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FA
CT

S A
BO

UT
  P

IP
EL

IN
E S

AF
ET

Y  
 

IN
 YO

UR
 CO

MM
UN

ITY
HE

CH
OS

 AC
ER

CA
 DE

 LA
S T

UB
ER

ÍAS
 SE

GU
RO

 EN
 SU

 CO
MU

NI
DA

D

In
fó

rm
es

e,
 R

ec
on

oz
ca

, R
es

po
nd

a
Kn

ow
, R

ec
og

ni
ze

, R
es

po
nd

Fl
yn

n 
Ex

hi
bi

t P
ag

e 
6



Friedman_03 

Friedman_03_Sunoco brochure Oct. 2018

Ap
pr

ox
im

at
el

y t
wo

-th
ird

s o
f t

he
 n

at
ur

al 
ga

s a
nd

 p
et

ro
le

um
 p

ro
du

ct
s w

e 
us

e 
ev

er
y 

da
y a

re
 tr

an
sp

or
te

d 
th

ro
ug

h 
un

de
rg

ro
un

d 
pi

pe
lin

es
 –

 m
ak

in
g 

th
em

 an
 e

ss
en

tia
l p

ar
t 

of
 th

e 
na

tio
n’s

 in
fra

str
uc

tu
re

. S
tu

di
es

 h
av

e 
co

nfi
rm

ed
 th

at
 p

ip
el

in
es

 ar
e 

th
e 

sa
fe

st 
wa

y 
to

 tr
an

sp
or

t e
ne

rg
y i

n 
th

e 
Un

ite
d 

St
at

es
.  

Yo
u 

ar
e 

re
ce

ivi
ng

 th
is 

in
fo

rm
at

io
n 

be
ca

us
e 

En
er

gy
 Tr

an
sfe

r, o
r o

ne
 o

f i
ts 

affi
lia

te
s, 

m
ay

 o
pe

ra
te

 o
r m

ain
ta

in
 a 

pi
pe

lin
e 

in
 yo

ur
 

co
m

m
un

ity
. W

e 
as

k t
ha

t y
ou

 re
vie

w 
th

e 
fo

llo
wi

ng
 im

po
rta

nt
 sa

fe
ty

 in
fo

rm
at

io
n,

 
en

co
ur

ag
e 

yo
u 

to
 sh

ar
e 

it 
wi

th
 o

th
er

s a
nd

 
re

ta
in

 fo
r f

ut
ur

e 
re

fe
re

nc
e.

En
er

gy
 Tr

an
sfe

r, a
 Te

xa
s-b

as
ed

 e
ne

rg
y c

om
pa

ny
 fo

un
de

d 
in

 19
95

 as
 a 

sm
all

 in
tra

sta
te

 n
at

ur
al 

ga
s p

ip
el

in
e 

co
m

pa
ny

, is
 n

ow
 o

ne
 o

f t
he

 la
rg

es
t a

nd
 m

os
t 

di
ve

rs
ifie

d 
m

as
te

r l
im

ite
d 

pa
rtn

er
sh

ip
s i

n 
th

e 
Un

ite
d 

St
at

es
. S

tra
te

gi
ca

lly
 p

os
iti

on
ed

 in
 al

l o
f t

he
 m

ajo
r U

.S
. p

ro
du

ct
io

n 
ba

sin
s, 

th
e 

co
m

pa
ny

 o
wn

s a
nd

 o
pe

ra
te

s 
a g

eo
gr

ap
hi

ca
lly

 d
ive

rs
e 

po
rtf

ol
io

 o
f e

ne
rg

y a
ss

et
s, 

in
clu

di
ng

 m
id

str
ea

m
, in

tra
sta

te
 an

d 
in

te
rs

ta
te

 tr
an

sp
or

ta
tio

n 
an

d 
sto

ra
ge

 as
se

ts.
 E

ne
rg

y T
ra

ns
fe

r o
pe

ra
te

s 
ne

ar
ly 

90
,0

00
 m

ile
s o

f n
at

ur
al 

ga
s, 

cr
ud

e 
oi

l, n
at

ur
al 

ga
s l

iq
ui

ds
 an

d 
re

fin
ed

 p
ro

du
ct

s p
ip

el
in

es
 an

d 
re

lat
ed

 fa
cil

iti
es

, in
clu

di
ng

 te
rm

in
all

in
g,

 st
or

ag
e,

 fr
ac

tio
na

tio
n,

 
bl

en
di

ng
 an

d 
va

rio
us

 ac
qu

isi
tio

n 
an

d 
m

ar
ke

tin
g 

as
se

ts 
in

 3
8 

sta
te

s.

If y
ou

 w
ou

ld 
lik

e m
or

e i
nf

or
ma

tio
n,

 pl
ea

se
 vi

sit
 us

 at
 en

er
gy

tra
ns

fer
.co

m 
or

 ca
ll o

ur
 no

n-e
me

rg
en

cy
 nu

mb
er

 at
 87

7-7
95

-72
71

.

Fl
yn

n 
Ex

hi
bi

t P
ag

e 
7



Friedman_03 

Friedman_03_Sunoco brochure Oct. 2018

Na
tio

na
l P

ipe
lin

e M
ap

pin
g S

ys
tem

Ev
er

yo
ne

 ca
n 

co
nt

rib
ut

e 
to

 sa
fe

ty
 an

d 
se

cu
rit

y b
y k

no
wi

ng
 w

he
re

 p
ip

el
in

es
 

ar
e 

in
 th

ei
r c

om
m

un
ity

 an
d 

re
co

gn
izi

ng
 u

na
ut

ho
riz

ed
 ac

tiv
ity

. T
o 

fin
d 

ou
t w

ho
 o

pe
ra

te
s t

ra
ns

m
iss

io
n 

pi
pe

lin
es

 in
 yo

ur
 ar

ea
, v

isi
t t

he
 N

at
io

na
l 

Pi
pe

lin
e 

M
ap

pi
ng

 S
ys

te
m

 at
 w

ww
.n

pm
s.p

hm
sa

.d
ot

.g
ov

. T
o 

do
wn

lo
ad

 th
e 

m
ob

ile
 ap

pl
ica

tio
n 

to
 yo

ur
 iO

S 
de

vic
e 

fre
e 

of
 ch

ar
ge

, v
isi

t t
he

 A
pp

 S
to

re
 

an
d 

se
ar

ch
 fo

r “
NP

M
S 

Pu
bl

ic 
Vi

ew
er

.”

Pip
eli

ne
 Sa

fet
y

Ou
r p

ip
el

in
es

 ar
e 

re
gu

lar
ly 

te
ste

d 
an

d 
m

ain
ta

in
ed

 u
sin

g 
cle

an
in

g 
de

vic
es

, 
di

ag
no

sti
c t

oo
ls 

an
d 

ca
th

od
ic 

pr
ot

ec
tio

n.
 W

e 
pe

rfo
rm

 re
gu

lar
 p

at
ro

ls,
 

bo
th

 o
n 

th
e 

gr
ou

nd
 an

d 
in

 th
e 

air
, a

lo
ng

 o
ur

 ro
ut

es
 to

 e
ns

ur
e 

th
e 

se
cu

rit
y 

an
d 

in
te

gr
ity

 o
f o

ur
 lin

es
. F

or
 th

e 
sa

fe
ty

 o
f o

ur
 sy

ste
m

 an
d 

fo
r t

he
 p

eo
pl

e 
ar

ou
nd

 it
, w

e 
m

on
ito

r p
ip

el
in

e 
op

er
at

io
ns

 2
4 

ho
ur

s a
 d

ay
, 3

65
 d

ay
s a

 ye
ar

.

Sp
ec

ial
 Pr

ote
cti

ve
 M

ea
su

res
 

Ce
rta

in
 p

ip
el

in
es

 ar
e 

de
sig

na
te

d 
as

 b
ei

ng
 in

 “H
ig

h 
Co

ns
eq

ue
nc

e 
Ar

ea
s”

 (H
CA

) d
ue

 to
 th

ei
r l

oc
at

io
n 

in
 h

ig
h 

po
pu

lat
io

n 
or

 e
nv

iro
nm

en
ta

lly
 

se
ns

iti
ve

 ar
ea

s. 
In

 ac
co

rd
an

ce
 w

ith
 re

gu
lat

io
ns

, w
e 

ha
ve

 d
ev

el
op

ed
 an

d 
im

pl
em

en
te

d 
a w

rit
te

n 
In

te
gr

ity
 M

an
ag

em
en

t P
ro

gr
am

 th
at

 
ad

dr
es

se
s t

he
 ri

sk
s o

n 
ce

rta
in

 p
ip

el
in

e 
se

gm
en

ts.
 B

as
el

in
e 

an
d 

pe
rio

di
c a

ss
es

sm
en

ts 
ar

e 
co

nd
uc

te
d 

to
 id

en
tif

y a
nd

 e
va

lu
at

e 
po

te
nt

ial
 

th
re

at
s t

o 
ou

r p
ip

el
in

es
. A

ny
 si

gn
ific

an
t d

ef
ec

ts 
di

sc
ov

er
ed

 ar
e 

re
m

ed
iat

ed
 an

d 
th

e 
co

m
pa

ny
 m

on
ito

rs
 p

ro
gr

am
 e

ffe
ct

ive
ne

ss
 so

 th
at

 
m

od
ific

at
io

ns
 ca

n 
be

 re
co

gn
ize

d 
an

d 
im

pl
em

en
te

d.
 

Alo
ng

 th
e R

igh
t-o

f-W
ay

Ri
gh

ts-
of

-w
ay

 p
ro

vid
e 

a p
er

m
an

en
t, 

lim
ite

d 
ac

ce
ss

 to
 p

riv
at

el
y o

wn
ed

 p
ro

pe
rty

 to
 e

na
bl

e 
us

 to
 o

pe
ra

te
, in

sp
ec

t, 
re

pa
ir, 

m
ain

ta
in

 an
d 

pr
ot

ec
t o

ur
 p

ip
el

in
e.

 R
ig

ht
s-o

f-w
ay

 m
us

t b
e 

ke
pt

 fr
ee

 o
f s

tru
ct

ur
es

 an
d 

ot
he

r o
bs

tru
ct

io
ns

. P
ro

pe
rty

 o
wn

er
s s

ho
ul

d 
no

t d
ig

, p
lan

t, 
pl

ac
e 

or
 

bu
ild

 an
yt

hi
ng

 o
n 

th
e 

rig
ht

-o
f-w

ay
 w

ith
ou

t fi
rs

t c
all

in
g 

81
1 a

nd
 h

av
in

g 
ou

r p
er

so
nn

el
 m

ar
k t

he
 p

ip
el

in
e,

 st
ak

e 
th

e 
ea

se
m

en
t a

nd
 ex

pl
ain

 o
ur

 
pr

op
er

ty
 d

ev
el

op
m

en
t g

ui
de

lin
es

 to
 yo

u.

CONTACT               KNOW               RECOGNIZE               RESPOND

Fl
yn

n 
Ex

hi
bi

t P
ag

e 
8



Friedman_03 

Friedman_03_Sunoco brochure Oct. 2018

Sis
tem

a N
ac

ion
al 

de
 M

ap
as

 de
 Tu

be
ría

s
To

do
s p

ue
de

n 
co

nt
rib

ui
r a

 la
 se

gu
rid

ad
 y 

pr
ot

ec
ció

n 
sa

bi
en

do
 d

ón
de

 se
 e

nc
ue

nt
ra

n 
las

 
tu

be
ría

s e
n 

su
s c

om
un

id
ad

es
 y 

re
co

no
cie

nd
o 

si 
ha

y a
ct

ivi
da

d 
no

 au
to

riz
ad

a.
 P

ar
a a

ve
rig

ua
r 

qu
ié

n 
op

er
a t

ub
er

ías
 d

e 
tra

ns
m

isi
ón

 e
n 

su
 zo

na
, v

isi
te

 e
l S

ist
em

a N
ac

io
na

l d
e 

M
ap

as
 d

e 
Tu

be
ría

s e
n 

ww
w.

np
m

s.p
hm

sa
.d

ot
.g

ov
. P

ar
a d

es
ca

rg
ar

 la
 ap

lic
ac

ió
n 

m
óv

il e
n 

su
 d

isp
os

iti
vo

 
iO

S 
sin

 ca
rg

o 
alg

un
o,

 vi
ste

 e
l A

pp
le

 S
to

re
 y 

bu
sq

ue
 “N

PM
S 

Pu
bl

ic 
Vi

ew
er

.”

La
 se

gu
rid

ad
 de

 la
s t

ub
erí

as
Re

ali
za

m
os

 p
ru

eb
as

 y 
m

an
te

ni
m

ie
nt

o 
pe

rió
di

co
s a

 n
ue

str
as

 tu
be

ría
s u

sa
nd

o 
di

sp
os

iti
vo

s 
de

 lim
pi

ez
a,

 h
er

ra
m

ie
nt

as
 d

e 
di

ag
nó

sti
co

 y 
pr

ot
ec

ció
n 

ca
tó

di
ca

. P
at

ru
lla

m
os

 re
gu

lar
m

en
te

, 
ta

nt
o 

po
r t

ie
rra

 co
m

o 
po

r a
ire

, n
ue

str
as

 ru
ta

s p
ar

a g
ar

an
tiz

ar
 la

 se
gu

rid
ad

 y 
la 

in
te

gr
id

ad
 

de
 n

ue
str

as
 lín

ea
s. 

Pa
ra

 co
ns

er
va

r l
a s

eg
ur

id
ad

 d
e 

nu
es

tro
 si

ste
m

a y
 d

e 
las

 p
er

so
na

s a
 su

 
alr

ed
ed

or
, m

on
ito

re
am

os
 la

s o
pe

ra
cio

ne
s d

e 
las

 tu
be

ría
s l

as
 2

4 
ho

ra
s d

el
 d

ía,
 lo

s 3
65

 d
ías

 
de

l a
ño

.

Me
did

as
 es

pe
cia

les
 de

 pr
ote

cci
ón

 
Ci

er
ta

s t
ub

er
ías

 so
n 

de
sig

na
da

s c
om

o 
de

 “Á
re

as
 d

e 
alt

as
 co

ns
ec

ue
nc

ias
” (

Hi
gh

 C
on

se
qu

en
ce

 A
re

as
, H

CA
) d

eb
id

o 
a s

u 
ub

ica
ció

n 
en

 ár
ea

s d
e 

m
uc

ha
 p

ob
lac

ió
n 

o 
co

n 
ec

os
ist

em
as

 fr
ág

ile
s. 

En
 co

nf
or

m
id

ad
 co

n 
las

 n
or

m
as

, h
em

os
 d

es
ar

ro
lla

do
 e

 im
pl

em
en

ta
do

 p
or

 e
sc

rit
o 

un
 P

ro
gr

am
a 

de
 G

es
tió

n 
de

 In
te

gr
id

ad
 q

ue
 tr

at
a l

os
 ri

es
go

s d
e 

cie
rto

s s
eg

m
en

to
s d

e 
tu

be
ría

s. 
Se

 re
ali

za
n 

ev
alu

ac
io

ne
s i

ni
cia

le
s y

 p
er

ió
di

ca
s p

ar
a i

de
nt

ific
ar

 
y a

na
liz

ar
 la

s a
m

en
az

as
 p

ot
en

cia
le

s a
 n

ue
str

as
 tu

be
ría

s. 
Se

 co
rri

ge
n 

to
do

s l
os

 d
ef

ec
to

s s
ig

ni
fic

at
ivo

s d
et

ec
ta

do
s y

 la
 co

m
pa

ñí
a m

on
ito

re
a l

a 
efi

ca
cia

 d
el

 p
ro

gr
am

a p
ar

a q
ue

 se
 p

ue
da

n 
re

co
no

ce
r e

 im
pl

em
en

ta
r l

as
 m

od
ific

ac
io

ne
s. 

