third 
Se rv ices  Pa r ty  

Damage 

M e t a l l i c  vs.  P l a s t i c  LeaksiYeari  
1,000 m i l e s  
of Pipe 

Leaks /Year! 
100,000 
Se rv ices  

Decade of Construct ion 

2 . 3 2  7 0 -  7 3  D i s t r i b u t i o n  Pipe and A l l  t ypes  
Ma i n s  F i t t i n g  

2 . 3 3  7 0 -  73 

i 

D i s t r i b u t i o n  Pipe,  F i t t i n g  A l l  t ) p e s  

Connection 
Se rv ices  and Tap 

Leaks /Year / 

Serv ices  
100 , 000 

M e t a l l i c  vs. P l a s t i c  



I 

2 3 
Years of P a r t  of 

Data System 
Analyzed 

70- 73 D i s t r i b u t i o n  
Mains 

70- 73 D i s t r i b u t i o n  
S e r v i c e s  

73 D i s t r i b u t i o n  
Mains  

73 D i s t r i b u t i o n  
S e r v i c e s  

TABLE 2.1 L i s t i n g  of Data Tables f o r  A l l  Analyses 
Tables  34 thru 39 

Cont inued 

4 
P a r t  which 

Leaked 

A l l  p a r t s  

A l l  p a r t s  

A l l  p a r t s  

A l l  p a r t s  

1' 
lo. of 
lable  

2.34 

2.35 

2.36 

2 :37 

2.38 

2.39 70- 73 I D i s t r i b u t i o n  I A l l  p a r t s  

5 
Cause of 

Leak 

Equipment. 
caused 

Equipment, 
caused 

A 1  1 types 

A l l  t ypes  

A l l  types  

- 
A l l  t ypes  

6 

Measure of 
LeaksISafety 

L e a k s h e a r  I 
1,000 miles 
of pipe 

Leakslyear 1 
100,000 
Services  

~~ ~ ~ 

D i s t r i b u t i o n  
of Stoppage 
Time 

~~ 

Dis t r ibu t ion  
of Stoppage 
Time 

No's of Re- 
p o r t s ,  Deaths, 
I n j u r i e s  and 
Prop. Damages 
over $500. 
(Basis :  Pr. y r /  
1,000 miles of 

NO'S of Re- 
p o r t s ,  Deaths, 
I n j u r i e s  acd 
Prop. Damages 
over $500. 

- Pipe) 

7 
Analysis  Parameter 

Mater ia l  Type 

Mate r i a l  Type 

Meta l l i c  v s .  P l a s t i c  

M e t a l l i c  vs. P l a s t i c  

Meta l l i c  vs .  P l a s t i c  

M e t a l l i c  vs. P l a s t i c  

(Basis: W.yr /  
100,000 
Services)  

P a r t  of Ind iv idua l  
Report where Data 

Ob t a  i ned 

P a r t  B: l . a ,  1.b 

I 
6.a 
Part-B: l . a ,  1 .b  

2 .c ,  6.a 

2.c,  6.a 

6.a, 10.a,  
10.b,  10.g 

6.a ,  10.a,  
lO.b, 10.g 



c 

Cause of Measure of Analys i s  Parameter 
Leak Leaks lSafe ty  

Outsid9 ’ Percent  of P r i o r  N o t i f i c a t i o n ,  
Pa r ty  T o t a l  Number Marking and S t a t u t e  

of Reports Requirement 

c 

P a r t  of Ind iv idua l  
Report vhe re  Data 

Ob ta ioed 
- 

Part-B: l . a ,  2 .a ,  
2.b,  2.c  

1 
No. of 
Table  

Years of 
Data 

70- 73 2.40 

Par: of 
System 
Analyzed 

Di s t r ibu t ion  
/ 

2.41 
h) 
I 
I-’ 
I-’ 

._ 

TABLE 2.1 L i s t i n g  of Data Tables  for A l l  Analyses 
i 

i 
- 

Tables  40 t h r u  41 
Con t inued 

70- 7: / Di;;,ution 

Transmission 

1 

4 
P a r t  which 

Leaked 

A l l  p a r t s  

A l l  p a r t s  AII types  1 Percent  of I Percent  Ranges of 
T o t a l  Number Maximum Allowable 
of Reports Operating Pressure 

Distr.: 2.d,  2 .e  
Trans.: 3 . f ,  3 . g  

I I I 



2.2.1 I n d i v i d u a l  F a i l u r e  Reports--Analyses Related t o  TyDe of M a t e r i a l  

The ana lyses  of l eak  r a t e s  which were performed a s  a func t ion  of 

t h e  type of material used i n  c o n s t r u c t i o n  of  t h e  p i p e l i n e  a r e  presented  

i n  t h i s  s e c t i o n .  

Table  2 . 2  p r e s e n t s  t h e  a n a l y s i s  of t h e  annual l e a k  rates ( a l l  

causes )  f o r  d i s t r i b u t i o n  mains by m a t e r i a l  type.  This data  inc ludes  

Q 

on ly  l eaks  on t h e  body of t h e  p ipe .  For exampie, t h e  d a t a  shows t h a t  i n  

1971 t h e r e  were 1.51 l eaks  per  1,000 m i l e s  of cast  i r o n  mains. The 

column l abe led  "o ther f1  inc ludes  a l l  a d d i t i o n a l  m a t e r i a l s  f o r  which d a t a  

a r e  c o l l e c t e d ,  such a s  copper ,  d u c t i l e  i r o n ,  and wrought i r o n  f o r  which 

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

ca t egory .  One should n o t i c e  t h e  l a r g e  v a r i a b i l i t y  f o r  t h e  d a t a  i n  t h e  "other" 

column from one yea r  t o  t h e  next .  The purpose of t h i s  a n a l y s i s  was t o  

de te rmine- -cons ider ing  a l l  causes--whether t h e r e  a r e  s i g n i f i c a n t  d i f f e r e n c e s  

i n  l e a k  ra tes  i n  t h e  t h r e e  major t ypes  of m a t e r i a l s  used and a l s o  between 

t h e s e  types  o f  materials and those  grouped i n  t h e  "other" ca t egory .  
The Duncan Mul t ip l e  Range Test was used t o  determine whether t h e r e  

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

m a t e r i a l s .  The r e s u l t s  of t h e  t e s t  are presented  a t  t h e  bottom of 

Table 2.2 f o r  a = 0.05 and a = 0.01. A t  t h e  cy = 0.05 l e v e l ,  t h e  tes t  

i n d i c a t e s  t h a t  t h e  l e a k  r a t e  f o r  s t ee l  i s  s i g n i f i c a n t l y  less than  f o r  a l l  

o t h e r  materials. A t  t h e  a =  0.01  l e v e l  of  s i g n i f i c a n c e ,  none of t h e  

materials a r e  found t o  be  d i f f e r e n t  i n  l e a k  ra te .  Thus, f o r  an  a - l e v e l  of 

0.05, t h e  material type  used does a f f e c t  t h e  l e a k  r a t e  on mains. I n  some 

o f  t h e  fo l lowing  t a b l e s  t h i s  e f f e c t  w i l l  b e  analyzed i n  more d e t a i l  by a l s o  

c o n s i d e r i n g  t h e  cause of t h e  leak .  

- 

Table 2 . 3  g i v e s  a - s i m i l a r  a n a l y s i s  t o  t h a t  i n  Table 2 . 2 ,  bu t  

Table 2.3 i s  f o r  t h e  l e a k s  on tke-.parts of t h e  system o t h e r  t h a n  t h e  p i p e  

i n  t h e  d i s t r i b u t i o n  system. The purpose,of t h i s  a n a l y s l s  i s  t o  de te rmine  

whether t h e  l eak  r a t e  of t h e  p a r t s  i s  dependent upon t h e  m a t e r i a l  type .  

me lfother l l  material  type  inc ludes  d u c t i l e  i r o n ,  copper ,  aluminum, etc.  

1 

\ 

me r e s u l t  of t h e  a n a l y s i s  u s ing  t h e  Duncan Mul t ip l e  Range Tes t  

I-a-shown below t h e  t a b l e .  I t  i n d i c a t e s  t h a t  t h e  l e a k  r a t e  i s  much h ighe r  f o r  -. 

/- /' 2-12 



TABLE 2.2 

Year 

Leak Rate of Pipe by Material Type 

Di s t r ibu t ion  Mains 

v p e  of Materia9 

Indiv idua l  F a i l u r e  Report Data 

' 

Measure: Leaks per  year per 1,000 miles o f  p ipe  

1972 0.37 1.29 1.52 1.38 

1973 0.40 1.26 1.41 0.79 

MEAN 0.37 1.26 1.30 0.90 
- 

I t I 
1 2 3 4 

STEEL CAST IRON PLASTIC OTHER 

0.33 0.99 0.91 0.94 

0.40 1.51 1.36 0.51 

Standard Error  of Mean = 0.125 

Degrees of Freedom = 12 

Duncan Multiple Range Analysis 

3 2 .'*. . 4 1 a = .05 
--. 

-.. 
1.30 1.26 0.9 Ok\+ 3 7 

\ 
\ 

\,  
'\ 

3 2 4 1 

1.30 1.26 0.90 0.37 
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TABLE 2.3 

Year 

1970 

Leak Rate of Parts o the r  than  Pipe by Mater ia l  Type 

D i s t r i b u t i o n  Mains 

V p e  of Material  

1 2 3 4 

STEEL CAST IRON PLASTIC OTHER 

0.09 0.22 0.05 2.99 

Indiv idua l  F a i l u r e  Report Data 

Measure: Leaks per year per 1,000 miles of pipe 

1971 0.07 0.23 0.0 1.94 

1972 I 0.08 0.12 0.12 1.60 

1973 

MEAN 

0.09 0.14 0.10 1.40 

0.08 0.18 0-07 1.98 

4 

1.98 

Standard Error of Mean = 0.178 

Degrees of Freedom = 1 2  

Duncan Multiple Range Analysis 

2 1 3 Q! = .05 

0.18 0.08 0.07 

4 

1.98 

2 1 3 Q = .01 

0.18 0.08 0.07 
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t h e  m a t e r i a l s  lumped t o g e t h e r  as 'lother.Il For s tee l ,  c a s t  i r o n  and p l a s t i c ,  

no s t a t i s t i c a l l y  s l g n i f i c a n t  d i f f e r e n c e s  a r e  observed. Although t h e  t e s t  

shows no d i f f e r e n c e s  among the l e a k  r a t e s  f o r  s t ee l ,  c a s t  i r o n  and p l a s t i c ,  

it i s  noted t h a t  t h e  number of r epor t ed  l e a k s  on which t h e  l eak  r a t e s  a r e  

based i s  small  f o r  t h e  mater ia l  t ypes  o t h e r  t han  s teel .  

v a r i a n c e  f o r  t h i s  d a t a  r e l a t i v e l y  l a r g e  and cons ide rab ly  weakens t h e  power of 

t h e  s t a t i s t i c a l  t e s t .  / 

This  makes t h e  

Table 2 . 4  shows t h e  l e a k  r a t e  d a t a  y e a r s  ( a l l  causes )  f o r  d i s t r i -  
! 

b u t i o n  s e r v i c e s  by material type .  The d a t a  inc lude  t h e  l e a k s  r e p o r t e d  on 

body of t h e  p ipe  and were computed by us ing  t h e  r a t i o  of t h e  number of l eaks  

i n  t h e  i n d i v i d u a l  r e p o r t  over  t h e  number of s e r v i c e s  i n  t h e  annual  r e p o r t .  

The purpose of  t h i s  a n a l y s i s  i s  t o  de te rmine  whether t h e  m a t e r i a l  t ypes  make 

any d i f f e r e n c e  i n  l e a k  r a t e s  i n  t h e  p i p e  used f o r  s e r v i c e s .  The tab le  and 

a n a l y s i s  a r e  s i m i l a r  t o  Table  2 . 2 .  

I n  t h e  t a b l e  t h e  average l e a k  r a t e s  f o r  p l a s t i c  and Ifother" m a t e r i a l s  

a r e  s i g n i f i c a n t l y  (a = 0.05) h ighe r  t h a n  those  f o r  s t ee l  and copper.  The 

l e a k  r a t e  does no t  d i f f e r  s i g n i f i c a n t l y  f o r  s t ee l  and copper p i p e  o r  f o r  

p l a s t i c  and "otherll p ipe .  

Table 2 . 5  p r e s e n t s  t h e  d a t a  f o r  d i s t r i b u t i o n  s e r v i c e s  and i s  

s i m i l a r  t o  Table 2.4  i n  t h e  a n a l y s i s  performed, except  t h a t  Table 2.5 

i s  f o r  t h e  l e a k s  i n  t h e  p a r t s  of t h e  system o t h e r  t h a n  t h e  body of p ipe .  

It i s  a l s o  s i m i l a r  t o  Table 2.3 except  t h a t  t h e  a n a l y s i s  i n  Table 2 . 3  is  
f o r  mains. I t  i s  obvious from t h e  d a t a  t h e  l e a k  r a t e  f o r  "o ther"  m a t e r i a l s  

i s  s i g n i f i c a n t l y  h i g h e r ;  no e x p l a n a t i o n  f o r  t h i s  l a r g e  d i f f e r e n t i a l  i s  

a v a i l a b l e .  Because t h e  l e a k  r a t e  f o r  "other" m a t e r i a l s  i s  so l a r g e  and t h e  
v a r i a n c e  i s  so l a r g e ,  t h e  "other" m a t e r i a l  i s  n o t  inc luded  i n  t h e  Duncan 

M u l t i p l e  Range T e s t .  The Duncan M u l t i p l e  Range Test i s  used t o  compare s t e e l ,  

copper ,  and p l a s t i c ,  and it shows t h e r e  i s  no s t a t i s t i c a l l y  s i g n i f i c a n t  

d i f  f e r  enc e. 

Even though t h e  a n a l y s i s  shows a s i g n i f i c a n t l y  d i f f e r e n t  l e a k  r a t e  

f o r  f f o t h e r l l  m a t e r i a l  t y p e s ,  one can  suspec t  t h a t  t h e  r a t e  g iven  i n  l e a k s  

per  s e r v i c e  per  y e a r  may not  be  an  a p p r o p r i a t e  measure. 

f a c t  t h a t  t h e  p ropor t ion  of t i&,a  p a r t i c u l a r  t ype  of m a t e r i a l  i s  used f o r  

p a r t s  o t h e r  t h a n  t h e  body of  t h e  p ipe  i s  unknown. 

. 
This  i s  due t o  t h e  

\ 

\ 
\ 

i 



Measur e : 

1970 

1971 

1972 

1973 

MEAN 

TABLE 2.4 

Leak Rate of Pipe by Mater ia l  Type 

Di s t r ibu t ion  Services 

Indiv idua l  Fa i lu re  Report Data 

Leaks per year per 100,000 se rv ices  

Type of Mater ia l  

1 2 3 4 

STEEL COPPER PLASGC 0 THER 

0.46 0.45 1.72 0.74 

0.45 0.53 1.87 2.87 

0.57 0.74 1.90 2.39 

0.46 0.61 1.88 0.57 

0.48 0.58 1.84 1.64 

Standard Error  of Mean = 0.293 

Degrees of Freedom = 12 

Duncan Mult iple  Range Analysis 

3 4 2 1 (y = .05 

1.84 1.64 0.58 0.48 

3 4 2 1 cy = .01 

1.84 1.64 0.58 0.48 

n 

2-16 



TABLE 2.5 

Year 

dd 

Type of Mater ia l  

Leak Rate of Pa r t s  o ther  than  Pipe by Mater ia l  Type 

Dis t r ibu t ion  Services  

1970 

1971 

1972 

1973 

MEAN 

Indiv idua l  Fa i lu re  Report Data 

0.18 0.13 0.15 15.10 

0.32 0.35 0.59 25.80 

0.33 0.48 0.44 29.30 

0.24 0.39 0.25 9.25 

0.27 0.34 0.36 19.86 

Measure: Leaks per year per 100,000 se rv ices  

Grs 

1 2 3 4 

I STEEL COPPER PLASTIC OTHER 

Standard Error of Mean 

Degrees of Freedom 

Duncan Multiple Range 
f o r  S t e e l ,  Copper and 

3 2 

0.36 0.34 

= 0.073 

= 9  

na ly  s i s 
P l a s t i c  

1 01 = .05 

0.27 

3 2 1 a = .01 

0.36 0.34 0.27 

2-17 



2 .2 .2  I n d i v i d u a l  F a i l u r e  Reports--Analyses Rela ted  t o  Nominal Diameter of P i p e l i n e  

The ana lyses  which were performed t o  examine t h e  l e a k  r a t e  as a 

f u n c t i o n  of nominal p ipe  d iameter  are  presented  i n  t h i s  s e c t i o n .  

Table 2 . 6  p r e s e n t s  a breakdown of t h e  mean annual  l e a k  r a t e s  of 

d i s t r i b u t i o n  mains by s i z e  of  t h e  p ipe .  

of p i p e  and a r e  t h e  r e s u l t  of a l l  causes .  The l e a k  rates a r e  obta ined  by 

d i v i d i n g  t h e  t o t a l  number of l eaks  i n  one range of  d iameter  by t h e  co r -  

responding number o f  m i l e s  o f  p i p e  of  t h e  same d iame te r  range. The former 

va lues  a r e  ob ta ined  from t h e  i n d i v i d u a l  r e p o r t s  and t h e  l a t t e r  va lues  from 

t h e  annual r e p o r t .  

The l e a k s  o r i g i n a t e  from t h e  body 

The range  test shown beneath t h e  t a b l e  i n d i c a t e s  t h a t  a t  t h e  = 0.01 

l e v e l ,  t h e  p i p e s  of l a r g e  d i ame te r  (8  inches  o r  g r e a t e r )  have s i g n i f i c a n t l y  

h ighe r  l e a k  r a t e s  t h a n  t h e  p i p e s  of  a s i z e  smaller than  8 inches .  

a = 0.05 l e v e l ,  t h e  d i f f e r e n c e  i n  l e a k  r a t e s  o f  8-inch p ipe  and o f  p i p e  

g r e a t e r  t h a n  10 inches  i n  d i ame te r  i s  a l s o  s i g n i f i c a n t .  
less than  one inch  diameter  h a s  a l e a k  ra te  which i s  not s i g n i f i c a n t l y  

d i f f e r e n t  from t h e  l e a k  r a t e  f o r  4 through 6- inch  d iameter  p i p e  a t  t h e  

a = 0.05 l e v e l ,  These r e s u l t s  show t h a t  t h e  l a r g e  d iameter  mains (8 inches  

o r  more) cause  p r o p o r t i o n a t e l y  more l e a k s  t h a n  t h e  mains of i n t e r m e d i a t e  

s i z e  when t h e  l e a k s  a r e  counted s t r i c t l y  on a per -mi le  b a s i s .  Of cour se ,  

t h e  l a r g e r  d i ame te r  p i p e  h a s  a g r e a t e r  s u r f a c e  a r e a  per  m i l e  which i s  s u b j e c t  

t o  c o r r o s i o n  l e a k s .  However, t h e  l e a k  r a t e  f o r  p i p e  of l e s s  t han  one inch 

d iameter  does n o t  fo l low t h i s  expected p a t t e r n  s i n c e  t h e  l e a k  r a t e  f o r  t h i s  

ca t egory  does  n o t  d i f f e r  s i g n i f i c a n t l y  a t  t h e  = 0.05 l e v e l  from mains o f  

p i p e  4 through 6 i nches  i n  diameter. 

A t  t h e  

Also, t h e  p i p e  of 

Table 2 . 7  g i v e s  t h e  i n d i v i d u a l l y  r e p o r t e d  l e a k  r a t e s  on t h e  body of  

t h e  p ipe  used i n  d i s t r i b u t i o n  s e r v i c e s  f o r  fou r  d i f f e r e n t  r anges  of d i ame te r .  

The t a b l e  and a n a l y s i s  are  s imi l a r  t o  Table 2.6 excep t  t h a t  Table  2.6 

i s  f o r  a i s t r i b u t i o n  mains. Using an a - l e v e l  of 0.05, t h e  l e a k  r a t e  f o r  

p i p e  g r e a t e r  t han  two inches  i n  d i ame te r  is s i g n i f i c a n t l y  h i g h e r  t h a n  f o r  

p ipe  o f  s i z e  l e s s  than  one-ha l f  i n c h ,  and p ipe  of l e s s  t han  one-ha l f  inch  

h a s  a s i g n i f i c a n t l y  h i g h e r  l e a k  r a t e  t h a n  p i p e  of s i z e  0.5-2.0 inches  i n  

d i ame te r .  
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TABLE 2.6 

. 

YEAR 

1970 

1971 

1972 

1973 

MEAN 

Leak Rate of Pipe by Nominal Diameter 

D i s t r i b u t i o n  Mains 

I 
Nominal Diameter i n  Inches __ .-____--- 

1 2 3 4 5 6 
LE 1 1-2 2 - 4  4-6 8 GE 10 

0.58 0.33 0.52 0.52 0.83 1.10 

0.62 0.53 0.49 0.76 0.92 1.25 

0.80 0.43 0.48 0.69 1 .31  1.47 

0.84 0.45 0.51 0.65 1.14 1.36 

0.71 0.43 0.50 0.65 1.05 1.29 
L 

Indiv idua l  F a i l u r e  Report Data 

Measure:. Leaks per year per 1,000 m i l e s  of p ipe  

Standard Error  of Mean = 0.066 

Degrees of Freedom = 18 

Duncan Multiple Range Analysis 

6 

1.29 

5 1 4 3 2 

1.05 0.71 0.65 0.50 0.43 

6 5 1 4 3 2 

1.29 1.05 0.71 0.65 0.50 0.43 

Q! = .05 

Q! = .01 
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TABLE 2.7 

Leak Rate of Pipe by Nominal Diameter 

Di s t r ibu t ion  Services 

Indiv idua l  F a i l u r e  Report Data 

Measure: Leaks per year per 100,000 s e r v i c e s  

1973 

MEAN 1.52 0.59 0.49 2.35 
m 

+ I 

1971 

1972 

Nominal Diameter i n  Inches 

1 2 3 

LE .5 .5-1 1-2 GT 2 

1.01 0.62 0.55 1.35 

1.81 0.55 0.49 3.47 

1.81 0.62 0.43 1.97 

1.46 0.59 0.49 2.62 I 

Standard Error  of Mean = 0.246 

Degrees of Freedom = 12 

Duncan Mul t ip le  Range Analysis 

4 1 2 3 cy = .05 

2.35 1.52 0.59 0.49 

4 1 2 3 = .01 

2.35 1.52 0.59 0.49 

n 

n 
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'I'nhle 2.8  fol lows n s i m i l a r  a n a l y s i s  performed i n  Tables 2 . 6  and 2 .7 ,  

1)uL tlic t l i i t i i  is f o r  tlie t ransmiss ion  system. A gene ra l  p a t t e r n  i s  

ev iden t  i n  this d a t a  of a dec reas ing  l eak  r a t e  per 1 ,000  mi l e s  of t r a n s -  

miss ion  l i n e  a s  t h e  nominal diameter  of t h e  p ipe  i n c r e a s e s .  

Even a t  t h e  = 0.01 conf idence  l e v e l ,  t h e  p ipe  of diameter  l e s s  than 

two inches  has  a s i g n i f i c a n t l y  h i g h e r  l eak  r a t e  t han  o t h e r  s i z e s .  A t  t h e  

Q = 0.05 l e v e l ,  no s i g n i f i c a n t  d i f f e r e n c e  e x i s t s  between p ipe  i n  any t h r e e  

a d j a c e n t  s i z e  ranges  from 2 - 2 2  inches .  S i m i l a r l y ,  no s i g n i f i c a n t  d i f f e r e n c e  

i n  l eak  r a t e  e x i s t s  f o r  p ipe  24 inches  o r  more i n  d iameter .  

lower leak  r a t e  f o r  l a r g e r  d iameter  p ipe  r e f l e c t s  t h e  g r e a t e r  c a r e  which i s  

c h a r a c t e r i s t i c  of t h e  i n s t a l l a t i o n  of  l a r g e  diameter  l i n e s  as compared t o  

t h o s e  of sma l l e r  d iameters .  

Perhaps t h e  

2 - 2 1  



TABLE 2.8 

f '  
I 

Year 

1970 

1 1971 

1972 

. 1973 

MEAN 
i 

Leak Rate of P ipe  by Nominal Diameter 

Nominal Diameter  i n  Inches  
I 

1 
1 2 3 4 5 6 7 8 9 

LE 2 2- 4 4-6 8 , l O  12 ,14  16,18 20,22 24,26 28,30 GE 32 
! 

2.74 1.19 1.68 1.28 1.18 1.11 0.62 0.72 0.34 0.21 i 

3.38 1.76 1.73 1.43 1.18 1.15 1.47 0.20 0.24 0.33 ; 

1 2.77 1.76 1.68 1.87 1.59 1.49 1 .24  0.53 0.12 0.05 2 

, 
2.25 2.23 1.62 1.75 0.92 1.20 0.60 0.34 0.21 0.04 ' 

2.78 1 .73  1.68 1.58 1 . 2 2  1.24 0.98 0.45 0.23 0.10 
~ _ _ _ _ _ _ _ _ _ _ _  

i 

i 

Transmiss ion  Systems 

I n d i v i d u a l  F a i l u r e  Repor t  Data 

Measure: Leaks p e r  y e a r  pe r  1,000 miles of p i p e  

S tanda rd  Error  of Mean = 0,146 

Degrees  of Freedom = 30 

Duncan M u l t i p l e  Range Ana lys i s  

1 

2.78 

1 

2.78 

2 3 4 6 5 7 8 9 10 

1 .73  1.68 1 .58  1 .24  1.22 0.98 0.45 0.23 0.16 

2 3 4 6 5 7 8 9 10 

1.73 1.68 1 .58  1.24 1.22 0.98 0.45 0.23 0.16 

= .05 

= .O1 
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.I 
2 . 2 . ' )  i , l t i i v j d l l . l l  i : : ~ i l ~ ~ r c  licporLs--l\n~ilysc.s lic.laL:cd Lo 01's A d n i i n i  .c,LraLivcL I < C ; ; I O I )  - 

w i t h i n  tlie l 1 . S . A .  

Comparisons of l eak  r a t e  f o r  p i p e l i n e  systems i n  t h e  f i v e  d i f f e r e n t  

-- 

OPS a d m i n i s t r a t i v e  r e g i o n s  of  t h e  U . S . A .  are  presented  i n  t h e  fo l lowing  

sect ion.  

The d a t a  presented  i n  Table  2 . 9  i s  t h e  r e s u l t  of an  a n a l y s i s  t o  

determine i f  a r e g i o n a l  d i f f e r e n c e  e x i s t s  i n  r epor t ed  i n d i v i d u a l  l eaks  

f o r  d i s t r i b u t i o n  mains.  The e n t r i e s  i n  t h e  t a b l e  were obta ined  by d i v i d i n g  

t h e  t o t a l  number o f  l e a k s  shown on t h e  i n d i v i d u a l  r e p o r t s  i n  one r e g i o n ,  

by t h e  mi les  of p ipe  of t h a t  r eg ion .  A s c a l e  f a c t o r  of  1 ,000 m i l e s  i s  

used as i n  t h e  o t h e r  t a b l e s .  

The s t a t i s t i c a l  t e s t  i n d i c a t e s  t h a t  a t  Q = 0.01 conf idence  l e v e l ,  

t h e  l eak  r a t e  i s  s i g n i f i c a n t l y  h igher  f o r  Region 5 (Western s t a t e s ,  i nc lud ing  

Alaska)  and s i g n i f i c a n t l y  lower f o r  Region '2 (Southeas te rn  s t a t e s ) .  

r a t e s  of r epor t ed  l eaks  a r e  not  d i f f e r e n t  i n  Regions 1, 3 ,  and 4 .  

The 

The r easons  f o r  t h e  h igh  l eak  r a t e  i n  Region 5 are not  known. But 

f o r  Region 2 t h e  lower leak\  r a t e  could poss ib ly  b e  explained by t h e  f a c t  

t h a t  a l a r g e  number of  smaller ope ra to r s - - a s  found i n  Region 2- -are  no t  

r equ i r ed  t o  i n d i v i d u a l l y  r e p o r t  l eaks .  

Table  2.10, s i m i l a r  t o  Table  2 . 9 ,  c o n t a i n s  t h e  l e a k  r a t e s  f o r  t h e  

f i v e  r e g i o n s ,  bu t  f o r  d i s t r i b u t i o n  s e r v i c e s  r a t h e r  than  mains.  The r a t e s  were 

determined by d i v i d i n g  t h e  t o t a l  number of  l eaks  r e p o r t e d  i n  a r e g i o n  by t h e  

number o f  s e r v i c e s  i n  tha t ' r eg ion .  

i n  t h i s  t a b l e .  

A scale  f a c t o r  of  100,000 s e r v i c e s  i s  used 

The t e s t  shows t h a t  a t  t h e  Q! = 0.05 l e v e l ,  t h e  r a t e  of  r e p o r t i n g  
/ 

i n d i v i d u a l  l e a k s  was s i g n i f i c a n t l y  h i g h e r  i n  Region 5 ,  as was t h e  case i n  

d i s t r i b u t i o n  mains. The l e a k  ra tes  of  t h e  o t h e r  f o u r  r e g i o n s  do not  d i f f e r  

s i g n  i f i c  a n t  l y  . 
The a n a l y s i s  g iven  i n  Table  2 .11  i s  t h e  r e s u l t  o f  an  a n a l y s i s  of  

t he  r e g i o n a l  d i f f e r e n c e  i n  r a t e  of r e p o r t i n g  l eaks  i n  t r ansmiss ion  systems 

(not  i n c l u d i n g  g a t h e r i n g  sys tems) .  'The va lues  are i n  number o f  l e a k s  p e r  

year  per  1,000 mi les  of p ipe .  The h i g h e s t  l e a k  r a t e  i s  f o r  Region 1 (North- 

e a s t e r n  s t a t e s )  which i s  s i g n i f i c a n t l y  d i f f e r e n t  from t h e  o t h e r  r e g i o n s  a t  t h e  

Q = 0.01 l e v e l .  A t  t h e  Q = 0.05 l e v e l ,  Regions 2 ,  4 and 5 are  no t  s i g n i f i c a n t l y  

d i f f e r e n t  i n  l e a k  r a t e ,  and Regions 3 and 4 are  a l s o  not  s i g n i f i c a n t l y  

d i f f e r e n t  i n  l e a k  r a t e .  
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TABLE 2.9 

Leak Rate by Region 

D i s t r i b u t i o n  Mains 

Indiv idua l  F a i l u r e  Report Data 

Measure: Leaks per  year per 1 , 0 0 0  miles of pipe 

Year 

1970 

1 9 7 1  

1972 

1973 

MEAN 

Region 

1 2 3 4 5 

REG 1 REG 2 REG 3 REG 4 REG 5 

0.54 0 . 3 1  0.51 0.69 0.81 

0.83 0 .34  

0.82 0.34 0.59 

0.55 0.40 0.66 0.66 

0.68 0.35 0.58 0.67 0.98 
- --- 

Standard Error of Mean = 0.053 

Degrees of Freedom = 1 5  

Duncan Multiple Range Analysis 

5 1 4 3 2 = .05 

0.98 0.68 0.67 0.58 0.35 

5 1 4 3 2 cy = .01 

0.98 0 .68  0.67 0.58 0.35 

2-24 

n 



TABU, 2.10 

Leak Rate by Region 

Di s t r ibu t ion  Serv ices  

Indiv idua l  F a i l u r e  Report Data 

Measure: Leaks per year per 100,000 se rv ices  

Year 

1970 

1971 

1972 

1973 

MEAN 

Reg ion  

1 2 3 4 5 

REG 1 REG 2 REG 3 REG 4 REG 5 I 
0.83 0.56 0.68 0.71 0.92 

0.91 1.11 1.05 0.48 1.50 , 

1.08 1.30 0.97 0.85 1.70 

0.86 1.34 0.94 0.98 1.69 

0.92 1.08 0.91 0.75 1.45 1 
Standard Error of Mean = 0.132 

Degrees of Freedom = 15 

Duncan Multiple Range Analy,sis 

5 2 1 3 4 

1.45 1.08 0.92 0.91 0.75 

5 2 1 3 4 

1.45 1.08 0.92 0.91 0.75 

= .05 

CL = .01 
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TABLE 2.11 

f t 
Region I 

I 
I 

Year 1 2 3 4 5 

REG 1 REG 2 REG 3 REG 4 REG 5 

1970 2.52 1.73 1.06 1.16 1.14 

1971 2.46 1.89 1 . 3 2  1.26 1.77 

1972 2.98 1.57 0.95 1.49 2.39 

' 1973 2.33 1.48 0.91 2.23 1.58 

MEAN 2.57 1.67 1.06 1.53 1.72 

Leak Rate  by Region 

Transmission Systems 

I n d i v i d u a l  F a i l u r e  Report  Data 

Measure: Leaks per  year  per  1,000 m i l e s  of p i p e  

Standard E r r o r  of Mean = 0.180 

Degrees of  Freedom = 15 

Duncan M u l t i p l e  Range Analys is  

1 5 2 4 3 Q = .05 

2.57 1.72 1.67 1.53 1.06 

1 5 2 4 3 = .01 

2.57 1.72 1.67 1.53 1.06 
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2.2.4 I n d i v i d u a l  F a i l u r e  Reports--Analyses Related t o  Age of  P i p e l i n e  

The a n a l y s e s  performed t o  determine t h e  i n f l u e n c e  of  age o f  t h e  

p i p e l i n e  on t h e  l e a k  r a t e  a r e  presented i n  t h i s  s e c t i o n .  

Table 2.12 p r e s e n t s  t h e  a n a l y s i s  f o r  t h e  e f f e c t  of age of  t h e  p i p e  

on t h e  l e a k  r a t e s  i n  d i s t r i b u t i o n  mains. 

by t h e  decade i n  which t h e  p i p e  was c o n s t r u c t e d .  

l a t e d ' b y  d i v i d i n g  t h e  number of r e p o r t e d  l e a k s  on t h e  p ipe  system b u i l t  i n  

each decade by t h e  corresponding number of  m i l e s  b u i l t  i n  t h a t  decade, a l l  

be ing  taken  from t h e  annual r e p o r t  f i l e .  

decade i s  unknown i s  not  cons idered  i n  t h i s  a n a l y s i s .  This  omission of 

p i p e  o f  unknown age probably would n o t  change t h e  g e n e r a l  r e s u l t  very much, 

i . e . ,  i n c r e a s i n g  l e a k  r a t e  wi th  age a s  shown i n  t h e  average l e a k  r a t e s  i n  

t h e  t a b l e .  

The age of p i p e  i s  r e p r e s e n t e d  

The l e a k  r a t e  i s  c a l c u -  

The p i p e  system whose c o n s t r u c t i o n  

The Duncan M u l t i p l e  Range T e s t  shown wi th  t h e  t a b l e  i n d i c a t e s  

t h a t ,  a t  a = 0.05 l e v e l ,  t h e  p i p e  i n s t a l l e d  p r i o r  t o  1940 had a s i g n i f i c a n t l y  

h i g h e r  l e a k  ra te  than  p i p e  i n s t a l l e d  i n  t h e  decades s i n c e  1940; and t h e  

decades of t h e  1930 ' s ,  ' ~ O ' S ,  and '~O'S, a s  a group, have h igher  l e a k  r a t e s  

t h a n  t h e  decades o f  t h e  ' 5 0 ' s  and ' 60 ' s .  The a p p a r e n t l y  h igher  l e a k  r a t e  

f o r e c a s t e d  from t h e  d a t a  f o r  t h e  ' 7 0 ' s  might be  viewed wi th  concern.  

Table  2.13 p r e s e n t s  t h e  d a t a  f o r  t h e  age of  p ipe  versus  t h e  l e a k  

r a t e  f o r  d i s t r i b u t i o n  s e r v i c e s .  T h e , d a t a  were obta ined  i n  t h e  same manner 

as t h e  d a t a  i n  Table  2.12. Except f o r  t h e  s e r v i c e s  c o n s t r u c t e d  i n  t h e  most 

r e c e n t  y e a r s ,  t h e  l e a k  rates appear t o  be  h i g h e r  f o r  o l d e r  p ipe .  

The Range tes t  shows t h a t  t h e  s e r v i c e s  c o n s t r u c t e d  p r i o r  t o  1930 

have a l e a k  r a t e  s i g n i f i c a n t l y  h igher  than  t h e  r e s t  of t h e  decades and a t  

t h e  a = 0.05 l e v e l  t h e  decades of  t h e  1930's ,  ' ~ O ' S ,  and ' ~ O ' S ,  a s  a group,  

have h i g h e r  l e a k  r a t e s  t h a n  t h e  '50's and ' 6 0 ' s .  The a p p a r e n t l y  h i g h e r  

l e a k  r a t e  i n  t h e  decade of t h e  ' 7 0 ' s  i s  cause  f o r  concern.  

Table  2.14 shows t h e  i n c r e a s i n g  l e a k  r a t e  wi th  t h e  age o f  p i p e  i n  

t r a n s m i s s i o n  systems. The a n a l y s i s  i s  s imilar  t o  t h o s e  i n  Tables  2.12 and 

2.13. The i n c r e a s e  i n  l e a k  r a t e  w i t h  age i s  very  d r a s t i c  i n  t h e  1920's  and 

' 3 0 ' s .  A s  i n  t h e  d i s t r i b u t i o n  systems, t h e  l e a k  r a t e  i n  t h e  1970's  d e v i a t e s  

I from t h e  g e n e r a l  t r e n d .  

S t a t i s t i c a l l y ,  t h e  l e a k  r a t e s  f o r  p i p e  i n s t a l l e d  i n  both t h e  1920's 
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and '30's a r e  d i s t i n c t l y  d i f f e r e n t  from those of  t h e  fo l lowing  decades a t  

1 l i t .  = 0.05  l c v e l .  'I'lius, proport- ionntcly more leaks r c q u i r i  ng i n d i v i d u a l  

r c p o r t s  occur i n  o l d  pipe  than i n  new p i p < > .  

Again, a l though t h e  r e su l t  i s  s t a t i s t i c a l l y  s i g n i f i c a n t  i n  t h i s  case, 

theQda ta  does i n d i c a t e  t h a t  t h e  1970's  decade p ipe  has  a h ighe r  l eak  r a t e  

than  might be  expected.  This  might be expla ined  by t h e  f a c t  t h a t  new systems 

r equ i r e  t i m e  t o  "get t h e  bugs out , "  i . e . ,  to d e t e c t  and r e p a i r  problems 

c r e a t e d  i n  c o n s t r u c t i o n .  I f  t h i s  i s  t r u e ,  t hen  poss ib ly  more tes ts  shou ld  

be r equ i r ed  o f  new i n s t a l l a t i o n s .  
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TABLE 2.12 ~ 

Leak Rate by Decade of Construction 

Distribution Mains 

r 

Year 

1970 

197 1 

1972 

1973 

ME AN 

Measure: Leaks per year per 1 ,000  miles of pipe 

Individual Failure Report Data 

1 

~~ 

Decade of Construction 

1 2 3 4 5 6 

- - -29 30-39 40-49 50-59 60-69 70 - - -  

1 .64 1 . 4 1  0.85 0.64 0 .31  0.83 

1.51 1.36 1.22 0 . 7 1  0.37 1 . 6 2  

1 .71  1.65 1.27 0 . 6 3  0.30 1.16 

1.66 1.42 1 .48  0.57 0 .34  1.15 
~ ~- 

1.63 1.46 1.20 0.64 0.33 1.19 

Standard Error of Mean = 0.092 

Degrees of Freedom = 18 

Duncan Multiple Range Analysis 

2 3 6 4 5 
\ 

1.63 1.46 1.20 1.19 0 . 6 4  0.33 

1 2 3 6 4 5 

CY = 0.05 

CY = 0.01 

1.63 1.46 1.20 1.19 0 . 6 4  0.33 
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TABLE 2.13 n 
Leak Rate by Decade of Construction 

Distribution Services 

Measure: Leaks per year per 100,000 services 

I nd ividu a 1 Failure Rep0 rt Data 

Year 

1970 

197 1 

1972 

I 1973 

I MEAN 

Decade of Construction 

1 2 3 4 5 6 

---29 30-39 40-49 50-59 60-69 70--- 
-~ 

2.23 0.83 0.97 0.54 0.80 1.01 

2.53 1.52 1.38 0.88 1.03 1.69 

2.43 1.93 0.96 1.23 1.16 1.98 

3.32 1.00 1.19 0.78 0.89 1.75 

2.63 1.32 1.12 0.86 0.97 1.61 

Standard Error of Mean = 0.183 

Degrees of Freedom = 18 

Duncan Multiple Range Analysis 

1 6 2 3 5 4 

2.63 1.61 1.32 1.12 0.97 0.86 

01 = 0.05 

1 6 2 3 5 4 = 0.01 

2.63 1.61 1.32 1.12 ,0 .97 0.86 
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TABLE 2.14 

Leak Rate  by Decade of Cons t ruc t ion  

9.92 2.14 1.14 0.83 0.54 1.81 

7.91 3.08 1.65 0.95 0.82 1.04 

9.41 3.24 1.81 0.94 0.71 1 .01  

11.38 3.18 1.45 1.36 0.93 . 1.22 

9.65 2.91 1.51 1.02 0.75 1.27 

Transmission Systems 

Measure: Leaks p e r  yea r  pe r  1,000 miles  of p i p e  

I n d i v i d u a l  F a i l u r e  Report  Data 

Year 

1970 

' 1971 

1972 

1973 

MEAN 

Standard E r r o r  of Mean = 0.331 

Degrees of Freedom = 18 

Duncan Mul t ip l e  Kange Analysis  

2 3 6 4 5 1 

9.65 2.91 1.51 1 . 2 7  1.02 0.75 

1 2 

9.65 2.91 

3 6 4 5 

1.51 1 . 2 7  1.02 0.75 

Q = 0.05 

cc = 0.01 
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2.2 .5  I n d i v i d u a l  F a i l u r e  Reports--Analyses Related t o  Leak Rate a s  a Funct ion of 
Corrosion of P i p e l i n e  M a t e r i a l s  

The a n a l y s e s  presented i n  t h i s  s e c t i o n  a r e  subdivided i n t o  t h r e e  

a r e a s ,  a l l  r e l a t e d  t o  l e a k  r a t e  a s  a f u n c t i o n  of p i p e l i n e  c o r r o s i o n .  

The a r e a s  t o  be  covered a r e :  

(1) 
(2) Leak r a t e s  which a r e  produced by e x t e r n a l  versus  i n t e r n a l  

Leak r a t e s  due t o  c o r r o s i o n  a s  a f u n c t i o n  of age of  p i p e l i n e ;  

c o r r o s i o n  of  t h e  p i p e l i n e ;  

Leak r a t e s  which r e s u l t  as a f u n c t i o n  of t h e  type  of c o r r o s i o n  

p r o t e c t i o n  employed. 
' (3) 

B 

2.2.5.1 Leak Rates  Due t o  Corros ion  a s  a Funct ion of Age of P i p e l i n e  

Table 2.15 g i v e s  t h e  corrosion-caused l e a k  r a t e  f o r  d i s t r i b u t i o n  

mains broken down by t h e  decade of c o n s t r u c t i o n .  For  example, i n  1971 

t h e  i n d i v i d u a l l y  r e p o r t e d  l e a k s  caused by c o r r o s i o n  on components con- 

s t r u c t e d  i n  t h e  1940's  y i e l d s  a l e a k  r a t e  of  0.34 l e a k s  per 1,000 mi les  

o f  main. Notice t h a t  i n  1970 t h e r e  were no r e p o r t e d  c o r r o s i o n  leaks for 

systems c o n s t r u c t e d  i n  1970. 

Table 2.15 i s  d i f f e r e n t  from Table  2.12 i n  t h a t  Table  2.12 is  f o r  

l e a k s  of a l l  causes ,  whi le  Table 2.15 i s  o n l y  f o r  corrosion-caused l eaks .  

An i n s p e c t i o n  o f  t h e  d a t a  i n d i c a t e s  an i n c r e a s i n g  l e a k  r a t e  f o r  o l d e r  

p i p e ,  which confirms t h e  n o t i o n  t h a t  o l d e r  p ipe  i s  more l i k e l y  t o  b e  

corroded and t h u s  w i l l  l e a k  more o f t e n  t h a n  p i p e  c o n s t r u c t e d  i n  t h e  l a t t e r  

decades. Not ice  t h a t  t h e  p i p e  of "unknown" age which l e a k s  i s  n o t  i n -  

cluded i n  t h e  t a b u l a t i o n .  Omission of t h i s  d a t a  can  s i g n i f i c a n t l y  b i a s  a l l  

of t h e  t e s t  r e s u l t s  presented  h e r e ,  e s p e c i a l l y  s i n c e  t h e  lfunknownI1 c a t e g o r y  

t e n d s  t o  b e  o l d e r  p i p e  f o r  which r e c o r d s  of i n s t a l l a t i o n  d a t e  are not  

a v a i l a b l e .  For  t h i s  reason ,  i n  t h e  f u t u r e  i t  w i l l  be  necessary t o  a t tempt  

t o  c l a s s i f y  a s  l i t t l e o f  t h e  d a t a  a s  p o s s i b l e  i n  t h e  "unknownft c a t e g o r y ,  moving 

i t  i n t o  one of t h e  age c a t e g o r i e s  shown. 

The Duncan Mul t ip le  Range Test  was u t i l i z e d  t o  s t a t i s t i c a l l y  ana lyze  

t h i s  d a t a .  A g lance  a t  t h e  d a t a  i n d i c a t e s  a g e n e r a l  t rend  of i n c r e a s i n g  

l e a k  r a t e  w i t h  age,  and indeed t h e  t es t  v e r i f i e s  t h i s  r e s u l t .  A t  t h e  

= 0.05 l e v e l ,  t h e  corrosion-caused l e a k  r a t e  f o r  p i p e l i n e s  cons t ruc ted  

2-32 



/ \  

TABLE 2.15 

Corrosion Leak Rate by Decade of Construction 

Distribution Mains 

Measure: Leaks per year per 1,000 miles of pipe 

Individual Failure Report Data 

Year 

1970 

197 1 

1972 

1973 

MEAN 

~ 

Decade of Construction 

1 2 3 4 5 6 

- - -29 30-39 40-49 50-59 60-69 70--- 

0.32 0.30 0.24 0.13 0.04 0 .0  

0.21 0.45 0.34 0 .11  0.05 0.05 

0 .27  0.37 0.37 0.12 0.03 0.04 

0.35 0 .37  0 .38  0.13 0 . 0 4  0 .01  

0.29 0.37 0.33 0.12 0.04 0.02 

2 

0.37 

Standard Error of Mean = 0.023 

Degrees of Freedom = 18 

b 

Duncan Multiple Range Analysis 

3 1 4 5 6 

0.33 0 . 2 9  0.12 0 .04  0.02 

= 0.05 

2 3 1 4 5 6 01 = 0 . 0 1  

0.37 0.33 0 .29  0.12 0 . 0 4  0 .02  
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i n  t h e  1950's  is s i g n i f i c a n t l y  lower t h a n  f o r  p i p e l i n e s  cons t ruc t ed  p r i o r  

t o  t h i s  t ime,but  h igher  t han  f o r  t h o s e  cons t ruc t ed  a f t e r  t h i s  t i m e .  In 

a d d i t i o n ,  a t  t h e  cy = 0.05 l e v e l ,  t h e  decade of t h e  1920's  has  a s i g n i f i c a n t l y  

lower l eak  r a t e  than  t h e  decade of t h e  '30'9, b u t  no t  lower than  t h e  decade 

of t he  '40's. A t  t h e  Q = 0.01 l e v e l ,  no s i g n i f i c a n t  d i f f e r e n c e s  e x i s t  

among t h e  l eak  rates of t h e  decades p r i o r  t o  1950. 

I n  summary, t he  corrosion-caused l e a k s  do have a h igher  p r o b a b i l i t y  

of occur rence  i n  o l d e r  systems. 

Table 2.16 g ives  a similar a n a l y s i s  of c o r r o s i o n  l eaks  f o r  d i s t r i -  

b u t i o n  s e r v i c e s  as Table 2.15 does f o r  mains. The leak r a t e  i n  t h i s  t ab l e  

aga in  g e n e r a l l y  fo l lows  t h e  expected p a t t e r n .  

The ranges  shown a t  t h e  cy = 0.05 l e v e l  e s s e n t i a l l y  v e r i f y  t h e  

expec ta t ion  t h a t  o ld  p i p e  causes p r o p o r t i o n a t e l y  more c o r r o s i o n  l eaks  i n  

d i s t r i b u t i o n  s e r v i c e s .  

Table 2.17 shows t h e  i n c r e a s i n g  c o r r o s i o n  l eak  r a t e  wi th  t h e  age of 

t h e  p ipe  i n  t r ansmiss ion  systems (excluding g a t h e r i n g ) .  The t a b l e  is 
s i m i l a r  t o  Tables 2.15 and 2.16. 

The s t a t i s t i c a l  test (Q = 0.05) i n d i c a t e s  t h a t  t h e  l eak  rate does 

s i g n i f i c a n t l y  i n c r e a s e  wi th  age except  i n  t h e  decades of t h e  1 9 4 0 ' ~ ~  '~O'S, 

and ' 60 ' s  where t h e  d i f f e r e n c e s  i n  t h e  observed va lues  are not  s i g n i f i c a n t .  

The d i f f e r e n c e  between t h e  1930's  and ' 4 0 ' s  is  i n s i g n i f i c a n t  a t  t h e  Q = 0.05 
l eve  1. 

2.2.5.2 Leak Rates  Due t o  I n t e r n a l  versus  Ex te rna l  Corrosion o f  

P i p e l i n e  

Tables  2.18, 2.19, and 2.20 show t h e  comparison, i n  l e a k  ra te ,  

between t h e  i n t e r n a l  and t h e  e x t e r n a l  c o r r o s i o n  i n  mains, s e r v i c e s ,  and 

t r a n s m i s s i o n l l i n e s ,  r e s p e c t i v e l y .  

l eak  r e p o r t s .  

much h ighe r  l eak  ra te  than  i n t e r n a l  co r ros ion .  

This  d a t a  i s  obta ined  from t h e  i n d i v i d u a l  

I n  each of t h e  t h r e e  t a b l e s ,  e x t e r n a l  co r ros ion  shows a 

The s i g n i f i c a n c e  o f  t h e  d i f f e r e n c e  was analyzed f o r  each of t h e  t h r e e  

t a b l e s ,  u s ing  t h e  S t u d e n t ' s  "t"-test of hypo thes i s .  

tes ts ,  t h e  d i f f e r e n c e  was found t o  be  s i g n i f i c a n t  a t  t h e  = 0.01 l e v e l .  

I n  each of  t h e  t h r e e  

I n  summary, f o r  mains,  s e r v i c e s ,  and t r ansmiss ion ,  t h e  i n t e r n a l  

c o r r o s i o n  l e a k  r a t e  i s  s i g n i f i c a n t l y  lower than  t h e  e x t e r n a l  c o r r o s i o n  l eak  

ra te .  
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TABLE 2.16 

Corros ion  Leak Rate by Decade of  Cons t ruc t ion  

D i s t r i b u t i o n  Se rv ices  

Measure: Leaks p e r  y e a r  p e r  100,000 s e r v i c e s  

Year 

1970 

197 1 

1972 

1973 

MEAN 

I n d i v i d u a l  F a i l u r e  Report  Data 

Decade of  Cons t ruc t ion  

1 2 3 4 5 6 

- - -29  30-39 40-49 50-59 60-69 70 - - -  

0.45 0.35 0.13 0.10 0.04  0 .06  

0 .39  0.66 0 .39  0.09 0 . 0 4  0 .08  

0.36 0 .48  0.22 0 . 2 4  0.07 0.03 

0.36 0.36 0.26 0.15 0 .11  0.04 

0.39 0.46 0.25 0 . 1 4  0.06 0.05 

Standard Er ro r  of Mean = 0.041 

Degrees of Freedom = 18 

Duncan Mul t ip l e  Range Analys is  

2 1 3 4 5 6 ct = 0.05 

0.46 0.39 0.25 0 .14  0 .06  0.05 

2 1 3 4 .  5 6 CY = 0.01 

0.46 0 .39  0.25 0 .14  0.06 0 . 0 5  
/ 
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TABLE 2.17 

Corros ion  Leak Ra te  by Decade of Cons t ruc t ion  

Transmission Systems 

Measure: Leaks p e r  yea r  p e r  1,000 miles of p i p e  

I 

Year 

1970 

1971 

1972 

1973 

MEAN 

I n d i v i d u a l  F a i l u r e  Report Data 

i 

1 Decade of Cons t rvcr lon  

1 2 3 4 5 6 1  

- - -29 30-39 40-49 50-59 60-69 7 0 - - -  

1.34 0.71 0.32 0.06 0.04 0.14 

0.93 0.58 0.41 0.10 1.01 0.0 

1.18 0.81 0.41 0.17 0.14 0.0 

1.55 0.88 0.10 0.22 0.05 0.0 

1.25 0.74 0.31 0.14 0 . 0 8  0.03 

Standard Er ro r  of Mean = 0.070 

Degrees of Freedom = 18 

Duncan Mul t ip l e  Range Analys is  

1 2 3 4 5 6 

1.25 0.74 0.31 0.14 0.08 0.03 

Q! = 0.05 

1 2 3 4 5 6 

1.25 0.74 0.31 0.14 0.08 0.03 
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G3 
TABLE 2.18 

I n t e r n a l  vs.  Exte rna l  Corros ion  i n  D i s t r i b u t i o n  Mains 

Measure: Leaks p e r  yea r  p e r  1,000 mi les  of p i p e  
I n d i v i d u a l  F a i l u r e  Report Data 

Year I n t e r n a l  Externa l  

1970 0.000 0.105 

197 1 0.003 0.102 

1972 0.002 0.107 

1973 0.002 0.115 

TABLE 2.19 

I n t e r n a l  v s .  Ex te rna l  Corros ion  i n  D i s t r i b u t i o n  Se rv ices  

Measure: Leaks p e r  yea r  p e r  100,000 s e r v i c e s  
I n d i v i d u a l  F a i l u r e  Report Data 

Year I n t  e rna  1 Ext er na 1 

1970 0.006 0.102 

197 1 0.003 0.136 

1972 0.003 / 0.140 

1973 0.003 0.135 

TABLE 2.20 

I n t e r n a l  vs .  Ex te rna l  Corros ion  i n  Transmission Systems 

Measure: Leaks pe r  yea r  p e r  1,000 miles of p i p e  
I n d i v i d u a l  F a i l u r e  Report  Data 

Year I n t e r n a l  Ex te rna l  

1970 0.012 0.167 

197 1 0.031 0.157 

197 2 0.039 0.216 

1973 0.055 0.168 
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2.2.5.3 Leak Rates  f o r  P i p e l i n e s  a s  a Funct ion  of t h e  Type of 

Corros ion  P r o t e c t i o n  Employed 

Table 2.21 g i v e s  t h e  l e a k  r a t e s  due t o  c o r r o s i o n  i n  d i s t r i b u t i o n  

mains f o r  t h e  va r ious  combinations of  p r o t e c t i v e  methods. The d a t a  a r e  

from t h e  i n d i v i d u a l  r e p o r t s .  Without any s t a t i s t i c a l  a n a l y s i s ,  i t  appears  

obvious t h a t  p i p e l i n e s  t h a t  a r e  both  coa ted  and c a t h o d i c a l l y  p ro tec t ed  

o f f e r  s u b s t a n t i a l l y  lower c o r r o s i o n  l eak  r a t e s  than any of t h e  o t h e r  t h r e e  

c a t e g o r i e s .  I n  a d d i t i o n ,  it appears  t h a t  t h e r e  i s  no apprec iab le  d i f f e r e n c e  

i n  t h e  l e a k  ra tes  among t h e  o t h e r  t h r e e  c a t e g o r i e s .  

I n  o r d e r  t o  t e s t  t h i s  obse rva t ion  s t a t i s t i c a l l y ,  a two way a n a l y s i s  I 

of  v a r i a n c e  was performed on t h e  d a t a  i n  Table 2 . 2 1 .  
a n a l y s i s  showed t h a t  (1) t h e  l e a k  r a t e s  of t h e  coa ted  p ipe  were s i g n i f i -  

c a n t l y  lower than  those  of t h e  b a r e  p i p e ,  and (2)  t h e  i n t e r a c t i o n  between 

t h e  c o a t i n g  and t h e  ca thod ic  p r o t e c t i o n  was s i g n i f i c a n t .  

v e r i f i e s  t h e  e f f e c t i v e n e s s  of t h e  c o a t i n g  when combined wi th  ca thod ic  pro- 

t e c t i o n  i n  t h e  p reven t ion  of c o r r o s i o n .  
a t  (y = 0.01 conf idence  l e v e l .  

This s t a t i s t i c a l  

The l a t t e r  r e s u l t  

The above conclus ions  were drawn 

I n  summary, t h e  a n a l y s i s  s ays  t h a t  c a t h o d i c  p r o t e c t i o n  by i t s e l f  

has  no s i g n i f i c a n t  e f f e c ' t ;  c o a t i n g  p ipe  does have a s i g n i f i c a n t  e f f e c t ,  

bu t  t h e  g r e a t e s t  e f f e c t  i s  obta ined  by combining ca thod ic  p r o t e c t i o n  w i t h  

c o a t  i ng  . 
Table 2.22  g i v e s  t h e  ra tes  of l e a k s  caused by c o r r o s i o n  i n  t r ansmiss ion  

l i n e s  c l a s s i f i e d  i n t o  two s e p a r a t e  f a c t o r s .  One f a c t o r  i s  t h e  c o a t i n g  of 

t h e  p i p e l i n e s  and t h e  o t h e r  t h e  c a t h o d i c a l  p r o t e c t i o n .  The r eason  f o r  no t  

g iv ing  combined e f f e c t s  of t h e  two f a c t o r s  i s  t h a t  t h e  m i l e s  of p i p e l i n e s  

which a r e  not both coa ted  and c a t h o d i c a l l y  p ro tec t ed  account f o r  on ly  about 

20 pe rcen t  of a l l  p i p e l i n e s .  

f i g u r e s  were s u b j e c t  t o  c o n s i d e r a b l e  exper imenta l  e r r o r s .  

Thus, t h e  l e a k  ra tes  based on t h e s e  mileage 

The s e p a r a t e  one-way a n a l y s i s  of  va r i ance  performed on tHe two s e t s  

of d a t a  showed t h a t  bo th  t h e  c o a t i n g  and t h e  c a t h o d i c  p r o t e c t i o n  had 

s i g n i f i c a n t  e f f e c t s  on t h e  l e a k  r a t e  of t h e  cor ros ion-caused  l eaks .  These 

conclus ions  should be  i n t e r p r e t e d  wi th  c a r e  s i n c e  t h e  lower l eak  rates f o r  

t h e  coated o r  c a t h o d i c a l l y  p r o t e c t e d  p i p e l i n e s  may w e l l  be  t h e  r e s u l t  of t h e  

i n t e r a c t i o n  between t h e  two p r o t e c t i v e  methods. 

Q 
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TABLE 2.21 

* 

Coated 

Bare 

Effect of Coating and Cathodic P r o t e c t i o n  on  Corrosion Leaks 

1970 0.03 0.12 

197 1 0.02 0.15 

197 2 0.03 0.15 

1973 0.02 0.37 

1970 0.41 0.14 

197 1 0.13 0.14 

1972 0.23 0.13 

1973 0.56 0.24  

D i s t r i b u t i o n  Mains 

Measure: Leaks p e r  yea r  p e r  1,000 miles of p i p e  
I n d i v i d u a l  F a i l u r e  Report  Data 

- Year Cathodic P r o t e c t i o n  

Yes 
No I 

, 
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TABLE 2.22 

Effect  of Coating and Cathodic Protection on Corrosion Leaks 

0 . 1 1  0.64 
0 .11  0.53 

1970 
1971 - 

Transmission Systems 

0.11 0.74 

0.09 0 .71  

Measure: Leaks per year per 1,000 m i l e s  of pipe 

Individual Failure Report Data 

1972 
1973 

I 0.18 0.77 I 0.17 0.79 I 
I I 0.16 0.65 0.19 0 . 6 3  
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2 . 2 . 6  I n d i v i d u a l  F a i l u r e  Reports--Analyses of P a r t s  of P i p e l i n e  System Whcrc 
Leak Occurred 

The ana lyses  which were performed t o  determine t h e  r e l a t i v e  f r e -  

quencies  of l eaks  as a f u n c t i o n  o f  t h e  p a r t  of t h e  p i p e l i n e  where the  l e a k  

occurred  a r e  presented  i n  t h i s  s e c t i o n .  

Table 2 . 2 3  is a breakdown of l eaks  r epor t ed  i n d i v i d u a l l y  by t h e  

p a r t  which leaked i n  d i s t r i b u t i o n  mains .  
account f o r  between 76  percen t  and 83 percent  of t o t a l  r epor t ed  leaks .  

Because t h e  l eak  d a t a  on t h e  p a r t s  which leaked--other  than  p ipe- -are  s p a r s e ,  

t h e  va r i ance  is  q u i t e  l a r g e .  Note t h a t  t h i s  d a t a  cannot be put  on a l e a k  

I1rate1’ b a s i s  because of  t h e  l ack  of normalizing d a t a ;  t h a t  i s ,  no informat ion  

i s  a v a i l a b l e  on t h e  r e l a t i v e  numbers of each p a r t .  The conclus ions  t h a t  

can be  drawn about such percentage  d a t a  a r e  seve re ly  l imi t ed .  

t h e  f a c t  t h a t  va lves  account f o r  about t h r e e  percent  of t h e  l eaks  and f i t t i n g  

seven percent ,  does no t  imply t h a t  a f i t t i n g  i s  more l i k e l y  t o  l eak  than  a 

va lve .  

The t a b l e  shows t h a t  l eaks  on p ipe  

For example, 

This would depend on t h e  r e l a t i v e  number of va lves  and f i t t i n g s .  

Table 2 . 2 4  g i v e s  t h e  percentage  of l eaks  by p a r t s  i n  d i s t r i b u t i o n  

s e r v i c e s ,  and i s  s i m i l a r  t o  Table 2.23 except  t h a t  Table 2.23 was f o r  d i s -  

t r i b u t i o n  mains. It  shows t h a t  i n  d i s t r i b u t i o n  s e r v i c e s ,  l e a k s  on p i p e  

account f o r  over  50 pe rcen t  of t h e  r epor t ed  l eaks ,  and f i t t i n g s  account f o r  

over  18 percent .  Again, any conclus ions  t h a t  can be  drawn from t h i s  d a t a  a r e  

l imi t ed .  

Table 2 . 2 5  g ives  a percentage  breakdown of  i n d i v i d u a l l y  r epor t ed  l eaks  

by o r i g i n  fo r  t ransmiss ion  l i n e s ,  ga the r ing  l i n e s ,  and t r ansmiss ion  l i n e s  of 

t h e  d i s t r i b u t i o n  system. I n  t h e  t r ansmiss ion  l i n e s ,  about 54 percent  of t h e  
leaks orig inated on the  body of the  p ipe ,  13 percent of the  leaks or ig inated 

i n  a f i t t i n g ,  and each of  t h e  o t h e r  p a r t s  produced a small percentage of t h e  

t o t a l  number of leaks .  In  both  t h e  ga the r ing  l i n e s  and t h e  t r ansmiss ion  

l i n e s  of t h e  d i s t r i b u t i o n  system, t h e  body of  t h e  p ipe  was t h e  o r i g i n  of 

t h e  h i g h e s t  percentage  of l e a k s ,  w i th  t h e  f i t t i n g s  be ing  t h e  second h i g h e s t  

percentage  of l eaks .  However, f o r  ga the r ing  l i n e s ,  t he  percentage  o f  leaks  

o r i g i n a t i n g  on t h e  body of  t h e  p i p e  ranged from 45 percen t  t o  82 percen t  

over  t h e  fou r  y e a r s ,  and t h e  percentage  o f . l e a k s  o r i g i n a t i n g  on t h e  f i t t i n g s  
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TABLE 2.23 

Part which Leaked a s  Percentage of Total Leaks 

Dis tr ibut ion Mains 

Individual Fai lure Report Data 

I I 

Part Which Leaked ! 