En
 el

 de
rec

ho
 de

 pa
so

El 
de

re
ch

o 
de

 p
as

o 
pr

ov
ee

 u
n 

ac
ce

so
 lim

ita
do

 y 
pe

rm
an

en
te

 a 
un

a p
ro

pi
ed

ad
 p

riv
ad

a p
ar

a p
er

m
iti

rn
os

 o
pe

ra
r, i

ns
pe

cc
io

na
r, r

ep
ar

ar
, m

an
te

ne
r 

y p
ro

te
ge

r n
ue

str
a t

ub
er

ía.
 E

l d
er

ec
ho

 d
e 

pa
so

 se
 d

eb
e 

m
an

te
ne

r l
ib

re
 d

e 
es

tru
ct

ur
as

 y 
ot

ra
s o

bs
tru

cc
io

ne
s. 

Lo
s d

ue
ño

s d
e 

la 
pr

op
ie

da
d 

no
 

de
be

n 
ex

ca
va

r, p
lan

ta
r, c

ol
oc

ar
 o

 co
ns

tru
ir 

na
da

 so
br

e 
el

 d
er

ec
ho

 d
e 

pa
so

 si
n 

lla
m

ar
 p

rim
er

o 
al 

81
1. 

Nu
es

tro
 p

er
so

na
l t

ie
ne

 q
ue

 in
di

ca
r l

a t
ub

er
ía,

 
co

lo
ca

r e
sta

ca
s e

n 
el

 p
as

o 
y e

xp
lic

ar
le

 a 
us

te
d 

nu
es

tra
s d

ire
ct

iva
s p

ar
a e

l d
es

ar
ro

llo
 d

e 
la 

pr
op

ie
da

d.

COMUNÍQUESE            INFÓRMESE            RECONOZCA            RESPONDA

Fl
yn

n 
Ex

hi
bi

t P
ag

e 
9



Friedman_03 

Friedman_03_Sunoco brochure Oct. 2018

Na
tu

ra
l G

as
Na

tu
ra

l G
as

 Li
qu

ids
 (B

uta
ne

, 
Eth

an
e, 

Pro
pa

ne
)

Pe
tro

leu
m 

(Cr
ud

e O
il, 

Ga
so

lin
e, 

Die
se

l, J
et 

Fu
el,

 Ke
ros

en
e)

Hy
dr

og
en

 Su
lfid

e (
H2

S)

By
 Si

gh
t

• 
Du

st 
blo

wi
ng

 fro
m 

a h
ole

 in
  

the
 gr

ou
nd

.
• 

Co
nti

nu
ou

s b
ub

bli
ng

 in
 w

et 
or 

 
flo

od
ed

 ar
ea

s.
• 

De
ad

 or
 di

sco
lor

ed
 ve

ge
tat

ion
 in

 a 
gre

en
 ar

ea
.

• 
Fla

me
s, 

if a
 le

ak
 ha

s ig
nit

ed
.

• 
Du

st 
blo

wi
ng

 fro
m 

a h
ole

 in
  

the
 gr

ou
nd

.
• 

Co
nti

nu
ou

s b
ub

bli
ng

 in
 w

et 
or 

 
flo

od
ed

 ar
ea

s.
• 

De
ad

 or
 di

sco
lor

ed
 ve

ge
tat

ion
 in

 a 
gre

en
 ar

ea
.

• 
Fla

me
s, 

if a
 le

ak
 ha

s ig
nit

ed
.

• 
Ice

 ar
ou

nd
 a 

lea
k.

• 
Va

po
r c

lou
d o

r m
ist

.

• 
Po

ol 
of 

liq
uid

 on
 th

e g
rou

nd
.

• 
Ra

inb
ow

 sh
ee

n o
n t

he
 w

ate
r.

• 
Co

nti
nu

ou
s b

ub
bli

ng
 in

 w
et 

or 
 

flo
od

ed
 ar

ea
s.

• 
Va

po
r c

lou
d o

r m
ist

.
• 

Fla
me

s, 
if a

 le
ak

 ha
s ig

nit
ed

.
• 

De
ad

 or
 di

sco
lor

ed
 ve

ge
tat

ion
 in

 a 
gre

en
 ar

ea
.

• 
Du

st 
blo

wi
ng

 fro
m 

a h
ole

 in
  

the
 gr

ou
nd

.
• 

Co
nti

nu
ou

s b
ub

bli
ng

 in
 w

et 
or 

 
flo

od
ed

 ar
ea

s.
• 

De
ad

 or
 di

sco
lor

ed
 ve

ge
tat

ion
 in

 a 
gre

en
 ar

ea
.

• 
Fla

me
s, 

if a
 le

ak
 ha

s ig
nit

ed
.

By
 So

un
d

• 
Blo

wi
ng

 or
 hi

ssi
ng

 so
un

d.
• 

Blo
wi

ng
 or

 hi
ssi

ng
 so

un
d.

• 
Blo

wi
ng

 or
 hi

ssi
ng

 so
un

d.
• 

Blo
wi

ng
 or

 hi
ssi

ng
 so

un
d.

By
 Sm

ell
• 

Od
orl

es
s u

nle
ss 

me
rca

pta
n, 

a 
ch

em
ica

l o
do

ran
t, i

s a
dd

ed
 to

 gi
ve

 it 
a d

ist
inc

tiv
e s

me
ll. 

• 
Od

orl
es

s in
 its

 na
tur

al 
sta

te,
 ho

we
ve

r 
a f

ain
t s

ma
ll m

ay
 be

 pr
es

en
t. 

• 
An

 un
us

ua
l sm

ell
 or

 ga
se

ou
s o

do
r.

• 
Fo

ul 
su

lfu
r o

do
r, s

im
ila

r to
 ro

tte
n e

gg
s.

• 
H 2S

 ex
po

su
re 

ma
y r

es
ult

 in
 as

ph
yxi

ati
on

 
(su

ffo
ca

tio
n) 

an
d p

rol
on

ge
d e

xp
os

ure
 

to 
low

 co
nc

en
tra

tio
ns

 ca
n d

ea
de

n t
he

 
se

ns
e o

f s
me

ll.

Pi
pe

lin
es

 ar
e 

ty
pi

ca
lly

 m
ad

e 
of

 st
ee

l, c
ov

er
ed

 w
ith

 a 
pr

ot
ec

tiv
e 

co
at

in
g 

an
d 

bu
rie

d 
se

ve
ra

l f
ee

t u
nd

er
gr

ou
nd

. F
or

 yo
ur

 sa
fe

ty,
 m

ar
ke

rs
 ar

e 
us

ed
 to

 in
di

ca
te

 
th

e 
ap

pr
ox

im
at

e 
lo

ca
tio

n 
of

 p
ip

el
in

es
. T

he
 m

ar
ke

rs
 co

nt
ain

 th
e 

na
m

e 
of

 th
e 

pi
pe

lin
e 

op
er

at
or

, p
ro

du
ct

s t
ra

ns
po

rte
d 

an
d 

em
er

ge
nc

y c
on

ta
ct

 in
fo

rm
at

io
n.

 
Ke

ep
 in

 m
in

d 
th

at
 p

ip
el

in
es

 m
ay

 n
ot

 fo
llo

w 
a s

tra
ig

ht
 lin

e 
be

tw
ee

n 
m

ar
ke

rs
, n

or
 d

o 
m

ar
ke

rs
 in

di
ca

te
 th

e 
ex

ac
t l

oc
at

io
n 

an
d 

de
pt

h 
of

 th
e 

pi
pe

lin
e.

 

Le
ak

s f
rom

 pi
pe

lin
es

 ar
e u

nu
su

al,
 bu

t w
e w

an
t y

ou
 to

 kn
ow

 w
ha

t to
 do

 in
 th

e u
nli

ke
ly 

ev
en

t o
ne

 oc
cu

rs.
 Th

e t
ab

le 
be

low
 de

scr
ibe

s 
the

 ty
pe

s o
f p

rod
uc

ts 
tra

ns
po

rte
d b

y o
ur 

pip
eli

ne
s. 

Re
fer

 to
 th

e C
on

tac
t p

ag
e t

o fi
nd

 ou
t w

hic
h p

rod
uc

ts 
ma

y b
e t

ran
sp

ort
ed

 in
 yo

ur 
are

a. 
Yo

u m
ay

 be
 ab

le 
to 

rec
og

niz
e a

 le
ak

 by
 th

e f
oll

ow
ing

 si
gn

s:

CONTACT               KNOW               RECOGNIZE               RESPOND
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La
s t

ub
er

ías
 so

n 
típ

ica
m

en
te

 d
e 

ac
er

o,
 ti

en
en

 u
n 

re
ve

sti
m

ie
nt

o 
pr

ot
ec

to
r y

 se
 e

nt
ie

rra
n 

a v
ar

io
s p

ie
s. 

Pa
ra

 su
 se

gu
rid

ad
, la

 u
bi

ca
ció

n 
ap

ro
xim

ad
a 

de
 la

s t
ub

er
ías

 se
 in

di
ca

 co
n 

se
ña

le
s. 

La
s s

eñ
ale

s c
on

tie
ne

n 
el

 n
om

br
e 

de
l o

pe
ra

do
r d

e 
la 

tu
be

ría
, lo

s p
ro

du
ct

os
 tr

an
sp

or
ta

do
s y

 la
 in

fo
rm

ac
ió

n 
de

 
co

nt
ac

to
 e

n 
ca

so
 d

e 
em

er
ge

nc
ia.

 R
ec

ue
rd

e 
qu

e 
la 

tu
be

ría
 q

ui
zá

 n
o 

sig
a u

na
 lín

ea
 re

ct
a e

nt
re

 u
na

 se
ña

l y
 o

tra
 o

 q
ui

zá
 la

s s
eñ

ale
s n

o 
in

di
qu

en
 la

 
ub

ica
ció

n 
y l

a p
ro

fu
nd

id
ad

 ex
ac

ta
s d

e 
la 

tu
be

ría
. 

La
s f

ug
as

 de
 tu

be
ría

s s
on

 po
co

 co
mu

ne
s p

ero
 qu

ere
mo

s q
ue

 se
pa

 qu
é h

ac
er 

si 
se

 pr
od

uc
e e

ste
 ev

en
to 

po
co

 pr
ob

ab
le.

 El
 cu

ad
ro 

de
 ab

ajo
 de

scr
ibe

 lo
s t

ipo
s d

e p
rod

uc
tos

 qu
e n

ue
str

as
 tu

be
ría

s t
ran

sp
ort

an
. C

on
su

lte
 la

 pá
gin

a d
e C

on
tac

to 
pa

ra 
av

eri
gu

ar 
cu

ále
s p

rod
uc

tos
 pu

ed
en

 se
r tr

an
sp

ort
ad

os
 en

 su
 zo

na
. E

s p
os

ibl
e q

ue
 re

co
no

zca
 un

a f
ug

a p
or 

las
 si

gu
ien

tes
 se

ña
les

:

COMUNÍQUESE            INFÓRMESE            RECONOZCA            RESPONDA

Ga
s N

at
ur

al
Líq

uid
os

 de
 Ga

s N
at

ur
al 

(Bu
tan

o, 
Eta

no
, P

rop
an

o)
Pe

tró
leo

 (P
etr

óle
o c

rud
o, 

Ga
so

lin
a, 

Die
se

l, C
om

bu
sti

ble
 pe

sa
do

, K
ero

sé
n)

Su
lfu

ro
 de

 Hi
dr

óg
en

o (
H2

S)

Po
r la

  
vis

ta

• 
Po

lvo
 qu

e v
ue

la 
de

 un
 or

ific
io 

en
 

la 
tie

rra
.

• 
Bu

rbu
jeo

 co
nti

nu
o e

n á
rea

s 
hú

me
da

s o
 in

un
da

da
s.

• 
Ve

ge
tac

ión
 m

ue
rta

 o 
de

sco
lor

ida
 

en
 un

 ár
ea

 ve
rde

.
• 

Lla
ma

s, 
si l

a f
ug

a s
e e

nc
en

dió
.

• 
Po

lvo
 qu

e v
ue

la 
de

 un
 or

ific
io 

en
 

la 
tie

rra
.

• 
Bu

rbu
jeo

 co
nti

nu
o e

n á
rea

s 
hú

me
da

s o
 in

un
da

da
s.

• 
Ve

ge
tac

ión
 m

ue
rta

 o 
de

sco
lor

ida
 

en
 un

 ár
ea

 ve
rde

.
• 

Lla
ma

s, 
si l

a f
ug

a s
e e

nc
en

dió
.

• 
Hie

lo 
alr

ed
ed

or 
de

 un
a f

ug
a.

• 
Un

a n
ub

e d
e v

ap
or 

o n
eb

lin
a.

• 
Ch

arc
o d

e l
íqu

ido
 en

 el
 su

elo
.

• 
Ma

nc
ha

 de
 br

illo
 po

lic
rom

o e
n e

l a
gu

a.
• 

Bu
rbu

jeo
 co

nti
nu

o e
n á

rea
s h

úm
ed

as
 o 

inu
nd

ad
as

.
• 

Un
a n

ub
e d

e v
ap

or 
o n

eb
lin

a.
• 

Lla
ma

s, 
si l

a f
ug

a s
e e

nc
en

dió
.

• 
Ve

ge
tac

ión
 m

ue
rta

 o 
de

sco
lor

ida
 en

 un
 

áre
a v

erd
e.

• 
Po

lvo
 qu

e v
ue

la 
de

 un
 or

ific
io 

en
 la

 tie
rra

.
• 

Bu
rbu

jeo
 co

nti
nu

o e
n á

rea
s h

úm
ed

as
 o 

inu
nd

ad
as

.
• 

Ve
ge

tac
ión

 m
ue

rta
 o 

de
sco

lor
ida

 en
 un

 ár
ea

 ve
rde

.
• 

Lla
ma

s, 
si l

a f
ug

a s
e e

nc
en

dió
.

Po
r e

l 
so

nid
o

• 
So

nid
o d

e s
op

lid
o o

 sil
bid

o.
• 

So
nid

o d
e s

op
lid

o o
 sil

bid
o.

• 
So

nid
o d

e s
op

lid
o o

 sil
bid

o.
• 

So
nid

o d
e s

op
lid

o o
 sil

bid
o.

Po
r e

l 
olf

at
o

• 
Es 

ino
do

ro 
a m

en
os

 qu
e s

e a
gre

gu
e 

me
rca

pta
no

, u
n o

do
ran

te 
qu

ím
ico

, 
pa

ra 
da

rle
 un

 ol
or 

ca
rac

ter
íst

ico
.

• 
Es 

ino
lor

o e
n s

u e
sta

do
 na

tur
al,

 sin
 

em
ba

rgo
, p

ue
de

 ha
be

r u
n l

ev
e o

lor
 

pre
se

nte
.

• 
Un

 ol
or 

inu
su

al 
u o

lor
 a 

ga
s.

• 
Olo

r d
es

ag
rad

ab
le 

a a
zu

fre
, s

im
ila

r a
 hu

ev
os

 po
dri

do
s.

• 
La

 ex
po

sic
ión

 al
 H2

S p
ue

de
 ca

us
ar 

as
fix

ia 
(so

foc
ac

ión
) y

 
la 

ex
po

sic
ión

 pr
olo

ng
ad

a a
 ba

jas
 co

nc
en

tra
cio

ne
s p

ue
de

 
red

uc
ir e

l se
nti

do
 de

l o
lfa

to.
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Wh
at 

sh
ou

ld 
I d

o i
f I 

su
sp

ec
t a

 le
ak

?
• 

Le
av

e 
th

e 
ar

ea
 im

m
ed

iat
el

y, 
on

 fo
ot

, if
 p

os
sib

le,
 in

 
an

 u
ph

ill,
 u

pw
in

d 
di

re
ct

io
n.

 Fo
llo

w 
di

re
ct

io
n 

of
 lo

ca
l 

em
er

ge
nc

y r
es

po
ns

e 
ag

en
cie

s. 
• 

Ab
an

do
n 

an
y e

qu
ip

m
en

t b
ei

ng
 u

se
d 

in
 o

r n
ea

r t
he

 ar
ea

.
• 

Av
oi

d 
an

y o
pe

n 
fla

m
e 

or
 o

th
er

 so
ur

ce
s o

f i
gn

iti
on

.  
• 

W
ar

n 
ot

he
rs

 to
 st

ay
 aw

ay
.

• 
Fr

om
 a 

sa
fe

 lo
ca

tio
n,

 ca
ll 9

11 
or

 lo
ca

l e
m

er
ge

nc
y r

es
po

ns
e 

ag
en

cie
s. 

• 
No

tif
y t

he
 p

ip
el

in
e 

co
m

pa
ny

 im
m

ed
iat

el
y.

• 
Do

 n
ot

 at
te

m
pt

 to
 ex

tin
gu

ish
 a 

pi
pe

lin
e 

fir
e.

• 
Do

 n
ot

 at
te

m
pt

 to
 o

pe
ra

te
 p

ip
el

in
e 

va
lve

s.

 
  

 D
IG

 W
ITH

 CA
RE

. 

If 
yo

u 
sh

ou
ld

 h
ap

pe
n 

to
 st

rik
e 

th
e 

pi
pe

lin
e 

wh
ile

 w
or

kin
g 

in
 th

e 
ar

ea
, it

 is
 im

po
rta

nt
 th

at
 

yo
u 

ph
on

e 
us

 im
m

ed
iat

el
y. 

Ev
en

 se
em

in
gl

y m
in

or
 d

am
ag

e,
 su

ch
 as

 a 
de

nt
 o

r c
hi

pp
ed

 
pi

pe
lin

e 
co

at
in

g,
 co

ul
d 

re
su

lt 
in

 a 
fu

tu
re

 le
ak

 if
 n

ot
 p

ro
m

pt
ly 

re
pa

ire
d.

 
  

 AL
WA

YS
 CA

LL
 81

1 B
EF

OR
E Y

OU
 D

IG
. 

 
  

 W
AI

T T
HE

 RE
QU

IR
ED

 AM
OU

NT
 O

F T
IM

E.

 
  

 RE
SP

EC
T T

HE
 M

AR
KS

.

CONTACT               KNOW               RECOGNIZE               RESPOND

Wa
it f

or
 th

e s
ite

 to
 be

 m
ar

ke
d. 

Ma
rk

ing
 

co
uld

 be
 ei

th
er

 by
 pa

int
, fl

ag
s o

r s
ta

ke
s.

AP
WA

 Co
lor

 Co
de

 P
rop

ose
d e

xca
vat

ion
 T

em
po

rar
y s

urv
ey 

ma
rki

ng
s

 E
lec

tric
 po

we
r li

ne
s, c

ab
les

, c
on

du
it  

 
 

an
d l

igh
tin

g c
ab

les
 G

as,
 oi

l, s
tea

m,
 pe

tro
leu

m 
or 

 
 

ga
seo

us 
ma

ter
ial

s
 C

om
mu

nic
ati

on
, a

lar
m 

or 
sig

na
l li

ne
s,  

 
cab

les
 or

 co
nd

uit
 P

ota
ble

 w
ate

r
 R

ecl
aim

ed
 w

ate
r, i

rrig
ati

on
 an

d s
lur

ry 
lin

es
 S

ew
ers

 an
d d

rai
n l

ine
s

Do
n’t

 ev
er 

as
su

me
 yo

u k
no

w 
wh

ere
 th

e u
nd

erg
rou

nd
 ut

ilit
ies

 ar
e l

oc
ate

d. 
On

e 
of

 th
e 

gr
ea

te
st 

sin
gl

e 
ch

all
en

ge
s t

o 
sa

fe
 p

ip
el

in
e 

op
er

at
io

ns
 is

 th
e 

ac
cid

en
ta

l 
da

m
ag

e 
ca

us
ed

 b
y e

xc
av

at
io

n.
 In

 ac
co

rd
an

ce
 w

ith
 st

at
e 

an
d 

fe
de

ra
l g

ui
de

lin
es

, 
a d

am
ag

e 
pr

ev
en

tio
n 

pr
og

ra
m

 h
as

 b
ee

n 
es

ta
bl

ish
ed

 to
 p

re
ve

nt
 d

am
ag

e 
to

 o
ur

 
pi

pe
lin

es
 fr

om
 ex

ca
va

tio
n 

ac
tiv

iti
es

, u
sin

g 
no

n-
m

ec
ha

ni
ca

l o
r m

ec
ha

ni
ca

l e
qu

ip
m

en
t 

or
 ex

pl
os

ive
s t

o 
m

ov
e 

ea
rth

, r
oc

k o
r o

th
er

 m
at

er
ial

 b
el

ow
 ex

ist
in

g 
gr

ad
e.

 La
ws

 va
ry

 
by

 st
at

e,
 b

ut
 m

os
t r

eq
ui

re
 a 

ca
ll t

o 
81

1 b
et

we
en

 4
8 

to
 72

 h
ou

rs
 b

ef
or

e 
yo

u 
pl

an
 to

 d
ig

.  
Yo

ur
 lo

ca
l O

ne
-C

all
 C

en
te

r w
ill 

le
t y

ou
 kn

ow
 if

 th
er

e 
ar

e 
an

y b
ur

ie
d 

ut
ilit

ie
s i

n 
th

e 
ar

ea
, 

an
d 

th
e 

ut
ilit

y c
om

pa
ni

es
 w

ill 
be

 n
ot

ifie
d 

to
 id

en
tif

y a
nd

 cl
ea

rly
 m

ar
k t

he
 lo

ca
tio

n 
of

 
th

ei
r l

in
es

 at
 n

o 
co

st 
to

 yo
u.
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   E
XC

AV
E C

ON
 CU

ID
AD

O.
 

 
     

   S
IEM

PR
E L

LA
M

E 8
11

 AN
TE

S D
E E

XC
AV

AR
. 

 
     

   E
SP

ER
E L

A C
AN

TID
AD

 D
E T

IEM
PO

 EX
IG

ID
A.

 
     

   R
ES

PE
TE

 LA
S S

EÑ
AL

ES
.

Un
o 

de
 lo

s r
et

os
 m

ás
 g

ra
nd

es
 a 

las
 o

pe
ra

cio
ne

s s
eg

ur
as

 d
e 

las
 tu

be
ría

s e
s e

l d
añ

o 
ac

cid
en

ta
l 

ca
us

ad
o 

po
r u

na
 ex

ca
va

ció
n.

 D
e 

ac
ue

rd
o 

co
n 

las
 p

au
ta

s e
sta

ta
le

s y
 fe

de
ra

le
s, 

se
 h

a 
im

pl
em

en
ta

do
 u

n 
pr

og
ra

m
a d

e 
pr

ev
en

ció
n 

de
 d

añ
os

 p
ar

a p
re

ve
ni

r q
ue

 n
ue

str
as

 tu
be

ría
s 

se
an

 d
añ

ad
as

 d
ur

an
te

 ac
tiv

id
ad

es
 d

e 
ex

ca
va

cio
ne

s, 
do

nd
e 

se
 e

m
pl

ea
n 

eq
ui

po
s m

ec
án

ico
s 

y n
o 

m
ec

án
ico

s o
 ex

pl
os

ivo
s p

ar
a m

ov
er

 ti
er

ra
, p

ie
dr

a o
 al

gú
n 

ot
ro

 ti
po

 d
e 

m
at

er
ial

 d
eb

ajo
 

de
 la

 su
pe

rfi
cie

 ac
tu

al.
 La

s l
ey

es
 va

ría
n 

de
 e

sta
do

 a 
es

ta
do

, p
er

o 
la 

m
ay

or
ía 

de
 lo

s e
sta

do
s 

re
qu

ie
re

n 
qu

e 
ha

ga
 u

na
 lla

m
ad

a a
l 8

11 
de

 4
8 

a 7
2 

ho
ra

s a
nt

es
 d

e 
cu

an
do

 p
ie

ns
a e

xc
av

ar
.  S

u 
ce

nt
ro

 O
ne

-C
all

 lo
ca

l le
 in

fo
rm

ar
á s

i h
ay

 al
gú

n 
se

rv
ici

o 
pú

bl
ico

 e
nt

er
ra

do
 e

n 
el

 ár
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Introduction

Pipeline operators are required by code (49 CFR Part 195.452) 
to have a process in place for identifying pipeline segments that 
could affect a high consequence area (HCA).

In addition to having the HCAs identified, pipeline operators must 
take special measures to protect these areas and mitigate the 
associated risks.

Depending on the type of product being transported, a product 
release could result in liquid plumes, vapor dispersion, or a 
combination of both; which the operators need to account for in 
their processes.
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About G2-IS 

G2 Integrated Solutions (G2-IS) delivers expertise to pipeline operators, utility 
companies, and other energy stakeholders in seven specialized service disciplines: 

• Asset Integrity 

• Engineering 

• Regulatory and Strategic Consulting 

• Geospatial 

• Field Assurance 

• Programmatic Management Solutions 

• Software & Technology 

We provide asset life cycle solutions that help manage risk, assure compliance, and 
optimize performance. G2-IS is committed to maintaining a safe and incident-free working 
environment for our people and our customers, and to sound environmental stewardship. 
We work within controlled management systems that achieve continual improvement and 
assure reliable delivery of high quality products, services and outcomes. 
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1.0 EXECUTIVE SUMMARY 

Residents of Delaware County, Pennsylvania desire to better understand the risks 
associated with the operation of the Mariner East 2 pipeline and the converted Adelphia 
pipeline. In response to public discussions, this risk assessment was undertaken to estimate 
the level of individual risk to those people located within the County of Delaware from 
either the Mariner East 2 pipeline or the converted Adelphia pipeline and then compare 
to other common sources of risk experienced by the general population. 

The Mariner East 2 pipeline and Adelphia pipeline quantitative risk assessments were 
executed in a systematic process in which potential accident events were identified, the 
associated consequence and likelihood of such events were determined, and the risk 
measures estimated. The risk measure calculated for each of the pipelines is individual 
fatality risk, which is the measure of the likelihood of an individual suffering a fatal injury, 
as the result of an accident event, in a period of a year. 

The concluding intent of these risk assessments was to present a comparison of the 
Mariner East 2 pipeline and Adelphia pipeline estimated individual fatality risk levels 
against other individual fatality risk levels from common sources. This comparative 
evaluation establishes an improved perspective when interpreting the meaning of the 
pipeline individual fatality risks. 

It was concluded that the individual fatality risk levels estimated for both the Mariner East 2 
pipeline and the Adelphia pipeline fall within a range of other common risk sources such 
as traffic accident, house fire, or fall from stairs. 
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2.0 INTRODUCTION 

Residents of Delaware County, Pennsylvania desire to better understand the risks 
associated with the operation of the Mariner East 2 pipeline and the converted Adelphia 
pipeline. In response to public discussions, the Delaware County Council would like to 
estimate the level of individual risk to those people located within the County of Delaware 
from either the Mariner East 2 pipeline or the converted Adelphia pipeline, and compare 
these risk results to other common sources of risk experienced by the general population. 

The County of Delaware has contracted G2 Integrated Solutions to undertake the following 
two tasks: 

• An independent risk assessment of the event of an accidental release located within 
Delaware County from the Mariner East 2 pipeline 

• An independent risk assessment of the event of an accidental release located within 
Delaware County from the converted existing Adelphia pipeline 

This document provides the results of these risk assessments. 

2.1 Objectives 

The specific objectives of the Mariner East 2 pipeline and Adelphia pipeline risk 
assessments were to: 

• Calculate the individual fatality risk as a function of distance from the pipeline route 
and generate a risk transect 

• Compare the level of individual fatality risk to other common risk sources 

2.2 Scope of Work 

The following sections detail the scope of work for the Mariner East 2 pipeline and 
Adelphia pipeline risk assessments.  

The risk measure calculated for each of the pipelines is individual fatality risk (“individual 
risk”), which is the measure of the likelihood of an individual suffering a fatal injury, as the 
result of a hazardous accident event, in a period of a year. Such a risk measure is preferred 
because it can be compared to readily available statistics. 

2.2.1 Mariner East 2 Pipeline Risk Assessment 

The scope of the Mariner East 2 pipeline risk assessment is for the quantification of 
individual fatality risk to the Delaware County public residing and working nearby the 
future 20-inch natural gas liquid (NGL) transmission pipeline. The physical scope of work 
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is an accidental release from the body of the Mariner East 2 pipeline segment located 
within the Delaware County boundaries. 

The following items are excluded from the Mariner East 2 pipeline risk assessment scope 
of work: 

• Associated pipeline equipment such as meters, pumps, valves, compressors, etc.  

• Escalation events resulting from an initiating event from the Mariner East 2 pipeline 

• Other pipelines connected to, or nearby, the Mariner East 2 pipeline 

• Societal fatality risk calculation 

2.2.2 Adelphia Pipeline Risk Assessment 

The scope of the Adelphia pipeline risk assessment is for the quantification of individual 
fatality risk to the Delaware County public residing and working nearby the existing 
18-inch natural gas transmission pipeline. The physical scope of work is an accidental 
release from the body of the existing Adelphia pipeline segment located within the 
Delaware County boundaries. 

The following items are excluded from the existing Adelphia pipeline risk assessment 
scope of work: 

• Associated pipeline equipment such as meters, pumps, valves, compressors, etc.  

• Escalation events resulting from an initiating event from the existing Adelphia 
pipeline 

• Other pipelines connected to, or nearby, the existing 18-inch Adelphia pipeline 

• Societal fatality risk calculation 
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3.0 DEFINITIONS 

Release Event An accidental loss of containment from the pipeline via 
a pinhole, leak, or rupture. 

Accident Event A hypothetical event, such as a jet fire, flash fire, or 
explosion, that results from a pipeline release. 

Accident Event Frequency A measure of how often a hypothetical accident event 
could occur. For pipelines, the accident event frequency 
is measured on an annual per mile basis (i.e., per 
mile-year). 

Accident Event Consequence The potential harmful effect of an accident event, such as 
jet fire thermal radiation, flash fire, or explosion 
overpressure. 

Atmospheric Condition The condition of the atmosphere in terms of both 
Pasquill stability class (e.g., stable “F” or neutral “D”) and 
wind speed. 

Individual Fatality Risk Individual fatality risk is the annual chance an individual 
will suffer a fatal level of harm due to hazards to which 
they are exposed. 

Societal Fatality Risk Societal fatality risk is the annual chance that a specified 
number of people will suffer a fatal level of harm due to 
hazards to which they are exposed. 

Full Bore Release A full bore release is the equivalent to a complete 
severing of the pipeline diameter resulting in discharge 
from pipe on both sides of the rupture point. The 
equivalent can occur by a large longitudinal rip or tear – 
complete severing is not required. Note that PHMSA 
uses the term “rupture” for full bore and any size 
longitudinal rip or tear, and then details the size of the 
longitudinal rip or tear.  

Jet Fire A directional flame resulting from the combustion of a 
fuel continuously released. 

Flash Fire A fire resulting in a rapidly spreading flame front; 
characterized by short duration and without damaging 
explosion overpressure.  
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Vapor Cloud A region or volume containing a vaporized fuel in 
flammable concentrations; below a certain 
concentration, the cloud is not flammable.  

Vapor Cloud Explosion A vapor cloud that expands so rapidly, such as from a 
spreading flame front, as to result in a damaging 
overpressure or shockwave. 
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4.0 METHOD 

A quantitative risk assessment is a systematic process in which hazards from an activity or 
operation are identified, and the consequence and likelihood of potential accidental events 
are estimated. 

The following approach was executed for the Mariner East 2 pipeline and the Adelphia 
pipeline quantitative risk assessments: 

1. Establish study context  

2. Define the releases and accident events to be assessed 

3. Determine accident event frequency 

4. Determine magnitude of the harmful consequence and impact 

5. Calculate individual risk results 

6. Compare individual risk results to other common risk sources 
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5.0 STUDY CONTEXT 

The descriptions and operating conditions of both the Mariner East 2 and Adelphia 
pipelines as assessed in this report are taken from publicly available sources. Where 
specific information needed for this assessment is not detailed in the publicly available 
sources, conservative interpretation of the available information and/or judgement is used 
to provide the necessary basis for the risk assessment. Such specific information may be 
used only indirectly in the analysis; for example: the depth of cover. 

Table 1 is a summary of the Mariner East 2 pipeline information used as the basis of the 
risk assessment. 