100% 

iOO% 

100% 

100% 

n 
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TABLE 2.24 

Part which Leaked as  Percentage of Total Leaks 

Dis tr ibut ion Services  

Individual Fai lure Report Data 
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TABLE 2.25 
Individual Fai lure  Report Data 

- Part  which Leaked as Percentage of Total Leaks 

0.0 

0.6 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

Transmiss ion/Ga ther  ing Sys terns 

11.5 

11.6 

10.0 

8.4 

7.2 

9.1 

9.1 

14.3 

12.5 

25.0 

8.7 

0.0 

1971 

1972 

47.0 

59.1 

1971 

1972 

45.4 

81.8 

1971 

1972 

41.6 

60.9 

Origin ( 

Com- 
pres so r  

Leak 

V a  1 ve 

1 Longi- 
tudinal  
Weld 

Other 
Welds 

Tap 
Connec- 

t i on  Cooler Gas I Other 
Scraper 

0.3 

0.0 

0.5 

0.2 

Gir th  
Weld 

4.9 

7.6 

5.7 

7.2 

System F i t t i n g  

14.3 

16.0 

11.0 

12.1 

4.9 

7.9 

6.7 

5.6 

1.2 

0.6 

0.0 

0.7 

0.6 

0.3 

0.8 

0.7 

8.1 

5.9 

3.5  

4.9 

1 or/, 
100% 

100% 

100% 

100% 

100% 

1 ov/, 
1 om. 
100% 

100% 

100% 

100% 
( 

2.2 

2.5 

2.7  

1.6 

0.0 

9.1 

0.0 

14.3 

12.5 

4.2 

0.0 

0.0 --~ 

Trans- 
mission 

7.1 

13.6 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

4.6 

0.0 

0.0 

0.0 

0.0 

9.1 

0.0 

0.0 

0.0 

0.0 

14.3 

0.0 

0.0 

8.7 

0.0 

--- 

____I_ 

14.3 

18.2 

0.0 

0.0 

12.5 

25.0 

13.0 

34.4 

I__- 

_- 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 
I__- 

F 
I 

3 

Gather - 
ina  

Trans- 
mission 
l i n e  of 
Distribu- 
t i o n  Sys- 

t e m  

0.0 

0.0 

4.4 

6.2 

0.0 

4.2 

0.0 

3.1 

0.0 

0.0 

4.3 

0.0 -- - 

0.0 

0.0 

0.0 

0.0 1973 I - 56.3 
I 



ranged from z e r o  pe rcen t  t o  18 pe rcen t .  On t h e  t r ansmiss ion  l i n e  of t h e  

d i s t r i b u t i o n  system, t h e  pe rcen tage  of l e a k s  o r i g i n a t i n g  on t h e  body of 

t h e  p ipe  ranged from 42 percen t  t o  63 percen t  and t h e  percentage  o r i g i n a t i n g  

on  t h e  f i t t i n g s  ranged from 13 percen t  t o  34 percen t .  

Again, t h e  f a c t  t h a t  t h e  d a t a  a r e  expressed in percen tages  l i m i t s  

t h e  conclus ions  t h a t  can be  drawn. To say  t h a t  i n  1971 t h e  g i r t h  weld 

(where 7.6 pe rcen t  of l e a k s  on  t h e  t r ansmiss ion  l i n e  o r i g i n a t e d )  and t h e  

l o n g i t u d i n a l  weld (where 7.9 pe rcen t  of  l eaks  on t h e  t r ansmiss ion  l i n e  

o r i g i n a t e d )  were e q u a l l y  l i k e l y  t o  l eak ,  is i n c o r r e c t .  One would have t o  
cons ide r  th,e r e l a t i v e  number of welds i n  ,each ca tegory .  Also, t h e r e  w a s  a 

small  number o f  t o t a l  r e p o r t s ,  caus ing  a h igh  va r i ance  i n  t h e  percentage  

d a t a .  F’or example, i n  t h e  yea r  1970, f o r  t r ansmiss ion  l i n e s  of d i s t r i b u t i o n  

systems, on ly  f o u r  c a t e g o r i e s  were r e p o r t e d  as t h e  o r i g i n s  of l e a k s .  

I n  summary, f o r  t h e s e  t h r e e  major d i v i s i o n s  of t h e  t r ansmiss ion  

system, a t  l eas t  h a l f  of t h e  l e a k s  o r i g i n a t e  on t h e  body of t h e  p i p e ,  about 

15 pe rcen t  o f  t h e  l e a k s  o r i g i n a t e  on t h e  f i t t i n g ,  and a small percentage  of 

l e a k s  o r i g i n a t e  on each of t h e  o t h e r  p a r t s .  
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I 

2.2.7 Individual  F a i l u r e  Reports--Analyses of Leak Rates Produced by Various Causes 

The analyeee of leak r a t e  as a funct ion of all of t h e  various causes 

reported t o  have produced the  leak a r e  reported i n  t h i s  sec t ion .  

Table 2.26 gives a breakdown of leaks f o r  d i s t r i b u t i o n  mains by 
cause f o r  each decade of cons t ruc t ion  and an o v e r a l l  t o t a l  f o r  t h e  years  

1970-1973. 
of thosg corresponding years .  

caused by ou t s ide  force ,  while  cor ros ion  accounts f o r  about 17  percent 
of the  leaks, and about 12  percent are a t t r i b u t e d  t o  ma te r i a l  f a i l u r e .  For 
pipe i n s t a l l e d  during a s p e c i f i c  decade, such a s  i n  the  1960's,  ou ts ide  

force accounted f o r  about .78 percent  (from 72.8 percent  t o  82.6 percent) 

of the  leaks ;  corrosion,  about 12 percent  (from 9.5 percent t o  13.9 percent)  

of leaks ;  and mater ia l  f a i l u r e ,  about 5 percent (from 3.2 percent t o  6.3 
percent )  of a l l  leaks.  

These f igu res  are based on da ta  from the  ind iv idua l  r epor t s  

Overal l ,  about 65 percent  of a l l  leaks a r e  

Although t h e  observat ion can be made tha t  t he  percentage of leaks 
due t o  ou t s ide  force  during almost a l l  decades decreases  s t e a d i l y  with age, 
t h e  f a c t  t h a t  t h e  da t a  a r e  expressed i n  percentages severe ly  l i m i t s  any 
s t a t i s t i c a l  ana lys i s .  F i r s t  of a l l ,  t h e  leak r a t e  (not percentage) f o r  
p ipe  i n  each age category should be r e fe r r ed  t o  before  concluding t h a t  a leak 
due t o  outs ide  fo rce  i s  more l i k e l y  t o  occur i n  a new, r a t h e r  than an 

o l d ,  pipe. Also, t he  cor ros ion  leak  ra te  is known t o  increase  with age; 
hence, cor ros ion  accounts f o r  a higher  percentage of leaks  i n s t a l l e d  before  
1950. Since,  i n  a given decade, t h e  percentage mst add up t o  100, a r i se  
i n  the  percentage of leaks due t o  cor ros ion  because of  an increas ing  corrosion 
leak  r a t e ,  w i l l  n e c e s s i t a t e  a decrease i n  the  percentage of leaks due t o  a l l  

o the r  causes. Hence, t he  decrease i n  percentage of leaks due t o  outs ide  
f o r c e  with age could have been caused by the  increas ing  cor ros ion  leak r a t e .  

I n  summary, ou t s ide  fo rce  accounts f o r  t h e  majori ty  of leaks (about 

65 percent)  i n  t h e  ind iv idua l  r epor t s .  Corrosion accounts f o r  about 17 
percent of t h e  leaks,  and mater ia l  f a i l u r e  accounts f o r  about 1 2  percent.  
Construct ion d e f e c t  and a l l  o the r  causes account f o r  a very small percentage 

of t h e  leaks.  
Table 2.27 gives  a breakdown of t he  percentage of leaks  by cause 

for  decade of cons t ruc t ion  and an o v e r a l l  t o t a l  f o r  s e rv i ce  d i s t r i b u t i o n s  
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- -29  ~ 30-39 ' 

TABLE 2.26  

Percentage  of Leaks by Cause and by Decade of Cons t ruc t ion  

D i s t r i b u t i o n  Mains 
Ind i v  i d  ua 1 F a i  l u r  e Report Data 

Decade of  Cons t ruc t ion  - 
70-- 40-49 60-69 Tota l  

18.6 

15.9 

15.7 

17 .7  

50-59 

20.0 

15 .1  

19 .0  

23.7 

6 1 . 4  

59 .1  

64 .3  

56.6 

Unknown Year 

1970 

197 1 

1972 

1973 

1970 

197 1 

1972 

1973 

1970 

197 1 

1972 

1973 

21.4 

1 6 . 2  

21.3 

30.2 

21.2 

33.3 

22.7 

26.3 

~ .- 

11.9  

13 .9  

9 .5  

1 2 . 2  

0 .0 

0.0 

0.0 

1 .3  

7 8 . 6  

80.4 

8 7 . 9  

86.0 

0.0 

3 .9  

3 . 5  

3 . 8  

0 . 0  

s. 9 

5 . 2  

5 . 1  

_I_ ---.I. 

---- 

28 .6  

28.0 

2 8 . 9  

25 .8  

7 1 . 4  

56.0 

6 1 . 5  

5 3 . 2  

18.0 

9 . 1  

6 .7  

10.0 

6 8 . 0  

63.6 

77 .8  

6 6 . 0  

Corros ion  

Out s i d e  
Force 

6 8 . 4  

61.8 

68 .6  

6 3 . 3  

~~ 

62.5 

44.6 

5 2 . 0  

52.3 

69.7 

'44.5 

5 9 . 1  

4 2 . 1  

7 7 . 9  

7 9 . 8  

82.5 

7 2 . 8  
h, 
I 
c 

~ ~~ 

0 . 0  

0 . 0  

0 .0  

5 . 3  

3 . 0  

22 .2  

1 5 . 9  

1 8 . 4  

1 . 3  

3 . 2  

2 . 4  

5 . 3  

0 .0  

0 . 0  

2 . 2  

4 .0  

0 . 0  

4 . 1  

0 . 0  

1 . 6  

.9 

1 .9  

1.7 

3 . 4  

8 .7  

17 .5  

1 1 . 2  

1 0 . 2  

3 . 4  

0 . 0  

3 .2  

2 .7  

3 . 4  

6 . 3  

3 . 2  

5 . 5  

0 .0 

0 .0  

0 . 0  

1 . 6  

0 . 0  

12.0 

9 .6  

14.5 

-- 

Cons t r u c  - 
t i o n  
Defect  

Mater i a 1 
F a t  l u r e  

8 . 0  

2 7 . 3  

4 . 4  

14 .0  

1 6 . 0  

2 0 . 4  

1 3 . 1  

9 . 2  

1 6 . 1  

3 1 . 1  

22.7 

11.1 

1970 

197 1 

1972 

1973 

(Table  cont inued on fo l lowing  page) 
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Cause 

\ 

Other 

Year 

1970 

197 1 

1972 

1973 

TABLE 2.26 continued 

Percentage of Leaks by Cause and by Decade of Construction 

Distribution Mains 

Unknown 

6.0 

0.0 

8.9 

6.0 

--29 

0.0 

4.0 

4.0 

4.8 

30-39 

6.1 

0.0 

2.3 

7.9 

40-49 

0.0 

4.0 

0.0 

4.9 

Decade of Constructcon 
50-59 

1.3 

2.2 

1.2 

5.2 

60-69 

3.4 

0.0 

1.6 

6.8 

70-- 

21.4 

9.8 

3.4 

3.8 

Total 

3.4 

2.9 

2.8 

5.4 

Total 100% 100% 100% 10070 loo"/, 
- 

100% 100% 100% 



e 

60-69 

5.1 
3.8 
5.7 

12.4 
89.9 
81.7 

78.9 
76.2 

c 

70-- 

0.0 

0.0 
1.3 
2.4 

88.2 
77.5 
88.0 
82.3 

TABLE 2.27 

Percentage of Leaks by Cause and Decade of Construction 

43.5 
25.0 

35.7 
33.3 
47.8 

67.8 
64.3 

0.0 
4.4 
0.0 

0.0 
16.7 
0.0 

3.6 
0.0 
8.3 
4.3 
3.6 
0.0 

1 0 0% 
- 

I 

27.9 10.5 

23.3 19.1 
21.6 19.2 
83.9 66.7 
67.4 77.6 
70.1 73.4 
64.9 61.6 

0.0 2.4 
0.0 2.6 
0.0 0.0 

2.7 2.7 
0.0 0.0 
4.7 1.4 
3.3 4.3 
2.7 4.2 
3.2 11.9 
0.0 7.9 
3.3 3.2 
8.1 12 .3  

100% 100% 
- 

1971 
1972 
1973 

Corrosion 

74.1 

72.6 .. 
1 1970 57.1 

52.2 Outside 1.971 1 Force 1 1972 
1973 79.1 

0.0 
1.4 
0.0 

0.0 
3.5 

53.6 

0.0 
0.0 
0.0 

0.0 

0.0 

I I 1973 

0.0 
2.9 
0.8 
2 .1  
2.5 
5.8 
7.3 
5.2 
2.5 
5.8 
7.3 
4.1 

I_ c I 

0.0 
5.0 
4.0 

2.4 
0.0 

10.0 

2.7 
3.5 

11.8 
7.5 
4.0 
9.4 

N 
I 

\o 
Construction 
Defect 

D i s t r ibu t ion  Services  
Indiv idua l  F a i l u r e  Report Data 

1970 
1971 
1972 

Decade of Construction 

1970 
Mater ia l  1971 

19 72 F a i l u r e  

1973 
1970 

1971 
1972 
1973 

0 t h e r  

L 

Unknown 

25.0 

32.1 

71.0 I 60.0 
-* 

2.7 I 21.7 

2 * 9  7.7 I l;:: 

-lij j 
100% 

4.8 
13.0 

5.0 
7.1 

100% 

30-39 I 40-49 1 50-59 

41.7 -Tp12.9 I 19.0 

r o t a 1  

14.2 
12.8 
12.1 
12.7 
76.5 
73.3 
75.8 
72.7 
0.4 
2.4 
0.9 
1 .7  
2.4 
5.2 
4.8 
4.9 
6.5 
6.3 
6.4 
8.0 

1 oo”/, 100% 100% 



based on d a t a  from t h e  i n d i v i d u a l  r e p o r t s .  

for about 75 percent  of t h e  l e a k s ,  and c o r r o s i o n  accounts  f o r  about 13 
pe rcen t  of  t h e  leaks .  I n  t h e  case  of pipe  i n s t a l l e d  i n  the  1940's co r ros ion  

accounts  f o r  about  21  pe rcen t  of  t h e  l eaks  (12.9 pe rcen t  t o  27.9 pe rcen t )  

and o u t s i d e  f o r c e  accounts  f o r  about 72 pe rcen t  of t h e  leaks  (64.9 percent  

t o  83.9 pe rcen t ) .  

O v e r a l l ,  o u t s i d e  f o r c e  accounts  

Again, t h e  f a c t  t h a t  t h e  d a t a  i n  t h e  t a b l e  a r e  expressed i n  per- 
cen tages  l i m i t s  t h e  type  of  conclus ions  t h a t  can  b e  drawn. The conclus ion  

t h a t  t h e  percentage  of l eaks  due t o  o u t s i d e  f o r c e  dec reases  with age may 

have been inf luenced  by t h e  c o r r o s i o n  l e a k  r a t e ' s  inc reas ing  wi th  age. 

Hence, i n  o l d e r  p ipe  t h e  h ighe r  l eak  ra te  due t o  c o r r o s i o n  means a h ighe r  

percentage  of l e a k s  caused by c o r r o s i o n .  S ince ,  f o r  any g iven  yea r  and a 

p a r t i c u l a r  decade o f  c o n s t r u c t i o n ,  t h e  sum of  t h e  percentages of l eaks  by 

the  va r ious  causes  must equa l  100, a h ighe r  percentage  of  c o r r o s i o n  l eaks  

means a lower percentage  of l e a k s  due  t o  a l l  o t h e r  causes .  

rates (not  percentages)  must be examined be fo re  any conclus ions  concerning 

t r e n d s  i n  causes  of l e a k s  can  be  made. 

Thus, l eak  

I n  s u m a r y ,  f o r  service d i s t r i b u t i o n s ,  o u t s i d e  f o r c e  accounts  f o r  

75 pe rcen t  of  a l l  l e a k s ;  c o r r o s i o n ,  13 percen t  o f  a l l  l e a k s ;  material 
f a i l u r e ,  about  4 pe rcen t  of a l l  l e a k s ;  c o n s t r u c t i o n  d e f e c t s ,  about  1 pe rcen t  

of a l l  l e a k s ;  and a l l  o t h e r  causes  account f o r  on ly  about 7 pe rcen t  of a l l  

l eaks .  

Table 2.28 g ives  a breakdown o f  percentage  of l eaks  by cause f o r  

decade of c o n s t r u c t i o n  and an o v e r a l l  t o t a l  f o r  t r ansmiss ion  systems, based 

on  d a t a  from t h e  i n d i v i d u a l  r e p o r t s .  O v e r a l l ,  o u t s i d e  f o r c e  accounts  f o r  

about  54 percen t  of t h e  leaks .  About 19 pe rcen t  of t h e  l e a k s  are due t o  

m a t e r i a l  f a i l u r e ,  and another  15 pe rcen t  of t h e  l e a k s  a r e  due t o  co r ros ion .  

However, a g iven  decade of c o n s t r u c t i o n  may have a d i f f e r e n t  breakdown of 

percentages .  For example, f o r  p ipe  i n s t a l l e d  i n  t h e  1950's ,  o u t s i d e  f o r c e  

accounts  f o r  about  42 pe rcen t  of  t h e  l eaks  (from 35.5 pe rcen t  t o  45.5 

pe rcen t )  wh i l e  material f a i l u r e  accounts  f o r  about  30 pe rcen t  of t h e  leaks  

(from 23.7 pe rcen t  t o  36.4 p e r c e n t )  and l eaks  due t o  c o r r o s i o n  comprise 

about 13 percent  (from 7.6 pe rcen t  t o  18.4 p e r c e n t )  of a l l  l eaks .  

Conclusions t h a t  can be  drawn from t h e  t a b l e  are  l i m i t e d .  For 

i n s t a n c e ,  t h e  percentages  of l eaks  due t o  o u t s i d e  f o r c e  f o r  t h e  1950's  are n 
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c 

Cause 

TABLE 2.28 

Year Unknown --29 

1970 12,7 15.1 

Percentage of Leaks by Cause and Decade of Construct ion 

wansrnis s ion  Systems 
Indiv idua l  F a i l u r e  R e p o r t  Data 

Decade of Construct ion 
700- 

0.0 
0.0 
0.0 
0.0 

66.7 
11.1 
37 05 
60.0 
11.1 
11.1 
0.0 
4.0 

I 

Tota l  

15.3 
13.6 
17.8 
13.3 
53.9 
52.1 
52.8 
56.9 
6.8 
5.7 
4.3 
4.7 

I 1971 I 2.3 I 16.4 I Corrosion 
1972 
1973 
1970 

0.0 22.2 
9.0 18.5 

57.8 6 2 :2 

Outside 1971 63.6 63.6 
1972 75.5 66.7 Force 

1973 73.0 60.0 
1970 7.0 1.9 

Construct ion 1971 2 .3  3.6 
1972 0.0 3.2 Defect 

1973 4.5 3.1 
1970 16.9 15.1 

Materia 1 1971 15.9 5.5. 
1972 6.1 3.2 F a i l u r e  

- 

- 
0.0 
9.6 

10.7 
11.1 

30-39 

16.1 
18.7 
28.3 

28.6 

35.1 
19.2 
25.0 

27.8 

0.0 
55.6 
25.0 
28.0 

51.4 
63.5 

51.8 
53.7 

17.5 
21.0 
16.5 

20.7 

40-49 

29.0 
25.0 
22.6 

7 . 1  
48.4 
54.2 
39.6 
52.4 

1973 

,1970 
1971 
1972 
1973 

Other 

9.0 16.9 

5.6 5.7 
15.9 10.9 

18.4 4.7 

4.5 1.5 

5.4 

1.9 
8.9 
3.7 

100% 100% 

0.0 
. 2 . 1  

3.8 
9.5 

50-59 

22.2 
22.2 

37.5 
8.0 

7.6 
10.5 
18.4 
16.5 

6.5 
7.6 
8.6 
4.4 

45.4 
35.5 
44.7 
44.7 

6.1 
15.8 

9.2 
7.8 

36.4 
34.2 
23.7 

‘26.2 

-- 

4.5 
4.0 

4.0 
4.8 

100% 
-.- 

60-69 

7.3 
11.6 
20.7 

5.5 
53.7 
49.3 
46.5 
60.3 

12.2 
1.5 
3.5 

4.1 
12.2 
27.5 
22.4 

27.4 
14.6 
10.1 

6.9 
2.7 

1 oo”/, 

-- 

- -- _-- ._ -. 

--- 

--- -* 

lo@% 100% 

1 



lower than f o r  o t h e r  decades. 

of  t h e  d a t a  t o  conclude t h a t  l eaks  due t o  o u t s i d e  f o r c e s  a r e  l e s s  l i k e l y  to 

occur  i n  p ipes  i n s t a l l e d  i n  t h e  1950's than  f o r  p ipes  i n s t a l l e d  i n  o t h e r  

decades.  This l i m i t a t i o n  should be  kept  i n  mind when analyzing t h e  per -  

cen tage  breakdown of  cases of  l eaks  f o r  p ipe  i n s t a l l e d  i n  t h e  1 9 7 0 ' ~ ~  s i n c e  

i n  some cases t h e r e  are dramat ic  v a r i a t i o n s  i n  t h e  d a t a  from one y e a r ' s  

r e p o r t  t o  t h e  next .  I n  p a r t i c u l a r ,  t h e  f a c t  t h a t  no co r ros ion  leaks  were 

repor t ed  f o r  p ipe  i n s t a l l e d  i n  t h e  1970's means t h a t ,  f o r  any given year ,  

t h e  sum of t h e  percentages of leaks by a l l  non-corrosion causes  f o r  p ipe  

i n s t a l l e d  i n  t h e  1970's would be  100 percent .  Hence, t hese  o the r  causes  

would have h ighe r  percentage  va lues ,  

It would then b e  an  improper i n t e r p r e t a t i o n  

I n  summary, f o r  t r ansmiss ion  p i p e l i n e s ,  54 percen t  of t h e  l eaks  

a r e  due t o  o u t s i d e  fo rce ,  19 percent  a r e  due t o  m a t e r i a l  f a i l u r e ,  15 pe rcen t  

a r e  due t o  co r ros ion ,  about 5 percent  o f  t h e  l e a k s  a r e  accounted f o r  by 

c o n s t r u c t i o n  de fec t sd  and l lo ther t l  causes  account f o r  7 percent  of a l l  l e a k s .  
Table 2.29 combines Table 2.26  (mains) and Table 2.27 ( s e r v i c e s )  t o  

g i v e  an o v e r a l l  a n a l y s i s  of d i s t r i b u t i o n  systems w i t h  a breakdown of leaks 

by cause  i n  each decade of  cons t ruc t ion .  

a n a l y s i s  i s  t o  allow a d i r e c t  comparison between t h e  d a t a  based on ind iv id -  

u a l  reports (Table 2.29) and t h e  d a t a  based on annual r e p o r t s  (Table 2.47). 

These two t a b l e s  have comparable formats ,  

4 

The purpose of t h i s  combined 

The percentages  i n  Table  2.29 are not  d r a s t i c a l l y  d i f f e r e n t  from t h e  

va lues  i n  Tables  2.26 and 2.27. Therefore ,  w e  can  say t h a t  Table 2.29 is 

s i m i l a r  t o  bo th  Tables  2.26 and 2.27. 
/ 

The four -year  averages of v a r i o u s  causes  under "Total'l a r e  approxi-  

mately 15.0 percent  f o r  co r ros ion ,  about 70 percent  f o r  o u t s i d e  f o r c e ,  1.6 

percent  f o r  c o n s t r u c t i o n  d e f e c t s ,  8.2 percent  f o r  m a t e r i a l  f a i l u r e s ,  and 5 
percent  f o r  o t h e r  causes .  
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t TABLE 2.29 

Cause Year Unknown --29 30-39 40-49 50-59 60-69 

1970 15.7 26 .O 26.6 21.2 19.7 8.0 
1971 14.2 15.5 37.3 28.0 13.0 8.2 

1972 9.6 22.1 23.6 26.8 19.1 7.0 
1973 6.4 30.8 28.8 24.2 21.5 12.3 
1970 71.3 61.0 60.0 77.3 63.2 84.8 

Outs i d e  1971 69.8 46.3 45.7 61.3 67.5 80.9 
1972 73.7 53.7 62.5 64.6 69.1 80.1 Force 

- 1973 74.5 52.7 48.1 57.6 59.1 74.9 

1970 0.0 0.0 0.0 0.0 1.7 1.4 

Construct ion 1971 0.9 3.1 1.7 0.0 3.0 1.6 

1972 0.9 0.0 0.0 0.0 1.1 1.6 

1973- _ *  1.4 1.1 3.8 2.0 4.0 2.3 

1970 5.6 11.7 6.7 0.0 10.3 2.9 

Mater ia l  1971 10.4 28.9 13.6 8.6 11.8 6.0 

1972 3.5 20.0 11.1 7.3 8.4 5.9 Fa i lu re  

1973 9.9 9.9 13.5 10.1 6.7 5.3 

1970 7.4 1.3 6.7 1.5 5.1 2.9 

1971 4.7 6.2 1.7 2 . 1  4.7 3.3 

1972 12.3 4.2 2.8 1.3 2.3 5.4 

1973 7.8 5.5 5.8 6.1 8.7 5.2 

Corrosion 

Defect 

- 

Other 

L 

c 

70- I Total 

0.0 16.7 
0.0 14.4 
0.7 13.8 
1.8 15.2 

83.8 72.0 
79.1 67.3 

88.0 72 .3 
84.1 67.9 

0.0 0.7 
4.4 2.1 

3.8 1.3 
3.1 2.5 
0.0 5.8 
7.7 11.7 
3.8 7.9 
4.3 7.7 

16.2 4.8 
8.8 4.5 
3.7 4.7 

1 6.7 6.7 

Percentage of Leaks by Cause and Decade of Construction 

, 

Dis t r ibu t ion  Mains and Serv ices  
Indiv idua l  F a i l u r e  Report Data 

Decade of Construct i o n  

I 



2.2.8 Ind iv idua l  F a i l u r e  Reports--Analyses of Leak Rate due t o  Third Par ty  Damage 
versus  Age of P i p e l i n e  

The ana lyses  of l eak  r a t e  due t o  t h i r d  p a r t y  damage versus  age of 

t h e  p i p e l i n e  are presented  i n  t h i s  s e c t i o n .  

Table 2.30 g ives  l e a k  rates caused by t h i r d  p a r t y  damage on d i s t r i -  

b u t i o n  mains, broken down by t h e  decade of  cons t ruc t ion .  For example, 

dur ing  1972, f o r  mains cons t ruc t ed  i n  t h e  1950's, t h e r e  were 0.27 i n d i -  

v i d u a l l y  r epor t ed  l eaks  pe r  1,000 m i l e s  of main caused by t h i r d  p a r t y  

damage. The purpose of  t h i s  t a b l e  is t o  examine whether t h e r e  i s  some 
c o r r e l a t i o n  between t h e  age of t h e  p ipe  and t h e  t h i r d  p a r t y  damage leak  

r a t e .  

Again, t h e  Duncan Mul t ip l e  Range Test proved u s e f u l  i n  determining 

whether age has  a s i g n i f i c a n t  e f f e c t .  The d a t a  shows a gene ra l  i nc rease  

i n  t h e  l eak  r a t e  w i th  age,  except  f o r  t h e  1970's .  Indeed, a t  t h e  a = 0.05 

l e v e l ,  t h e  tes t  shows t h a t ,  a s  a group, t h e  s y s t e m  i n s t a l l e d  i n  t h e  1950's 

and ' 6 0 ' s  have s i g n i f i c a n t l y  lower l eak  r a t e s  than  those  cons t ruc t ed  i n  t h e  

1920's ,  ' ~ O ' S ,  ' ~ O ' S ,  and ' 70 ' s .  

, There a r e  several p o s s i b l e  exp lana t ions  f o r  t h i s  sudden i n c r e a s e  

i n  l e a k  rate i n  t h e  1970's .  It may b e  t h a t  r e c e n t l y  i n s t a l l e d  mains tend 

t o  b e  i n  new c o n s t r u c t i o n  a r e a s  and dense ly  populated a r e a s ,  and a r e  more 

l i k e l y ,  t h e r e f o r e ,  t o  be damaged by o u t s i d e  force .  Another exp lana t ion  

might be t h a t  r e c e n t l y  i n s t a l l e d  mains are more o f t e n  made o f  p l a s t i c  

m a t e r i a l  which appears  t o  be more s u s c e p t i b l e  t o  damage by o u t s i d e  fo rce .  

The h igher  l eak  r a t e s  f o r  t h e  1920's ,  ' ~ O ' S ,  and '40's might be  expla ined  by 

t h e  f a c t  t h a t  t h e  o l d e r  t h e  l i ne ,  t h e  more l i k e l y  it is  t o  b e  poorly marked 

and /o r  unmapped. 
7 

I n  summary, t h e r e  i s  some r e l a t i o n s h i p  between t h e  age of t h e  p ipe  

and t h e  t h i r d  p a r t y  damage l eak  rate. 
Table  2.31 g ives  t h e  t h i r d  p a r t y  damage l eak  r a t e s  on  d i s t r i b u t i o n  

s e r v i c e s  broken down by t h e  decade of cons t ruc t ion .  The purpose of t h e  

d a t a ,  l i k e  t h e  d a t a  i n  Table 2.30, i s  t o  f i n d  how t h e  age of t h e  system 

i s  related t o  t h e  occurrence  of t h i r d  p a r t y  damage. 

I n  t h i s  system, t h e  l eak  rates of t h e  p ipe  cons t ruc t ed  dur ing  1930 

a r e  h igher  than those  dur ing  1970 bu t  t h e r e  i s  no s t a t i s t i c a l l y  s i g n i f i c a n t  
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difference at the Q =  0.05 l e v e l .  

'30's and ' 70 '8 '  leak r a t e s  are higher than those of the other decades. 
However, the test confirms that the 
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TABLE 2.30 

Leak Rate Due t o  Third Party Damage by Decade of Construction 

Distribution Mains 

Individual Failure Report Data 

Measure: Leaks per year per 1,000 miles of pipe  

Year 

1970 

1971 

1972 

1973 

MEAN 
~~ 

6 

0.67 

Decade of Construction 

1 2 3 4 5 6 

---29 30-39 40- 49 50-59 60-69 70--- 

0.68 0.73 0.46 0.32 0.22 0.51 

0.36 - 0.45 0.49 0.31 0.25 0.84 

0.60 0.56 0.49 0.27 0.17 0.68 

0.64 0.34 0.55 0.22 0.19 0.66 
~ 

1 
~~ ~~ 

, 0.57 0.52 0.50 0.28 0.21 0.67 

Standard Error of Mean = 0.054 

Degrees of Freedom = 18 

Duncan Multiple Range Analysis 

1 2 3 4 5 

0.57 0.52 0.50 0.28 0.21 

Q =  .05 

6 1 2 3 4 5 

0.67 0.57 0.52 0.50 0.28 0.21 

Q = .01 
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TABLE 2.31 
/ \  

Leak Rate Due t o  Third Party Damage by Decade of Construction 
w 

Distribution Services 

Individual Fa1 lure Report Data 

Measure: Leaks per year per 100,000 services 

Standard Error of Mean = 0.080 

Degrees of Freedom = 18 

Duncan Multiple Range Analysis 

1 6 3 2 5 4 a =  .05 

0.91 0.75 0.50 0.45 0.37 0.35 

1 6 3 2 5 - 4  Q! = .01 

0.91 0.75 0.50 0.45 0.37 0.35 



2.2.9 Ind iv idua l  F a i l u r e  Reports--Analyses of Leak Rates for Metallic versus 
P l a s t i c  P i p e  

This s e c t i o n  p r e s e n t s  fou r  d i f f e r e n t  a r e a s  of ana lyses  a s  r e l a t e d  

t o  t h e  o v e r a l l  comparison of l e a k  rate and s a f e t y  f o r  m e t a l l i c  versus  

p l a s t i c  pipe.  These f o u r  areas o f  l eak  ra te  ana lyses  a r e  a s  fo l lows :  

1. 
2. Equipment-caused ( u s u a l l y  excavat ion)  l eak  r a t e s  f o r  metallic 

Overa l l  l eak  rates f o r  metallic versus  p l a s t i c  p ipe  

ve r sus  p l a s t i c  p ipe  

Time r equ i r ed  t o  s t o p  t h e  flow of gas  a f t e r  a l eak  i n  m e t a l l i c  

ve r sus  p l a s t i c  p ipe  

3. 