Table 2 is a summary of the Adelphia pipeline information used as the basis of the risk 
assessment. 
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6.0 DEFINE RELEASE AND ACCIDENT EVENTS 

This study considers the loss of containment, or unwanted releases, from the pipeline body 
and assesses the potential events and associated impact on individuals exposed within the 
potential consequence zones. This section defines the loss of containment characteristics, 
accident event frequencies, and potential associated consequences.  

The defined characteristics of a loss of containment, or release event, include: 

• Release hole-size 

• Release location 

• Release orientation 

The following accident event frequencies, associated consequences, and impacts were 
considered: 

• Jet fires resulting in harmful thermal radiation levels 

• Flash fire resulting in harmful thermal radiation levels 

• Vapor cloud explosion resulting in harmful overpressures 

6.1 Release Hole-Size 

Loss of containment hole-sizes can range from full bore ruptures to pinhole punctures. For 
this risk assessment, the following two hole-sizes were considered: 

• Full bore rupture 

• 50 mm equivalent hole (i.e., approximately two inches) 

As specified in the “Guidelines for Quantitative Risk Assessment” (widely referred to as the 
“Purple Book”) [9], simplifying the potential range of pipeline release hole-sizes to two (2) 
representative hole-sizes is sufficient for calculating risk and is consistent with pipeline 
release scenarios. 

A full bore rupture event is when the pipeline body is completely severed (sometimes 
called “guillotine” break) or has a longitudinal split or crack with a large area. In such an 
event, the resulting discharge comes from both the portion of the pipeline upstream of 
the rupture point and the portion downstream of the rupture point. Such releases are 
characterized by a massive, but a rapidly decreasing discharge rate. 

A 50 mm equivalent hole represents an event with a much smaller discharge rate. Such 
releases are characterized by discharge rates that do not decrease appreciably over the 
time periods relevant to quantitative risk assessments. Although such events might range 
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from tiny pinhole leaks to leaks considerably larger than 50 mm, 50 mm is selected to 
represent the range of possible leaks. 

6.2 Release Location and Release Orientation 

For the objectives of these risk assessments, only below-ground, shallow depth, pipeline 
body release locations are considered.  

Given a shallow depth of cover, a gas or two-phase flashing liquid release from a buried 
pipeline can result in the formation of a crater at the release location. The crater has the 
effect of directing the resulting discharge into an upwards direction with a reduced 
velocity, as compared to a free jet. Such effects can greatly alter the impact of the resulting 
consequence at ground level. 

Figure 1 is a simplified diagram that illustrates the release orientation of a full bore release, 
with a shallow depth of cover. The discharge comes from both upstream and downstream 
portions of the ruptured pipeline. The two flows impinge on each other, form a crater, and 
exit the crater in a vertical orientation. 

Figure 1: Full Bore Release Orientation 

 
For the 50 mm hole-size, the release location can be anywhere around the pipeline body.  
For releases located near the top or bottom of the pipe, the release orientation will be 
nearly vertical as caused by the walls of the resulting crater. For releases located near the 
side of the pipeline body, the release orientation will be some angle closer to horizontal 
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when exiting the crater. Figure 2 is a simplified diagram that illustrates the release 
orientation of a 50 mm hole-size release. 

Figure 2: 50 mm Release Orientation 

 

6.3 Accident Event Frequencies  

After defining the release characteristics, the frequency of the associated potential 
accident events (i.e., jet fire, explosion, etc.) were determined. PHMSA historical data was 
used to estimate the frequency of an initiating release event for the Mariner East 2 pipeline 
and the Adelphia pipeline. 

Event tree diagrams were then used to model and examine the potential accident event 
frequencies based on pathways from the initiating release event. The initiating release 
event starts at the left side of the tree and is followed by the occurrence, or not, of 
subsequent events and continues until the consequential outcome, or accident event, is 
reached. The frequency of each evaluated accident event is determined by multiplying the 
initiating release event frequency and the probabilities assigned to each of the subsequent 
events along the relevant pathway. 

The event trees specific to the Mariner East 2 pipeline risk assessment and the Adelphia 
pipeline risk assessment are discussed in Section 7.0 and Section 8.0, respectively. 
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6.4 Accident Event Consequences 

For the purposes of quantitative risk assessment, accident event consequence refers to the 
potential physical effects from pipeline loss of containment events. For this risk 
assessment, the accident event consequences relevant to the risk assessment of the 
Mariner East 2 and Adelphia pipelines are: 

• Discharge rate 

• Ignition 

• Jet fire thermal radiation 

• Flash fire thermal radiation 

• Vapor cloud explosion overpressure 

Each of these has specific meanings and relevant characteristics as applied within a 
quantitative risk assessment, which are described in the following sections. 

The consequence modeling was performed using the DNV GL Phast software package. 

6.4.1 Discharge Rate 

In determining individual risk levels, the discharge rate, rather than the total quantity 
released, establishes the magnitude of the harmful consequence assessed. The discharge 
rate is based on the release hole-size and the pipeline operating parameters. 

For the 50 mm release hole-size used in this risk assessment, the discharge rate is less than 
the normal pipeline flowrate, and is, therefore, nearly constant for over an hour, even with 
emergency isolation. 

For a full bore rupture release, the initial discharge rate will be much greater than the 
normal pipeline flowrate but will decrease rapidly over time. The location of the rupture 
along the pipeline, the location of upstream and downstream isolation valves, and the 
isolation time for stopping the incoming flow may influence the discharge rate as a 
function of time. 

The DNV GL Phast consequence modeling software was used to calculate the discharge 
rate over time for each of the two hole-sizes considered, based on the pipeline diameter, 
operating pressure, pipeline length, and isolation valve locations. 
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6.4.2 Ignition 

A release of flammable material from a pipeline could result in the following ignition 
scenarios: 

• Not ignite 

• Ignite immediately 

• Ignite after some time delay 

Ignition of released flammable contents of a pipeline can potentially result in a jet fire, 
flash fire, or explosion. 

Ignition sources for such accident events may be remote from the pipeline, in the form of 
open flames, electrical equipment, motorized vehicles, and other heat or spark sources. 
Additionally, the release event itself or electrostatic ignition sources near the release 
location can also be a source of ignition. 

6.4.3 Jet Fire Thermal Radiation 

A jet fire results from either the immediate or delayed ignition of a release of pressurized 
flammable gas. The resulting jet fire produces thermal radiation that can harm people 
directly by causing burns to people exposed over time or indirectly by starting secondary 
fires. 

The thermal radiation level reaching a given point is largely determined by the: 

• Size of the resulting flame (i.e., the larger the flame, the greater the distance to a 
given thermal radiation level) 

• Composition of the fuel 

It should be noted that the composition of the materials involved in the subject pipelines 
has an effect that is secondary compared to the flame size. 

A jet fire from an ignited buried pipeline release will be oriented upwards as a result of the 
crater formed, with a near vertical flame tilting downwind. This flame tilt has the net effect 
of “shifting” the thermal radiation consequence zone downwind. Because the flame shift 
downwind is minimal, assessing the event at varying wind speeds was not warranted and, 
therefore, an average wind speed is used in this risk assessment for jet fire thermal 
radiation. 

The modeling software also accounts for the effects the crater has on the momentum of 
the resulting jet, which can influence the thermal radiation footprint. 
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6.4.4 Flash Fire Thermal Radiation 

If there is sufficient ignition delay to allow the release of pressurized flammable gas to 
disperse and form a flammable cloud, a flash fire results once the flammable cloud is 
ignited. Unlike a jet fire, a flash fire has a short duration but may be followed by a jet fire.  

Although capable of starting secondary fires, in a quantitative risk assessment the harmful 
impact of a flash fire is simplified by limiting harm only to people directly exposed 
outdoors. The consequence zone of a flash fire is taken as equivalent to the area of the 
flammable cloud. 

6.4.5 Vapor Cloud Explosion Overpressure 

A vapor cloud explosion results in a shockwave, measured as an overpressure, that can 
cause harm directly to persons exposed outdoors, or indirectly to persons indoors by 
causing damage or collapse of buildings or structures. If the overpressure is sufficient to 
cause harm it is referred to as a damaging overpressure. At some low overpressure, there 
is insufficient energy to cause significant harm. 

It should be noted that in common language usage, outside of risk assessment, the term 
“explosion” is often used rather loosely to describe any large ignited release of highly 
flammable gas or liquid. Such terminology use may make no distinction between jet fire, 
flash fire, or damaging vapor cloud explosion. Written material using the term outside of 
a quantitative risk assessment context should be interpreted accordingly. 

6.5 Accident Event Impact 

The accident event impact effects of the harmful accident event consequences described 
in Section 6.4 are needed to estimate an individual risk. For each of the consequence types, 
a vulnerability to an exposed person is applied. The vulnerability can be described as the 
fatality fraction of those persons exposed.  

The vulnerability values used in this risk assessment are taken from the Purple Book [9] 
and are summarized in the following sections. 

6.5.1 Jet Fire Thermal Radiation 

For jet fire thermal radiation, the vulnerability varies with the thermal radiation level.  For 
this risk assessment, the thermal radiation levels are divided into four ranges and an 
average vulnerability is applied to each range. The value of the vulnerability for each range 
is calculated from the radiation level and exposure time relationship published in the 
Purple Book [9], using a maximum of a 20-second exposure time. The 20-second maximum 
exposure time is also stipulated in the Purple Book [9]. 
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Table 3 summarizes the vulnerability values applied in this risk assessment to people 
directly exposed (i.e., outdoors) to jet fire thermal radiation consequence. 

Table 3: Jet Fire Thermal Radiation Vulnerability, Persons Outdoors 

Consequence Level Fatality 
Vulnerability 

Basis 

Greater than 35 kW/m2 1.0 20 second exposure to 
unprotected skin 

18 kW/m2 to 35 kW/m2 0.69 20 second exposure to 
unprotected skin 

12.5 kW/m2 to 18 kW/m2 0.23 20 second exposure to 
unprotected skin 

9.46 kW/m2 to 12.5 kW/m2 0.04 20 second exposure to 
unprotected skin 

Less than 9.46 kW/m2 0 20 second exposure to 
unprotected skin 

People inside buildings are mostly shielded from direct exposure to thermal radiation. 
However, being present in a building does not eliminate vulnerability to thermal radiation, 
such as if the thermal radiation results in the building catching fire. The Purple Book 
stipulates an indoor vulnerability of 1.0 for jet fire thermal radiation levels greater than 
35 kW/m2 and zero for levels less than 35 kW/m2, as summarized in Table 4 [9]. 

Table 4: Jet Fire Thermal Radiation Vulnerability, Persons Indoors 

Consequence Level Fatality 
Vulnerability 

Basis 

Greater than 35 kW/m2 1.0 Assumes buildings are set on 
fire 

Less than 35 kW/m2 0 Below building ignition 
threshold 
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6.5.2 Flash Fire Thermal Radiation 

For flash fire thermal radiation, the harmful impact is assumed not to vary by radiation 
level nor exposure time, because flash fires have very short durations (See Table 5). The 
Purple Book stipulates an outdoor vulnerability of 1.0 for persons in the flash fire flame 
envelope and zero for persons outside the flame envelope [9]. The Purple Book further 
stipulates that the flash fire flame envelope is equal to the flammable cloud footprint (the 
lower flammable level concentration contour) at the time of ignition [9]. 

Persons inside buildings are assumed to not be vulnerable to flash fire. The rationale for 
this simplification is not discussed in the Purple Book [9]; however, can be presumed to be 
related to the very short durations of flash fires. Persons inside buildings are likely able to 
escape after the flash fire, even if the building catches fire. 

Table 5: Flash Fire Thermal Radiation Vulnerability 

Consequence Level Fatality 
Vulnerability 

Basis 

Inside LFL Cloud, Outdoors 1.0 Inside flash fire flame envelope 

Inside LFL Cloud, Indoors 0 Inside flash fire flame envelope 

Outside LFL Cloud, Outdoors or Indoors 0 Outside flash fire flame 
envelope 

6.5.3 Vapor Cloud Explosion Overpressure 

The Purple Book provides both indoor and outdoor vulnerabilities for vapor cloud 
explosion overpressure (See Table 6 and Table 7) [9]. The Purple Book [9] does not cite a 
specific basis or rationale for these vulnerabilities, however the Purple Book  often cites 
the related Green Book [10]. The Green Book describes in detail the impact on humans of 
exposure to toxic substances, heat radiation, and overpressure [10]. 

Table 6: Vapor Cloud Explosion Vulnerability, Persons Outdoors 

Consequence Level Fatality 
Vulnerability 

Basis 

Overpressure greater than 4.35 psig (0.3 bar) 1.0 Not provided1 

Overpressure less than 4.35 psig (0.3 bar) 0 Not provided1 
1 The Purple Book does not provide a basis for the vulnerability values provided. See Section 6.5.3. 
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Table 7: Vapor Cloud Explosion Vulnerability, Persons Indoors 

Consequence Level Fatality 
Vulnerability 

Basis 

Overpressure greater than 4.35 psig (0.3 bar) 1.0 Not provided1 

Overpressure greater than 1.45 psig (0.1 bar) 
but less than 4.35 psig (0.3 bar) 

0.025 Not provided1 

Overpressure less than 1.45 psig (0.1 bar) 0 Not provided1 
1 The Purple Book does not provide a basis for the vulnerability values provided. See Section 6.5.3. 
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7.0 MARINER EAST 2 PIPELINE RISK ASSESSMENT 

The Mariner East 2 pipeline is an expansion of the existing Mariner East pipeline system 
and will transport NGLs from Ohio and the Pittsburgh area to the Marcus Hook facility for 
both domestic distribution and export. Mariner East 2 will be a 20-inch diameter pipeline 
with an initial transporting capacity of approximately 275,000 barrels per day of NGLs. The 
high-pressure pipeline will tunnel beneath 17 counties with a length of approximately 
11.4 miles through Delaware County, Pennsylvania. Figure 3 shows the proposed route for 
the Mariner East 2 pipeline. 

Figure 3: Proposed Route of Mariner East 2 Pipeline through Delaware County [11] 

 
The following sections describe the risk assessment details specific to the Mariner East 2 
pipeline. 

7.1 Accident Event Consequence 

The Mariner East 2 pipeline is modelled as pure propane to determine the accident event 
consequences. Upon release, liquid propane vaporizes to a dense gas, and, if not ignited 
immediately, the vaporized propane disperses downwind as a low-to-the-ground 
flammable cloud. After the pipeline is isolated and the content has leaked out, the 
flammable cloud will decrease in size until it is no longer at flammable concentrations. 
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For the purposes of this risk assessment, the dynamic nature of the Mariner East 2 pipeline 
accident event and associated consequences was reflected by considering two wind 
speed-stability conditions and dividing the event into three ignition periods. 

The size of flammable cloud that is passively dispersing can vary considerably depending 
on the wind speed and atmospheric stability, which also varies. 

The dispersing flammable cloud could ignite at any point in time and the time of ignition, 
with respect to the changing size of the flammable cloud means that the resulting 
consequence can vary greatly. If ignited early, the size of the flammable cloud will be small 
and jet fire thermal radiation will be the dominant harmful effect. A delayed ignition will 
result in a smaller jet fire due to the reducing discharge rate. 

If ignition is delayed, the size of the flammable cloud means that a flash fire or vapor cloud 
explosion will occur, with the size of the flash fire or explosion increasing with increasing 
ignition delay, up to the maximum extent of dispersion. Additionally, at some delayed time, 
the effect of the flash fire or explosion will be greater than the effect of the delayed jet fire 
and will dominate the harmful effect. 

For the full bore release event the following consequence outputs are contained in 
Appendix A: 

• Release (i.e., discharge rate versus time) 

• Jet fire thermal radiation footprint 

• Side view of the early and late flammable cloud dispersion 

• Early and late dispersion footprint of the flammable cloud (used for early and late 
flash fire consequence) 

• Early and late vapor cloud explosion overpressure footprint 

For the 50 mm release event the following consequence outputs are contained in 
Appendix A: 

• Release (i.e., discharge rate versus time) 

• Jet fire thermal radiation footprint 

• Side view of the early and late flammable cloud dispersion 

It should be noted that the side view flammable cloud dispersion figures for a 50 mm 
release event illustrate an upward dispersion, away from ignition sources and people, such 
that flash fire and vapor cloud explosion events do not contribute to the individual fatality 
risk level, if they were to occur. 
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For the purposes of this risk assessment, the following ruleset was defined: 

• Assume immediate ignition and use the initial discharge rate (the average rate of 
the first 20 seconds of discharge) for jet fire thermal radiation consequence. 