4. I n j u r i e s ,  dea ths ,  and p rope r ty  damage over  $500 f o r  l eaks  in 
metallic versus  p l a s t i c  p ipe  

2.2.9.1 Comparison of Overa l l  Leak Rates f o r  Meta l l i c  versus  

Plastic Pipe  

Table 2.32 gives a leak r a t e  comparison for m e t a l l i c  and p l a s t i c  

p ipe  i n  d i s t r i b u t i o n  mains. The l eak  d a t a  comes f o r  t h e  i n d i v i d u a l  r e p o r t  

and t h e  mileage f i g u r e s  f o r  m e t a l l i c  and p l a s t i c  p ipe  come from t h e  annual  

report. 
of l eak  ra te  ( l eaks  per  1 ,000 m i l e s  of p ipe  per  y e a r )  may not  be  a p p r o p r i a t e  

for p a r t s  o t h e r  than  p ipe  i t s e l f .  

A s i m i l a r  comparison is done f o r  f i t t i n g s  even though t h e  u n i t  

Metallic materials c o n s i s t  of steel, cast i r o n ,  d u c t i l e  i r o n ,  

wrought i r o n  and copper.  It is  obvious i n  t h e  t a b l e  t h a t  t h e  m e t a l l i c  

type has  a lower l e a k  rate than  t h e  p l a s t i c  t ype  i n  t h e  l eaks  on pipe.  

For f i t t i n g s ,  l i t t l e  can be  s a i d  about  t h e  comparison because t h e  r epor t ed  

numbers a r e  so small .  

For a s ta t i s t ica l  test ,  a s imple test  of two means from normal d i s -  

t r i b u t i o n s  ( l l t " - t e s t )  was used. 

f e rence  e x i s t s  i n  t h e  l eak  r a t e s  of m e t a l l i c  and p l a s t i c  p ipe  a t  t h e  

0 = 0.05 l e v e l .  It is noted t h a t ,  a l though t h e  m e t a l l i c  m a t e r i a l s  i n  

aggrega te  g i v e  s i g n i f i c a n t l y  lower l e a k  r a t e s  than  t h e  p l a s t i c  m a t e r i a l ,  

t h i s  does not  n e c e s s a r i l y  mean t h a t  any p a r t i c u l a r  m e t a l l i c  p ipe  (copper 

p ipe ,  f o r  example) y i e l d s  lower l e a k  r a t e s  than  t h e  p l a s t i c .  

The tes t  showed t h a t  a s i g n i f i c a n t  d i f -  
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, 
TABLE 2.32 

Comparison i n  Leak Rate Between Meta l l ic  and P l a s t i c  Systems 

Di s t r ibu t ion  Maine 

Indiv idua l  F a i l u r e  Report De t a  

Measure: Leaks per 1,000 miles of pipe 

No. and Rate 

No. Leaks 
Leak Rate 

No. Leaks 
Fitting I Leak Rate 

No. Leaks 
Leak Rate 

No. Leaks 
Leak Rate 

No. Leaks 
Leak Rate F i t t i n g  I 

I , 

Pipe No. Leaks I Leak Rate 

No. Leaks I Leak Rate F i t t i n g  

1.36 38 I 324 I 
0.537 

0.038 

0.493 1.52 
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Table 2.33 shows t h e  l eak  r a t e s  f o r  m e t a l l i c  and p l a s t i c  p i p e s  and 

f i t t i n g s  i n  d i s t r i b u t i o n  services. As with  d i s t r i b u t i o n  mains, p l a s t i c  

p ipe  shows h igher  l eak  r a t e s  than  m e t a l l i c  pipe.  The ex i s t ence  of  a s i g -  

n i f i c a n t  d i f f e r e n c e  was i n d i c a t e d  by t h e  "t-testv1 performed on t h i s  d a t a .  

For f i t t i n g s ,  t h e r e  does not  appear t o  b e  any s i g n i f i c a n t  d i f f e r e n c e  i n  

l eak  rates and because of t h e  sma l l  n u d e r  of r epor t ed  l eaks ,  a s t a t i s t A i c a l  

tes t  was n o t  performed. 

2.2.9.2 Comparison of Equipment-Caused Leak Rates for Meta l l i c  

versus  Plastic Pipe 

Table 2 .34  compares t h e  equipment-caused ( u s u a l l y  excavat ion)  

l eak  rates ( l e a k s  pe r  1,000 miles of p i p e  per  yea r )  f o r  t h r e e  m a t e r i a l  

types  used f o r  d i s t r i b u t i o n  mains. 

l eaks  caused by equipment opera ted  by t h e  company ope ra to r  o r  by an 

o u t s i d e  pa r ty .  

wrought i r o n ,  and d u c t i l e  iron--were so s p a r s e  t h a t  i t  was ignored i n  
t h i s  a n a l y s i s .  

The l eak  d a t a  i s  based on r epor t ed  

The d a t a  a s s o c i a t e d  wi th  s e v e r a l  metals--such a s  copper ,  

The t a b l e  shows t h a t  t h e  p l a s t i c  p a r t s  had more l eaks  on a per  

1,000 m i l e  b a s i s  i n  a l l  t h r e e  yea r s .  On t h e  o t h e r  hand, s teel  and c a s t  

i r o n  do n o t  show any a p p r e c l a b l e  d i f f e r e n c e  i n  t h e i r  l e a k  r a t e s .  

Duncan Mul t ip l e  Range T e s t  suppor t s  t h i s  observa t ion .  It shows, a t  bo th  

t h e  Q = 0.05 and cy = 0.01 levels, t h a t  t h e r e  i s  a s i g n i f i c a n t  d i f f e r e n c e  

i n  l e a k  rates between p l a s t i c  and metals ( s t e e l  and cast i r o n ) .  

s t e e l  and c a s t  i r o n  do n o t  d i f f e r  s i g n i f i c a n t l y  from each o t h e r ,  

The 

But,  

I n  summary, p l a s t i c  systems appear  t o  b e  more s u s c e p t i b l e  t o  equip-  

ment-caused damage than  metallic systems. 

Table 2.35 is s i m i l a r  t o  Table 2 .34 ,  bu t  i s  f o r  d i s t r i b u t i o n  

s e r v i c e s .  For t h i s  t a b l e ,  t h e  d a t a  f o r  c a s t  i r o n ,  wrought i r o n ,  and d u c t i l e  

i r o n  were ignored because of i ts sparseness .  

A s  was a l s o  observed i n  Table 2.34,  p l a s t i c  systems have h igher  

l eak  rates from equipment-caused damage. 

bo th  Q l e v e l s .  

d i f f e r e n c e  i n  l eak  rates between steel and copper.  

The Range tes t  v e r i f i e s  t h i s  a t  

Also, based on t h e  a v a i l a b l e  d a t a ,  one cannot d e t e c t  any 

I n  conclusion,  p l a s t i c  systems have a h i g h e r  equipment-caused 

l eak  r a t e  than  metallic systems. 



T&LE 2.33 

Comparison i n  Leak Rate Between Metal l ic  and P l a s t i c  Systems 

Distr ibut ion Services  

Individual 

Measure : Leaks 

Fai lure Report Data 

per 100,000 services  

, 

/ 
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TU-& 2.34 n 
Equipment-Caused Leaks by Mtcteerkal Type 

Dietribut ion Mains 

Individual Failure Report Data 

Measure: Leaks per year per 1,000 miles of ?ipe 

Year 
~ 

1970 

1971 

1972 

1973 
I 

i 

Steel 

Mater i i: 1 

2 3 

Plasc ic  C a s t  lron 

0.27 0.86 

0.28 0.96 

0.25 1 .36  

0.26 1.07 

0.29 

0.25 

0.22 

0.30 

MEAN 0.26 1.06 0.26 1 
Standard Error of Mean = 0.063 

Degrees of Freedom = 9  

Duncan Multiple Range Analysis 

2 3 1 Q ! =  .05 

1.06 0.26 0.26 

2 3 1 

1.06 0.26 0.26 

01 = .01 
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TABLE 2.35 

/' 

Equipment-Caused Leaks by Mater ia l  Type 

Di s t r ibu t ion  Services  

Indiv idua l  Fa i lu re  Report Data 

Year 

1970 

1971 

1972 

1973 

MEAN 

Measure: Leaks per year per 100,000 serv ices  

i 

Material  

1 2 3 

Steel P l a s t i c  Copper 

0.38 1.27 0.27 

0.34 0.91 0.22 

0.39 1.50 0.35 

0.28 1.19 0.26 4 

0.35 1.22" 0.27 
. r  I 

Standard Error  of Mean = 0.073 

Degrees of Freedom = 9  

Duncan Mult iple  Range Analysis 

2 1 3 a =  .05 

1.22 0.35 0.27 

2 1 3 0 "  .01 

1.22 0.35 0.27 
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2.2.9.3 Comparison of T ime  t o  Stop a Leak i n  M e t a l l i c  versus  

Plast ic  Pipe 

Table 2.36 g ives  t h e  d i s t r i b u t i o n  of s toppage times f o r  m e t a l l i c  

and p l a s t i c  d i s t r i b u t i o n  mains. 

a s  t h e  time from t h e  d e t e c t i o n  o f  a l eak  u n t i l  it i s  stopped. 

Stoppage time is def ined ,  i n  t h i s  a n a l y s i s ,  

I n  t h i s  t a b l e ,  t h e  s toppage times come from t h e  1973 i n d i v i d u a l  

reports. The d i s t r i b u t i o n s  i n  1970, 1971, and 1972 r e p o r t s  a r e  not  sig- 

n i f  i c a n t l y  d i f f e r e n t  from t h e  d i s t r i b u t i o n  i n  1973 r e p o r t s  ,I and t h e r e f o r e ,  

examining 1973 d a t a  a lone  s e r v e s  our  purpose. 

The t a b l e  g i v e s  both  percentage  of t o t a l  l eaks  f o r  each t i m e  

i n t e r v a l  and i t s  cumulat ive va lue ,  f o r  both p l a s t i c  and m e t a l l i c .  

t h e  two m a t e r i a l s  i n d i c a t e s  t h a t  p l a s t i c  system l eaks  are, i n  most cases ,  

stopped more quick ly  than  m e t a l l i c  systems. For  p l a s t i c  systems, 77 
percent  of a l l  l eaks  are stopped i n  less than two hours ,  and a l l  bu t  a 
small percentage a r e  stopped i n  less than  fou r  hours .  I n  m e t a l l i c  systems, 

only about 47 percent  of the leaks a r e  stopped i n  less than  two hours ,  and 

about 77 percent  of t h e  l eaks  are stopped i n  less than  f i v e  hours .  Approxi- 

m a t e l y  6 percent  of t h e  l eaks  a r e  not  stopped f o r  over twelve hours  from 

the t i m e  of be ing  r epor t ed .  

system leaks  a r e  r e l a t i v e l y  l a rge .  

very long s toppage times. 

Comparing 

The mean and s tandard  d e v i a t i o n  of t h e  m e t a l l i c  

This is because a few of t h e  l eaks  had 

I n  suxmnary, one can  conclude t h a t  l e a k s  in p l a s t i c  mains a r e  g e n e r a l l y  

shut  o f f  quicker .  

Table 2.37 g ives  an a n a l y s i s  similar t o  Table 2.36 on s toppage times 
of m e t a l l i c  and p l a s t i c  p ipe  systems i n  d i s t r i b u t i o n  s e r v i c e s .  

t a b l e  is compared t o  Table 2.36, it is found t h a t  less t i m e  is taken t o  

s t o p  t h e  l eaks  i n  s e r v i c e s  than  t h e  l eaks  i n  mains. This i s  t r u e  f o r  both 

m a t e r i a l  types .  

When t h i s  

A comparison of t h e  t i m e s  f o r  p l a s t i c  and m e t a l l i c  systems i n d i c a t e s  

t h a t  l eaks  i n  p l a s t i c  systems are stopped f a s t e r  t han  l eaks  i n  m e t a l l i c  

systems, as was t h e  case i n  d i s t r i b u t i o n  mains. Almost 84 percent  of t h e  

p l a s t i c  system l eaks  were stopped w i t h i n  2 hours .  

approximately 74 percent  of  t h e  l eaks  were stopped i n  2 hours ,  and 3.6 percent  

of t h e  leaks  were not  r e p a i r e d  f o r  over  8 hours .  

For m e t a l l i c  systems, 

I n  summary, p l a s t i c  systems i n  d i s t r i b u t i o n  s e r v i c e s  compare favorably 

t o  m e t a l l i c  systems i n  terms of  l eak  s toppage t i m e .  
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TABLE 2.36 

Stoppage Time 

Range (Hours) 

Less than 1 

1 - 2  

2 - 3  

3 - 4  

4 - 5  

5 - 6  

6 - 7  

7 - 8  

a - 9  

9 - 10 

10 - 11 

11 - 12 

Over 12 

Analysis of Time6 t o  Stop Leaks 

Di s t r ibu t ion  Mains 

Indiv idua l  F a i l u r e  Report Data 

Met a 1 l i c  

% Total  

20.1 

27.1 

15.7 

10.8 

5.1 

4.1 

4.1 

2.4 

1.6 

0.8 

1.1 

1 - 4  

5*7% 

% Cumulative 

20.1 

47.2 

62.9 

73.7 

78.8 

82.9 

87.0 

89.4 

91.0 

91.8 

92.9 

94.3 

100.0% 

Plastic 
~ ~~ 

% Total 

38.7 

32-3 

16.1 

6.5 

1.6 

(Over 5)- 
4.8% 

X Cumulative 

38.7 

71.0 

87.1 

93.6 

95.2 

100.0% 

Met a1 1 ic P l a s t i c  

Number of Leaks 
Mean Time 
Standard Deviation 

2-65 



TABLE 2.37 

Stoppage Time 

Range (Hours) 

Less than 1 

1 - 2  

2 - 3  

3 - 4  

4 - 5  

5 - 6  

6 - 7  

7 - 8  

Over 8 

Analysis of Times to  Stop Leaks 

Distribution Services 

Individual Fai lure Report Data 

~~ ~ 

Met a1 1 i c  
~~ 

% Total 

47.1 

27.2 

11.0 

2.6 

4.8 

1.5 

1 .1  

1.1 

3.6% 

% Cumulative 

47.1 

74.3 

85.3 

87.9 

92.7 

94.2 

95.3 

96.4 

100.0% 

~~ - 

P l a s t i c  

7, Total 

55.9 

27.9 

8.8 

(Over 3 ) -  
7.4% 

7, Cumulative 

55.9 

83.8 

92.6 

100.0% 

Metall ic  P l a s t i c  

Number of Leaks 
Mean Time 

Standard Deviation 
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2 .2 .9 .4  Comparison of I n d i v i d u a l  F a i l u r e  Repor ts ,  I n j u r i e s ,  Deaths, 

,and Proper ty  Damage Over $500 f o r  M e t a l l i c  versus  P l a s t i c  P ipe  

63 Table 2.38 compares m e t a l l i c  and p l a s t i c  p ipe  i n  d i s t r i b u t i o n  mains 

on  t h e  b a s i s  of f o u r  measures:  (1) number of r epor t ed  l e a k s ,  (2)  number 

of i n j u r i e s ,  (3) n u d e r  of d e a t h s ,  and (4) number of inc idences  involv ing  

proper ty  damage over  $500. 
common base ,  per  1,000 mi l e s  of p i p e  pe r  yea r .  

Each of t h e s e  measures i s  normalized t o  a 

I n  examining t h e  number of r epor t ed  l e a k s ,  i t  appears  c l e a r  t h a t  

p l a s t i c  systems i n  mains always have a g r e a t e r  number of leaks  on a r a t e  

b a s i s  t han  do  metallic systems. 

v e r i f i e s  t h i s  obse rva t ion  a t  t h e  Q = 0.05 l e v e l .  

a r e  a v a i l a b l e  now, p l a s t i c  systems g e n e r a l l y  appear t o  have a h igher  r a t e  

of r epor t ed  l eaks  than  metallic systems. 

A s t a t i s t i c a l  t e s t  of means ( " t " - t e s t )  

Based on t h e  d a t a  t h a t  

The o t h e r  t h r e e  measures involv ing  i n j u r i e s ,  dea ths ,  and p rope r ty  

damage have a wide v a r i a t i o n  compared t o  t h e  average va lues ,  so t h a t  no 

d i f f e r e n c e s  between metallic and p l a s t i c  can  be  seen.  

The a n a l y s i s  i n  Table 2.39 concerns d i s t r i b u t i o n  s e r v i c e s ,  b u t  

o therwise ,  it i s  similar t o  t h a t  i n  Table 2.38. 

are normalized t o  a base  of per  100,000 s e r v i c e s .  As i n  Table 2.38, t h e  

measures involv ing  i n j u r i e s ,  dea ths ,  and p rope r ty  damage have such a l a r g e  

va r i ance  i n  r e l a t i o n  t o  t h e i r  means t h a t  no d i f f e r e n c e s  between m e t a l l i c  and 

p l a s t i c  can  b e  seen.  

Here t h e  fou r  measures 

I n  examining t h e  i n d i v i d u a l l y  r epor t ed  l e a k  ra te  (o r  number of 

reports per  100,OOO services pe r  y e a r ) ,  it appears  t h a t  p l a s t i c  systems 

have a h ighe r  l e a k  rate, and indeed a s ta t is t ical  test of means i n d i c a t e s  a 
s i g n i f i c a n t  d i f f e r e n c e  a t  t h e  a =  0.05 l e v e l .  

Thus, i n  terms of t h e  number of leaks repor t ed  i n d i v i d u a l l y  on a 

per  u n i t  b a s i s ,  p l a s t i c  systems cause more problems t h a n  m e t a l l i c  systems. 
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TABLE 2.38 

1 Metal l ic  1 P l a s t i c  

Comparison of Indiv idua l  Reports, I n j u r i e s ,  Deaths, 

and Operator 's  Property Damage Over $500 

Metallic vs. P l a s t i c  Mater ia ls  

D i s t r ibu t ion  Mains 

Class i f  i c a  t i o n  

Individual  
Report 8 

Measure: Number reported per 1,000 m i l e s  of pipe 

Year 

1970 
1971 
1972 
19 73 

0.53 
0.63 
0.59 
0.59 

0.14 
0.26 
0.20 
0.25 

1970 
1971 
1972 
1973 

I n  j u r i e s  

0.96 
1.36 
1.64 
1.51 

0.19 
0.29 
0.24 
0.63 

Deaths I 
1970 
1971 
1972 

I I 1973 

Property 
Damage 
Over 
$5 00 

1970 
1971 

1973 
1972 

0.01 
0.03 
0.01 
0.03 

0.10 
0.11 
0.15 
0.20 

0.05 

0.05 
0.11 
0.15 
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TABLE 2.39 

Comparison of Individual Reports, Injuries ,  Deaths, 

and Operator's Property Damage Over $500 

Metallic VS. P l a s t i c  Materials 

Distribution Services 

Measure: Number reported per 100,000 services  

Individual 

I nc i d  en t s 1970 0.02 0.15 
Involving 1971 0.03 0.11 
Property 19 72 0.05 0.0 
Damage 1973 0.06 0.13 

Over $500 

\ 
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2.2.10 Indiv idua l  F a i l u r e  Reports--Analysis of t h e  Circumstances Under Which Leaks 
Were Caused by Equipment Operated by an Outside Par ty  

Table 2.40 shows t h e  t abu la t ion  of  t h e  information concerning t h e  

circumstances under which leaks were caused by equipment operated by an 
ou t s ide  party.  
leak reports. 

The d a t a  are taken from P a r t  B, I t e m  2, of t h e  ind iv idua l  

The f i r s t  column--llPrior NotificatiorP--indicates whether t h e  

opera tor  received p r i o r  n o t i f i c a t i o n  from the  equipment operator t h a t  the  

area would be excavated. The second column--llMarkingll--shows whether t h e  

p ipe l ine  was marked o r  i d e n t i f i e d .  

asks whether t h e  ou t s ide  p a r t y  was required by s t a t u t e  o r  ordinance t o  

determine t h e  l o c a t i o n  of t h e  p ipeUnes .  

1 

The t h i r d  column--llStatute Requirement"-- 

The e n t r i e s  i n  each column are given i n  percentage of the  t o t a l  
number of leaks f o r  t h a t  column. For example, t h e  percentage of t h e  leaks 
blamed on an ou t s ide  pa r ty  i n  mains i n  1970, which correspond t o  I1Yesv1 

i n  a l l  t h r e e  c l a s s i f i c a t i o n s ,  i s  10.4, o r  16 of a t o t a l  of 154 reported 
(Case 1). That is ,  16 individually reported outside party leaks occurred 

on mains i n  1970 when t h e  o u t s i d e  pa r ty  gave p r i o r  n o t i f i c a t i o n ,  t h e  l i n e  
was marked, and t h e r e  was a s t a t u t e  i n  e f f e c t  r equ i r ing  t h e  ou t s ide  pa r ty  
t o  l o c a t e  t h e  l i n e  before  excavat ion could begin. 
27.3 percent (or 42) of t h e  t o t a l  leaks i n  mains correspond t o  "No" i n  

a l l  t h r e e  c l a s s i f i c a t i o n s  (Case 8) .  And, i n  1970, 7.1 percent  of the leaks 

occurred where t h e r e  was p r i o r  n o t i f i c a t i o n  but no marking o r  s t a t u t e  
requirement (Case 4). 

On t h e  o the r  hand, 

What one would l i k e  t o  determine from t h i s  table i s  the e f f e c t  
t h e s e  t h r e e  f a c t o r s ,  working toge ther  o r  independently, have on ou t s ide  
p a r t y  l eak  rates. 
t h e  d a t a  cannot be llnormaIized.ll 

1973 mains. 
working (Case l), and 28.2 percent  occurred when none of t h e  t h r e e  f a c t o r s  

were working (Case 8). 
place  i n  t h e s e  ca t egor i e s  when no damage occurred. 
t h e r e  were 10 times as many excavations by ou t s ide  p a r t i e s  under Case 8 

condi t ions  as compared t o  Case 1 conditions.  

Unfortunately,  such an ana lys i s  cannot be  done because 
To i l l u s t r a t e ,  cons ider  t h e  data f o r  

We know t h a t  12.7 percent  occurred wi th  a l l  t h r e e  f a c t o r s  

However, w e  do n o t  know how many excavations took 

For example, suppose 

I f  t h i s  were t r u e ,  it would 
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c c 
TABLE 2.40 

hr 
I 

w 

_- 

Three-way Classif icat ion of Leaks Resulting from the Damage by Outside Party 

Measure: Percentage of Leaks 
Individual Fai lure  Report Data System 

Services T r  ansmis s ion Prior Statute  Mains 
- Case Notification Marking Requirement 70 71 72 73 70 71 72 73 70 71 72 73 

1 Y e s  Yes Y e s  10.4 9.7 7.7 12.7 18.5 15.7 10.6 8.8 1.9 0.9 2.3 0.6 

Yes Yes No 29.3 25.8 24.3 31.5 15.4 15.0 18.4 19.2 14.8 8.5 10.2 10.3 

3 Yes No Yes 1.3 0.0 .6 1.1 1.5 1.6 0.7 4.0 .9 0.0 0.0 0.0 

7 - 

4 Yes No No 7.1 3.4 3.0 3.3 4.6 8.7 4.3 7.2 1.9 0.9 0.0 0.0 

5 No Yes Y e s  1.9 1.1 2.4 2.8 2.3 1.6 2.1 0.0 3.7 2.6 5.5 7.1 

6 No Yes No 13.0 13.1 18.9 13.8 9.2 10.2 13.5 8.0 59.3 73.5 65.6 64.5 

7 No No Yes 9.7 5.7 7.1 6.6 8.5 18.1 11.3 10.4 0.0 0.0 3.1 0.6 

8 No No 

- 
Total Reported 

No 27.3 41.2 36.0 28.2 40.0 29.1 39.1 42.4 17.5 13.6 13.3 16.8 
100% 100% 100% lor7 100% 100% lowo 100% loo"% 100% 100% 1007' 

154 175 169 181 130 127 141 125 108 117 128 155 

, 



i n d i c a t e  t h a t  p r o p o r t i o n a t e l y  fewer leaks  occurred under Case 8 c o n d i t i o r s  

than Case 1 cond i t ions .  Thue, f o r  such d a t a  t o  b e  u s e f u l  i n  determining 

t h e  e f f e c t  of t h e s e  f a c t o r s ,  one would need t o  know something about t h e  

number o f  i nc idences  of %o leak" under each o f  t h e  cond i t ions .  Unfor tuna te ly ,  

such d a t a  i s  not  c u r r e n t l y  a v a i l a b l e  and might be  d i f f i c u l t  t o  c o l l e c t  i n  

t h e  f u t u r e .  
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2.2.11 Tndividual  F a i l u r e  Reports--Ana:'sis of Leeks as a Funct ion  of the Estizaclccd 
Yercentage of Maximum Allowable '?ressure a t  Poin t  and Time of Leak 
Inc  i de  n t 

Table  2.41 shows t h e  r e l a t ive  percentages  of t h e  d i f f e r e n t  estimated 

p res su re  l e v e l s  a t  t h e  po in t  and t ime of  t h e  l e a k  i n c i d e n t  as a percentage  

of maximum a l lowab le  o p e r a t i n g  p r e s s u r e  € o r  the  d i s t r i b u t i o n  and t h e  t r a n s -  
miss ion  systems. 

l eak  r e p o r t s .  

of t h e  i n c i d e n t s  where t h e  p r e s s u r e  l e v e l  a t  t h e  p o i n t  and time of t h e  l eak ,  

exceeded t h e  maximum a l lowab le  l e v e l .  

The t a b u l a t i o n  i s  baseti ;n t h e  four y e a r s  of i n d i v i d u a l  

The purpose of t h i s  t a b u l a t i o n  i s  to f i n d  t h e  percentage  

I n  d i s t r i b u t i o n  system l eaks ,  t h e  es t imated  p r e s s u r e  is shown t o  

have exceeded t h e  maximum p r e s s u r e  by less than  10 pe rcen t  i n  13.9 pe rcen t  

of t h e  i n c i d e n t s .  I n  t r ansmiss ion  l e a k s ,  t h e  f i g u r e  i s  2.4 percen t .  I n  

only  a very small  number of i n c i d e n t s  d i d  t h e  es t imated  p r e s s u r e  exceed 

t h e  maximum by more t h a n  10 pe rcen t .  

I 
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TABLE 2.41 

Analysis of t h e  Estimated Pressure a t  Point and Time of Inc ident  

as Percent of M a x i m u m  Allowable Operating Pressure 

1970-1973 Leak Reports 

Number of r e p o r t s  providing d a t a  on pressure  l e v e l s :  
D i s t r i b u t i o n  = 3 223 
Transmission = 1 , 5 9 0  

Ind iv idua l  F a i l u r e  Rc.por t  Forras 

Percent of Tota l  Number of Xeports Ratio of Estimated Pressure  
t o  Maximum--in Percent D i s t r ibu t ion  Leaks Transmission Leaks 

0 - 20% 4.0% 2.3% 

20 - 40 14.3 6.9 

40 - 60 25.1 14.3 

60 - 80 23.6 33 .4  

80 - 100 18.4 39.9 

100 - 110 13.9 2 . 4  

Over 110% 0.7 - 
100% 

0.8 

100% 

Average Values of Estimated-Incident/Mimum Allowable: 
D i s t r i b u t i o n  = 63.77 
Transmission = 71.5% 
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2.3 ANALYSIS OF ANNUAL REPORTS 

Table  2.42  p r e s e n t s  a l i s t i n g  of  a l l  d a t a  t a b l e s  prepared i n  t h e  

a n a l y s i s  of annual  reports f i l e d  lby p i p e l i n e  o p e r a t o r s .  This l i s t i n g  i s  
presented  f o r  r e f e r e n c e  t o  t h e  s e c t i o n s  t h a t  fo l low cover ing  t h e  var ious  

types  of ana lyses  which were performed, u s ing  annual r e p o r t  d a t a .  

many cases t h e  ana lyses  have a p a r a l l e l  t o  t hose  performed f o r  i n d i v i d u a l  

f a i l u r e  report d a t a ,  as presented  e a r l i e r  i n  Sec t ion  2.2.  

I n  

Each of t h e  fol lowing s e c t i o n s  inc ludes  t h e  ana lyses  of t h e  t r a n s -  
miss ion  and d i s t r i b u t i o n  segments of t h e  p i p e l i n e  system f o r  t h e  p a r t i c u l a r  

parameter t h a t  i s  be ing  eva lua ted  f o r  i t s  e f f e c t  on l e a k  r a t e  and p i p e l i n e  

s a f e t y .  

The r e s u l t s  of each a n a l y s i s  of d a t a  a r e  presented as t h e  i n d i v i d u a l  
parameters  a r e  cons idered ,  followed by a summary s ta tement  of conclus ions .  

These conclus ions  a r e  compared i n  Sec t ion  2.4 with  those  obta ined  from 

t h e  a n a l y s i s  of d a t a  submit ted on the  i n d i v i d u a l  f a i l u r e  r e p o r t  forms. 

- 
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TABLE 2.42 
Llstfng of Data Tables for A l l  Analyses ,  

Prepared from Annual Report Forms 
(Forms DOT F 7100.1 -1 and DOT F 7100.2-1) 

1 2 3 

Dis tr ibut ion  

D i s  tr lbutlon 

S e r v i c e s  
2 . 4 8 1 -  70-73 1 Mains and 

4 5 6 7 8 

Pert E: NR 

Construct Ion 

Construction 

Part E:  NR 
Construct ion 

Total Leaks 
Cons t ruc t ion  

* "NR". s tands  f o r  the  non-reported l eaks .  

** "R" stands €or the  reported l eaks .  



TABLE 2.42  L i s t i n g  of h t a  Tables  f o r  A l l  Analyses ,  
Prepared  from Annual Report  Forms 

Con t inued 

1 2 . 5 1  7 0 - 7 3  

I 
c_-- 

7 0 - 7 3  

D i s  tr i b u  t ion --- A l l  Percent of Par t  w i ~ i c l i  lm~!.c ,~ 
Serv ices  Types Leaks and Decade of 

Cor~s t ruc r  3 ni! --- --,..----.-- -- ~- I - -  - - I..” . .- 
Tiansmios ion --- A l l  PeLcetit of  Par t  wii!ch Leal-i-d 

t ypes  Leaks and Decade of 
Construction -- ____ .___.._I. ~ -- - --. 

a 
P a r t  of Annual 
Report where Data 

Obtained 

P a r t  F:  R 6 NR 
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2.3.1 Annual Report--Analyses Rela ted  to Age of P i p e l i n e  System 
, 

The ana lyses  of  l e a k s  and l e a k  rates f o r  v a r i o u s  p a r t s  of t h e  

p i p e l i n e  system as a f u n c t i o n  of  age of t h e  system are presented  i n  t h i s  

sect ion .  

The purpose o f  Table 2.43 is t o  p r e s e n t  an  a n a l y s i s  of t h e  l e a k s  

f o r  d i s t r i b u t i o n  mains as a f u n c t i o n  of t h e  age of t h e  p ipe .  

l e a k s  were shown on t h e  annual  r e p o r t s  f o r  which an  i n d i v i d u a l  r e p o r t  

was n o t  f i l e d .  

These 

Analys is  of  t h e  "non-reported" l e a k s  i s  important because 

they  account f o r  more t h a n  99 pe rcen t  of  t h e  t o t a l  l e a k s  r epor t ed  on t h e  

annual r e p o r t .  It was observed i n  Table 2.12 t h a t  t h e  l eak  r a t e  of t h e  

i n d i v i d u a l l y  r epor t ed  l e a k s  i n c r e a s e s  as t h e  p ipe  becomes o l d e r .  The 

same r e s u l t  i s  seen  i n  t h i s  t a b l e .  

The range test  shows t h a t ,  a t  t h e  Q = 0.05 l e v e l ,  t h e  l eak  r a t e s  

of p i p e l i n e s  c o n s t r u c t e d  b e f o r e  1940 are h i g h e r  than  t h e  l e a k  r a t e s  f o r  

p i p e l i n e s  c o n s t r u c t e d  i n  t h e  1940 ' s ,  and t h i s  l e a k  r a t e  i n  t u r n  i s  h i g h e r  

t han  f o r  p i p e l i n e s  c o n s t r u c t e d  i n  t h e  ' ~ O ' S ,  ' 60 ' s  and ' 7 0 ' s .  T h i s  p a t t e r n  

of l eak  r a t e s  can  p a r t i a l l y  be  exp la ined  by t h e  i n c r e a s e  i n  l eaks  r e s u l t i n g  

from c o r r o s i o n  i n  o l d e r  p ipe ,  w i th  on ly  t h e  leak r a t e  f o r  t h e  ' 7 0 ' s  n o t  

f i t t i n g  t h i s  p a t t e r n .  

The l e a k s  on p i p e  o f  unknown decade of  c o n s t r u c t i o n  a r e  about 

25-to-30 pe rcen t  of t h e  t o t a l  l eaks .  However, f o r  s t a t i s t i c a l  a n a l y s i s  

of age e f f e c t ,  they  are ignored i n  t h i s  t a b l e .  When such a l a r g e  p o r t i o n  

of  d a t a  must b e  ignored i n  an  a n a l y s i s ,  it could s e r i o u s l y  b ias  any 

meaningful s t a t i s t i c a l  a n a l y s i s .  For  example, i f  "unknown" t ends  t o  b e  

o ld  p ipe ,  t h e n  a c t u a l  l e a k  rates f o r  o l d  p ipe  would b e  much h ighe r  t h a n  

t h i s  a n a l y s i s  would show. 

Table 2.44 p r e s e n t s  an  a n a l y s i s  o f  t h e  non-reported l e a k s  broken 

down by t h e  decade of  c o n s t r u c t i o n  f o r  d i s t r i b u t i o n  s e r v i c e s  i n  t h e  same 

format  t h a t  Table 2.43 p r e s e n t s  f o r  mains. 

Again us ing  t h e  a = 0.05 l e v e l  o f  s i g n i f i c a n c e ,  i t  can be  seen  t h a t  

t h e  l e a k  r a t e  of s e r v i c e s  c o n s t r u c t e d  i n  t h e  1930 ' s  i s  s i g n i f i c a n t l y  h ighe r  

than  t h e  o t h e r  decades.  The l e a k  r a t e s  f o r  s e r v i c e s  c o n s t r u c t e d  b e f o r e  1930 

and t h e  decade of t h e  '40's do n o t  d i f f e r  s i g n i f i c a n t l y  from each o t h e r .  

Likewise, t h e  l e a k  ra tes  of t h e  1940 ' s ,  '~O'S, and '70's do n o t  d i f f e r  

s i g n i f i c a n t l y  from each o t h e r .  However, i f  w e  group t h e  s e r v i c e s  cons t ruc t ed  
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TABLE 2.43 

E 

Year 

1970 

1971 

197 2 

1973 

MEAN 

Leak Rate on Pipe by Decade of Construction 

Distribution Mains 

Annual Report Data 
Measure: Leaks per year per 1 ,000  miles of pipe 

Decade of Construction I 
1 1 2 3 4 5 6 

- -- 29 30-39 40-49 50-59 60-69 70- - - 

468.9 4'72.1 362.4  184.0 136.5 314.4  

929 .1  724.7 474.8  219 .8  7 1 . 2  151.5 

727.0 629.11 472.2  206.8 60 .0  111.0 

810.9 755.7 500.8 218.8 6 4 . 2  120.0 

207 .4  83.0 174.2 734.0  6 4 5 . 4  452.1  

Standard Error of Mean = 53 .5  

Degrees of Freedom = 18  

Duncan Multiple Range Analysis 

1 2 3 4 6 5 01 = 0.05 

734.0 6 4 5 . 4  452 .1  207.4  174.2 83.0 

1 2 3 4 6 5 o! = 0 . 0 1  

734.0 6 4 5 . 4  4 5 2 . 1  207.4 174.2 8 3 . 0  
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TABLE 2.44 

Decade of Construction 

1 2 3 4 5 6 

Leak Rate on Pipe by Decade of Construction 

Distribution Services 
Annual Report Data 

Measure: Leaks per year per 100,000 services 

1970 

197 1 

1972 

1973 997.9 1414.4 909.9  521.4  309.8 460.3  

843.6  1127.3 742.8 455.0 2 6 7 . 1  464.7 

Standard Error of Mean = 9 3 . 9  

MEAN 
, 

Degrees of Freedom = 18 

2 

1127.3 

2 

1127.3 

Duncan Multiple Range Analysis 

1 3 6 4 5 = 0.05 

843.6 742.8 464.7 4 5 5 . 0  2 6 7 . 1  

1 3 6 4 5 CY = 0.01 

843.6 742.8  464.7 455.0  267 .1  n 
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i n  t h e  1920 ' s ,  '~O'S, and '40'6: t oge the r  ( c a l l i n g  i t  "older" p i p e )  

and group t h e  sedv ices  cons t ruc t ed  i n  t h e  1950 's ,  ' h o t s ,  and ' 7 0 ' s  t o g e t h e r  

( c a l l i n g  it llnewerll p i p e ) ,  t h e n  t h e  l e a k  r a t e s  f o r  o l d e r  p i p e  a r e  s i g n i f i c a n t l y  

h ighe r  t han  f o r  newer p ipe .  

Even though t h e  observed d i f f e r e n c e s  i n  l e a k  r a t e s  seem q u i t e  

l a r g e ,  t h e  l a c k  of more s t a t i s t i c a l l y  s i g n i f i c a n t  d i f f e r e n c e s  can be 

a t t r i b u t e d  t o  t h e  l a r g e  yea r - to -yea r  v a r i a n c e  i n  t h e  Ca:a f o r  soxe decades.  

This  v a r i a n c e  i s  caused p r i m a r i l y  by t h e  l a r g *  d i f i e r e c a e s  i n  i e a k  razes 

r e p o r t e d  f o r  t h e  yea r  of 197G as compared co the c h r e e  subseqclent y e a r s .  

Here aga in ,  l e a k s  i n  s e r v i c e s  of unknown cons t rucc ion  L a t e ,  account 

f o r  a l a r g e  p o r t i o n  o f  t h e  data--from 25-to-37 p e r c e n t  i n  v a r i o u s  yea r s .  

Table 2.45 g i v e s  t h e  breakdown of  l e a k  r a t e  on t h e  body of t h e  

p i p e  by decade of c o n s t r u c t i o n  i n  t r a n s m i s s i o n  s y s t e m  (exc luding  g a t h e r i n g ) .  

The average  l eak  rates f o r  p i p e l i n e s  m n s t r u c t e d  i n  t h e  1920 ' s  and t h e  ' 3 0 ' s  
appear much h ighe r  t han  t h e  l e a k  rates of p i p e l i n e s  c o n s t r u c t e d  i n  t h e  

s ub s e quent decades . 
The range  test  f o r  an Q = 0.05 s i g n i f i c a n c e  l e v e l  shows t h a t  p ipe-  

l i n e s  cons t ruc t ed  i n  t h e  1920's and t h e  '30's have s i g n i f i c a n t l y  h i g h e r  l e a k  

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

d i f f e r e n t  from each o t h e r .  No s i g n i f i c a n t  d i f f e r e n c e s  e x i s t  i n  l e a k  r a t e  

among t h e  decades a f t e r  1940. 

The a n a l y s i s  i n  Table  2.416 is presented  t o  show whether t h e  age of 

t h e  p i p e  i s  r e l a t e d  t o  t h e  l e a k s  o r i g i n a t i n g  from welds on t h e  p i p e  i n  

t r ansmiss ion  systems. The r ange  t e s t  shows t h a t  p i p e l i n e s  c o n s t r u c t e d  i n  

the '30's have a significantly higher leak rate on welds than pipelines 

cons t ruc t ed  a f t e r  1940. The leak r a t e  on welds f o r  p i p e l i n e s  cons t ruc t ed  

i n  t h e  ' 2 0 ' s  and '30's do n o t  d i f f e r  s i g n i f i c a n t l y .  

Table 2.47 is similar t o  Table  2.45 except  t h a t  t h e  ga the r ing  system 

i s  cons idered  i n s t e a d  of t h e  t r a n s m i s s i o n  system. A l l  of t h e  non-reported 

l e a k s  cons idered  i n  t h i s  t a b l e  o r i g i n a t e  from t h e  body of t h e  p ipe .  The 

average  l e a k  r a t e  of p i p e l i n e s  cons t ruc t ed  i n  each decade i s  found t o  i n c r e a s e  

as t h e  p i p e l i n e  g e t s  o l d e r ,  except  f o r  t h e  p i p e l i n e s  cons t ruc t ed  i n  t h e  

1 9 7 0 ' ~ ~  which have a h i g h e r  t han  expected l e a k  r a t e .  

While t h e  average  l e a k  rates do g e n e r a l l y  i n c r e a s e  wi th  age, t h e  

Duncan Mul t ip l e  Range Test i n d i c a t e s  t h a t  a t  t h e  01 = 0.05 conf idence  
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l e v e l ,  p ipe  cons t ruc t ed  p r i o r  t o  1930 h a s  a s i g n i f i c a n t l y  h igher  l eak  r a t e  

t h a n  t h e  o t h e r  decades.  The l e a k  r a t e s  f o r  t h e  1930's ,  ' 4 0 ' s  and ' 7 0 ' s  

a r e  no t  s i g n i f i c a n t l y  d i f f e r e n t ,  and n e i t h e r  a r e  t h e  leak  r a t e s  f o r  t h e  

1940's through t h e  '70's as a group. This l ack  of s t a t i s t i c a l  s i g n i f i c a n c e  

between t h e  l e a k  rates f o r  each decade,  even when t h e r e  i s  an apparent  

t rend  i n  t h e  d a t a ,  i s  due t o  t h e  l a r g e  va r i ance  i n  t h e  d a t a  f o r  each of t h e  

f o u r  r e p o r t i n g  years .  For  example, n o t i c e  t h a t  f o r  p i p e l i n e s  cons t ruc t ed  

i n  t h e  1970's ,  t h e  l e a k  rates vary from 485.9 t o  14.4. 

. 
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Year 

1970 

197 1 

197 2 

1973 

MEAN 

TABLE 2.45 

Leak Rate on Body of Pipe by Decade of  Construction 

Transmission Systems 

1 1 

f 

I 

I 

i 

Decade of Construction 

1 2 3 4 5 6 

---29 30-39 40-49 50-59 60-69 70 - - -  

511.7 139.0 3 9 . 4  10 .3  15.0 73.5  

364.0 126.7 54.6 15.2 1 0 . 4  6 2 . 9  

477.4 117.8 68 .2  1 1 . 2  5 .7  8 . 4  

478.6 127.7 4 5 . 9  14.6 5 .9  7 .9  
I 

457.9 127.8 52 .0  12.8 9 .3  3 8 . 2  

Measure: Leaks per year per 1 ,000  miles of  pipe 

Annual Report Data 

Standard Error o f  Mean = 15.3  

Degrees of Freedom = 18 

Duncan Multiple Range Analysis 

1 2 3 6 4 5 CY = 0 .05  

457.9 127 .8  52 .0  38.2 12.8 9 . 3  

1 2 3 6 4 5 01 = 0.01 

457.9 127 .8  ‘52.0 38.2 12.8 9 . 3  



TABLE 2.46 . 

Year 

Leak Rate on Welds by Decade of Construction 

Transmission Systems 

Measure: Leaks per year per 1,000 miles of pipe 

1 2 3 4 5 6 

---29 30-39 40-49 50-59 60-69 70--- 

Annual Report aata 

1970 

197 1 

1972 

1973 

MEAN 

Decade of Construction i 

4.2 8.1 4.9 1.9 2.6 4.0 

2.6 7.2 3.3 1.5 1.9 4.1 

6.1 3.3 3.5 1.9 1.7 2.3 

4.1 5.3 2.4 1.4 1.1 3.2 

4.3 6.0  3.5 1.7 1.8 3 . 4  

Standard Error of Mean = 0.61 

Degrees of Freedom = 18 

Duncan Multiple Range Analysis 

2 1 3 6 5 4 CY = 0.05 

6.0 4.3 3.5 3.4 1.8 1.7 

1 3 6 5 4 CY = 0.01 2 

6 . 0  4 . 3  3.5 3 . 4  1.8 1.7 
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TABLE 2.47 . 

Leak Rate on Body of Pipe by Decade of Construction 

Gathering Systems 

Measure: Leaks per year per 1 , 0 0 0  miles of pipe 

30-39 40-49 50-59 60-69 70- - -  

Annual Report Data 

Standard Error of Mean = 59 .2  

Degrees of Freedom = 18 

Duncan Multiple Range Analysis 

1 2 3 6 4 5 cy = 0 . 0 5  

619 .8  306 .8  231.1 221.0 95.2 5 8 . 4  

1 2 3 6 4 5 

6 1 9 . 8  306.8 231 .1  221.0 95.2 5 8 . 4  

o! = 0.01 
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2 . 3 . 2  Annual Report--Analyses Rela ted  t o  Cause of P i p e l i n e  Systcr. Leaks 

The ana lyses  of t h e  causes  of l eaks  r epor t ed  fo r  t h e  d i s t r i b u t i o n ,  

t ransmiss ion ,  and ga the r ing  p o r t i o n s  of p i p e l i n e  system o p e r a t i o n s ,  

a r e  presented i n  t h i s  s e c t i o n .  

Table 2.48  c l a s s i f i e s  the l eaks  i n  d i s t r i b u t i o n  systems by cause  

f o r  each decade of c o n s t r u c t i o n  of  t h e  pipe.  The d a t a  comes from P a r t  F of 

t h e  annual r e p o r t  f o r  d i s t r i b u t i o n  s y s c a s .  i.le r.ur&ers i n  each column 

i n d i c a t e  t h e  r e l a t i v e  frequency of kehks f o r  fou r  i;la;or causes  of l eaks ,  

w i th  t h e  remaining d a t a  shown as sco the r "  causes .  For exanpie ,  i n  tns 

systems cons t ruc t ed  i n  t h e  1960 's ,  t h e  l eaks  are caused by co r ros ion  about  

28 percent  of t h e  time, by o u t s i d e  f o r c e s  about 23 percent  of t h e  t ime, 

and by c o n s t r u c t i o n  d e f e c t s  and m a t e r i a l  f a i l u r e s  about 10 percent  and 14  

percent  of t h e  t i m e ,  r e s p e c t i v e l y .  

The annual r e p o r t  form does not s e p a r a r e  mains and s e r v i c e s  i n  

P a r t  F ,  and mains a r e  measured i n  miles, and s e r v i c e s  i n  number of s e r v i c e s .  

For t h i s  reason  only  l lpercentages l l  can  be c a l c u l a t e d ,  not  l eak  " ra t e s . "  

Thus, l i t t l e  can  be s a i d ,  i n  e x p l i c i t  terms, of t h e  r e l a t i v e  ranking among 

t h e  decades.  

Table 2.49 shows an a n a l y s i s  of t h e  r epa i r ed  l eaks  i n  t r ansmiss ion /  

ga the r ing  systems by cause  for each t i m e  i n t e r v a l  i n  which a pi?e system 

was i n s t a l l e d .  Notice t h e  d i f f e r e n c e  i n  t h e  s i z e  of time i n t e r v a l  between 

Tables 2.48 and 2.49. 
The d a t a  shows t h a t  c o r r o s i o n  is t h e  most important  cause  of non- 

r epor t ed  l e a k s  i n  t ransmiss ion  p i p e l i n e s ,  account ing f o r  approximately 

77 percent  of t h e  t o t a l  l e a k s .  The next  most important  cause  of l eaks  

i s  m a t e r i a l  f a i l u r e  which accounts  f o r  about 10 pe rcen t  of t o t a l  l eaks .  

Leaks produced by o u t s i d e  f o r c e s  are only  3 percent  of t o t a l  l eaks .  

comparison of t h i s  d a t a  wi th  t h e  corresponding d a t a  i n  t h e  i n d i v i d u a l  

r e p o r t s  is a p o i n t  of  i n t e r e s t ,  and i s  taken  up i n  t h e  d i s c u s s i o n  found i n  

Sec t ion  2 . 4  of t h i s  chap te r .  The same l i m i t a t i o n s  i n  d a t a  a n a l y s i s  

occur  as wi th  Table  2.48 i n  t h a t  no s t a t i s t i c a l  tests can be performed 

on such percentage d a t a .  

The 
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TABLE 2.48 Continued 
Classification of Leaks by Cause for  Each Decade of Construction 

Distribution Systems 

Year Unknown 

1970 26.7 

1971 28.1 

1972 31.6 

1973 25.6 

Other 

Total 

--29 

31.3 

30.8 

33.0 

30.6 

30-39 

21.0 

18.2 

17.1 

15.1 

100% 100% 

40-49 

19.1 

20.8 

17.0 

16.5 

100% 

50-59 

19.8 

23.4 

20.5 

20.3 

Decade of Construction 
60-69 

23.6 

27.8 

26.9 

26.5 

70-- 

19.1 

26.4 

22: 1 

27.5 
I_- 

100% 100% 100% 

Total 

26.0 

24.0 

1009. 

h, 
I 

00 
00 



' l ' f 4 ~ E  2.49 

Clzzslflzation oE Leaks by C m s e  For Each Decad,. o f  Construct ior!  

Transmission/Gather ing Systems 
Annual Report  Data  

Corros ion  

1973 0.6 L. I 

M a t e r i a l  
F a i l u r e  

1970 0 . 2  

1971 19.4 

1972 7.6 

1973 1 2 . 7  

1970 18.2 

197 1 12.6 

1972 9.2 Other 

3.5 

T o t a l  100% 

M a t e r i a l  
F a i l u r e  

T o t a l  100% 

Decade of Cons t ruc t ion  
---59 I 60-64 I 65-67 

100% 100% 100% 

. 
_I-- 

68-69 

84.4 

65.3 

28.6 

42.6 

4 . 4  
10.7 

17.1 

11.8 

3 . 9  

6 .2  

17.4 
9 . 1  

3 .9  

12.3 

10.1 

13.3 

3 . 4 

5.5 

26.8 

23 .2  

1005; 

I_- 

-,... _ = -  

^eF_" . .. 

_-_  - - I 

I--_.._ - 

70-- T o t a l  

76.6 78.4 

78.7 73.7 

58.8 78.8 

39.2 7 8 . 1  

5.9 2.6 

8.0 3.4 

10.2 2 .8  

13.3 3 .2  

2.9 1.7 

2.1 2.0 

10.2 2.6 

16.9 1.8 

8.0 7 .6  

5.8 13.4 

11.8 8 . 6  

11.9 8 . 6  

6 .6  9.7 

I 

- 

.*. 

- . -  

100% 10 07, 



P 
2.3.3 Annual Keport--Analyses of  P a r t  of P i ? e l l n e  System 'dhere Leaks Occdrred 

The ana lyses  of t h e  p a r t  of  t h e  p i p e l i n e  system which f a i l e d  and 

produced a leak  are presented  i n  t h i s  s e c t i o n .  

Table 2.50 g ives  a breakdown of l e a k s  f o r  d i s t r i b u t i o n  mains by 

t h e  p a r t  which f a i l e d  f o r  each decade of c o n s t r u c t i o n  and an o v e r a l l  t o t a l .  

For example, t h e  o v e r a l l  t o t a l  shows t h a t  about 71 percent  of a l l  l eaks  are 

orA t h e  p ipe  i t s e l f ,  whi le  abouc 11 perceae sf rhe iezks occuc on f i t t i n g s .  

however, looking only a t  systems i n s t a l l e d  i n  t h e  i94G's, about 80 percent  

(from 79.0 t o  84.3 pe rcen t )  of t h e  l eaks  aid oil tXe p l p e  ar,a only 8 3e rcen t  

(from 5.8 t o  9.9 pe rcen t )  occur  on the f i t r i n g s .  Alr'nough it i s  not  

i nd ica t ed  i n  t h i s  t a b l e ,  t h e  column l abe led  "unknown" accounts  f o r  24 
percent  o f  t h e  d a t a  r epor t ed .  

are made on p i p e l i n e  components t h a t  are of unknown age. 

* 

That is, 24 percer't o f  t h e  r e3a i r ed  l eaks  

Because t h i s  d a t a  i s  expressed as percentages  r a t h e r  tha;? as l eak  

rates, t h e  conclus ions  t h a t  can be drawn a r e  q u i t e  l imi t ed .  

the percentage  of l eaks  on va lves  decreases with age, but this does n o t  

For example, 

I 

say t h a t  new valves are more l i k e l y  t o  l e a k  than  o ld  ones.  

t h i n g  about t h i s  would r e q u i r e  one t o  know t h e  number of  va lves  i n  each 

age ca tegory  and t o  normalize t h e  d a t a ;  however, t h i s  in format ion  i s  no t  

a v a i l a b l e .  I n  f a c t ,  n o t i c e  t h a t  each column must add up t o  100 pe rcen t .  

Thus, i f  i n  a g iven  decade t h e  percentage  of leaks i n  one p a r t  i n c r e a s e s ,  

t hen  t h e  percentage  of l e a k s  i n  a l l  the remaining p a r t s  would have t o  

decrease .  

To say some- 

S i m i l a r l y ,  t h e  d a t a  i n d i c a t e s  t h a t ,  o v e r a l l ,  va lves  account f o r  

about  6 pe rcen t  of t h e  r e p a i r e d  l eaks ,  and f i t t i n g s  account f o r  about 

11 percent .  

f i t t i n g ' s  l eak ing  i s  mice t h a t  f o r  a valve.  To make a s ta tement  of  t h i s  

na tu re ,  one would need t o  know t h e  r e l a t i v e  number of va lves  and f i t t i n g s  

t h a t  are i n  t h e  system. 

One cannot conclude from t h i s  t h a t  t h e  p r o b a b i l i t y  of a 

I n  summary, t h i s  t a b l e  shows t h a t  t h e  p i p e  i t s e l f  accounts  f o r  

a g r e a t  ma jo r i ty  of  t h e  l e a k s  (approximately 71 p e r c e n t ) ,  t h a t  f i t t i n g s  

account f o r  approximately 11 percen t ,  and va lves  account f o r  about 6 percent .  

Of t h e  remainder of the p a r t s ,  each accounts  f o r  a very s m a l 4  percentage 

of a l l  r epa i r ed  l eaks .  

n 
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1 9 7 1  

1972 

1973 

TABLE 2.50 

C l a s s i f i c a t i o n  of Leaks by P a r t  Which Leaked f o r  Each Decade of Cons t ruc t ion  
D i s t r i b u t i o n  Mains 
Annual Report  Data 

Decade of  Cons t ruc t ion  

83.5 

74.1 

72.4 

P a r t  Repaired 1 Year I Unknown I --29 I 30-39 I 40-49 I 50-59 

85.9 

72.9 

70.2 

P i p e  78.6 79.8 77.8 

77.7 79.0 73.1 

75.3 75.6 69.3 

I 1970 I 85.4 I 82.6 I 78.6 I 84.3 1 83.0 

1970 

197 1 

197 2 
Valve 

’ 2.8 1.7 3.5 3.6 5 . 5  

3.4 1.5 3.7 4.5 7 .1  

5.6 1.9 4.0 5.8 11.3 

.- 

8.6 4.8 

11.0 5.3 

9.2 6.4 

10.1 8.8 

10.5 9.0 

12.4 11.4 

9.9 11.4 

12.4 11.9 

0.9 1.2 

1.1 1.2 

0.9 1.2 

-- 

- .-- 

(Table cont inued  on next page) 

-- 
81.0 

65.4 62.5 

61.0 70.4 

54.3 66.6 66.6 

5.7 

11.6 

15.9 

20.6 

7.2 

12.6 

12.6 

14.4 

0.9 

1.6 

1.3 

-- 

4 

1.1 0.7 

1.3 0.5 

1.6 1.7 0.5 

1.5 1.5 0.5 

I 
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Table 2.51  is t h e  summary of l e a k s  for d i s t r i b u t i o n  s e r v i c e s ,  

ehowing the r e l a t i v e  magnitude of leaks for  each p a r t  w i t h i n  each decade 

of cons t ruc t ion .  The t a b l e  is  s i m i l a r * t o  Table 2.50  which i s  f o r  d i s -  

t r i b u t i o n  mains. The column under " t o t a l "  shows t h a t ,  on t h e  average, 

t h e  percentages  comprising t h e  t o t a l  l eaks  i n  t h e  annual  r e p o r t  a r e  

approximately 56 percen t  f o r  p ipe ,  20 percent  f o r  f i t t i n g s ,  8 percent  f o r  

va lves ,  4 percen t  f o r  r e g u l a t o r s ,  and 3 pe rcen t  f o r  t a p  connect ions.  

One can  s ta te  from t h i s  d a t a  t h a t  t h e  p r o b a b i l i t y  of a l e a k  on 

t h e  1970's decade p ipe  coming from a va lve  i s  about  8 pe rcen t ,  whi le  

t h e  p r o b a b i l i t y  of a l e a k  on t h e  '30's decade 2ipeccoming from a va lve  

i s  only about  5 percent .  

s t and ing  this s ta tement :  

l i k e l y  t o  l eak  than  a 1930's  valve.  

However, one must be  very  c a r e f u l  i n  under- 

It does = say  t h a t  a 1970's valve  i s  more 

I n  suIIQLary, because t h e  d a t a  are i n  percentages ,  t h e  d a t a  have 

l i m i t e d  value i n  ana lyz ing  t h e  l eak  rates o f  t h e  p ipe  components. 

l imi t ed  conclus ions  can be drawn i n  t h i s  t a b l e ,  as was d i scussed  i n  more 

d e t a i l  i n  Table  2.50. 

Only 

Table 2.52 g i v e s  a breakdown of l eaks  i n  t h e  t r ansmiss ion  systems 

by p a r t s  f o r  each decade of cons t ruc t ion .  The l eaks  i n  t h e  g a t h e r i n g  

systems are not included i n  t h e  t a b l e .  

f u l n e s s  of t h i s  t ype  of d a t a  i s  g iven  i n  Tables  2.50 and 2.51. 
A d i s c u s s i o n  of t h e  l imi t ed  use-  

The d a t a  

provide  t h e  frequency of l e a k s  on a p a r t i c u l a r  p a r t ,  r e l a t i v e  t o  t h e  f r e -  

quencies  of  l eaks  on t h e  rest of t h e  p a r t s  w i t h i n  each decade. 

It is seen  i n  t h e  column under " t o t a l "  t h a t  t h e  o v e r a l l  percentages  
of c o n t r i b u t i o n s  t o  t h e  t o t a l  number of leaks a r e  approximately 73 pe rcen t  

by body of  p ipe ,  12 pe rcen t  by f i t t i n g s ,  3 pe rcen t  by welds ,  3 percent  

by va lves ,  and 1 percent  by t a p  connect ions.  

of p ipe  a r e  by f a r  the most important  cause. 
Thus t h e  l e a k s  on t h e  body 
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TABLE 2.51 

C l a s s i f i c a t i o n  of Leaks by P a r t  Which Leaked fo r  Each Decade of Cons t ruc t ion  
D i s t r i b u t i o n  Serv ices  

Annual Report  Data 
Decade of Cons t ruc t ion  

P a r t  Repaired Year 

1970 

197 1 
1972 

1973 

1970 

197 1 

197 2 

1973 

P i p e  

- 

Valve 

F i t t ing  

1970 

197 1 

1972 

1973 

1970 

1971 

1972 

1973 

1970 

197 1 

1972 

1973 

D r i p  

Tap 
Connect i o n  

Unknown --29 30-39 

80.3 86.7 75.4 

7 1 . 2  83.1 73.6 

56.0 80.6 67.9 

56.0 80.6 65.2 

4.6 2.6 4.4 

7.0 3.4 5 . 1  

9.7 3.8 5.4 

9.7 3.9 5.6 

7 . 2  5.9 11.4 

10.2 7 .2  11.9 

16.9 8.8 17.6 

16.1 9.6 18.7 
0.2 

0 . 4  

0 . 3  

0.3 

0.2 0.2 

0.3 0.5 

0.2 0 . 1  

0.2 0.2 

1.6 1 0.9 I 2.0 

3.3 

4 . 6  

0.9 2 . 1  

0.4 1 . 7  

I 2.7 4.7 0.5 

40-49 I 50-59 

76.2 67.9 

71.0 67.8 

64.3 56.9 

64.4 55.9 

5.3 6.8 , 

6 . 7  7.8 
7 . 1  8 .0  

6.2  8.6 

10.7 15.1 

11.9 12.8 
18.9 22.4 

22.6 17.9 

0.2 0.2 

0.2 0.2 
0 . 1  0.2 

0 . 2  0 . 1  

1_1_ 

---- -- 

-.I. 

GO-69 I 70-- I Total 

61.2 50.9 61.9 

55.2 53.2 59.5 

43.7 46.9 52.0 

43.7 48.5 52.2 

7.9 9.6 7.6 

9 .5  8.1 8.4 

11.1 7 . 1  7.8 

10.6 8.1 O8.0 

15.5 20.0 14.7 

17.5 19.4 1 7 . 1  
27 a 2 25.7 22.7 

23.7 24.5 

0 .3  0.2 

0.2 0.3 

0.3 0.2 

0.2 0.2 

4 .2  8 . 1  3.9 

5 . 1  6 .3  3.7 

4.5 5.9 3.5 

3 .5  7.5 3.8 

(Table cont inued on Following Page) 



e 
c 

Part Repaired Year Unknown --29 

1970 2.6 2.1 

TABLE 2.5 1 continued 
C l a s s i f i c a t i o n  of Leaks by Part Which Leaked for Each Decade o f  Constroction 

Distr ibut ion Services 
Decade of Construction 

30-39 40-49 

4.5 3.3 

2.9 3.4 

2.4 2.6 

2.9 2.8 

2.1 2.5 

3.9 4.1 

4.9 4.4 

4.7 5.4 

50-59 

4.0 

3.5 

2.8 

3.0 

2.8 

4.4 

5.9 

6.0 

1971 2.9 2.1 I 1972 I 3.5 I 1.4 

1 

70-- 

4.1 

6.0 

3.8 

4.0 

7.0 

6.8 

10.3 

8.0 

_- 

.- 

Total 

3.9 

3.4 

2.8 

2.8 

7.8 

7.6 

11.0 

8.5 

1972 9.0 4.8 I 1973 I 10.3 I 3.3 

1973 

1970 

1971 Other 

I I I 

2.9 1.9 

3.5 1.6 

5.0 3.0 

Total 100% 100% 100% 100% 100% 

--- 
60-69 

-e-.. 

5.8 

5.3 

4.1 
3.6 

5.2 

7.0 

9.2 

8.1 

100% 

-.- 

we-.. . .=__ 



TABLE 2.52 
C l a s s i f i c a t i o n  of Leaks by P a r t  Which Leaked f o r  Each Decade of Construct ion 

Transmission Systems 
Annual Report Data 

Decade of C o n s t r u c t i o n  
P a r t  Repaired Year Unknown -729 

1970 74.0 84.6 
Body 
of 
P i p e  

197 1 82.8 

197 2 85.9 

83.1 

84.6 

1973 88.9 85.3 

1970 1.0 0.4 

G i r t h  1971 0.3 0.5 

1972 0.9 0.7 Weld 

1973 0.3 0 .6  

1970 0.2 

197 1 0.1 

1972 0.1 

L ongi t udi  na 1 
Weld 

0.0 

0 . 1  

0.2 
1973 0.0 0 .1  

1970 0 . 1  0.3 

Other 197 1 0.1 0.1 
F i e l d  
Weld 1 1972 1 0 . 1  I 0.2  

1973 0 . 1  0.1 

1970 0.2 0.0 
c-. 