• Assume an intermediate ignition delay to represent an early flash fire or an early 
explosion of the expanding flammable cloud. The ignition delay is such that the 
flammable cloud would not have reached the maximum extent possible before 
ignition occurs (chosen to be approximately halfway to the maximum extent). Also, 
the discharge rate will have fallen to a point where the jet fire thermal effects will 
be smaller than the flash fire or explosion effects. 

• Assume a longer ignition delay to represent a late flash fire or late explosion. The 
ignition delay is long enough that the expanding flammable cloud would have 
reached the steady-state, maximum extent. Again, the discharge rate will have 
fallen to a point where the jet fire thermal effects will be smaller than the flash fire 
or explosion effects. 

• For jet fire thermal radiation consequence, only the overall average wind speed and 
neutral atmospheric stability is used (D – 4.5 m/s). 

• For early and late flash fire or explosion, two wind speed and atmospheric stability 
combinations are used: 

 Overall average wind speed and neutral atmospheric stability 

 A worst-case condition reflecting a stable atmosphere (F – 1.5 m/s) 

Figure 4 presents the event tree used to examine a chronological series of subsequent 
events and finally the frequency of consequential outcomes, or potential accident events 
resulting from a Mariner East 2 pipeline release. Additionally, the above rulesets are 
illustrated in the event tree shown in Figure 4. The branch probabilities used for each event 
tree branch in the risk summation is described in Section 7.2. 
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Figure 4: Mariner East 2 Pipeline Risk Assessment Event Tree 

 

7.2 Accident Event Frequencies 

The following subsections detail the release frequencies and conditional probabilities used 
in the Mariner East 2 pipeline risk assessment. Note that all values are taken directly from, 
or utilize common, published risk assessment references, including the Purple Book. The 
purpose of the Purple Book is to provide common starting points to facilitate obtaining 
verifiable, reproducible, and comparable quantitative risk assessment results [9]. 
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7.2.1 Release Frequencies 

A Mariner East 2 pipeline full bore release frequency was derived from the following 
available data sets: 

1. PHMSA incident report statistics from hazardous liquid transmission pipelines for 
the period from 2002 through mid-2018 [11][14]  

2. PHMSA hazardous liquid transmission pipeline mileage statistics [15] 

The PHMSA incident and mileage data were refined, or filtered, to include the following 
relevant information: 

• Highly volatile liquid (HVL) full bore release incidents 

• Pipelines of diameter 12-inch and greater, to represent the 20-inch diameter 
Mariner East 2 pipeline 

• Below-ground HVL transmission pipeline mileage 

It should be noted that even though PHMSA details NGL pipeline incidents, PHMSA does 
not detail the mileage of NGL pipelines.  Therefore, obtaining release frequencies specific 
to NGL pipelines is not possible using only the PHMSA data. 

The filtering resulted in the following relevant historical data: 

• Six HVL full bore release incidents  

• 253,371 mile-years of HVL pipeline (12-inch or greater diameter) 

Based on this data, an HVL pipeline full bore release frequency of 2.4E-05 incidents per 
mile-years (1.5E-05 incidents per km-years), was calculated. 

The full bore release frequency value derived from PHMSA data compares well to that for 
a generic pipeline located in a dedicated route given in the Purple Book [9] (note that the 
pipeline diameter is not specified in the Purple Book values). The Purple Book value of 
7E-06 incidents per km-year for full bore rupture is only a factor of 2 lower than the value 
derived from the PHMSA data. 

Additionally, the Purple Book states that the release frequencies for pipelines located in a 
dedicated route are lower than other pipelines because of extra preventative measures [9]. 
The PHMSA data includes all pipelines and, according to the Purple Book, should be 
expected to be higher than full bore release frequency for pipelines located only in a 
dedicated route. 

In determining a Mariner East 2 pipeline 50 mm release frequency, the estimated Mariner 
East 2 pipeline full bore release frequency was multiplied by a factor of 2.5 to result in a 50 
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mm release frequency of 5.9E-05 incidents per mile-years (3.7E-05 incidents per km-years). 
The 2.5 multiplying factor is taken from International Association of Oil and Gas Producers 
(OGP) recommended distribution of non-full bore hole sizes and full bore hole sizes for 
onshore oil pipelines [18]. 

Details of the PHMSA HVL incident and mileage data filtering and frequency calculations 
are provided in Appendix C. 

7.2.2 Ignition Probability 

OGP published ignition probability look-up correlations, which relate ignition probabilities 
to discharge rates for typical scenarios, were used in determining an overall (total) ignition 
probability given a release [19]. 

Specifically, Ignition Probability Correlation Number 3 was used as it is applicable for 
releases of flammable gases, vapor, or liquids significantly above their normal boiling point 
from onshore cross-country pipelines running through industrial or urban areas (many 
ignition sources as opposed to a rural area which would have sparse ignitions sources). 
This correlation is considered appropriate because the Mariner East 2 pipeline is 
transporting NGL, a liquid significantly above its normal boiling point, and the pipeline 
route through Delaware County can be described as urban. The values published for 
Ignition Probability Correlation Number 3 are provided in Table 8. 

Table 8: OGP Published Ignition Probability Correlation #3 [19] 

Discharge Rate 
(kg/s) 

Ignition Probability 

0.1 0.0010 

0.2 0.0017 

0.5 0.0033 

1.0 0.0056 

2.0 0.0095 

5.0 0.0188 

10 0.0316 

20 0.0532 

50 0.1057 

100 0.1778 
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Discharge Rate 
(kg/s) 

Ignition Probability 

200 0.2991 

500 0.5946 

1000 1.0000 

Ignition Probability Correlation #3: Flammable gases, vapor, or liquids significantly above their normal 
boiling point from onshore cross-country pipelines running through industrial or urban areas. 

Applying this correlation to the 20-inch Mariner East 2 pipeline discharge rates, for the two 
(2) hole-sizes, results in the following ignition probabilities: 

• 50 mm release @ 3.4 kg/s, ignition probability = 0.01384 (interpolated) 

• Full bore release @ 1586 kg/s (average of first 20 seconds), 
ignition probability = 1.0 

Note that these are total ignition probabilities and do not indicate the timing of ignition. 

7.2.3 Immediate Ignition 

For the conditional probability of immediate ignition (given ignition) the Purple Book 
specifies a value of 0.3 for rupture of a liquefied flammable gas, buried cross-country 
pipeline [9]. 

The Purple Book does not detail the time delay criteria used to define “immediate” ignition. 
However, in the Mariner East 2 pipeline risk assessment, “immediate” is used as a 
differentiating factor between the jet fire and flash fire/explosion accident event 
consequences. Given that it takes some time for a dense flammable cloud to disperse 
passively downwind, the relevant time frame for “immediate” ignition in this risk 
assessment is roughly about one minute or less. 

Note that in the case of an NGL release, a risk assessment using an immediate ignition 
probability that is lower than the delayed ignition probability produces more conservative 
results because the lower immediate ignition probability puts more emphasis on the 
effects of a delayed flash fire or explosion. 

7.2.4 Atmospheric Condition 

As a reference, the meteorological condition distribution of several locations in the 
Netherlands, as published in the Purple Book, was reviewed. The published fractions of 
stable and slightly stable atmospheric conditions added together result in a probability 
value slightly lower than 0.2. 
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Based on this information a conditional probability of a stable (“worst case”) atmospheric 
condition was set at 0.25 in this risk assessment. The use of a higher value is to be 
conservative and accommodate uncertainty of the differences between the Netherlands 
locations and eastern Pennsylvania. 

7.2.5 Ignition Delay 

As discussed in Section 7.1, the Mariner East 2 pipeline risk assessment divides the delayed 
ignition effects into two periods: 

• An intermediate (or early) delay, where the flammable cloud ignites before the 
maximum, steady-state size is reached resulting in an early flash fire or early vapor 
cloud explosion. 

• A long (or late) delay (for late flash fire, or late explosion), where the flammable 
cloud reaches a maximum, steady-state size resulting in a worst case late flash fire 
or late vapor cloud explosion. 

For the purposes of this risk assessment, the conditional probability that the ignition delay 
is late is set at 0.1 resulting in an early ignition conditional probability of 0.9. This is a 
conservative simplification that is justified by the argument that in a populated, urban area 
such as Delaware County, a dispersing flammable NGL cloud is more likely to ignite sooner 
rather than later due to the likely presence of numerous ignition sources. 

Furthermore, to support the validity of this argument, the probability of early delayed 
ignition was checked using the model presented in Appendix 4.A of the Purple Book [9]. 
The inputs to this model are the area of the flammable cloud, the time interval the cloud 
is exposed over the ignition sources, and the effectiveness of the ignition sources. 

Using the early flash fire flammable cloud area with a corresponding exposure time, and 
an ignition effectiveness based on the overall population density of Delaware County, the 
Purple Book delayed ignition model predicts a probability of ignition of 1.0 for the smaller, 
early flammable cloud. This supports that it is unlikely for a cloud to reach the maximum 
size before igniting in such an urban area. 

To be conservative, the late ignition conditional probability is not set to zero, as suggested 
by the Purple Book delayed ignition model argument. A value of 0.1 is used in this risk 
assessment, which reflects that 10% of the delayed ignition events are assumed to have a 
late ignition, versus an early ignition, and result in the flammable clouds reaching the 
maximum, steady-state size before igniting. 
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7.2.6 Vapor Cloud Explosion 

This Mariner East 2 pipeline risk assessment assumes that a vapor cloud explosion is a 
viable accident event given the combination of a propane flammable fuel source, a ground 
hugging flammable cloud, and some likely congestion near the pipeline. Thus, a suitable 
event tree branch probability split between a flash fire outcome and a vapor cloud 
explosion outcome is required. 

This risk assessment uses a simple 0.6 flash fire/0.4 vapor cloud explosion split, as 
suggested by the Purple Book [9], for both the early ignition scenario and the late ignition 
scenario. 

7.3 Individual Risk Results 

The Mariner East 2 pipeline accident event consequences (Section 7.1), accident event 
frequencies (Section 7.2), and defined accident event impacts (Section 6.5) are combined 
to produce outdoor and indoor individual risk results. The individual risk results are then 
plotted on a grid to produce transects showing individual risk levels as a function of 
distance from the pipeline route. Separate risk transects for outdoor and indoor locations 
are provided, since different impact rulesets are used for the two location types 
(Section 6.5). 

Note that the individual risk transects reflect an individual’s continuous presence 
(i.e., 24-hours per day, 7-days per week) at a select location. This assumption is consistent 
with common quantitative risk assessment methodology; the continuous presence at a 
select location reflects a most exposed individual and, therefore, represents a maximum 
individual risk level. 

The outdoor and indoor individual risk transects are shown in Figure 5 and Figure 6. Note 
that distance from the pipeline are expressed in meters. 
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Figure 5: 20-inch Mariner East 2 Pipeline, Outdoor Individual Risk Transect 

 

Figure 6: 20-inch Mariner East 2 Pipeline, Indoor Individual Risk Transect 
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8.0 ADELPHIA PIPELINE RISK ASSESSMENT 

The existing Adelphia pipeline is an 84-mile pipeline that runs through five Pennsylvania 
counties, including Delaware County, and was originally constructed to transport oil from 
Marcus Hook to Martins Creek, Pennsylvania. In 1996, the northern 34 miles of the 
Adelphia pipeline was converted to transport natural gas. The remaining 50 miles of 
existing Adelphia pipeline is planned to be converted to transport natural gas, of which 
approximately 12 miles traverses Delaware County. Figure 7 shows the route of the existing 
Adelphia pipeline. 

Figure 7: Route of Existing Adelphia Pipeline [12] 

 
The following sections describes the risk assessment details specific to the Adelphia 
pipeline. 
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8.1 Accident Event Consequences 

The Adelphia natural gas pipeline is modeled as pure methane to determine the accident 
event consequences. Upon release, the gas rapidly mixes with air to concentrations below 
the lower flammable limit. This rapid dilution combined with the vertical orientation of the 
resulting flammable cloud, caused by a combination of the effects of the crater and the 
buoyancy of the released gas, results in a small flammable gas cloud footprint near the 
ground level. This is illustrated in Figure 8 with a side view plot of the flammable vapor 
cloud from a full bore release. 

Figure 8: Side View of Flammable Cloud from Full Bore Adelphia Gas Pipeline 
Release 

 
The two key implications of the nearly vertical flammable vapor cloud from a natural gas 
release from a buried pipeline are: 

1. A flash fire impact would be negligible since near the ground level only the 
immediate vicinity of the release (just a few square meters) is within the flash fire 
envelope. 

2. A vapor cloud explosion is very unlikely because, with natural gas, the confinement 
or congestion needed within the cloud (See Section 6.5) is unlikely to be present 
immediately above the transmission pipeline. 

For these reasons, the Adelphia pipeline risk assessment only considers jet fire thermal 
radiation consequences and excludes the minimal contributions of flash fire thermal 
radiation and vapor cloud explosion overpressure consequences to the pipeline risk 
estimations. 
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For the full bore release event the following consequence outputs are contained in 
Appendix B: 

• Release (i.e., discharge rate versus time) 

• Jet fire thermal radiation footprint 

• Side view of the flammable cloud dispersion 

For the 50 mm release event the following consequence outputs are contained in 
Appendix B: 

• Jet fire thermal radiation footprint 

• Side view of the flammable cloud dispersion 

The approach for this risk assessment is to assume that if the release ignites, it is ignited 
immediately, and the initial discharge rate is used for thermal radiation consequence. This 
ruleset is a conservative simplification. In reality, the ignition could be delayed. If delayed, 
then the discharge rate will have reduced and the jet fire thermal radiation consequence 
will be smaller. The greater the ignition delay, the greater the discharge is reduced and the 
smaller the consequence. 

The Purple Book references for “immediate” ignition probability do not provide criteria of 
what time frame constitutes “immediate” ignition. However, it could be interpreted to be 
as quickly as only a few seconds, if not instantaneous. This could leave “non-immediate” 
ignition thermal radiation consequence similar in magnitude to “immediate” ignition 
thermal radiation consequence. This justifies simply using the initial discharge rate for jet 
fire thermal consequence without applying an immediate ignition conditional probability. 

The consequence rulesets described above are illustrated in the event tree shown in 
Figure 9. The release event frequency and probabilities used for each event tree branch in 
the risk summation is described in Section 8.2. 
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Figure 9: Adelphia Pipeline Risk Assessment Event Tree 

  

8.2 Accident Event Frequencies 

The following subsections detail the release frequencies and conditional probabilities used 
in the Adelphia pipeline risk assessment. Note that all values are taken directly from, or 
utilize common, published risk assessment references, including the Purple Book. The 
purpose of the Purple Book is to provide common starting points to facilitate obtaining 
verifiable, reproducible, and comparable quantitative risk assessment results [9]. 

8.2.1 Release Frequencies 

An Adelphia pipeline full bore release frequency was derived from the following available 
data sets: 

1. PHMSA incident report statistics from natural gas transmission pipelines for the 
period from 2007 through mid-2018 [16]. 

2. PHMSA natural gas transmission pipeline mileage statistics [17]. 

The PHMSA incident and mileage data were refined, or filtered, to include the following 
relevant information: 

• Natural gas full bore release incidents 

• Pipelines of diameters greater than 10-inches but less than 28-inches to represent 
the 18-inch diameter Adelphia pipeline 

• Below-ground natural gas transmission pipeline mileage 

The filtering resulted in the following relevant historical data: 

• 128 full bore release incidents 

• 2,214,615 mile-years of natural gas pipeline (10-inch to 28-inch diameter range) 
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Based on this data, a natural gas pipeline full bore release frequency is 5.8E-05 incidents 
per mile-years (3.6E-05 incidents per km-years) was calculated. 