1971 1.6 0 . 1  

1972 0.0 0 .1  

1973 0.0 0.2 

1970 4:1 0.5 

Compr e s so r  

I 1971 I 2.5 I 0.2 

1972  2 .0  1 .2  

1973 2 . 1  1 .2  

Valve 

30-39 

83.4 

81.9 

82.0 

84.5 

2.7 
2.8 

1.6 

3.0 

1 . 7  
1.5 

0.6 

0.4 

0.4 

0.4  

0.1 

0.1 

0.0 

0.0 

0.0 

0 .1  

0.4 

0.6 

2 . 1  

0.7 

40-49 I 50-59 

72.8 

84 .1  

90.0 

85.9 

6.5 

3.7 
2.3 

3.0 

64.0 

76.8 

.65.4 

73.8 

6.3 

4.2 

7 . 2  

3.8 

1 . 7  5 . 1  

1.1 2.6 

1.8 3.1 

0.8 3 .1  

0.8 0.7 

0 .2  0 .9  

0.5 0 .9  

0.3 0.6 

0.5 2.4 

0.3 0 . 2  

0 .2  0.9 

0.6 1.3 

e-- 

1.5 3.1 

0.7 4.3 
1.4 5.0 

1.8 3.9 

60-69 T-70-- I T o t a l  

72 .8  

75.0 

70.3 

75.4 I 

2.1  

2.0 

1.9 

1 . 7  
1.1 

1.0 

0.9 

0.5 

0.4 

0.9 

0.3 

0.3 

0.4 

0.5 

0 .9  

0.4  
1 .9  

2 .2  

8.0 

5 . 1  4 .8  I 1 . 7  ~. -.-__ - - _I_ 

r (Table cont inued on fol lowj ng pagc)  
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P art Rep a i r ed '  f- 
Scraper L 
Connect ion 

L""- 
Gas Cooler 

I-- Other 

T o t a l  

TABLE 2.52. cont inued 

C l a s s i f i c a t i o n  of Leakp by P a r t  Which Leaked for Each Decade o f  Cor;stL'uction 

Transmission Systems 
Decade of Cons t ruc t  i on  

100% 100% 100% 100% 100% 1007" 100% 

T o t a l  - 
0.0 

0.0 

0.0 

0.0 

1.9 

1.4 

0.9 

0.8 

12.6 

13.0 

11.5 

12.3 - 
0.1 

0 .1  

0.0 

0.1 

6 .7  

3 . 9  

5.3 

6.8 

1 0 0% 

1 



n 
This s e c t i o n  c o n s i s t s  of comparisons of t h e  conclus ions  drawn f rom 

t h e  ana lyses  of I1reportedl1 l e a k  d a t a  ( i n d i v i d u a l  r e p o r t s )  with analyses  

of "non-reported" l e a k  d a t a  (annual  r e p o r t s ) .  

The number of comparisons t h a t  can be made i s  Limited by t h e  f a c t  

t h a t  of t h e  50 t a b l e s  (excluding Tables 2.1 ;nd 2 . 4 2 )  presented  in the 

previous  s e c t i o n ,  only t e n  (Tables 2.43 tnrough 2.32)  ahslyze non- 

r epor t ed  l e a k  d a t a  obta ined  from the annual  r e p o r t s ;  of these t e n  t a b l e s ,  

only e i g h t  c o n t a i n  d a t a  t h a t  can b e  d i r e c t l y  coinpared wi th  d a t a  from the  

i n d i v i d u a l  reports. Tne repson for t h i s  relatively small number of 

d i r e c t  comparisons is t h a t  t h e  i n d i v i a u a l  r e p o r t s  con ta in  much more 

d e t a i l e d  informat ion  about l e a k s ,  t h e  same l e v e l  of d e t a i l  iiot being 

a v a i l a b l e  from t h e  annual  r e p o r t s .  O f  course ,  much of the information 

i n  t h e  annual r e p o r t s  is mileage d a t a  t h a t  is used as a normalizing f a c t o r  

for l eak  d a t a  from t h e  i n d i v i d u a l  r e p o r t s .  
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2.4.1 Leak Rates  by Age 

2.4.1.1 D i s t r i b u t i o n  Mains (Table 2.12 vs .  2.431 

Leak r a t e  d a t a  f o r  d i s t r i b u t i o n  mains ( a l l  causes)  a s  a f u n c t i o n  

of t h e  decade of c o n s t r u c t i o n  are presented  i n  Tables 2.12 and 2.43. 

The d i f f e r e n c e s  i n  t h e s e  two t a b l e s  a r e :  (1)  Table  2.12 p r e s e n t s  d a t a  

f o r  i n d i v i d u a l l y  r epor t ed  l e a k s ,  whereas Table 2.43 p r e s e n t s  d a t a  f o r  

a l l  non-reported leaks (from t h e  annual r e p o r t  form); and (2 )  Table 2.12 

% , i n c l u d e s  l e a k s  on a l l  p a r t s  of t h e  p i p e l i n e ,  bu t  Table 2.43 inc ludes  

only l e a k s  on t h e  body of t h e  pipe.  

Comparing t h e s e  two t a b l e s ,  i t  can be  seen t h a t  both ana lyses  

confirm t h e  g e n e r a l  no t ion  t h a t  t h e  t o t a l  l eak  r a t e  i n c r e a s e s  with age 

o f  t h e  system. The ch ie f  d i f f e r e n c e  between t h e  t a b l e s  i s  i n  t h e  r e l a t i v e  

r ank i r ;  of  t h e  l e a k  ra te  for t h e  1970's.  

f o r  t h e  1950'8, ' ~ O ' S ,  and ' 70 ' s  a r e  s i g n i f i c a n t l y  lower than  f o r  t h e  

o the r  decades;  b u t ,  i n  Table 2.12, t h e  '70 ' s  l eak  r a t e  i s  s i g n i f i c a n t l y  

h ighe r  than  t h a t  f o r  t h e  ' 50 's  and '60's. Hence, p i p e l i n e  i n s t a l l e d  i n  

t h e  1970's  shows a s i g n i f i c a n t l y  h ighe r  rate of s e r i o u s  leaks  ( t h e  type  

r e q u i r i n g  i n d i v i d u a l  r e p o r t s )  than  p i p e l i n e s  i n s t a l l e d  du r ing  t h e  ' 5 0 ' s  

and '60's. 

rates of non-reported l e a k s  i n  t h e  1950's ,  '~O'S, and ' 7 0 ' s .  

I n  Table 2.43, t h e  l eak  r a t e s  

However, t h e r e  i s  no s i g n i f i c a n t  d i f f e r e n c e  among t h e  l eak  

2.4.1.2 D i s t r i b u t i o n  Se rv ices  (Tables  2.13 v& 2.44) 

These t a b l e s  c o n t a i n  d a t a  similar t o  t h a t  found i n  Tables  2.12 

and 2.43 except  t h a t  t h e  d a t a  is f o r  d i s t r i b u t i o n  " se rv ices"  r a t h e r  t h .  

"mains." Again, t h e  d i f f e r e n c e s  a r e :  (1)  Table 2.13 p r e s e n t s  d a t a  

f o r  i n d i v i d u a l l y  r epor t ed  l eaks  whi le  Table 2.44 p r e s e n t s  d a t a  f o r  a l l  

non-reported leaks; and (2)  Table 2.13 inc ludes  d a t a  f o r  leaks on a l l  

p a r t s  of  t h e  system, wh i l e  Table 2.44 p r e s e n t s  on ly  d a t a  f o r  l eaks  on 

t h e  body of t h e  p ipe .  

Comparisons between t h e s e  t a b l e s  y i e l d  conclus ions  s i m i l a r  t o  

t h o s e  drawn i n  t h e  comparison of Tables  2.12 and 2.43. 

show a t rend  of i n c r e a s i n g  l e a k  rates wi th  age o f  t h e  system. 

Table 2.44, t h e  l e a k  rate f o r  t h e  1950's,  ' ~ O ' S ,  and, ' 70 ' s  is s i g n i f i c a n t l y  

lower than  those  f o r  o t h e r  decades,  b u t  i n  Table 2.13, t h e  only  s i g n i f i c a n t  

Both g e n e r a l l y  

Also, i n  
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conclus ion  i s  t h a t  t h e  l e a k  r a t e  f o r  t h e  1920's  i s  s i g n i f i c a n t l y  h ighe r  

t han  t h a t  f o r  t h e  o t h e r  decades.  As was t h e  case f o r  d i s t r i b u t i o n  mains 

p rev ious ly ,  it appears  t h a t  t h e r e  is a g e n e r a l  t rend  of inc reas ing  l eak  

ra tes  wi th  age,  except  t h e  1970's  p i p e  h a s  a s i g n i f i c a n t l y  h ighe r  ra te  f o r  

i n d i v i d u a l l y  r e p o r t e d  leaks. 

2.4.1.3 Transmission Systems (Tables  2.14 vs. 2.45) 

These two t a b l e s  p r e s e n t  data  s i m i l a r  t o , t n e  previous s e t s  of 

tables (2.12, 2.13, 2.43, and 2.44) except in t h i s  ca se ,  the l eak  rates 

as a f u n c t i o n  of  p i p e  age  are analyzed f o r  r ransmiss ion  systems. 

b a s i c  d i f f e r e n c e s  i n  Tables  2.14 and 2.45 are: (1) Table 2.14 p r e s e n t s  

d a t a  f o r  a l l  i n d i v i d u a l l y  r epor t ed  l e a k s  whereas Table 2.45 p r e s e n t s  

d a t a  f o r  a l l  non-reported l e a k s ;  and (2) Table 2.14 inc ludes  l eaks  on 

a l l  p a r t s  of t h e  system, b u t  Table 2.45 i n c l u d e s  only  l eaks  on t h e  body 

of  t h e  p ipe .  

The 

Once more, t h e  t a b l e s  i n d i c a t e  t h a t  t h e  l e a k  rates i n c r e a s e  wi th  

age  of t h e  system. 

y i e l d  i d e n t i c a l  r e s u l t s :  

s i g n i f i c a n t l y  h i g h e r  t h a n  a l l  o t h e r s ,  and t h e  1930's  leak ra te  is higher  

t h a n  t h e  1 9 4 0 ' ~ ~  ' ~ O ' S ,  ' ~ O ' S ,  and ' 70 's .  The l e a k  rates f o r  t h e  la t ter  
f o u r  decades do not s i g n i f i c a n t l y  d i f f e r  from each o t h e r .  

I n  t h i s  comparison, t h e  two s ta t i s t ica l  ana lyses  

namely, t h a t  t h e  leak r a t e  for t h e  1920's  is 

, 

n 
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2.4,2 Eask Rates by Cause 

2.4.2.1 D i s t r i b u t i o n  Systems (TLblcs 2 , 2 b  v b .  2 .48 ;  

Tables  2.29 and 2.4% both presen t  o. percentage  of l e a k s ,  by cause ,  

f o r  each decade of c o n s t r u c t i o n  f o r  d i s t r i b u t i o n  mains and s e r v i c e s .  

However, Table 2.29 concerns only  i n d i v i d u a l l y  r epor t ed  l e a k s ,  and Table 

2.48 i nc ludes  a l l  l eaks  ( r epor t ed  and non-reported)  from t h e  annual  r e p o r t .  

I n  t h e  annual  r e p o r t  t h e  number of r e p r t a d  l e a k s ,  as  c o q a r e d  t o  the  

number of non-reported l e a k s ,  i s  small. Therefore,  Table 2.48 g i v e s  a good 

approximation of  t h e  non-reporred l eaks  foz 7urposes oi c o x p r i s o n  with 

r epor t ed  l e a k s  i n  Table 2.29. 

I n  making t h e  comparison, t h e  age breakdown i s  of minor importance,  

and conclus ions  w i l l  b e  drawn from t h e  o v e r a l l  percentages  by cause.  

comparing t h e  two t a b l e s ,  t h e r e  are two major d i f f e r e n c e s :  (1) c o r r o s i o n  

l e a k s  account f o r  approximately 45 p e r c e n t  of a i l  l eaks  i n  Table  2.48 b u t  

f o r  on ly  about  15 pe rcen t  of t h e  l eaks  i n  Tabie 2.29; and (2) o u t s i d e  f o r c e  

accounts  f o r  on ly  14 pe rcen t  of t h e  l e a k s  in Table 2.48, b u t  i n  Table 2.29, 

approximately 70 pe rcen t  o f  t h e  leaks  are caused by o u t s i d e  f o r c e .  Hence, 

t h e  comparison i n d i c a t e s  t h a t  l eaks  caused by o u t s i d e  f o r c e  g e n e r a l l y  tend  

t o  be t h e  lldangerousl'  ones ,  i n  t h a t  they r e q u i r e  i n d i v i d u a l  r e p o r t s .  

Corrosion-caused l eaks  deve lop  g radua l ly  and accumulat ion of escaped gas  

i s  slow, i f  i t  happens a t  a l l ,  

i nvo lve  a r u p t u r e  of t he  p ipe  and are more f r e q u e n t l y  followed by explos ion .  

This  i n d i c a t e s  t h a t  i f  one wished t o  use  l eak  d a t a  i n  t h e  annual  r e p a r t s  a s  

a b a s i s  of some s a f e t y  measure, i t  would r e q u i r e  t h e  use  of some weight ing 

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

I n  

Leaks caused by o u t s i d e  f o r c e  u s u a l l y  

\ 

One way of doing t h i s  i s  t o  d i v i d e  t h e  pe rcen t s  i n  Table  2.29 

by t h e  corresponding pe rcen t s  i n  Table 2.48 and use  t h e  r e s u l t i n g  q u o t i e n t s  

as t h e  weights .  Such 

Cause 

Corrosion 
Outs ide  f o r c e  
Cons t ruc t ion  d e f e c t  
M a t e r i a l  f a i l u r e  
Other  

weights  are c a l c u l a t e d  below: 

Percentages  of T o t a l  Leaks 
I nd i v  idua  1 Annua 1 

15.0% 45.2% 
69.9 14.2 

1.7 5.4 , 
8.3 10.2 
5.2 25.0 

Weighting Fac to r  

0.33 
4.92 
0.31 
0.81 
0.21 
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Prom t h e  weights ass igned t o  co r ros ion  and o u t s i d e  f o r c e ,  w e  caa see r h a i  

one o u t s i d e  f o r c e  l e a k  is  equ iva len t  t o  approximately 15 ( 4 . 9 2 / 0 . 3 3 )  

corrosion-caused l eaks  i n  terms of p o t e n t i a l  danger.  

2 .4 .2 .2  Transmission Systems (Tables 2.28 vs. 2 . 4 9 )  

Tables  2.28 and 2.49  each p r e s e n t  percentages  of leaks  by cause,  

broken down by decade of c o n s t r u c t i o n  f o r  t r ansmiss ion  systems. 

inc ludes  d a t a  fo r  i n d i v i d u a l l y  reported leaks, whiir Tabie 2.19 i n c l m e s  

data for both r epbr t ed  and non-reported ieaics Ecou the annual r e p o r t .  

Note t h a t  t h e  age breakdowns f o r  t h e  t a b l e s  a r e  d i f f e r e n t .  

Table 2.28 

?he comparisons t h a t  can be  made a r e  very s i m i l a r  t o  tne comparisons 

made f o r  Tables 2 . 2 9  and 2 - 4 8 .  I n  t h e  annual r e p o r t s  (Table 2 . 4 9 ) ,  
c o r r o s i o n  accounts  f o r  about  77 percent  o f  t h e  leaks, and o u t s i d e  f o r c e  

accounts  f o r  about 3.0 pe rcen t ,  whereas Table 2.28 i n d i c a t e s  t h a t  co r ros ion  

accounts  f o r  on ly  about 15 pe rcen t  of t h e  l eaks  and o u t s i d e  fo rce ,  f o r  

almost 54  percent .  

the more serious l e a k s ,  can  b e  made. 

Hence, t h e  same conclus ion  about o u t s i d e  f o r c e  caus ing  

Applying t h e  weight ing f a c t o r s  t o  t h e  d a t a  i n  the annual  r e p o r t s  

as a s a f e t y  measure, w e  g e t  t h e  fo l lowing  c a l c u l a t i o n s :  

Percentages of T o t a l  Leaks 

I n d i v i d u a l  Annual Weighting Fac to r  Cause 

Corros ion  15.0% 77.3% 0.19 
Outs ide  f o r c e  53.9 3.0 18.0 
Cons t ruc t ion  d e f e c t  5 . 4  2 . 0  2 . 7  
Mate r i a l  f a i l u r e  18.9 9.6  2 . 2  
Other  6 .8  8 .2  0 .83  

- 

From t h e  weights  ass igned  t o  c o r r o s i o n  and o u t s i d e  f o r c e ,  w e  s ee  t h a t  i n  

t h e  t r ansmiss ion  system, one o u t s i d e  f o r c e  l eak  i s  equ iva len t  t o  approxi-  

mately 95 (18.0/0.19) c o r r o s i o n  l e a k s  i n  terms of p o t e n t i a l  danger .  
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2.4.3 Leak Rate  by P a r t  

2.4.3.1 D i s t r i b u t i o n  Mains (Table 2.23 vs .  2.50) 

Tables  2.23 and 2.50 g i v e  t h e  percentage  breakdown of leaks  by 

t h e  p a r t  which leaked,  f o r  d i s t r i b u t i o n  mains, Table 2.23 is f o r  

i n d i v i d u a l  reports, whi l e  Table 2.50 is f o r  non-reported l e a k s  from t h e  

annual  r e p o r t  form. Table 2.50 a l s o  g ives  a f u r t h e r  breakdown by \age .  

I n  comparing t h e  two t a b l e s ,  t h e i r  r e s u l t s  are q u i t e  similar. The 

primary d i f f e r e n c e s  are: (1) P ipes  account f o r  about 71 percent  of t h e  

l e a k s  i n  t h e  annual r e p o r t  (Table 2.50),  b u t  t h e  percentage  i s  a l i t t l e  

h ighe r  (from 76-to-83 percent  of t h e  l eaks )  i n  t h e  i n d i v i d u a l  r e p o r t s ;  and 

(2)  t h e  I1othert1 ca tegory  accounts  f o r  almost 9 pe rcen t  of t h e  l eaks  i n  
Table 2.50, whi le  it accounts  f o r  2.0 t o  5.8 percent  of t h e  l eaks  i n  

Table  2.23. However, bo th  t a b l e s  y i e l d  t h e  same conclus ion:  namely, 

that almost 75 pe rcen t  of t h e  l e a k s  o r i g i n a t e  on t h e  p ipe  wi th  approxi -  

mately 10 pe rcen t  of  t h e  l eaks  o r i g i n a t i n g  on t h e  f i t t i n g .  

2.4.3.2 D i s t r i b u t i o n  Se rv ices  (Table 2.24 VS. 2.51) 

The comparison between Tables 2.24 and 2.51 is very similar t o  t h e  

prev ious  comparison, except  t h a t  t h e s e  t a b l e s  are f o r  d i s t r i b u t i o n  s e r v i c e s .  

Again, t h e  d i f f e r e n c e s  between t h e  t a b l e s  are: 
d a t a  from t h e  i n d i v i d u a l  l e a k  r e p o r t s ,  wh i l e  Table  2.51 p r e s e n t s  d a t a  from 

non-reported l e a k s ;  and (2) Table 2.51 g i v e s  a f u r t h e r  percentage  breakdown 

(1)  Table 2.24 p r e s e n t s  

by age. 

I n  t h e  comparison of t h e  “ t o t a l t 1  ca tegory  of  

2.51, t h e r e  i s  cons ide rab le  s i m i l a r i t y  i n  t h e  d a t a .  

p ipe  accounts  f o r  over  h a l f  of t h e  t o t a l  l e a k s ,  and 

f o r  t h e  second g r e a t e s t  percqntage of leaks .  

Table 2.24 wi th  Table 

I n  both cases the 

t h e  f i t t i n g s  account 

. 2.4.3.3 Transmission Systems (Table 2.25 vs.  2.52) 

These t a b l e s  g i v e  l eak  percentages by p a r t  which f a i l e d  f o r  t r a n s -  
miss ion  systems. Table 2.25 p r e s e n t s  t h i s  d a t a  from t h e  i n d i v i d u a l  l e a k  

reports, whi le  Table  2.52 p r e s e n t s  d a t a  f o r  non-reported l eaks .  

Table 2.52 g i v e s  a f u r t h e r  percentage  breakdown by age. 

Also,  

Table 2.25 

c o n t a i n s  informat ion  f o r  no t  only t h e  t r ansmiss ion  l i n e s ,  b u t  a l s o  g a t h e r -  

ing systems and t r ansmiss ion  l i n e s  t h a t  are p a r t  of  a d i s t r i b u t i o n  system. 
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Hence, t h e  comparison i s  made between t h e  f i r s t  f o u r  l i n e s  of  Table 2.25 and 

t h e  " t o t a l t 1  column of Table 2 . 5 2 .  
I n  comparing t h e  t a b l e s ,  w e  n o t e  (as w e  d i d  i n  t h e  comparisons 

between Tables  2 . 2 3  and 2 . 5 0 ,  and Tables 2 . 2 4  and 2.51) t h a t  t h e  p ipe  and 

the  fittings are t h e  origins of t h e  l a r g e s t  and second l a r g e s t  number of 

l e a k s ,  r e s p e c t i v e l y .  However, t h e r e  are s e v e r a l  d i f f e r e n c e s :  (1) The 

body of t h e  p ipe  accounts  f o r  about 74 percen t  of t h e  non-reported l eaks  

(annual  r e p o r t ) ,  b u t  i t  accounts  f o r  on ly  47-to-50 pe rcen t  of t h e  i n d i -  

v i d i u a l l y  r epor t ed  l e a k s ;  and (2) t a p  connec t ions  account f o r  1-to-2 

pe rcen t  of non-reported l e a k s ,  but they account f o r  3.5-to-8.1 percent  of 

i n d i v i d u a l l y  r epor t ed  l e a k s .  

2 - 1 0 4  
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2.5 ANALYSIS OF I N D I V I D U A L  OPBA’IORS 

The purpose of  t h e  a n a l y s i s  i n  t h i s  s e c t i o n  i s  t o  de te rmine  measures 

and t o  deve lop  s t a t i s t i c a l  p rocedures  which can  be  used t o  e v a l u a t e  and 

compare t h e  performance of i n d i v i d u a l  o p e r a t o r s .  

i n  t h e  annual  and i n d i v i d u a l  l e a k  r e p o r t s ,  t h e  g o a l  i s  t o  i d e n t i f y  those  

o p e r a t o r s  whose performance i n d i c a t e s  a p o s s i b l e  s a f e t y  2robiem s o  ::?a: 

f u r t h e r  i n v e s t i g a t i o n  and p o s s i b l e  c o r r e c t i v e  a c t i o n  may b e  uiidercaken. 

Using t h e  d a t a  submitted 

This  s e c t i o n  i s  organized  i n t o  two major par t s .  ‘r‘irst, a d e s c r i p c i o n  

w i l l  b e  g iven  of a l t e r n a t i v e  measures which might be used  zo hssess  tne 

s a f e t y  performance o f  i n d i v i d u a l  o p e r a t o r s ,  and a s p e c i f i c  measure i s  

recommended. Secondly, u s ing  t h e  recommended measure, a procedure i s  

exp la ined  f o r  ana lyz ing  i n d i v i d u a l  o p e r a t o r s  and ,If l agging?  those  t h a r  

appear t o  have p o t e n t i a l  s a f e t y  problems as compared t o  average  o p e r a t o r s .  

Most of t h e  s p e c i f i c  a n a l y s e s  r e f e r r e d  t o  i n  t h i s  s e c t i o n  were based 

on t h e  d i s t r i b u t i o n  system d a t a ,  b u t  t h e  g e n e r a l  p rocedures  should apply 

e q u a l l y  t o  t r ansmiss ion  o p e r a t o r s .  

3 
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2.5.1 Neasures of S a f e t y  

2.5.1.1 Death and I n j u r y  Rate 

One of t h e  i n i t i a l  measures of an  o p e r a t o r ' s  s a f e t y  performance 

examined was t h e  dea th  and i n j u r y  r a t e  r e s u l t i n g  from a c c i d e n t s  i nvo lv ing  

t h e  o p e r a t o r ' s  system. 

t h e  t o t a l  o f  d e a t h s  and i n j u r i e s  as r epor t ed  on t h e  annual r e p o r t  by t h e  

number or' m i l e s  of p i p e  i n  t h e  o p e r a t o r ' s  sys"iam. 

i s  determined by adding m i l e s  of mains t o  m i l e s  o f  s e r v i c e s ,  using a con- 

v e r s i o n  f a c t o r  of 50.5 f e e t  p e r  s e r v i c e ,  as has  been desc r ibed  i n  s e v e r a l  

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

'Ihe d e a t h  and i n j u r y  r a t e  i s  determined by d i v i d i n g  

The toKai mFies or  p i p e  

One obvious r eason  f o r  choosing d e a t h  and i n j u r y  ra te  i s  t h a t  i t  i s  

a d i r e c t  measure of s a f e t y ,  i .e.,  s a f e t y  means t h e  p reven t ion  of human and/or 

p rope r ty  damage. 

t o  a s s e s s  s a f e t y ,  an  a n a l y s i s  was performed t o  show t h e r e  i s  a c o r r e l a t i o n  

between dea th  and i n j u r y  r a t e  and o p e r a t o r  s i z e ,  a r e s u l t  t h a t  seems c o r r e c t  

on an  i n t u i t i v e  b a s i s .  This  data is presen ted  i n  Tab le  2.53. It can  be 

observed t h a t  t h e  mean v a l u e  of  d e a t h s  and i n j u r i e s  per  1,000 miles of 

p i p e l i n e  i s  i n v e r s e l y  r e l a t e d  t o  t h e  s i z e  of  t h e  system ( a s  measured by t h e  

number of s e r v i c e s  of t h e  o p e r a t o r ) .  From t h i s  a n a l y s i s ,  i t  might be 

concluded t h a t  t h e  smaller o p e r a t o r s  should rece ivf i  more a t t e n t i o n  from 

OPS enforcement personnel  t h a n  l a r g e  o p e r a t o r s ,  s i n c e  they  g e n e r a l l y  have 

a h i g h e r  d e a t h  and i n j u r y  rate.  
ano the r  p e r s p e c t i v e ,  t h e n  t h e  o p p o s i t e  conc lus ion  may b e  drawn. 

b e  seen  t h a t  t h e  83 o p e r a t o r s  w i th  over  100,000 s e r v i c e s  ( r e p r e s e n t i n g  

on ly  9 pe rcen t  of a l l  gas d i s t r i b u t i o n  o p e r a t o r s )  account f o r  68 pe rcen t  of 

t o t a l  i n j u r i e s  and dea ths .  

t han  1,000 s e r v i c e s  ( r e p r e s e n t i n g  38 pe rcen t  of a l l  o p e r a t o r s )  on ly  

accounted f o r  2 .7percent  of t h e  i n j u r i e s  and d e a t h s .  

be  p r e d i c t e d  t h a t  e f f o r t s  t o  improve t h e  s a f e t y  performance of t h e  o p e r a t o r s  

w i th  over 100,000 s e r v i c e s  would have a g r e a t e r  impact i n  reducing  d e a t h s  

and i n j u r i e s  t h a n  e f f o r t  s p e n t  working wi th  t h e  l a r g e  number of  smaller 
o p e r a t o r s .  

r a t e  measures can  b e  u s e f u l  when a s s e s s i n g  t h e  s a f e t y  of groups of o p e r a t o r s .  

To demonst ra te  t h a t  d e a t h  and i n j u r y  can  indeed be  used 

However, i f  t h e  d a t a  i s  viewed from 

It can  

On t h e  o t h e r  hand, t h e  341 o p e r a t o r s  w i th  less 

It might t h e r e f o r e  

I n  stannary, t h e  d a t a  i n  Table 2.53 shows t h a t  d e a t h  and i n j u r y  

On t h e  o t h e r  hand, t h e r e  a r e  s e v e r a l  d i sadvan tages  with a t tempt ing  

To e x p l a i n ,  t o  use  d e a t h  and i n j u r y  r a t e  t o  assess i n d i v i d u a l  o p e r a t o r s .  

2- 106 



TABLE 2.53 

No. of I n j u r i e s  1970 
or Deaths 1971 

1972 

Injur ies  and 1970 
Death per 1971 
1,000 Miles 1972 

Mean Value 1970-1972 

Injur ies  and Deaths for; Different Operator Sizes 
Distribut ion Systems 

\ 

’ 11 51 46 260 3 68 
12 34 133 295 474 
12 48 70 32 1 45 1 

0.83 1.28 0.35 0.33 0.38 
1.36 0.82 0.99 0.39 0.50 
1.41 1.03 0.46 0.43 0.47 

1.20 1.04 0.60 0.38 0.45 

Class by Number of Services 

*Miles of mains plus number of services ,converted into equivalent miles by 50.5 f t l s e rv i ce .  
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suppose two o p e r a t o r s  of s i m i l a r  s i z e  eacn n&ve 21i a c c i d e n t ,  w;tn o3e 

a c c i d e n t  r e s u l t i n g  i n  a s i n g l e  i n j u r y  o r  deach and t h e  o t h e r  acc iden t  

r e s u l t i n g  i n  seven i n j u r i e s  o r  d e a t h s .  

and i n j u r y  ra te ,  one o p e r a t o r  would appear seven t i m e s  worse than  t h e  

o t h e r .  

f o r t u n a t e  enough n o t  t o  b e  t h e  cause  of  any s e r i o u s  a c c i d e n t s  du r ing  a 

p a r t i c u l a r  y e a r ,  w h i l e  on t h e  o t h e r  hand, a s a f e  o p e r a t o r  may have an 

o u t s i d e  p a r t y  cause  an  a c c i d e n t  t n a t  k i l l s  or i n j u r e s  several  peopie.  

I n  s t a t i s t i c a l  terms w e  can say t h a t  t h e  raadom occurrence  of dea ths  and 

i n j u r i e s  h a s  an i r r e g u l a r  d i s t r i b u t i o n ,  i .e. , i nc idences  invo lv ing  dea ths  

and i n j u r i e s  g e n e r a l l y  occur  i n f r e q u e n t l y ,  o u t  when they  do,  they  can e a s i l y  

invo lve  anywhere from one t o  t e n  i n j u r i e s .  This causes  t h e  dea th  and i n j u r y  

r a t e  f o r  o p e r a t o r s  t o  e i t h e r  b e  z e r o  (no d e a t h s  o r  i n j u r i e s )  o r  r e l a t i v e l y  

l a r g e  (one, f i v e  o r  t e n  d e a t h s  o r  i n j u r i e s ) .  

I n  t h i s  i n s t a n c e ,  based on dea th  

O r ,  a n  o p e r a t o r  who is obvious ly  unsa fe  by most s t anda rds  may b e  

To i l l u s t r a t e  t h i s  p o i n t  an  a n a l y s i s  of t h e  d e a t h  and i n j u r y  r a t e  f o r  

d i s t r i b u t i o n  o p e r a t o r s  was performed t o  o b t a i n  some i n d i c a t i o n  of t h e  range 

of t h i s  measure f o r  i n d i v i d u a l  o p e r a t o r s  i n  d i f f e r e n t  s i z e  groups.  This 

d a t a  i s  presented  i n  Table 2.54. To e x p l a i n  t h e  d a t a  i n  Table 2.54 ,  cons ide r  

t h e  o p e r a t o r s  w i t h  less t h a n  1,000 s e r v i c e s  (column 1). 
t h e  dea th  and i n j u r y  rate f o r  each of  t h r e e  y e a r s  (1970-1972) w a s  c a l -  

c u l a t e d  and t h e n  t h e  range  of  t h i s  ra te  determined by s u b t r a c t i n g  t h e  

smallest r a t e  from t h e  l a r g e s t  rate.  

of t h e s e  341 r anges  is t hen  g iven  i n  column 1. 
of t h e  o p e r a t o r s  w i th  less than  1,000 s e r v i c e s  had a range of z e r o ,  which 

For each o p e r a t o r ,  
%.$' 

The pe rcen tage  frequency d i s t r i b u t i o n  

The d a t a  says  t h a t  97.95 pe rcen t  

i n  a l l  l i k e l i h o o d  means t h a t  t h e i r  d e a t h  and i n j u r y  ra te  was z e r o  f o r  a l l  

t h r e e  yea r s .  One o p e r a t o r  ( . 2 9  percent  of 341 o p e r a t o r s )  had a range  of 

between 1.0-1.2 d e a t h s  and i n j u r i e s  per m i l e ,  which i n  a l l  l i k e l i h o o d  

means t h a t  f o r  two y e a r s  t h i s  o p e r a t o r  had z e r o  d e a t h s  and i n j u r i e s ,  and 

i n  one yea r  had a d e a d  and i n j u r y  r a t e  of 1.0-1.2 per m i l e .  

t h e  u n i t s  are  d i f f e r e n t  on each column, e.g., column 4 f o r  o p e r a t o r s  over 
100,000 s e r v i c e s  i s  based on d e a t h s  and i n j u r i e s  per  1,000 miles. 

Note t h a t  

T h e i r r e g u l a r i t y  of t h e  dea th  and i n j u r y  ra te  d a t a  i s  e a s i l y  observed 

i n  Table 2.54, e s p e c i a l l y  f o r  t h e  sma l l e r  o p e r a t o r s .  The d e a t h  and i n j u r y  

r a t e s  are q u i t e  h igh  f o r  a small  pe rcen tage  of t h e  o p e r a t o r s  wi th  less than 

10,000 s e r v i c e s ,  whi le  most o p e r a t o r s  i n  t h i s  s i z e  range  had no i n j u r i e s  o r  
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TABLE 2.54 

Frequency Distributions of the Three Year Range 

of Death and Injury Rate for Each Operator 

Class by Number of Services  

No. of Operators 

Rate Basis  

In t erva 1 

0.0 

0.0 - 0.2 
0.2 - 0.4 
0.4 - 0.6 
0.6 - 0.8 
0.8 - 1.0 
1.0 - 1.2 
1.2 - 1.4 
1.4 - 1.6 
1.6 - 1.8 
1.8 - 2.0 
2.0 - 4.0 
over 4.0 

Average Range 

less than 1,000 to Over 
1,000 10,000 100,000 

34 1 343 119 83 

per 100 per 1,000 per 1 per 10 
m i l e  . miles miles miles 

Percent Frequency of Range 

97.95 

1.47 
0.29 

0 0  - 
0 

0 

0.29 

0.00492 

87.17 

9.33 

1.46 

0.87 

0.29 

0.29 

0.29 

0 

0.29 

0.0297 

57.14 
25.21 

10.92 

1.68 

1.68 

0.84 

0.84 

0.84 

0.122 

13.25 

18.07 

15.66 

15.66 

9.64 

3.61 

9.64 

0 

3 .61  

1.21 

2.41 

2.41 

4.81 

0.831 
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d e a t h s  dur ing  t h e  t h r e e  year  per iod  . 
Another way t o  see t h i s  gene ra l  problem i s  shown by the da:a Ln 

Table 2.55. 

l e a s t  one i n d i v i d u a l  r e p o r t  du r ing  1972; t h a t  i s ,  t h i s  l i s t i n g  i s  f o r  

o p e r a t o r s  who appeared on t h e  i n d i v i d u a l  r e p o r t  f i l e .  
1 Table 2.55 l i s ts  the  fo l lowing  informat ion  f o r  1972: 

This t a b l e  l i s t s  d i s t r i b u t i o n  system ope ra to r s  who f i l e d  a t  

For each o p e r a t o r ,  

Column No. To ta l  of  Column 

1. 

2 .  
3 .  
4 .  

5 .  

6. 
7. 
8. 
9. 

10. 
11. 
12. 

Name of Company ( l e f t  b lank i n  t h i s  r e p o r t  to 
prese rve  c o n f i d e n t i a l i t y  of  i nd iv i t i ua l  
o p e r a t o r  r e p o r t s )  

Operator  Number 
T o t a l  Xumber of I n d i v i d u a l  Reports  
T o t a l  Number of Deaths (from t n e  i n d i v i d u a l  l eak  

To ta l  Number of  I n j u r i e s  (from t h e  i n d i v i d u a l  leak  

T o t a l  P rope r ty  Damage t o  t h e  Operator  ( d o l l a r s )  
Number of I n d i v i d u a l  Reports pe r  1,000 Miles of Pipe 
Number of  Deaths p e r  1,000 Miles of P ipe  
Number of I n j u r i e s  p e r  1,000 Miles of P ipe  
Proper ty  Damage ( d o l l a r s )  pe r  1 ,000 Miles of P ipe  
1972 Repaired Leaks (annual  r e p o r t )  per  Mile of P ipe  
1972 Outs ide  Force  Leaks (annual  r e p o r t )  pe r  M i l e  of 

report s) 

r e p o r t  s ) 

Pipe  

I n  o r d e r  to  e x p l a i n  t h e  d a t a ,  n o t i c e  t h a t  du r ing  1972, Opera tor  4 

f i l e d  18 i n d i v i d u a l  l e a k  r e p o r t s ,  r e p o r t i n g  one d e a t h ,  16 i n j u r i e s ,  and 

$6,789 i n  p rope r ty  damage; and, based on a l l  l e a k s  from t h e  annual  r e p o r t  

form, t n e  company had a t o t a l  l e a k  r a t e  of 0.59 l eaks  pe r  m i l e  and an 

o u t s i d e  f o r c e  l e a k  rate of  0.11 l eaks  p e r  m i l e .  Not ice  t h a t  by adding 

d e a t h s  and i n j u r i e s  t o g e t h e r ,  the.number of d e a t h s  and i n j u r i e s  ranges  from 

ze ro  f o r  some o p e r a t o r s  t o  23 f o r  one ope ra to r .  

Even though one can  t h i n k  of  d e a t h  o r  i n j u r y  r a t e  as a d i r e c t  measure 

of an  o p e r a t o r ' s  s a f e t y  performance, as  p rev ious ly  discussed--and as Table 

2.55 i n d i c a t e s - - t h e  d a t a  is t o o  i r r e g u l a r  f o r  t h e  l imi t ed  d a t a  sample 

a v a i l a b l e  t o  b e  u t i l i z e d  i n  ranking  o r  comparing i n d i v i d u a l  o p e r a t o r s  

du r ing  any yea r .  

n 

lFol lowing t h e  a n a l y s i s  procedure used elsewhere i n  t h i s  r e p o r t ,  a 
d i s t r i b u t i o n  o p e r a t o r ' s  t o t a l  number of m i l e s  of p ipe  was obtained by 
conver t ing  t h e  number o f  s e r v i c e s  t o  m i l e s ,  us ing  t h e  conversion f a c t o r  of 
50.5 f e e t  p e r  s e r v i c e  and adding t h i s  mileage t o  t h e  m i l e s  of mains. 

n 
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Table 2.55 Comparison of D i s t r i b u t i o n  Operators  Who F i l e d  Leak Reports  During 1972 

2 
I D  NO 

(Left blank in thin report to 1 

2 preserve coafideotiality of Data) 

3 

4 

5 

6 

7 

a 
9 

10 

11 

12 

13 

14- 

15 

16 

17 

18 

19 

20 

21 

22 

23 

24 

25 

26 

27 

2a  

3 4 
REPORTS DEATHS 

20 

29 

. I 7  

18 

3 

12 

16 

I 

5 

I 

2 

7 

7 

4 

1 4  

9 

3 

I 

26 

4 

5 1  

6 

3 

7 

14 

4 

I h  

7 - 

0 

0 

0 

1 

0 

0 

1 

0 

0 

0 

0 

I 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

0 

5 
IN40 

0 

2 

1 

16 

3 

4 

7 

0 

0 

0 

1 

2 

2 

0 

2 

2 

0 

2 

22 

1 

7 

1 

1 

1 

4 

I 

5 

3 

6 
PIOP. DAY. 

20154 

6950 

2750 

6789 

200 

eo o 

131 ' 

100 

0 

150 

1200 

5505 

6250 

e2 

46360 

2453 

52 5 

0 

4010 

3905 

2114 

0 

1 2 5  

1 0 1 0  

33440 

475 

9 0 7 0  

7 a 9 10 - 11 12 

3. e99 

3.293 

0 989 

0.977 

0.400 

1.945 

I. 873 

0.247 

1.350 

0.31 7 

0.712 

1.207 

I .397 

0.752 

0.65b 

0.990 

0 .541  

0 . 3 R 4  

3.422, 

1.372 

2 .085  

0.959 

0.144 

1.264 

16. 2 0 9  

0 . 4 7 4  

l.?O'> 

c. 4 3.) 

0.0 

0.0 

0.0 

0.054 

0.0 

0.0 

0.117 

0.0 

0.0 

0.0 

0.0 

0. 172 

0 .0  

0.0 

0 .0  

0 .0  

0.0 

0.0 

0.0 

0 . 0  

0 .0  

0 .0  

0 . 0  

0 . 0  

0 . 0  

0 . 0  

0.0 

C. 0 

0.0 

0.227 

0.058 

0.8613 

0.400 

0.648 

0.819 

0 .O 

0.0 

0.0 

0.356 

0.345 

0 390 

0.0 

0.094 

0 . 2 2 0  

0.0 

0 -767 

2.901 

0.343 

0 . 2 8 6  

0.160 

0 - 0 4 8  

0.181 

0 . 2 7 0  

0 . 2 1 2  

0 . 5 c) -5 

0.5C>? 

266.0 

189 03 

IS9 -9 

368.3 

26.7 

97.2 

15.3 

24.7 

0.0 

47.5 

427.2 

969.1 

1247.6 

15 .4  

2172.3 

269 7 

96.7 

0 .o 

528.  R 

1339.0 

8 5 . 4  

0.0 

6 - 0  

1 R Z . e  

36717.1 

5 @ . 4  

5 ? 1 . 7  

5 6  

a.ascw 

80584s 

0.8976 

0.sBb0 

0.S824 

0.3371 

2 . 3 6 9  

00416s 

8.2029 

1.6883 

Ow3072 

1.1968 

0.2799 

O.SO46 

0.6949 

1.4321 

0.73 86 

0.1335 

' 2.8115 

007167 

0.4970 

0.4592 

0.7244 

0. e475 

0.9447 

1.4230 

0.8335 

I .7~,63 

0144T 

2Sb2 

w1328 

el006 

0100s 

e l 8 1 0  

.074¶ 

0012b 

O b 4 0  

O w 7  

* O L I O  

e 1082 

oO7S9 

00593 

00479 

0454 

.0828 

00314 

0096 . ! *a2 

-0530 

- 0 1 8 4  

. 0 2 8 2  . oes9 

0667 

e0906 

- 0 3 1 0  



1 
NIWE O F  C O Y O 4 N Y  

(Left biank in thie report to preserve 
confidentiality of dat4) 

2 
I D  NO 

29 

30 

31 

32 

33 

34 

35 

36 

37 

98 

3 9  

40 

41 

42 

43 

44 

45 

46 

47 

40 

49 

5 0  

5 1  

52 

53 

54  

55  

56 

5 7  

3 
REPoaTs 

2 

2 

3 

6 

1 

39 

12 

6 

3 

2 

3 

a4 

14 

6 

2 

4 

5 

2 

1 

6 

21 

6 

0 

2 

5 

42 

1 

4 

7 

Table 2 .55  (Continued) 

0 2 

0 0 

0 2 

0 2 

0 0 

0 13 

0 0 

0 2 

0 4 

0 2 

0 0 

0 I% 

0 19 

0 J 

0 0 

0 1 

0 5 

0 0 

0 0 

2 5 

0 1 

1 I 

6 13 

0 0 

0 3 

1 3 

0 0 

1 22 

0 0 

6 
p a w .  DAM. 

325 

80 

3100 

4550 

50 

5314 

950 

450 

0 

0 

1225 

28ln5 

6560 

1 4 9 R  

12000 

1076 

1203 

50 

500 

1250 

9 390 

1.915 

2225 

20 7 

2695 

15105 

0 

400 

5 4 5 0  

I 0 9 10 11 12 
L E A K  RATE REPORT D E A T H  I N J U R V  PROP. DAH. 

TOTAL OUT. Foa. 
---------(PER 1000 MILES )---------- -(PER WILE)- 

RATE RATE R A T E  R A T €  

0.702 

0.459 

1.094 

1.880 

0.346 

1.190 

1.330 

1.319 

0.626 

0.478 

1.183 

2.332 

2.635 

1.157 

0.560 

0.596 

0.804 

0.749 

O r 3 0 5  

0.680 

0.695 

0.500 

1.692 

0.229 

0 . 3 8 3  

0.983 

0.335 

1.291 

0 . 7 ’ n  

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0 

0.0’ 

0.0 

0.0 

0.0 

0.0 

0.0 

0 .0  

0.0 

0.0 

0.0 

0.0 

0.227 

0.0 

0.083 

1.269 

0.0 

0.0 

0 .073  

0 . 0  

0 . 3 ? 3  

O.C 

* 

0.702 

0.0 

0.729 

0.629 

0.0 

0.475 

0.0 

0.440 

0. A 34 

0.470 

0.0 

0.304 

1.577 

0.193 

0.0 

0.149 

0.804 

0 .O 

0.0 

0.567 

0.033 

0.083 

2.799 

0.0 

0.230 

0.070 

0.0 

7.099 

0.0 

114. ! 

17.6 

113000 

1431 - 5  

17.3 

194.6 

105.8 

98.9 

0. @ 

0 03 

489.2 

1420.7 

123s rC) 

258.  A 

3362.0 

16drP 

193.3 

lea7 

152.3 

141 e 7  

310.7 

151 D B  

470 -5 

2307 

206.6 

353.6 

0.0 

129.1 

59’8.1 

0.4862 

OIMW 

0.3299 

0.*007 

0. 71 40 

1.2173 

0.3842 

O.SSM 

0.3551 

0.6314 

0.5577 

0 . e ~ ~  

0.67?7 

0.6151 

0.1149 

0.450s 

0.9093 

0 336s 

0. 4740 

0.6209 

0.2920 

0.3856 

0.5158 

0.3736 

0.2010 

0.3935 

0.5492 

4.4403 

0; 8403  c 

0210 

m e 4 3 4  . O S 2  1 

01462 

. O S #  . 137s 

.oris 

2799 

00450 
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.OW3 
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OS1 6 
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0143s . 0880 

041 7 

00939 

059s 

00216 
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2.5.1.2 I n d i v i d u a l  F a i l u r e  Report  Rate 

Another measure examined f o r  u se  i n  comparing i n d i v i d u a l  o p e r a t o r s  
c 

was based on t h e  i n d i v i d u a l  r e p o r t  ra te - -de te rmined  by t a k i n g  t h e  t o t a l  

number of  r e p o r t s  f i l e d  by an  ope ra to r  dur ing  a y e a r  and d i v i d i n g  by h i s  

t o t a l  system mileage.  Th i s  appears  t o  be  a r easonab le  measure s i n c e  

i n d i v i d u a l  r e p o r t s  a re  f i l e d  on ly  f o r  "ser ious"  l e a k s ,  as  def ined  i n  

49 CFR,  Pa r t  19;. 

based on i n d i v i d u a l  r e p o r t s  can  b e  used:  

- ( a )  t o t a l  i n d i v i d u a l  r e p o r t  r a t e  

I n  p r a c t i c e ,  a v a r i e t y  of s l i g h t l y  d i f f e r e n t  measures 

o r  (b )  r e p o r t  r a t e  based only  on r e p o r t s  involv ing  f i r e ,  explos ion ,  

o r  ( c )  r e p o r t  r a t e  based only  on r e p o r t s  involv ing  dea ths  o r  i n j u r i e s  

d e a t h  o r  i n j u r y  

e t c .  

Not ice  t h a t  ( c )  e l i m i n a t e s  t h e  i r r e g u l a r  c h a r a c t e r  of t h e  dea th  

and i n j u r y  r a t e  measure d i scussed  p rev ious ly ,  i . e . ,  i n  t h i s  measure two 

a c c i d e n t s  a r e  counted e q u a l l y  even though one may cause  one dea th  or  i n j u r y  

and t h e  o t h e r  cause  f i v e  d e a t h s  or i n j u r i e s .  

Of cour se ,  t h e  d isadvantage  of t h i s  measure i s  t h a t  i t  can only  be  

used t o  e v a l u a t e  o p e r a t o r s  w i th  more than  100,000 s e r v i c e s ,  s i n c e  smaller 

o p e r a t o r s  a re  c u r r e n t l y  not  r equ i r ed  t o  f i l e  i n d i v i d u a l  r e p o r t s .  

2.5.1.3 Repaired Leak Rate 

Another o f  t h e  " i n d i r e c t "  measures of  s a f e t y  examined on an 

i n d i v i d u a l  ope ra to r  b a s i s  was t h e  t o t a l  r e p a i r e d  l e a k  r a t e ,  as c a l c u l a t e d  

from each o p e r a t o r ' s  annual  r e p o r t .  

ra tes  f o r  1970, '71 ,  and '72 were determined f o r  each o p e r a t o r ,  and 

o p e r a t o r s  were then  ranked accord ing  t o  t h e i r  average over  t h e s e  t h r e e  

y e a r s .  

a l s o ,  t h e  r ank ings  were done s e p a r a t e l y  f o r  each r eg ion .  

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

d a t a .  Fo r  example, i n  Region 2 t h e r e  were 95 o p e r a t o r s  whose average 

l e a k  r a t e  was z e r o ,  e i t h e r  because they had submit ted no informat ion  o r  

r e p o r t e d  no l e a k s  whatsoever .  On t h e  o t h e r  hand, one o p e r a t o r ' s  d a t a  

i n d i c a t e d  an  average l eak  r a t e  of 26 .67  l eaks  per m i l e .  Such obvious 

In t h i s  a n a l y s i s ,  t h e  annual  l e a k  

Transmission and d i s t r i b u t i o n  o p e r a t o r s  were t r e a t e d  s e p a r a t e l y ;  

An examinat ion 2 

This  computer l i s t i n g  w a s  submit ted t o  OPS as p a r t  of Monthly 2 

Report No. 7, November 1, 1973, and should b e  l abe led  as Output 7.1. 
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e r r o r s  i n  t h e  d a t a  would make any ranking  o f  o p e r a t o r s  h i g h l y  n i s l e n d i n g .  

However, even i f  t h e  d a t a  were completely a c c u r a t e ,  t h e  major problem 

wi th  t r y i n g  t o  use r e p a i r e d  l eak  r a t e  a s  a measure o f  s a f e t y  i s  t h a t  a h igh  

l eak  r a t e  might no t  i n d i c a t e  t h a t  an ope ra to r  i s  unsa fe ;  and, i n  f a c t ,  t h e r e  

could be  an  i n v e r s e  r e l a t i o n s h i p .  Some "safe"  o p e r a t o r s  may have good 

record  keeping systems and a l s o  may be  r e g u l a r l y  sea rch ing  f o r  and r e p a i r -  

i ng  a l l  l e a k s ,  r e g a r d l e s s  of  how sma l l ,  and, t h e r e f o r e ,  w i l l  show a r e l a -  

t i v e l y  h igh  r e p a i r e d  l eak  r a t e .  

2.5.1.4 Outs ide  Force Leak Rate 

According t o  Tables  2 .28  and 2.29, t h e  i n d i v i d u a l l y  r epor t ed  l e a k s  

caused by o u t s i d e  f o r c e  account  f o r  approximately 70 pe rcen t  and 52 

pe rcen t  of a l l  i n d i v i d u a l l y  r e p o r t e d  l eaks  i n  d i s t r i b u t i o n  and t r ansmiss ion  

systems,  r e s p e c t i v e l y .  (See a l s o  t h e  d i s c u s s i o n  i n  Sec t ion  2 . 4 . 2 )  I f ,  \ 

indeed,  t h e  i n d i v i d u a l l y  r epor t ed  l e a k s  are t h e  I1serious1'  ones ,  t hen  i t  

fo l lows  t h a t  o u t s i d e  f o r c e  l e a k  r a t e s  a r e  of major concern.  An a n a l y s i s  of  

t h e  d a t a  i n d i c a t e d  t h a t  i n  d i s t r i b u t i o n  systems over t h e  per iod  from 1970 

through 1972, 44 pe rcen t  of t h e  d e a t h s  and i n j u r i e s  were t h e  r e s u l t  of 

o u t s i d e  f o r c e  l e a k s ,  whi le  t h e  next  h i g h e s t  c o n t r i b u t o r s  were ma te r i a l  

f a i l u r e s  and c o n s t r u c t i o n  d e f e c t s ,  t o t a l i n g  22 pe rcen t .  

However, t h e r e  a re  obvious problems i n  t r y i n g  t o  use  o u t s i d e  f o r c e  

l e a k  r a t e  t o  e v a l u a t e  s a f e t y .  I n  t h e  f i r s t  p l a c e ,  i n  many i n s t a n c e s  an  

ope ra to r  h a s  no c o n t r o l  over  t h e  occurrence  of an  o u t s i d e  f o r c e  a c c i d e n t ,  

s ince - -a l though  t h e  l i n e  may be  marked and o u t s i d e  p a r t i e s  r equ i r ed  t o  

n o t i f y  t h e  o p e r a t o r  b e f o r e  d igg ing- -ou t s ide  p a r t i e s  may, n e v e r t h e l e s s ,  
i gnore  t h e s e  warnings and a c c i d e n t s  may occur .  Also, t h e  occurrence  of  

o u t s i d e  f o r c e  l e a k s  i s  h i g h l y  dependent on  t h e  environment;  f o r  i n s t a n c e ,  

such l e a k s  are g e n e r a l l y  more l i k e l y  t o  occur  i n  h e a v i l y  t h a n  i n  s p a r s e l y  

populated areas s i n c e  f a c t o r s  are involved i n  dense ly  populated areas over  

which t h e  o p e r a t o r  does  no t  have f u l l  c o n t r o l .  I n  a d d i t i o n ,  a l though l eaks  

r e p r e s e n t  a p o t e n t i a l  danger ,  t h e  a c t u a l  danger i s  h i g h l y  dependent upon 

how t h e  o p e r a t o r  responds t o  t h e  a c c i d e n t ;  two o p e r a t o r s  may have t h e  same 

o u t s i d e  f o r c e  l e a k  r a t e  and y e t  one may be much s a f e r  i n  h i s  response  t o  

r e p a i r i n g  t h e  l e a k  than  t h e  o t h e r .  
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2.5 - 5 Conclusions Concerning Measures of  S a f e t y  n 
A number of po ten t i a ' l  measures of s a f e t y  performance f o r  i n d i v i d u a l  w 

o p e r a t o r s  have been examined, and a l l  were found t o  be l ack ing  i n  some 

r e s p e c t .  However, i t  appears  t h a t  t h e  b e s t  measure a v a i l a b l e  i s  one based 

on  i n d i v i d u a l  r e p o r t  r a t e .  I t s  d isadvantage  i s  t h a t  o p e r a t o r s  wi th  fewer 

t h a n  100,000 s e r v i c e s  are  n o t  r equ i r ed  t o  f i l e  i n d i v i d u a l  r e p o r t s .  ( A s  

d i scussed  i n  t h e  s e c t i o n  on Recommendations, i t  i s  suggested t h a t  t h i s  

exc lus ion  be  e l imina ted . )  The p a r t i c u l a r  measure used f o r  t h e  a n a l y s i s  i n  

t h e  fo l lowing  s e c t i o n  i s  " i n d i v i d u a l  r e p o r t  r a t e  involv ing  f i r e s ,  exp los ions ,  

dea ths ,  o r  i n j u r i e s . "  These i n c i d e n t s  seem t o  be  the  most s e r i o u s  ones ,  and 

an  a n a l y s i s  showed t h a t  80 pe rcen t  of a l l  i n d i v i d u a l l y  r epor t ed  l eaks  f a l l  

i n t o  t h i s  ca tegory .  
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2.5.2 Procedure f o r  I d e n t i f y i n g  I IPoten t ia l ly  Unsafe" Opera tors  

I n  t h i s  s e c t i o n  w e  f i r s t  g i v e  the  b a s i c  s t a t i s t i c a l  theory  under- 

l y i n g  t h e  recommended procedure,  and then  show t h e  r e s u l t s  o f  ,applying 

t h e  procedure t o  d i s t r i b u t i o n  o p e r a t o r s  wi th  over 100,000 s e r v i c e s  f o r  

t h e  y e a r s  1971-1973. The d a t a  f o r  1970 was not  used i n  t h e  a n a l y s i s  

because  it  does not  seem t o  b e  as r e l i a b l e  as the  succeeding y e a r s '  d a t a .  

Throughout t h i s  s e c t i o n ,  t h e  t e r m s  " leaks"  or  " r epor t s "  w i l l  mean 

i n d i v i d u a l  r e p o r t s  involv ing  f i r e s ,  exp los ions ,  d e a t h s ,  o r  i n j u r i e s .  

2.5.2.1 Development o f  t h e  Procedure 
\ 

The p r o b a b i l i t y  of  a s e r i o u s  l eak  occur r ing  on a g iven  l eng th  

of p i p e l i n e  f o r  a n  "average" o p e r a t o r  can b e  es t imated  by d i v i d i n g  t h e  

t o t a l  number of s e r i o u s  l eaks  r epor t ed  f o r  a l l  o p e r a t o r s  by t h e  t o t a l  

m i l e s  o f  p i p e l i n e  of t h e s e  o p e r a t o r s '  d i s t r i b u t i o n  systems.  An a n a l y s i s  

o f  i n d i v i d u a l  o p e r a t o r  performance can  then  be  accomplished by p r e d i c t i n g  

t h e  expected number o f  s e r i o u s  l eaks  f o r  t h e  o p e r a t o r  based on h i s  t o t a l  

system mileage and then  comparing t h i s  wi th  t 'he o p e r a t o r ' s  a c t u a l  number 

of s e r i o u s  l e a k s .  

b inomia l  d i s t r i b u t i o n .  I n  g e n e r a l  terms , t h i s  d i s t r i b u t i o n  h a s  two 

parameters :  (1 )  t h e  p r o b a b i l i t y  of an event  occur r ing ,  c a l l e d  "p", and 

(2)  t h e  number of  t r i a l s  over  which t h i s  expected event  may occur ,  c a l l e d  

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

l l n l l  . For  t h i s  a p p l i c a t i o n ,  t h e  va lue  of p i s  t h e  average number of 

s e r i o u s  l eaks  per m i l e  and n i s  t h e  number of miles  of p ipe  f o r  a 

g iven  o p e r a t o r .  
The use of t h i s  t ype  of a n a l y s i s  t hen  r e s u l t s  i n  a comparison of 

t h e  expected ve r sus  a c t u a l  number of  s e r i o u s  l e a k s  and a s ta tement  

of t h e  p r o b a b i l i t y  of a g iven  number of  s e r i o u s  l eaks  occur r ing  i n  

r e l a t i o n  t o  t h e  expected number. 

t o  compute f o r  t h i s  a n a l y s i s  by us ing  t h e  binomial  d i s t r i b u t i o n  d i r e c t l y ,  

so  a good approximation based on e i t h e r  t h e  normal o r  Poisson d i s t r i b u t i o n s  

The p r o b a b i l i t i e s  a r e  very cumbersome 

was used as a p p r o p r i a t e  f o r  each case. 

It was necessary  i n  performing t h e  a n a l y s i s  t o  choose a p r o b a b i l i t y  

l e v e l  f o r  s e p a r a t i n g  t h e  " p o t e n t i a l l y  unsafe"  o p e r a t o r s  from t h e  remainder 
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o f  the group. Tf the p r o b a b i l i t y  of an a c t u a l  numbcr o f  sc r io i i s  l t ~ ~ i k 5  i Ir  

r e l a t i o n  t o  tlie expected number o f  s e r i o u s  l eaks  was less Lhan 0.0‘) or  ’ )  

t i m e s  i n  100, t h e n  t h i s  o p e r a t o r  was d e c l a r e d  a “ p o t e n t i a l l y  unsafe” , 
o p e r a t o r .  

2.5.2.2 R e s u l t s  of t h e  Procedure 

An a n a l y s i s  of a l l  82 o p e r a t o r s  having more than  100,000 s e r v i c e s  

was performed f o r  t h e  y e a r s  of 1971-1973, and o p e r a t o r s  w e r e  f l agged  cha t  

appeared “ p o t e n t i a l l y  unsafe” i n  any one of t h e  t h r e e  y e a r s .  Table 2.56 

p r e s e n t s  a l i s t i n g  of t h e s e  12 o p e r a t o r s  wi th  t h e  a c t u a l  versus  expected 

number of s e r i o u s  l e a k s .  

To e x p l a i n  t h e  t a b l e ,  i n  1971 o p e r a t o r  1 r e p o r t e d  25 s e r i o u s  

l e a k s .  However, based on h i s  mileage and t h e  average l e a k s  per  m i l e  on 

t h e  e n t i r e  system, t h e  expected number of l e a k s  f o r  o p e r a t o r  1 was only  

5.3. Using t h e  binomial  d i s t r i b u t i o n  (o r  a c t u a l l y  t h e  Poisson as a n  

approximation t o  t h e  b inomia l ) ,  i t  was determined t h a t  t h e  p r o b a b i l i t y  of 

having 25 l e a k s  when t h e  expected va lue  was only  5.3 has  a p r o b a b i l i t y  of 

o c c u r r i n g  t h a t  i s  less  t h a n  0.05. Therefore ,  i n  1971 o p e r a t o r  1 i s  

i d e n t i f i e d  a s  be ing  “ p o t e n t i a l l y  unsafe .”  This  o p e r a t o r  would then  be  

assessed  i n  more d e t a i l  t o  determine whether any f u r t h e r  a c t i o n  i s  r e q u i r e d  

on t h e  p a r t  of OPS. 

I t  can b e  s e e n  t h a t  two o p e r a t o r s  had such a l a r g e  number o f  

s e r i o u s  l e a k s  i n  only  one g i v e n  y e a r  (Operators  10 and 11) t h a t  they  a l s o  

appear  i n  t h e  “ p o t e n t i a l l y  unsafe” ca tegory  when t h e  cumulat ive d a t a  i s  

,analyzed f o r  t h e  e n t i r e  t h r e e - y e a r  per iod .  It i s  a l s o  noteworthy t h a t  

e i g h t  o p e r a t o r s  were i d e n t i f i e d  a s  “ p o t e n t i a l l y  unsafe“ i n  two o r  more of 

5 t h e  t h r e e  y e a r s .  This r e s u l t  t ends  t o  i n d i c a t e  t h a t  i t  i s  p o s s i b l e  t o  u s e  

. t h i s  approach to i d e n t i f y  o p e r a t o r s  who should be  t h e  t a r g e t  of OPS 

enforcement e f f o r t s .  Viewed from another  p e r s p e c t i v e ,  t h i s  approach would 

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

enforcement i n  any g iven  y e a r  would b e  t h o s e  o p e r a t o r s  whose s a f e t y  r e c o r d s  

were poor over  two o r  more y e a r s  and should produce a maximum payoff f o r  

t h e  enforcement e f f o r t  expended. 
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TABLE 2.56 

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

Number 

180 

594 

1640 

1800 

2704 

11680 

12408 

13780 

18532 

18536 

21350 

22182 

. 
L i s t i n g  of D i s t r i b u t i o n  Opera tors  Who Reported a Higher Than Expected 

Incidence of F i r e s ,  Explos ions ,  I n j u r i e s  o r  Deaths f o r  Per iod  1971-73 

Reported (R) Versus Expected (E) Number of Leaks 

R71 

25 

34 

8 

10 

33 

20 

19 

5 

4 

0 

7 

28 

E71 

5 . 3  

5.8 

3.8 

5.9 

5.2 

18.3 

13.4 

3 .2  

9.7 

2.8 

2 . 1  

7 . 1  

R72 

24 

20 

4 

16  

23 

30 

32 

7 

21 

6 

4 

24 

E72 

5.7 

6.3 

4.4 

6.2 

5 . 5  

19.7 

14.2 

3.4 

9.9 

3.1 

2 . 3  

7 . 6  

R73 

28 

26 

5 

1 4  

19 

32 

26 

7 

12 

16 

2 

7 

E73 

5.5 

6.4 

4 . 3  

5.9 

5.2 

19.2 

13.8 

3.4 

10.2 

3.2 

2.2 

7.3 

R71-73 

77 

80 

17 

40 

75 

82 

77 

19 

37 

22 

13  

59 

E71-73 

16.5 

18.5 

12.5 

17.9 

15.9 

57.2 

41.4 

9 .9  

29.8 

9 . 1  

6 . 6  

2 2  .o  
I 

1971 

X1 

X 

X 

X 

X 

X 
-.I.-- . 

1972 

X 

X 

X 

X 

X 

X 

X 

X 

X 
-.--_I_ 

1973 .971-1973 

X2 

X 

X 

X 

X 

X 

X 

X 

X 

X 
__-I.. 

(1)  An (X) i n d i c a t e s  t h i s  opera tor  repor ted  a number of "ser ious"  l e a k s  fo r  t h i s  y c a r  g r e a t e r  than would b e  
expected only 5 t imes i n  100 f o r  a n  "average" o p e r a t o r .  

(2) An (X)  i n d i c a t e s  t h i s  o p e r a t o r  repor ted  a cumulat ive number of "ser ious"  l e a k s  g r e a t e r  than would be  
expected only 5 t imes i n  100 f o r  dii "a\Tei-dSe"operator dur ing  t h i s  p e r i o d .  
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3.1 1 NTRODUCTION 

T h i s  c h a p t e r  c o n t a i n s  a number of s p e c i f i c  conclus ions  drawn f r o m  tlic 

a n a l y s i s  of p i p e l i n e  s a f e t y  d a t a ,  followed by a d d i t i o n a l  conclus ions  of a 

more g e n e r a l  n a t u r e  r ega rd ing  the  adequacy of t he  d a t a  system. Recommendations 

are  then  presented  f o r  improving t h e  p i p e l i n e  s a f e t y  d a t a  system, followed by 

recommendations d e a l i n g  w i t h  o t h e r  approaches f o r  improving p i p e i i n e  s a f e t y .  