The full bore release frequency value derived from PHMSA data compares reasonably well 
to that given in the Purple Book [9] for a generic pipeline located in a dedicated route 
(note that the pipeline diameter is not specified in the Purple Book values). The Purple 
Book value of 7E-06 incidents per km-year for full bore rupture is 5 times lower than the 
value derived from the PHMSA data. The Purple Book value reflects pipelines located “in a 
dedicated route”, whereas the PHMSA data is for all pipelines.   

The Purple Book states that the release frequencies for pipelines located in a dedicated 
route are lower than other pipelines because of extra preventative measures [9]. 
Additionally, the PHMSA data includes all pipelines and so could be expected to be higher 
than pipelines located only in a dedicated route. 

In determining an Adelphia pipeline 50 mm release frequency, the estimated Adelphia 
pipeline full bore release frequency was multiplied by a factor of 6 to result in a 50 mm 
release frequency of 3.5E-04 incidents per mile-years (2.2E-04 incidents per km-years). The 
multiplying factor of 6 is taken from OGP recommended distribution of non-full bore hole 
sizes and full bore hole sizes for onshore gas pipelines [18]. 

Details of the PHMSA natural gas incident and mileage data filtering and frequency 
calculation are provided in Appendix D. 

8.2.2 Ignition Probability 

OGP published ignition probability look-up correlations, which relate ignition probabilities 
to discharge rates for typical scenarios, were used in determining an overall (total) ignition 
probability given a release [19]. 

Specifically, Ignition Probability Correlation Number 3 was used as it is applicable for 
releases of flammable gases, vapor, or liquids significantly above their normal boiling point 
from onshore cross-country pipelines running through industrial or urban areas. This 
correlation is considered appropriate because the Adelphia pipeline is transporting natural 
gas and the pipeline route through Delaware County can be described as urban (many 
ignition sources as opposed to a rural area which would have sparse ignitions sources). 
The values published for Correlation Number 3 are shown in Table 9. 
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Table 9: OGP Published Ignition Probability Correlation #3 [19] 

Discharge Rate 
(kg/s) 

Ignition Probability 

0.1 0.0010 

0.2 0.0017 

0.5 0.0033 

1.0 0.0056 

2.0 0.0095 

5.0 0.0188 

10 0.0316 

20 0.0532 

50 0.1057 

100 0.1778 

200 0.2991 

500 0.5946 

1000 1.0000 

Ignition Probability Correlation #3: Flammable gases, vapor, or liquids significantly above their normal 
boiling point from onshore cross-country pipelines running through industrial or urban areas. 

Applying this correlation to the 18-inch Adelphia pipeline discharge rates, for the two (2) 
hole-sizes, results in the following ignition probabilities: 

• 50 mm release @ 8.8 kg/s (nominally 10 kg/s), ignition probability = 0.0316 

• Full bore release @ 434 kg/s (average of first 20 seconds, nominally 500 kg/s), 
ignition probability = 0.5946 

8.3 Individual Risk Results 

The Adelphia pipeline accident event frequencies (Section 8.2), accident event 
consequences Section 8.1), and defined accident event impacts (Section 6.5) are combined 
to produce outdoor and indoor individual risk results. The individual risk results are then 
plotted on a grid to produce transects showing individual risk levels as a function of 
distance from the pipeline route. Separate risk transects for outdoor and indoor locations 
are provided, since different impact rulesets are used for the two location types 
(Section 6.5). 
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Note that the individual risk transects reflect an individual’s continuous presence 
(i.e., 24-hours per day, 7-days per week) at a select location. This assumption is consistent 
with common quantitative risk assessment methodology; the continuous presence at a 
select location reflects a most exposed individual and, therefore, represents a maximum 
individual risk level. 

The outdoor and indoor individual risk transects are shown in Figure 10 and Figure 11. 
Note that distance from the pipeline is expressed in meters. 

Figure 10: 18-inch Adelphia Pipeline, Outdoor Individual Risk Transect 
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Figure 11: 18-inch Adelphia Pipeline, Indoor Individual Risk 
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9.0 COMMON INDIVIDUAL RISK SOURCES 

Table 10 provides a list of common risk sources and corresponding published individual 
risk levels derived from United States fatality statistics [20]. The one-year odds are the 
number of deaths in one year that occurred in the United States divided by the total 
population of the United States. The individual risk level equates to the inverse of the one-
year odds. 

Note that the values in Table 10 are shown in the order of decreasing risk level (i.e., highest 
risk to lowest) and range from approximately 1.2E-04 per year (motor vehicle accident 
fatalities) to 1.1E-07 per year (lightning fatalities). 

Table 10: Odds of Death in The United States by Selected Cause, 2016 

Cause [20] Number of Deaths 
(2016) [20] 

One Year Odds1 [20]  
 

Individual Risk 
(per year)2 

Motor vehicle 
accident 40,327 8,013 1.2E-04 

Assault by firearm 14,415 22,416 4.5E-05 

Exposure to smoke, 
fire, flames 2,730 118,362 8.4E-06 

Falls from stairs or 
steps 2,344 137,853 7.3E-06 

Swimming pool 780 414,266 2.4E-06 

Firearm accident 300 1,077,092 9.3E-07 

Hurricane, tornado, 
blizzard, storm 66 4,895,871 2.0E-07 

Lightning 36 8,975,764 1.1E-07 

1 Values are based on total U.S. population and not on a number of activity participants. 
2 Calculated based on one year odds and rounded to the nearest decimal. 

Source Insurance Information Institute  
https://www.iii.org/fact-statistic/facts-statistics-mortality-risk 
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10.0 CONCLUSIONS 

The final objective of these assessments was to present a comparison of the Mariner East 2 
pipeline and Adelphia pipeline estimated individual risk levels against other individual risk 
levels from common sources. This is done in order to establish an improved perspective 
when interpreting the meaning of the individual fatality risks. 

Figure 12 presents such comparisons using the resulting outdoor individual risk transect 
for the Mariner East 2 pipeline together with several common risk sources presented in 
Section 9.0.  

Note that the plot contains an inset figure using a compressed risk axis to accommodate 
the 1.2E-04 per year motor vehicle accident individual risk value, which would otherwise 
be off the scale of the main plot (i.e., greater than 1.0E-05 per year). 

Figure 12: Mariner East 2 Outdoor Individual Risk versus Common Risk Sources 

 
The following are examples of how to interpret the above Mariner East 2 pipeline 
comparative plot: 

• The average person’s annual exposure to a fatal traffic accident (1.2E-04 per year) 
is approximately 20 times greater than that of the annual individual risk level 
(6.2E-06 per year, or odds of 1 in 161,290) of a person present 24 hours per day, 7 
days per week at a zero distance from the Mariner East 2 pipeline route (i.e., on the 
centerline).  
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• The average person’s exposure to fatal house fires (8.4E-06 per year) is 
approximately 35% greater than that of the individual risk level (6.2E-06 per year, 
or odds of 1 in 161,290) of a person present 24 hours per day, 7 days per week at 
a zero distance from the Mariner East 2 pipeline route (i.e., on the centerline). 

• The average person’s exposure to a fatal fall from stairs (7.3E-06 per year) is 
approximately 20% greater than that of the individual risk level (6.2E-06 per year, 
or odds of 1 in 161,290) of a person present 24 hours per day, 7 days per week at 
a zero distance from the Mariner East 2 pipeline route (i.e., on the centerline). 

Figure 13 presents such comparisons using the resulting outdoor individual risk transect 
for the Adelphia pipeline together with several common risk sources presented in Section 
9.0. 

Note that the plot contains an inset figure using a compressed risk axis to accommodate 
the 1.2E-04 per year motor vehicle accident individual risk value, which would otherwise 
be off the scale of the main plot (i.e., greater than 1.0E-05 per year). 

Figure 13: Adelphia Outdoor Individual Risk versus to Common Risk Sources 

 

Flynn Exhibit Page 61



Mariner East 2 Pipeline and Existing Adelphia Pipeline Risk Assessments 

11/13/2018 

 Page 42 of 74 
 

TMP_v1-9 113097 

The following are examples of how to interpret the above Adelphia pipeline comparative 
plot: 

• The average person’s exposure to a fatal traffic accident (1.2E-04 per year) is 
approximately 27 times greater than that of the individual risk level (4.5E-06 per 
year, or odds of 1 in 222,222) of a person present 24 hours per day, 7 days per week 
at a zero distance from the Adelphia pipeline route (i.e., on the centerline). 

• The average person’s exposure to fatal house fires (8.4E-06 per year) is 
approximately 2 times greater than that of the individual risk level (4.5E-06 per year, 
or odds of 1 in 222,222) of a person present 24 hours per day, 7 days per week at 
a zero distance from the Adelphia pipeline route (i.e., on the centerline). 

• The average person’s exposure to a fatal fall from stairs (7.3E-06 per year) is 
approximately 60% greater than that of the individual risk level (4.5E-06 per year, 
or odds of 1 in 222,222) of a person present 24 hours per day, 7 days per week at 
a zero distance from the Adelphia pipeline route (i.e., on the centerline). 

In conclusion, based on the figures above, it can be stated that the individual risk levels 
estimated for both the Mariner East 2 pipeline and the Adelphia pipeline fall within a range 
of other common risk sources. 
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APPENDIX A: MARINER EAST 2 PIPELINE CONSEQUENCE PLOTS
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APPENDIX B: ADELPHIA PIPELINE CONSEQUENCE PLOTS
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PENNSYLVANIA 

PUC 
COMMONWEAL TH OF PENNSYLVANIA 

PENNSYLVANIA PUBLIC UTILITY COMMISSION 
400 NORTH STREET, HARRISBURG, PA 17120 IN REPLY PLEASE 

REFER TO OUR FILE 

Mr. Albert Kravatz, DOT 
NEB Compliance Specialist 
Energy Transfer 
Sunoco Pipeline L.P. 
4041 Market Street 
Aston, PA 19014 

Dear Mr. Kravatz: 

February 16, 2018 

REFERENCE: 
L-01-18

The PUC's Investigation and Enforcement Bureau's Safety Division is reviewing Sunoco 
Pipelines' Emergency Response Plans. 

Due to the potential safety risks associated with the Sunoco Mariner East 1, 2 and 2X 
pipeline projects and to evaluate your company's contingency plans, the PUC's Safety Division 
requests Sunoco to submit on or before, March 12, 2018 the following: 

1.) Provide a list of all valves for MEI, ME2, ME2X along with a map showing the locations 
of the valves. 

2.) Provide HCA maps for MEI, ME2, ME2X. 

3.) Identify which valves can be operated using SCADA (EFRD). 

4.) Identify the distance between each valve. 

5.) Identify the maximum amount of product, by volume and product type, that can be 
transported in each pipeline between the valves. 

6.) Provide the response time to close each valve. 

7.) For each type of product in the pipelines (including mixed products), provide a real time 
modeling result for the following: 

a. Calculate the Immediate Ignition Impact Zone (IIIZ) for a pipeline failure in cold and
warm weather. Model the IIIZ between each valve segment. Identify the population
included within the zone. Include in the modeling the width and length of the
evacuation zone and the estimated evacuation time frame. Also provide the
Emergency Response Plans for this type of accident. List the parameters utilized to
model the release. Finally, identify all schools, hospitals, nursing homes, etc. located
within the IIIZ.

Friedman_09
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L-01-18
Page 2

b. Calculate the Buffer Zone for a pipeline failure that produces a flammable vapor
cloud in cold and warm weather. Model this scenario between each valve segment.
Identify the population included within the Buffer Zone. Describe the width/length of
the vapor cloud modeled. Estimate the evacuation time frame. Also provide the
Emergency Response Plans for this type of accident. Finally, identify all schools,
hospitals, nursing homes, etc. located within the Buffer Zone.

8.) Documentation for Emergency Responder training for each section of pipe and vales on 
MEI, ME2 and ME2X. 

This office is committed to ensuring that all natural gas companies comply with the 
provisions of the Public Utility Code. Therefore, you are advised that, if you fail to comply with 
the above requests this office will initiate all appropriate enforcement actions pursuant to the 
Public Utility Code against the utility and its officers, agents and employees. 

PM:bb 
PC: Richard A. Kanaskie, Director, I&E 

Yours truly, 

t:Ly1;1�· 
Paul J. Metro, Manager 
Safety Division 
Bureau of Investigation and Enforcement 

Friedman_09
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§195.440   Public awareness. 

(a) Each pipeline operator must develop and implement a written continuing public education program 
that follows the guidance provided in the American Petroleum Institute's (API) Recommended Practice 
(RP) 1162 (incorporated by reference, see §195.3). 

(b) The operator's program must follow the general program recommendations of API RP 1162 and 
assess the unique attributes and characteristics of the operator's pipeline and facilities. 

(c) The operator must follow the general program recommendations, including baseline and 
supplemental requirements of API RP 1162, unless the operator provides justification in its program or 
procedural manual as to why compliance with all or certain provisions of the recommended practice is 
not practicable and not necessary for safety. 

(d) The operator's program must specifically include provisions to educate the public, appropriate 
government organizations, and persons engaged in excavation related activities on: 

(1) Use of a one‐call notification system prior to excavation and other damage prevention activities; 

(2) Possible hazards associated with unintended releases from a hazardous liquid or carbon dioxide 
pipeline facility; 

(3) Physical indications that such a release may have occurred; 

(4) Steps that should be taken for public safety in the event of a hazardous liquid or carbon dioxide 
pipeline release; and 

(5) Procedures to report such an event. 

(e) The program must include activities to advise affected municipalities, school districts, businesses, 
and residents of pipeline facility locations. 

(f) The program and the media used must be as comprehensive as necessary to reach all areas in which 
the operator transports hazardous liquid or carbon dioxide. 

(g) The program must be conducted in English and in other languages commonly understood by a 
significant number and concentration of the non‐English speaking population in the operator's area. 

(h) Operators in existence on June 20, 2005, must have completed their written programs no later than 
June 20, 2006. Upon request, operators must submit their completed programs to PHMSA or, in the 
case of an intrastate pipeline facility operator, the appropriate State agency. 

(i) The operator's program documentation and evaluation results must be available for periodic review 
by appropriate regulatory agencies. 

[Amdt. 195‐84, 70 FR 28843, May 19, 2005] 

Friedman_10
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By Authority Of
THE UNITED STATES OF AMERICA

Legally Binding Document

By the Authority Vested By Part 5 of the United States Code § 552(a) and 
Part 1 of the Code of Regulations § 51 the attached document has been duly 
INCORPORATED BY REFERENCE and shall be considered legally 
binding upon all citizens and residents of the United States of America. 
HEED THIS NOTICE: Criminal penalties may apply for noncompliance. 

Official Incorporator:
THE EXECUTIVE DIRECTOR
OFFICE OF THE FEDERAL REGISTER
WASHINGTON, D.C.

Document Name:   

CFR Section(s):  

Standards Body:  

e

Friedman_11_API RP 1162
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EMERGENCY RESPONSE PROCEDURES MANUAL 

FOR 

SUNOCO PIPELINE, LP 8” ETHANE PIPELINE 

SARNIA, ON CANADA 

Revision Log: 

Rev. Date Comment Approval Approval 

0 3/5/2014 Original Issue 

1 4/24/2015 Revision 1 

2 3/4/2016 Revision 2 
3 8/30/16 Revision 3 
4 3/30/2017 Revision 4 

5 3/15/2018 Revision 5 

Name Name
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APPROVAL 

• The manual is under the approval of SPLP.
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1.0 EMERGENCY RESPONSE PROGRAM 

1.1 EMERGENCY RESPONSE POLICY 

The health and safety of all workers, the public and environment are integral to effective business 
planning. Emergency response ensures a timely and appropriate response to emergencies and 
compliance with applicable laws (domestic and/or international) and industry and legal codes of practice. 

SPLP has the ultimate responsibility for this policy. 

This shall be done through provision and availability of: 

• Effective Emergency Response plans which encompass necessary on-site responses
• Competent Emergency Response personnel
• Reliable Emergency Response equipment
• Training for First Response personnel

1.2 BACKGROUND 

Sunoco Logistics Pipeline LP (SPLP) owns an ethane line that connects the SPLP Ethane delivery 
system at the  valve compound located in  
crossing then connecting to an above ground valve compound. The line then carries on underground to 
the Sarnia Station. This line is regulated by National Energy Board to the center of the St. Clair River. 

1.3 EMERGENCY PLAN PURPOSE, SCOPE, AND OBJECTIVES 

1.3.1 PURPOSE 

The purpose of this emergency response plan is to minimize the effect of potential hazardous situations 
that may arise from this pipeline, and bring them under control in order to prevent them from developing 
into a full-scale emergency. This is accomplished by outlining procedures whereby personnel and 
equipment can be mobilized rapidly and efficiently in order to facilitate a prompt, coordinated, and safe 
response to any emergency incident. 

This plan defines: 

• The organization, roles and responsibilities for designated personnel during emergencies,
• The guidelines for emergency response actions as they relate to the pipeline operations, and
• The resources available/accessible for emergency response operations.

Pipeline Security Pipeline Security
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This plan is NOT intended to provide procedures for the following which are captured separately in 
different emergency response plans: 

• Transportation (Corporate Transportation Emergency Response Plan),
• Community (County Emergency Response Plan), and
• Crisis Management (Corporate Crisis Management Plan).

1.3.2 SCOPE 
For the purpose of the Pipeline Emergency Response Manual for SPLP 8” Ethane Pipeline, the 
“Contractor” is . 

The health and safety of all workers, the public and the environment are integral to SPLP business 
planning. Emergency response ensures a timely and appropriate response to emergencies, compliance 
with applicable laws (domestic and/or international) and industry/ legal codes of practice. 

1.3.3 OBJECTIVES 

The objectives of this plan are to: 

• Identify the SPLP Emergency Response Planning Philosophy and Policy,
• Identify authority, organization, roles and responsibilities for designated personnel during

emergency, and
• Define procedures for emergency response actions as they relate to pipeline operations.

1.4 PLAN REVIEW and UPDATE PROCEDURES 

1.4.1 REGULATORY COMPLIANCE 

SPLP shall review the Sarnia Emergency Procedures Manual at a minimum of once per year and file 
annual plan updates by April 1 of each year or alternatively, file a letter indicating that there have been 
no changes to the plan. As stated in Section 1.4 (5), Canada’s NEB must be provided plan revisions. 

In Canada, SPLP files both one hard copy and one electronic copy of their respective plans with the 
National Energy Board (NEB). When filing plan updates, as required by subsection 32(2) of the OPR 
and paragraph 35(c) of the OPR, SPLP files a new, complete plan in both electronic 
and hard copy incorporating all updates. 

1.4.2 SPLP EMERGENY RESPONSE MANUAL UPDATING 

• Reviewed annually by the SPLP Area Operations Manager, the SPLP Manager of
Emergency Preparedness & Security, the Contractor’s Pipeline Integrity Manager,
and the Contractor’s First Response Team.

• Paper revisions will be distributed to manual holders.
• Electronic copy of the Pipeline Emergency Response Manual will be the most recent.

Name
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1.4.3 INCORPORATION OF PLAN REVISIONS 

The plan resides as a web-based document, which permits authorized corporate and field staff access 
to make: 

• Appropriate revisions as required by operational or organizational changes,
• Appropriate revisions as required by changes in the names and phone numbers detailed in

Section 2.0, and
• Appropriate revision as required by improved procedures or deficiencies identified during

response team tabletop exercises or actual emergency responses.

Once updates are made, email notification allows Authorized Plan Holders to update hard copy plans as 
changes occur.  The Individual Plan Holder shall: 

• Review and insert the revised pages into the plan,
• Discard or archive the obsolete pages, and
• Agency Revision Requirements.

1.5 MANUAL DISTRIBUTION 

The Emergency Management Team is responsible for maintenance and distribution of this plan. 
Distribution will be handled in the following manner: 

• Distribution of controlled plans is determined by the copy number assigned to agency and
designated corporate Plan Holders.  A distribution list is included as Table 1 below.

• Company personnel who may be called upon to provide assistance during discharge
response activities will have access to a copy of the plan for their use and training.

• Any person holding a controlled copy of the plan shall ensure that the copy is transferred to
their replacement in the event of reassignment or change in responsibility.

• Various regulatory agencies will also be distributed a controlled copy of the plan. The list of
agencies is also detailed in Table 1.

Flynn Exhibit Page 167



Revision No. 5 
Revision Date: March 15, 2018 

SUNOCO  PIPELINE LP 8” ETHANE 
PIPELINE 

Page 8 of 106 
Initial issue date: 
March 5, 2014 

TABLE 1-5 MANUAL DISTRIBUTION 

Manual No. Manual Steward Manual Distribution Name 

C01  – Senior Maintenance 
Technician 

 

C02   – Safety Specialists  

C03  City of Sarnia Emergency Operations 
Coordinator 

 

C04  Houston Control Room  

C05  St. Clair Twp. Fire Chief  

C06  Sarnia Fire Dept. Chief  

CO7  NEB - distribute as per their direction  

C08  -  Pipeline Integrity Manager  

CO9  - Incident Commander  

C10  Sr Manager  

C11  Manager, Emergency Management  

C12  SCPL Manager  

C13   – Maintenance Planner  

C14  Aamjiwnaag, First Nations  
Note: The distribution of this plan is controlled by the front cover or compact disk (CD) label. The plan 
distribution procedures provided in Section 1.3 and the plan review and update procedures provided in 
Section 1.4 should be followed when making any and all changes. 
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Name
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Name

Name

Name

Name

Name

Flynn Exhibit Page 168



Revision No. 5 
Revision Date: March 15, 2018 

SUNOCO PIPELINE LP 8” ETHANE 
PIPELINE 

Page 9 of 106 
Initial issue date: 
March 5, 2014 

1.6 PRODUCT LINES & PRACTICES 

Pipeline 
Number 

NEB 
Lines Owner 

Ethane delivery line which runs under the St. Clair River to an 
above ground valve station  

 then continues to the Sun Canadian Pipeline 
Compound for further distribution. 

13001 X SPLP 

In Canada, pipeline operations will be handled by the SPLP contractor . When responding to a 
pipeline emergency,  will: 

• Protect human life and the environment.
• Provide leadership in the management of a quick safe termination of any loss of containment

incidents.
• Provide technical advice to the provincial, municipal and industrial emergency/disaster

services responding to such incidents in the interests of the public and the environment until
such time a SPLP representative arrives to the incident scene.

• Secure resources as necessary to render pipeline facilities safe for repair as quickly as
possible

• Advise on and, if necessary, arrange for appropriate clean up or other mitigation actions.

Name
Name

Pipeline Security
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2.0 ORGANIZATION 

2.1 EMERGENCY RESPONSE ORGANIZATION 

This section describes the functions of individuals designated in the Pipeline Emergency Response. 
Emergency response positions have been designed around the availability of personnel on a 24- 
hour/day basis. All positions in the Emergency Response Organization are filled by people who can be 
reached through call-out systems. 

The local authority of each municipality or county is responsible for the direction and control of the local 
authority’s emergency response. SPLP will offer advisory support and technical advice to any and all 
emergency response agencies who may be involved in response efforts for any pipeline incidents 
operated by  in their joint areas of collaboration to protect the public and environment. 

 Emergency Response Team  
 is assuming the responsibility of a First Responder to any fire, incident or loss of containment 

on the SPLP 8” ethane pipeline which runs under the St. Clair River and surfaces to a valve compound 
on the  in Froomfield, Corunna Ontario then continues to the SPLP Sarnia 
meter station and ERFD. 

It is expected that  as first responders will fill the appropriate positions in the Incident Command 
System on behalf of SPLP, until properly relieved by SPLP resources cascading in from the United States. 
As SPLP resources arrive,  employees will continue to remain integral members of the Incident 
Command as assigned. All roles & responsibilities of all designated employees who have a key role in 
the emergency response of an incident will follow basic incident command protocols and the basic job 
descriptions for each position are found in APPENDIX J. 

Initial Team Members 

Operations Section Chief or Alternate Incident Commander  

Emergency Response Coordinator/Incident Commander  

Planning Section Chief  

Logistics Section Chief  

Safety Specialists  
 

Documentation Specialist  

Houston Control Centre SPLP, On Duty- Pipeline 
Controller (PC) 

Name

Name Name
Name

Name

Name

Pipeline Security
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SPLP EMERGENCY RESOURCE: Houston Control Centre 

ROLE: 

To respond to pipeline emergencies as a leak is identified. 

Upon notification of an alarm, Pipeline Controller (PC) will follow the guidance in their Houston Control 
Room Manual regarding the Sarnia Station.  The essence of that guidance is provided below: 

• Ascertain the authenticity of the alarm or notification.
• Automated shut down of the pipeline or isolate the line as soon as it is determined to be

appropriate.

In the event of an emergency at Sarnia Station, or involving any of our assets in Canada, the PC shall 
immediately make the following notifications (in order): 

• Contact the Public Emergency Services, if necessary, as indicated above,
• Contact  to initiate an immediate local response,
• Contact the SPLP Pipeline Supervisor to initiate the SPLP response (see contact information

below), and
• Contact the customer and inform them of the shutdown.

TRAINING / SKILLS PROVIDED: 

Knowledge of product, hazards, pipeline facilities, emergency response plans, customer impacts. 

EMERGENCY CONTACT: 

Houston Control Center (800) 786-7440

Name
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RESOURCE: First Responder/Incident Commander 

ROLE: 

To respond to pipeline emergencies as First Responder/Incident Commander once a leak has been 
identified. 

FIRST RESPONDER ACTIONS: 

The First Responder and Senior Maintenance Technician will respond to the emergency scene and 
verify the magnitude of the emergency. 

Regardless of the magnitude of the emergency, the priorities for any  responder remains the 
same: 

1. People safety
2. Environmental Impacts
3. Property Loss

INCIDENT COMMANDER ACTIONS: 

Public and personnel safety is the foremost priority for the Incident Commander. Most emergency 
situations will involve provincial and municipal governments as well as local disaster service agencies. 
Emergencies within the Chemical Valley will also involve CVECO. It is of utmost importance that the 

 Pipeline Manager interacts and cooperates with these agencies in the field. It is expected that 
 will serve as the SPLP IC until relieved by a designated IC from SPLP. The priorities of the 

Incident Commander are: 

1. Safety of all personnel Take action to minimize impact of the release (See Section 2.6)
2. Notification of local and provincial government agencies (See Section 2.4)
3. Support the local Emergency Operations Centre (EOC) as needed
4. Communicate and liaise with SPLP leadership
5. Maintain log/documentation (include names, times, use tape recorder if available)

In addition: 

• Establish an Incident Command Post
• Confirm Emergency Level (Alert, Level 1,2, or 3)
• Secure access to emergency area (CVECO Code 6 activation). SPLP pipeline guidelines are a

minimum area of 1.6km in all directions from a leak site if a vapor cloud exists.
• Recommend evacuations as required.
• Designate a media representative at the site
• Closely monitor environmental /personal impacts of the release
• Assess need for additional support at the scene and get additional resources from SPLP if

warranted.

Name

Name

Name
Name
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RESOURCE PROVIDED: 

• Investigate leak location to confirm SPLP product leaking,
• Isolate pipeline,
• Verify and evaluate the severity of the leak,
• Assess situation, and CVECO Code activation,
• Maintain contact with Houston Control Centre, and
• Respond to requests from the Houston Control Centre – (800) 786-7440.
• Life safety,
• Emergency management,
• Environmental impacts and property loss,
• Technical management of the emergency site,
• Verification and evaluation of leak severity,
• Assist in evacuation and securing of the area,
• Decide if ignition is appropriate, and if so, initiate or recommend to local authorities,
• Serve as source of pipeline expertise,
• Document actions,
• Work with other responding agencies in incident management,
• Liaison with Municipal EOC Manager,
• Provide technical advice for media statement,
• Mobile first response team. Make decision to allocate resources to respond to emergency,
• Arrange travel to/from scene, and
• Notify and report internal/external. 

TRAINING/SKILLS PROVIDED: 
 Initial on scene personnel with initial IC designation/capabilities
 Detailed knowledge of SPLP Ethane delivery system.
 Knowledge of pipeline corridor (who shares pipeline corridors).
 Knowledge of pipeline product hazard.
 Ability to assist with pipeline isolation if required.
 Coordinate product removal, pipeline repairs and pipeline re-pressurization.
 Customer impact awareness and contacts.
 Knowledge of local emergency response plans
 Incident Command process
 CVECO code awareness and familiarity

EMERGENCY CONTACT: 

 

 

Name

Name

Phone #
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 RESOURCE: Senior Maintenance Technician 

ROLE: 

To respond to pipeline emergencies as support to the First Responder to assist once a leak has been 
identified. 

RESOURCE PROVIDED: 

Responsible to: 

 Investigate leak location to confirm SPLP product leaking,
 Verify and evaluate the severity of the leak,
 Assist where appropriate with the isolation of the pipeline,
 Notifies and maintains contact with SPLP Sarnia Pipeline Supervisor. 

 Recommend CVECO Code Classification, and
 Serve as source of pipeline expertise

TRAINING/SKILLS PROVIDED: 

Knowledge of product, hazards, pipeline facilities, emergency response plan, customer impacts and 
incident command process, and CVECO codes awareness. 

EMERGENCY CONTACT: 

 

Name Name

Name and Phone #

Name Phone #
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SPLP RESOURCE: Incident Commander 

ROLE: 

Focal point for facilitating the deployment of resources to the scene of pipeline emergencies as 
requested. Assists the Unified Command with the assembly of response groups and resources to the 
scene. 

 To respond requests from  Incident Commander,
 After the initial calls are made, reports to SPLP Incident Management Team and assembles staff as

needed.
 Debriefs and reports on emergency.
 Notifies:

o NEB (National Energy Board), 403-807-9473
o MOE (Ministry of Environment), 1-800-268-6060
o OEB (Ontario Energy Board), 1-888-632-6273 Press 0
o TSB (Transportation Safety Board), 819-997-7887
o TSSA Technical Standards and Standards Authority, 1-877-682-8772

RESOURCE PROVIDED: 

Detailed knowledge of SPLP Business Policies
Knowledge of pipeline product and hazards
Interface with Emergency Operations Center for the County/Province
Customer impact awareness
Provides continued coverage to the Houston Control Centre.
Addresses resource request from Mutual Aid
Provides regular status updates to appropriate groups and individuals within the organization. 

• Coordinates off-site media contact and inquiries referring them to the Sunoco Communications –
Jeff Shields (215) 313-3056 (Mobile);.(215) 977-6056 (Office)

 Notifies other companies impacted.
 Ensures log of communications, times, etc. is kept.
 Arranges for continued role coverage during extended incidents.
 Initiates Repair Plan as required.
 Considers use of 3rd party expert.

Name Phone #
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TRAINING/SKILLS REQUIRED: 

Knowledge of the Emergency Response Plan, business policies, product and hazards, EOC familiarity, 
Incident Command awareness, contacts and available resources, as well as crisis management skills 
and the ability to effectively communicate with all organizational levels 

EMERGENCY CONTACT: 

 

 

Name

Name

Phone #

Phone #
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SPLP Emergency Response Team (SPLP) 

Mobilized SPLP response team members will deploy to the local Incident Command Post to 
supplement the emergency response efforts. 

SPLP RESOURCE: Incident Management Team 

ROLE: To supplement and support an initial response from  when an incident exceeds or has 
the potential to exceed local resources. This multi-person team will be activated by SPLP leadership and 
will cascade in to fulfill ICS positions as needed. Also to liaise with applicable regulatory agencies that 
may include but are not limited to: 

Environment Canada 
Transportation Safety Board of Canada (TSB) 
National Energy Board Onshore Pipeline Regulations (NEB) 
Ontario Ministry of Labour (MOL) 
Ontario Parks Association (OPA) 
Ontario Energy Board (OEB) 

RESOURCE PROVIDED: Expertise and experience in all facets of SPLP business workings, emergency 
response for pipeline HVP incidents, and ICS roles and responsibilities, regulatory and environmental 
specialists. This team includes contractor technical support for HVP emergencies with a variety of 
equipment, and environmental expertise if needed for wildlife protection strategies, environmental impact 
assessment (air, groundwater, soil and/or water impacts).  This includes current and historical analytical 
monitoring data and waste management support as needed. 