The s t a t i s t i c a l  ana lyses  of d a t a  presented  e a r l i e r  i n  t h i s  r e p o r t  

o f t e n  included the  r e s u l t s  f o r  two D-r i sk  l e v e l s  f o r  purposes  of comparison. 

I n  t h e  fo l lowing  s e c t i o n s  t h e  s p e c i f i c  s t a t emen t s  of conclus ions  are based 

o n  an Cy-risk l e v e l  of 0.05, s i n c e  t h i s  appears  t o  be  t h e  most accep tab le  

l e v e l  f o r  t h i s  a n a l y s i s .  
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3 .2  CONCLUSIONS DRAh FROM STATISTICAL ANALYSIS OF 
T NIIIVTDUAL LEAK REPORTS Q 

I n  S e c t i o n  2 . 2  of tliis r e p o r t  an  ex tens ive  a n a l y s i s  of tlie d a t a  

from i n d i v i d u a l l y  r epor t ed  l eaks  was p re sen ted .  This  d a t a  covered both 

d i s t r i b u t i o n  systems ( u s u a l l y  subdivided i n t o  mains and s e r v i c e s )  and 

t r ansmiss ion  systems.  The fo l lowing  l i s t  summarizes t h e  major conclus ions  

drawn from t h i s  a n a l y s i s .  

1. 

2. 

3 .  

4 .  

Type of  M a t e r i a l :  (See Sec t ion  2 . 2 . 1 )  

For l e a k s  on  t h e  body of t h e  p ipe ,  s t e e l  (and i n  c e r t a i n  cases 

o t h e r  me ta l s  l i k e  copper ,  d u c t i l e  i r o n ,  and wrought i r o n )  shows 

a lower l e a k  r a t e  t han  t h e  o t h e r  m a t e r i a l s  used f o r  p i p e l i n e  

c o n s t r u c t i o n .  (Note: The type of m a t e r i a l  e f f e c t  i s  a l s o  

analyzed i n  t h e  s e c t i o n  on m e t a l l i c  v s .  p l a s t i c  p ipe . )  

Nominal Diameter: (See S e c t i o n  2 . 2 . 2 )  

I n  d i s t r i b u t i o n  mains and s e r v i c e s ,  t h e  l a r g e r  d iameters  of pipe 
show a h ighe r  l eak  r a t e  than  p ipe  of  sma l l e r  and in t e rmed ia t e  

d iameters .  I n  t r ansmiss ion  systems t h e r e  i s  an oppos i t e  t r e n d ,  

wi th  t h e  s m a l l e s t  d i ame te r s  of p ipe  showing a higlier leak  r a t e ,  

wh i l e  p i p e  having t h e  g r e a t e s t  d iameters  show t h e  lowest l e a k  

r a t e .  

Region: (See S e c t i o n  2 . 2 . 3 )  

I n  d i s t r i b u t i o n  mains and s e r v i c e s ,  Region 5 shows a s i g n i f i c a n t l y  

h ighe r  l e a k  r a t e  than  t h e  o t h e r  r e g i o n s .  However, f o r  t r ansmiss ion  

systems,  Region 1 shows a s i g n i f i c a n t l y  h ighe r  l eak  r a t e  t h a n  t h e  

o t h e r  r e g i o n s ,  and t h e  remaining four  r e g i o n s  d o  no t  d i f f e r  

s i g n i f i c a n t l y .  

Age: (See S e c t i o n  2 . 2 . 4 )  

Consider ing a l l  t ypes  of  l eaks  on a l l  p a r t s  o f  t h e  system, t h i s  

a n a l y s i s  showed a g e n e r a l l y  i n c r e a s i n g  l eak  ;ate wi th  t h e  age 

of  t h e  system. The s i g n i f i c a n t l y  h ighe r  l eak  r a t e s  a r e  found in 

t h e  o l d e r  systems,  p a r t i c u l a r l y  those  i n s t a l l e d  be fo re  1929.  

However, i n  d i s t r i b u t i o n  mains t h e  l eak  r a t e  f o r  systems i n s t a l l e d  

i n  t h e  1970 ' s  i s  s i g n i f i c a n t l y  h ighe r  t han  t h e  l eak  r a t e  f o r  t he  

prev ious  two decades.  
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5. Corrosion: (Sc.c.  S c - c C i o n  2 .2 .5)  

h c - v c > r . i l  . i i i < i l y s r s  w c r c '  made on tlie r c ~ l ~ i ~  io11 o I  (ot-ro<-ioii t o  ( l i t  

le<tlc rate i n  p i p c l i i i o :  (1)  'rhe corrosioi i  Lc,ik r,il c s  s i r o w c d  , I  

s t eady  i n c r e a s e  wi th  t h e  age of t h e  system. l h e  h i g h e s t  corrosior i  

l e a k  ra tes  i n v a r i a b l y  were found i n  systems i n s t a l l e d  b e f o r e  1939. 

(2 )  I n  both d i s t r i b u t i o n  and t r ansmiss ion  s y s t e m s ,  t h e  e x t e r n a l  

c o r r o s i o n  l eak  r a t e  was shown t o  be  d e f i n i t e l y  h ighe r  t han  t h e  

i n t e r n a l  c o r r o s i o n  l eak  r a t e .  ( 3 )  In d i s t r i b u t i o n  systems,  

t h e  g r e a t e s t  e f f e c t  o f  p r o t e c t i o n  a g a i n s t  co r ros ion  i s  obtained 

by combining ca thod ic  p r o t e c t i o n  wi th  coa t ing .  Although not  

t e s t e d  s t a t i s t i c a l l y ,  t h e  combination of t he  two methods provides  

t h e  b e s t  p r o t e c t i o n  t o  t h e  t r ansmiss ion  systems a l s o .  

6 .  P a r t s  Which Leaked: (See Sec t ion  2.2.6)  

I n  both d i s t r i b u t i o n  and t r ansmiss ion  systems,  tile ma jo r i ty  of 

i n d i v i d u a l l y  r epor t ed  l eaks  o r i g i n a t e  011 , t he  body of p ipe .  

sma l l e r  percentage ,  about 10 t o  20 p e r c e n t ,  of a l l  l eaks  

o r i g i n a t e  on t h e  f i t t i n g s .  The percentage  of l e a k s  o r i g i n a t i n g  

on t h e  o t h e r  p a r t s  of  t h e  p ipe  i s  sma l l .  

A 

7 .  Cause: (See Sec t ion  2.2.7)  

Consider ing a l l  d i s t r i b u t i o n  sys  tems and t r ansmiss ion  systems,  

o u t s i d e  f o r c e  i s  t h e  cause  of t h e  g r e a t e s t  percentage  of i n d i -  

v i d u a l l y  r epor t ed  l e a k s ,  about 70 percent  i n  d i s t r i b u t i o n  

systems and 5 4  percen t  i n  t r ansmiss ion  systems. Corros ion-  

caused l eaks  a r e  t h e  second h i g h e s t  percentage  (about  15 pe rcen t )  
i n  d i s t r i b u t i o n  systems.  I n  t r ansmiss ion  systems,  m a t e r i a l  

f a i l u r e  accounts  f o r  about  19 pe rcen t  of a l l  l eaks  and c o r r o s i o n  

s l i g h t l y  less ,  wi th  about  15 pe rcen t .  

8. Third P a r t y  Damage versus  Age: (See S e c t i o n  2.2.8)  

The l e a k  r a t e  due t o  t h i r d  p a r t y  damage i n  d i s t r i b u t i o n  systems 

g e n e r a l l y  i n c r e a s e s  wi th  age ;  however, f o r  p ipe  i n s t a l l e d  i n  t h e  

1970 ' s ,  t h e  t h i r d  p a r t y  damage l eak  r a t e  shows a sudden i n c r e a s e .  

P ipe  i n s t a l l e d  du r ing  t h e  decades of t h e  1950 ' s  and t h e  1960 ' s  

shows t h e  lowest  l e a k  r a t e s .  

9 .  M e t a l l i c  ve r sus  P l a s t i c  P ipe :  (See S e c t i o n  2.2.9) 

a .  O v e r a l l  Leak Rates  - 
M e t a l l i c  p ipe  m a t e r i a l s  i n  a) ;gregate  show a s i g n i f i c a n t l y  



1) . 

C .  

d .  

,, 

l t ~ w c ~ i -  l ( 2 . 1 1 ,  i-;!ti. than t h e  mater i : i I s  I I S ( , ( I  Tor pl;i:;t i c  p i p ( %  

i l i  t i  i : ; i  r l i l i l i  i o i :  systems. 

1: qu i p i i i c '  I I L - c :  : I  u s  chci 1 ,ea k Rat e s 

i ' l i ist ic pipe systems were found t o  Iiave Iiigller equipment- 

caused l eak  r a t e s  t han :  ( a )  t h e  s t e e l  and t h e  cast  

i r o n  p ipe  i n  d i s t r i b u t i o n  mains and (b)  t h e  s t ee l  and 

copper pipe i n  d i s t r i b u t i o n  s e r v i c e s .  

Stoppage T i m e  a f t e r  a Leak i s  Detected 

Based on the  1973 l e a k  r e p o r t s ,  i t  was concluded t h a t  i t  

took less  t i m e  t o  s t o p  t h e  l e a k s  i n  p l a s t i c  p i p e  than  i n  

m e t a l l i c  p ipe .  This i s  t r u e  f o r  bo th  d i s t r i b u t i o n  mains and 

s e r v i c e s .  

I n j u r i e s ,  Deaths and Property Damage R e s u l t i n g  from Leaks 

More l e a k  r e p o r t s  were f i l e d  on a p e r  u n i t  b a s i s  f o r  p l a s t i c  

p i p e  than  f o r  m e t a l l i c  p i p e  i n  d i s t r i b u t i o n  systems. No 

s i g n i f i c a n t  d i f f e r e n c e s  were found between p l a s t i c  and 

m e t a l l i c  p i p e  on  t h e . b a s i s  o f  i n j u r i e s ,  d e a t h s ,  o r  proper ty  

damage, p r i m a r i l y  due t o  t h e  wide v a r i a n c e s  which r e s u l t e d  

from t h e  l i m i t e d  amount of d a t a .  

10. c>utside Party-Caused Leaks: (See Sec t ion  2.2.10) 

The l e a k s  produced by o u t s i d e  p a r t i e s  were analyzed by c a l c u l a t i n g  

t h e  percentage  o f  l e a k s  t h a t  occurred under each combination of  

t h r e e  c o n d i t i o n s  : (1)  I fp r io r  n o t i f i c a t i o n "  , ( 2 )  "marking" , 
and ( 3 )  " s t a t u t e  requirement  . I '  For example, i n  d i s t r i b u t i o n  

mains t h e  l a r g e s t  percentage  of l e a k s  (about  28 p e r c e n t )  occur 

when t h e r e  has been p r i o r  n o t i f i c a t i o n ,  t h e r e  i s  a marking and 

t h e r e  i s  no s t a t u t e  requirement .  However, no conclus ions  could 

be  drawn from t h e  d a t a  about  how t h e s e  f a c t o r s  a f f e c t  s a f e t y  

because of  t h e  l a c k  o f  normalizing o r  exposure d a t a .  

11. Est imated P r e s s u r e  a t  T i m e  of I n c i d e n t :  (See S e c t i o n  2.2.11)  

The p r e s s u r e  l e v e l s  a t  t h e  p o i n t  and t i m e  o f  t h e  i n c i d e n t  show 

t h a t  14.6 p e r c e n t  of t h e  l e a k s  i n  d i s t r i b u t i o n  systems occurred 

w h i l e  t h e  p r e s s u r e  exceeded t h e  m,iximum a l lowable  p re s su re .  I n  

t ransmiss ion  systems,  only 3 . 2  percent  of  t h e  i n d i v i d u a l l y  

r e p o r t e d  l e a k s  exceeded tlie maximum a l lowable  p r e s s u r e .  
n 
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3 . 3  CONCLUSlONS I ) IUWN FROM THE STATISTICAI, ANALYSlS 
OF ANNUAL REPORTS 

This  s e c t i o n  summarizes t h e  major conclus ions  drawn from t h e  a n a l y s i s  

of d a t a  from t h e  annual  r e p o r t s ,  a s  presented  i n  Sec t ion  2.3. 

1. Age: (See S e c t i o n  2.3.1) 

The r e p a i r e d  l eak  r a t e  g e n e r a l l y  i n c r e a s e s  wi th  t h e  age of t n e  

p ipe .  This i s  t r u e  f o r  both d i s t r i b u t i o n  and t r ansmiss ion  

systems.  I n  d i s t r i b u t i o n  systems t h e  l eak  r a t e  o f  t h e  p ipe  

cons t ruc t ed  b e f o r e  1950 was s i g n i f i c a n t l y  h ighe r  than  t h e  l eak  

r a t e  of t h e  systems cons t ruc t ed  a f t e r  1950. I n  t r ansmiss ion  

sys tems,  t h e  l eak  r a t e  was h ighe r  f o r  t h e  systems cons t ruc t ed  

b e f o r e  1940. No s i g n i f i c a n t  d i f f e r e n c e s  were shown f o r  t h e  

p i p e l i n e s  cons t ruc t ed  s i n c e  1940. I t  w a s  a l s o  shown i n  t h e  

ana lyses  of t h e  t ransmiss ion  sys temstha t  t h e  welds on t h e  

p ipe  l a i d  b e f o r e  1930 had h ighe r  l eak  r a t e s .  I n  g a t h e r i n g  

systems,  on ly  t h e  systems cons t ruc t ed  be fo re  1930 showed 

s i g n i f i c a n t l y  h ighe r  l eak  r a t e s  on p ipe .  

2. Cause:  (See Sec t ion  2.3.2)  

The ma jo r i ty  o f  r e p a i r e d  l eaks  a r e  caused by co r ros ion .  These 

c o r r o s i o n  leaks  account € o r  approximately 45 pe rcen t  of t h e  

l eaks  i n  d i s t r i b u t i o n  systems and 77 pe rcen t  i n  t r ansmiss ion  

systems. When t h e  l e a k s  a r e  c l a s s i f i e d  by the  age of t h e  system 

as  w e l l  as by t h e  cause ,  i t  was aga in  found t h a t  c o r r o s i o n  i s  

t h e  major cause i n  every decade of c o n s t r u c t i o n .  
3. P a r t s  Which Leaked: (See S e c t i o n  2 . 3 . 3 )  

The body of t h e  p ipe  accounts  f o r  65-75  percent  of t h e  r epa i r ed  

leaks  i n  d i s t r i b u t i o n  mains and t r ansmiss ion  systems,  whi le  i t  

accounts  f o r  approximately 56 pe rcen t  i n  d i s t r i b u t i o n  s e r v i c e s .  

The a n a l y s i s  of  t h e  d a t a  presented  i n  S e c t i o n  2.3.3 i s  q u i t e  

l imi t ed  because of t he  l a c k  of normalizing f a c t o r s .  
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3.4 C O N C L U S I O N S  CONCEKNING I N D I V I D U A L  OPERATOR A N A L Y S I S  

From t h e  a n a l y s e s  o f  i n d i v i d u a l  o p e r a t o r s  presented i n  S e c t i o n  2 . 5 ,  

t h e  fo l lowing  conclus ions  have been drawn: 

1. The i n d i v i d u a l  r e p o r t  r a t e  f o r  t h o s e  a c c i d e n t s  involv ing  f i r e ,  

explos ion ,  d e a t h ,  o r  i n j u r y  appears  t o  b e  t h e  b e s t  measure f o r  

e v a l u a t i n g  t h e  s a f e t y  performance of i n d i v i d u a i  o p e r a t o r s .  

Unfor tuna te ly ,  a t  t h e  c u r r e n t  t i m e  t h i s  l i m i t s  t h e  a n a l y s i s  t o  

o n l y  t h o s e  o p e r a t o r s  with over  100,000 s e r v i c e s .  A procedure 

i s  presented f o r  i d e n t i f y i n g  o p e r a t o r s  t h a t  appear t o  have s a f e t y  

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

a c t i o n  may b e  undertaken.  

2 .  Death and i n j u r y  r a t e  a lone  a r e  no t  s u f f i c i e n t l y  s t a b l e  i n d i c a t o r s  

of s a f e t y  performance t o  b e  used e x c l u s i v e l y  f o r  e v a l u a t i n g  

i n d i v i d u a l  o p e r a t o r s .  
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3.5 RECOMMENDATIONS 

3 .5 .1  The Data System 

1. The exc lus ion  o f  d i s t r i b u t i o n  o p e r a t o r s  w i t h  l e s s  t h a n  100,000 

s e r v i c e s  from t h e  requirement  t o  submit an i n d i v i d u a l  f a i l u r e  r e p o r t  

s e r i o u s l y  l i m i t s  t h e  u s e f u l n e s s  of t h e  d a t a  system. Since t h e  o p e r a t o r s  

a r e  c u r r e n t l y  r e q u i r e d  t o  f i l e  an annual  r e p o r t ,  i t  seems unwise t o  

exc lude  them from t h e  requirement  t o  f i l e  i n d i v i d u a l  f a i l u r e  r e p o r t s .  

Therefore ,  i t  is recommended t h a t  i n d i v i d u a l  f a i l u r e  r e p o r t s  be  r e q u i r e a  o f  

a l l  p i p e l i n e  o p e r a t o r s  who now f i l e  an annual  r e p o r t .  

2 .  S i g n i f i c a n t  problems of  d a t a  accuracy e x i s t  f o r  1970 d a t a ,  and t o  

a lesser e x t e n t  i n  t h e  d a t a  f o r  1971, 1972 and 1973. A more e x t e n s i v e  d a t a  

review and a u d i t  procedure i s  necessary i f  a c c u r a t e  d a t a  i s  t o  be  a v a i l a b l r  

f o r  a n a l y s i s .  Therefore ,  i t  i s  recommended t h a t  a r e g u l a r  program O E  

a u d i t i n g  should b e  implemented, us ing  a s t a t i s t i c a l l y  v a l i d  sampling 

procedure f o r  s e l e c t i n g  o p e r a t o r s  f o r  a u d i t .  

3 .  Other  methods o f  c o l l e c t i n g  p i p e l i n e  s a f e t y  d a t a  should b e  

explored ,  e s p e c i a l l y  t h e  fo l lowing  two methods : 

( a )  Data should b e  c o l l e c t e d  f o r  more p i p e l i n e  a c c i d e n t s  by  i n -  

depth  , mult id  i s c  i p l  i n a r y  acc i d  en t i n v e s t  i g a  t ion  t eams s i m i l a r  

t o  t h e  team s t a f f e d  by t h e  NTSB f o r  i n v e s t i g a t i n g  a few 

s e l e c t e d  p i p e l i n e  a c c i d e n t s .  

(b)  The use  o f  t h e  " c r i t i c a l  i n c i d e n t  technique" by p i p e l i n e  

companies t o  c o l l e c t  d a t a  f o r  u se  i n  improving p i p e l i n e  

s a f e t y  should be  encouraged by OPS through a demonst ra t ion  
program and a fol low-up e d u c a t i o n a l  program i n  us ing  t h e  

technique.  

\ 
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S e c t i o n  2 . 5 .  

2 .  Annual r e p o r t  d a t a  and t h e  remaining i n d i v i d u a l  r e p o r t  d a t a  

should b e  analyzed a t  l e a s t  every two y e a r s  i n  n format s i m i l a r  t o  t h e  

one used f o r  t h i s  r e p o r t .  

3. When approximately 7-10 y e a r s  o f  d a t a  have been c o l l e c t e d ,  

c o n s i d e r a t i o n  should b e  g iven  t o  u s i n g  a t ime-trend t y p e  of a n a l y s i s  on 

a y e a r l y  b a s i s .  I t  w i l l  b e  necessary  t o  w a i t  t h i s  per iod o f  t i m e  f o r  most 

of t h e  u s u a l  t ime-trend a n a l y s i s  methods t o  b e  s u c c e s s f u l l y  a p p l i e d .  

4 .  The i n s t a l l a t i o n  of  a computer t e r m i n a l  i n  t h e  O f f i c e  o f  P i p e l i n e  

S a f e t y  f o r  the purpose of performing d a t a  a n a l y s e s  does not  appear  t o  be  

j u s t i f i e d  because of  t h e  r e l a t i v e l y  low l e v e l  o f  a n t i c i p a t e d  u s e  over  t h e  

e n t i r e  y e a r  and because most  of t h e  a n a l y s e s  w i l l  r e q u i r e  d a t a  f,or t h e  

e n t i r e  r e p o r t  y e a r .  T h u s ,  i t  i s  recommended t h a t  t h e  a n a l y s e s  t o  be 

performed on a n  annual  b a s i s  be completed each y e a r  as a ba tch-process  

o p e r a t i o n .  

3 - 8  
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Systems Form 

Leak o r  Test  F a i l u r e  Report  - Transmission and Gather ing  
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I n s t r u c t i o n s  f o r  Completing Form DOT-F-7100.1-1 "Annual 
Report  f o r  Calendar Year 19 D i s t r i b u t i o n  System" - 

Annual Report  f o r  Calendar Year 19 D i s t r i b u t i o n  - 
System Form I 

Annual Report  f o r  Calendar Year 19 D i s t r i b u t i o n  - 
System Form (Reverse S ide)  

I n s t r u c t i o n s  f o r  Completing Form DOT-F-7100.2-1 "Annual 
Report  f o r  Calendar  Year 19 Gas Transmission and 
Gather ing Systems" 

- 

Annual Report  f o r  Calendar  Year 19 Gas Transmission - 
and Gather ing  Systems Form 

Annual Report  f o r , C a l e n d a r  Year 19 Gas Transmission - 
and Gather ing  Systems Form (Reverse S ide )  
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DEPARTMENT OF TRANSORTATION 
O f f i c e  of P i p e l i n e  S a f e t y  

Washington, D.C. 20590 

INSTRUCTIONS FOR CMPLETINC FOR! DOT-F-7100.1-1 
"ANNUAL REPORT FOR CALEKDAR YEAR 19-, 

DISTRIBUTION SYSTEH" 

NOTE: These i n s t r u c t i o n s  s u p e r s e d e  a l l  p r e v i o u s . i n s t r u c t i o n s .  

G e n e r a l  I n s t r u c t i o n s :  
tr3nsEiss:o;: S ~ S L L : ,  o r  of a discr! .bc: lcn r . v ; i c ?  is rcqsired t o  i i i e  a n  anr.uai 
r e p o r t .  S e c t i o n  1 9 2 . 3 ,  49 CFR d e f i n e s  t h e  f o l l o w i n g :  

Each o p e r a t o r  of a g a t h e r i n g  sys tem i n  a n o n r u r a l  a r e a ,  of a ,  

1. " D i s t r i b u t i o n  l i n e "  means a p i F e l i n e  o t h e r  t h a n  a g a t h e r i n g  o r  
t r a n s a i s s i o n  l i n e .  

"Gather ing l i n e "  means a p i p e l i n e  c h a t  t r a n s p o r t s  gas f rom a c u r r e n t  
p r o d u c t i o n  f a c i l i t y  t o  a t r a n s n i s s i o n  l i n e  o r  main. 

"Transmission l i n e "  means a p i p e l i n e  o t h e r  than  a g a t h e r i n g  l i n e  t h a t  - 
a. 

* 2. 

* 3.  

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

b. O p e r a t e s  a t  a hoop stress of 20 p e r c e n t  or = o r e  o f  S M Y S :  o r  

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

The r e l o r t i i g  r e q u i r e n e n t s  are c o n t a i n e d  i n  P a r t  1 9 1  of  T i t l e  L 9  of t h e  Code of 
F e d e r a l  R e g d a t i J l S  " T r a n s p o r t a t i o n  of h 'a tura l  ana Other  Gas by ? i p e l i n e :  
of Lzaks." 
which s e r v e  Less t h a n  100 cGsto'3ers frco a s i n g 1 2  s x r c e .  'nust scbmi t  an a n n u a l  
r e p o r t  Form DOT-F-7100.1-1 f o r  t h e  p r e c e d i n g  c a l e n d a r  y e a r  n o t  l a t e r  t h a n  
F e b r u a r y  15. I f  a n  o p e r a t o r  has  more than  on2 t y p e  of sys tem,  he must f i l e  zn  
a p p r o p r i a t e  r e p o r t  for e a c h  t y p e .  

The a n n u a l  r e p o r t  must be  s u b m i t t e d  t o  t h e  D i r e c t o r ,  O f t i c e  of P i p e l i n e  S a f e t y ,  
Department  a f  T r a n s p o r t a t i o n ,  Washington,  D . C .  20590. I f  t h e  r e g u l a t i o n s  of  a 
S t a t e  agenc I r e q u i r e  submiss ion  o f  d u p l i c a t e  c o p l e s  of t h e  a n n u a l  r e p o r t  tnro.agh 
t h a t  a g e n c ) ,  t h e  o p e r a t o r  should  conply  vi ;h  t h a t  requi rement .  In d o i n g  s o ,  t h e  
o p e r a t o r  s t i ; i l d  g i v e  t h e  S t a t e  agency s u f f i c i e n t  t i n e  t o  submi t  t h e  r e p o r t  t o  t h e  
O f f i c e  of  I l . i c l i n e  S a f e t y  by February  i5. 

The a n n u a l  r e T o r t i n g  p e r i o d  i s  on a c a l e n d a r  basis, b e g i n n i n g  J a n u a r y  1 and e n d i n g  
on December 3 i  of each  y e a r .  

&;:I indepe>.!ent s u b s i d i a r y  o p e r a t f o r .  x s c  r c ; r ~ ~ r t  s e p a r a t e l y .  The address  of t h e  
o p e r s t o r  S t - J d d  be  t h a t  a d d r e s s  where i n f o r c a L i o n  r e g a r d i n g  :tdis r e p o r t  c a n  be  
o b t a i n e d .  

S e c t i o n  191.5 sets f o r t h  t h e  r e g u l n t i o n  c o n c e r n i n g  t e l e p i i o c i c  n c t i z e  of c e r t a i n  
lcaks. Thc i ieu t e l e p h o n e  nu-lcr for repor;:n:; tlicsc. l e ~ k > .  a s  znen2ed A p r i l  1 6 ,  197i, 
is area cod?  .'02 426-0700. D i s r e e a r d  tt:e t e l e p h o n e  nuxber  on F o m  DOT-9-7100.1-1. 

I f  y~qu 'xvc m y  quest:ons c o n c e r c i z g  t h i s  r d p o r c ,  p l e a s 6  w r i t e  or  c a l l  the  O f f i c e  of 
P i p e l i n e  S: l a c y ,  Department of T r a n s p o r t a t i o n ,  Washington,  D . C .  20590,  t e l e p h o n e  
number 202 426-2032.  

R e p o r t s  
Each o p e r a t o r  of  3 a ? s t r i b u c i o n  s::scen, e x c r p r  p e ~ r u i e u n  %as s y s r e c s  

*I f  t h e  o p c r a t o r  d e t e r n i n r a  t h a t  tic hc?s f . ? s i i l r i c s  t h a t  iaii under  e i t h e r  of  t h e s e  
d e f i n i t i o n $ ,  h e  shouid r c i e r  t o  ciie 1 c s c r u c t i ~ : i s  tor cospl .e t i r ig  F o r a  DOT-P-7100.2-1 
f o r  ga ther :ng  2nd t r a n a v i s s i o n  i ines .  

a-5 



I ...... +pp.... .. / < . \ I l l  \,, . I ,  I : , , . - ?  -~ -_.. .... ~-. . ... ,,., ! - , I .  . . . . . . . . . . . . . .  1 

ANNJAL REPOPT FOR CALENGAR YEAR 19 1 
DISTRIBUTION SYSTCM - 

lTfY 

" 
I- = 4 L 

M l i l i  or 
, MAlNS 

i 
I 

0 . 1 

I 
I , 1 I I i 

4. 



I 
. .._ 

,111 I '  



2 49 
DECEEiBER 1972 

DEYhRRiENT OF TRAEISPORTATION 
Office of P i p e l i n e  S a f e t y  

Washington, D.C. 20590 

INSTRUCTIONS FOR COMPLETING FORV DOT-F-7100.2-1 

TRANSMISSION 6 CATIILi\IlrC S1STLNb 
"AKNUAL SEPORT FOR CALI.!.UAR YCU 19-. GAS 

NOTE: These i n s t r u c t i o n s  supersede  a11 p rev ious  i n s t r u c t i o n s .  

1. "Gathering l i n e "  means a p i p e l i n e  t h a t  t r a n s p o r t s  gas  from a c u r r e n t  
product ion  f a c i l i t y  t o  a t r a n s n i s s i o n  l l n e  c.r a d i n ;  

2 .  "TransEiss ion  l i n e "  means a p i p e l i n e  o t h e r  than  a g a t h e r i n g  l i n e ,  
that - 
a .  T ranspor t s  gas  from a gache r lng  l i n e  o r  s t o r a g e  f a c i l i t y  t o  a 

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

b. Opera tes  a t  a hoop stress of 20 percen t  O K  more of ShYS; or  

c. Transpor t s  gas  w i t h i n  a s t o r a g e  f i e l d .  

*3. "Dis t r ibu t ion  l i n e "  means a p i p e l i n e  o t h e r  than  a g a t h e r i n g  or 
t r snsmisa ion  l i n e .  

'The r e p o r t i n g  requi rements  a r e  conta ined  i n  F a r t  191  of T i t l e  4 9  o f  t t ,e Code 4f  
Federa l  Regula t ions  "Transpor t a t ion  of d a t u r a 1  and Other Gas by P i p e l i n e  : Xevor ts  
o i  i e a i s . "  
system must submit an  annual  r e ? a r t  Form DOT-F-7100.2-1 f o r  t h e  p reced ing  ca l enda r  
yea r  n o t  l a t e r  than  Fcbruary 1 5 . '  If  a n  o p e r a t o r  has  more than  one type  of sys tem,  
he  must f i l e  a n  a p p r o p r i a t e  r e p o r t  f o r  each  type .  

The annual  r e p o r t  must be submi t t ed  t o  t h e  D i r e c t o r .  O f f i c e  of P i p e l i n e  S a f e t y ,  
Department of T ranspor t a t ion .  Washington, D.C .  I f  t he  r e g u l s t i c n s  of a 
S t a t e  agency r e q u i r e  submiss ion  of  d u p l i c a t e  c o p i e s  of t h e  annua l  r e p o r t  th rouah  
t h a t  adency. t h e  o p e r a t o r  should comply wi th  t h a t  requi rener . t .  -In doing  so ,  the  
ape raeo r  ahould g ive  t h e  S t a t e  agency s u f f i c i e n t  t i m e  t o  submit t h e  r e p o r t  :o the 
O f f i c e  of P i p e l i n e  SGfety by February  15. 

aci l  oparacor  of il &ld,rliurai g i t : d L i n g  Sj-sCcL i: 2: d t ~ ~ T ~ s = L b z i c Z  

20590. 

The annadl  r e p o r t i n g  per iod  i s  on a c a l e n d a r  b a s i s ,  beginning  i anua ry  1 and ending  
on Dtcember 31 of each  yea r .  

ac 'n  independent s u b s i d i a r y  o p e r a t i o n  must r e p o r t  s e p a r a t e l y .  
o p e r a t o r  should  be t h a t  addrese  vhe re  in fo rma t ion  r ega rd ing  t h e  r e p o r t  c7.n be 
ob ta ined  . 
Sec t ion  191.5 sets f o r t h  t h e  r e g u l a t i o n  concern ing  t a l epnon ic  n o t i c e  o f  cer:ain 
l e a k s .  
1971, i s  area code 202 426-0700. 

The addresv  of t h e  

The new te lephone  number f o r  r e p o r t i n g  rhese  l e a k s .  a s  amended A p r i l  16 ,  
Dis regard  t h e  te1cpho;le number on F o n  DOT-F-7i03.2-1. 

I f  you have any  ques:luns concern ing  t h i a  r e p o r t ,  p l e a s e  write C K  c a l l  the O f f i c e  
of P i p e l i n e  Sa fe ty ,  Department of T r a n s p o r t a t i o n ,  Wask.ington, D . C .  
number 202 426-2082. 

205FJO. t e i epboue  

*If Lhe o p e r a t o r  dz te rminee  t h t  he h a s  f a c i l i t i e s  tF.at f a l l  UI?CCK t h i s  d e f i n i t i o n .  
be should  r e f e r  t o  t h e  i n s r r u c t i o n s  for  comple t ing  Form DOT-P-7:03.i-l ior 
d i s t r l b u t i o n  l i n e a .  
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