TRAINING/SKILLS PROVIDED: Knowledge of the Emergency Response Plan, product and hazards, 
EOC familiarity, expertise with regard to interfacing with applicable pipeline system regulatory agencies, 
Incident Command awareness, HAZWOPER training, crisis management skills and the ability to 
effectively communicate with all organizational levels 

EMERGENCY CONTACT: 

 

Name

Name
Phone #

Flynn Exhibit Page 177



Revision No. 5 
Revision Date: March 15, 2018 

SUNOCO PIPELINE LP 8” ETHANE 
PIPELINE 

Page 18 of 106 
Initial issue date: 
March 5, 2014 

Chemical Valley Emergency Coordinating Organization (CVECO) 

The Chemical Valley Emergency Coordinating Organization (CVECO) is the mutual aid resource in the 
event of a pipeline emergency in the area. It is intended that  will become a member in this 
organization and will activate CVECO notifications and support any pipeline emergencies. Section V of 
the CVECO Manual (See APPENDIX F) covers incidents outside industry boundaries, e.g. pipelines. 

Government Agency or Other Support 

Various organizational partners outside of SPLP fulfill specific roles and bring to bear their own specified 
action plans during an emergency event. (See also APPENDIX I.) Provincial government departments 
may have a regulatory responsibility, expertise, or other resources available to support the and/or 
local authority emergency to an industry incident. These departments/organizations include, but are not 
limited to: 

Aamjiwnaang First Nations - can come in several forms of local knowledge, response capabilities, 
established communication processes, evacuation support, and recognized, familiar community 
leadership. 

Canadian Coast Guard- Fisheries and Oceans Canada (DFO) has the lead federal role in managing 
Canada’s fisheries and safeguarding its waters. The Canadian Coast Guard (CCG), a Special Operating 
Agency within DFO, is responsible for services and programs that contribute to the safety, security, and 
accessibility of Canada’s waterways 

Community Safety & Correctional Services- responsible for Emergency Management in Ontario, the 
coordinating Agency for Government emergency management. 

Contractors- organizations under contract that bring specific support or expertise to an emergency 
response effort. These can be but are not limited to; response/clean up contractors, environmental 
experts, wildlife clean up organizations, public affairs specialists and/or waste management resources 
etc. 

Emergency Management Services (EMS) - responsible for first responder duties during an incident. 

Emergency Medical Assistance Team- a provincial field unit that can be requested by the health system 
in Ontario when health resources are significantly stressed by emergency or major incident from the 
Minister of Health and Long Term Care. 

Environment Canada- responsible for the application of the Environmental Protection and Enhancement 
Act and the Water Act. 

Heavy Urban Search and Rescue Team- group of specialized individuals with rescue skills supplemented 
by search, medical, and structural assessment resources combined in a mobile highly integrated team. 

Name

Name
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Mutual Aid Partners- partnerships formed through formal or informal agreements to extend support and 
services to sister organizations during an emergency. Examples of these are municipal organizations 
such as fire departments, or industry organizations that share emergency response equipment, 

Ontario Energy Board (OEB) - the mission is to promote a viable, sustainable and efficient energy sector 
that serves the public interest and assists consumers to obtain reliable energy services that are cost 
effective.  They have direct oversight of the Sarnia pipeline operations. 

Ontario Ministry of Environment and Climate Change-- is responsible for protecting clean and safe air, land 
and water to ensure healthy communities, ecological protection and sustainable development for present and 
future generations of Ontarians. 

Ontario Ministry of Labour- Through the ministry's key areas of occupational health and safety, the 
agency can support site safety needs during an emergency response- and may also be involved in the 
investigation from a workplace safety standpoint. 

Ontario Ministry of Transportation- is the primary agency moving people and goods safely, efficiently and 
sustainably across the province. This agency can assist with establishing contacts to support a mass 
evacuation or identifying the best transportation routes available. 

Provincial Emergency Operations Centre- responsible for the Coordination and Information Centre (CIC), 
the 24/7 emergency call centre for OEMA, Environment, Dangerous Goods, and the OER. 

Royal Canadian Mounted Police (RCMP) - The RCMP is unique in the world since it is a national, federal, 
provincial and municipal policing body. As such it is a multi-faceted organization that can provide support 
in many areas of a response. It includes preventing and investigating crime; maintaining peace and order; 
enforcing laws; contributing to national security; and providing vital operational support services to other 
police and law enforcement agencies within Canada and abroad. 

Transport Canada- Although this agency does not deal directly with transportation via pipeline, it does 
address transportation of dangerous goods, and oversees CANUTEC and Emergency Response Task 
Force that may provide some synergies during an ethane incident. 

2.2 EMERGENCY PLANNING ZONE 

The High Vapor Pressure Ethane pipeline which has a high vaporization rates expand into plumes of 
flammable vapor and follows topography with wind direction and will include all areas within 1.0 km (0.6 
mi) of the pipeline. Emergency responders should be familiar with resident locations and local topography
within the planning zone.

 will establish an emergency planning and response zone for the SPLP pipeline based on the 
location of the incident. The planning zone will be representative of the immediate area where losses can 
be minimized through appropriate and timely action. 

Pipelines that are included in the Emergency Response are identified in Section 1.6 

Name
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Table 2-2 EMERGENCY PLANNING ZONE 
DEFINING THE HAZARD AREA 

EMERGENCY PLANNING and RESPONSE ZONES 
EMERGENCY PLANNING ZONE 

An Emergency Planning Zone (EPZ) is a geographical area surrounding the pipeline that requires specific emergency 
response planning. SPLP has applied the technical parameters covered in the EPZ analysis for HVP pipelines and has 
determined that the following EPZ distances for the selected pipeline diameters be used: 

Pipeline Size Ethane 

8” 700 meters 

The measurements to be used are from the center of the pipeline to either side. 

Initial Isolation Zone (IIZ) - the IIZ defines an area in close proximity to a continuous hazardous release where indoor 
sheltering may provide temporary protection due to the proximity of the release. If safe to do so, the company must work 
with local authorities to evacuate the residents from the IIZ. 

Protective Action Zone (PAZ) - the estimated size of the PAZ is calculated using ERG. Immediately following a release 
of HVP product, the approximate size and direction of the PAZ can be determined using actual conditions at the time. 
Once monitoring equipment arrives, the actual size of the PAZ can be determined based on the monitored conditions. 

. 
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2.3 EMERGENCY LEVELS 

A hazard is defined as “a physical situation with the potential for human injury, damage to property, 
damage to the environment, or some combination of these”. Emergency levels define the hazard to the 
public from a High Vapor Pressure (HVP) product release and  ability to handle the emergency 
response. Each level has a different impact on the response and amount of resources required to resolve 
incident. Using common terminology in level identification should result in consistent interpretation of an 
emergency situation. Refer to Tables 1, 2, and 3 below for designating emergency levels. Then based 
on the Assessment Results from Table 3, actions for each emergency level can be ascertained. 

The sequence of events and responses described in the flowcharts and tables herein are a guideline 
only, and response may vary depending on the nature and circumstances of the emergency. The Incident 
Commander/ Unified Command (IC/UC ) will decide whether Table 3 appropriately assigned the correct 
level. The emergency level will then be communicated to all emergency responders and agencies as 
required. 

Name
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3.0 COMMUNICATIONS 

3.1 INTRODUCTION 

SPLP is committed to operating its business to the highest achievable standards to protect the health 
and safety of workers, the public and environment. 

 The safe, timely deployment of trained employees to perform Emergency Response and
remediation of SPLP Pipeline is paramount to our business. The ability to respond to pipeline
emergencies is also integral to SPLP business planning. Emergency response ensures a timely
and appropriate response to external pipeline emergencies and compliance with applicable laws
(domestic and/or international) and industry and legal codes of practice.

 In the event of a pipeline emergency, releases must be reported at the first available opportunity,
as soon as the responsible person knows about the release.

 In the event of a pipeline emergency, communication to the public will be initiated through the
CVECO Code Notification Process. The appropriate CVECO Code will be issued by the Unified
Command.

 Communication to the public of impending changes, e.g. evacuations, all clear will be managed
by the local jurisdictional authorities (Police/Fire).

 Communication to SPLP Management will be the responsibility of the Contractor Incident
Commander/delegate.

 Communication networks between the Incident Commander and County Incident Commander
are the responsibility of the Contractor Incident Commander. The Contractor Incident
Commander will ensure communication lines are clearly established. Communications between
SPLP and the County EOC are the responsibility of the SPLP Incident Commander.

 A written report may be required to be submitted to the appropriate agency within seven days
after the immediate report.
SPLP is enlisted in the Ontario One Call System and  is a member of ORCGA (Ontario
Regional Common Ground Alliance).
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3.2 NOTIFICATION/ REPORTING RESPONSIBILITIES 

EMEREGNCY NOTIFICATIONS 

Information of an emergency situation may arise from different sources.  These sources include: 

• Process alarms (e.g. Leak Warn),
• Gas detectors,
• Equipment Alarms (Flow Rate, Pressure, Temperature, LEL),
• Company personnel,
• Regulatory personnel,
• Police,
• Public, and
• Pipeline Control Centre.

Once the initial notification is made, additional emergency notifications will take place across the 
/SPLP system to ensure that all appropriate and required notification obligations are met. 

WILL contact SPLP with full details on any and all situations and remediation. When an 
emergency situation is detected, emergency notifications will take place. 

Name

Name
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Table 5- EMERGENCY CONTACTS: 

Houston Control Centre (800) 786-7440

Contractor Incident Commander –  
Mobile 
Home 
Office 

Contractor Senior Maintenance Technician-  
Mobile 

Contractor Pipeline Manager-  
Mobile 
Home 

Contractor Maintenance Planner  
Mobile 
Office 
Home 

Contractor Safety Specialist  
Mobile 

SPLP Pipeline Supervisor,  
Mobile 
Office 

SPLP Manager,  
Mobile 
Office 

CVECO 
Fax 

(519) 332-2010
(519)332-2015

Union Gas – Utility Services (877) 969-0999; Press 1

Transportation Safety Board – Occurrence Hotline 
Fax 

(819) 997-7887
(819) 953-7876

National Energy Board – On Call Responder (403) 807-9473

Ontario MOE Spills Action Center 
(800) 268-6060 (ON Only)
(416) 325-3000 (Outside
ON)

Name

Name

Name

Name

Name

Name

Name

Phone #

Phone #

Phone #

Phone #

Phone #

Phone #

Phone #
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Ministry of Labour (877) 202-0008

Canadian Coast Guard (800) 265-0237 (24 hours)

US Coast Guard Primary (313) 568-9580 
Non-urgent (313) 568-9564 

Sun-Canadian Pipeline Control Center (800) 263-6641

l, SCPL 

, SCPL 

, SCPL 

, SCPL 

Ontario Energy Board (888) 632-6273 Press 0

St. Clair Township Fire Department , Fire Chief 
911 
(519) 481-0111

Ontario Provincial Police Business (888) 310-1122;

519-680-4600(admin Office)
City of Sarnia Fire Services , Fire Chief 
Fire Administration 

(519) 332-0330, ext. 4302
(519) 332-1122

Sarnia Police Services/CEMC (519) 344-8861, ext. 5206;
(519) 344-8861 Press 0

Aamjiwnaang First Nations Environment Department- 
Primary Contact.  Chief  

Mobile 
Office 

If Chief is not available contact: 
 - Office 

or Mobile 

or - Office 
Mobile 

- 

(519) 384-8410
(519) 336-8410 X 236

(519) 336-8410 X 243
(519) 330-8749

(519) 336-8410 X 288
(519)330-2644

Name

Name

Name

Name

Phone #

Phone #

Phone #

Phone #

Name

Name

Name

Name
Name

Name
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REGULATORY NOTIFICATION REQUIREMENTS 

NATIONAL ENERGY BOARD (NEB) – NEB 24hr Incident Line 1- 403-807-9473 

Notification of an Emergency Situation 
The NEB has a formal relationship with the Transportation Safety Board (TSB) in the form of a 
Memorandums of Understanding (MOU), which came into effect in 1994 and have adopted a single 
window reporting approach, however, in some areas, the TSB reporting requirements are somewhat 
different than the NEB requirements. The purpose of the MOU is to coordinate activities when both 
parties attend or investigate an incident/ emergency occurrence. The NEB is the lead regulatory 
agency in emergency situations that occur on NEB-regulated facilities or operations and the TSB is 
the lead investigator for determining the cause and contributing factors leading to an 
incident/emergency. A company designated representative shall immediately notify the NEB of any 
incident relating to the construction, operation or abandonment of its pipeline and shall submit a 
preliminary and detailed incident report to the NEB as soon as is practicable. Any incident must also 
be reported to the TSB Reporting Hotline 

NEB EVENT REPORTING SYSTEM (On Line Event Reporting System - OERS) 
The events that are reportable using the online reporting system are: 

• Incidents under the NEB Onshore Pipeline Regulations (OPR),
• Serious accidents or incidents under the Canada Oil and Gas Geophysical Operations

Regulations,
• Emergencies or accidents under the Canada Oil and Gas Installation Regulations/Oil and

Gas Installation Regulations,
• Accidents, illnesses, and incidents under the Canada Oil and Gas Diving Regulations/Oil

and Gas, and
• Diving Regulations.

In the event that OERS is unavailable, companies are directed to report events to the TSB Reporting 
Hotline. 
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TRANSPORTATION SAFETY BOARD OF CANADA (TSB)- TSB 24hr Hot Line at 819-997- 
7887 

Where an event qualifies as a significant incident and must be reported immediately, companies 
are required to notify TSB. 

INSTRUCTIONS TO CALL THE TSB HOTLINE 
All significant incidents must be reported via the TSB line on National Energy Board (NEB) regulated 
pipelines and facilities, report all events in the NEB’s Online Event Reporting System (OERS) 
(https://apps.neb-one.gc.ca/ers) and the kinds of events to report. For example this might include: 

A significant incident is an acute event that results in: 

• Death,
• Missing person (as reportable pursuant to the Canada Oil and Gas Drilling and

Production Regulations (DPR) under the Canada Oil and Gas Operations Act (COGOA)
or the Oil and Gas Operations Act (OGOA),

• A serious injury (as defined in the OPR or TSB regulations),
• A fire or explosion that causes a pipeline or facility to be inoperative,
• A LVP hydrocarbon release in excess of 1.5 m3 that leaves company property or the right

of way,
• A rupture, or
• A toxic plume as defined in CSA Z662

Note: A rupture is an instantaneous release that immediately impairs the operation of a pipeline segment such that the 
pressure of the segment cannot be maintained. For all other events that must be reported immediately, companies must 
report within twenty‐four hours of occurrence or discovery to the online reporting system. For additional details on the 
TSB reporting requirements, refer to the TSB website www.tsb.gc.ca/eng/incidents-occurance/pipeline/inex.asp 
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ENVIRONMENT SPILL REPORTING REQUIREMENTS – 

WHEN TO REPORT 

The discharge of a substance is reportable under Environmental Management and Protection Act 
(EMPA) 2002 when the discharge is in an amount, concentration or level or at a rate of release that 
may cause or is causing an adverse effect, unless otherwise expressly authorized. An adverse effect 
is impairment of, or damage to the environment, or harm to human health. 

The spill of a pollutant is reportable under The Environmental Spill Control Regulations when the 
pollutant is in an amount equal to or exceeding the specified amount and time period listed in the 
Appendices of the Regulation. Immediate reporting helps to ensure adverse effects are addressed 
properly and minimized, if possible, to safeguard the public and protect the environment. 

WHO MUST REPORT 

The person who discharges, allows the discharge, or has control of the substance discharged is 
responsible for reporting. Police officers and employees of municipalities or government agencies 
are also required to report. 

HOW TO REPORT 
Discharges must be reported to the Minister at the first available opportunity, as soon as that person 
knows or ought to know of the discharge. Reports can be made by phoning 1-800-667-7525 (toll- 
free, 24 hours-a day); or in person during regular office hours at any Ministry of Environment office. 

If the spill exceed defined maximum limits a written report must be submitted to the Minister 
within seven days after the immediate report. 

3.3 NOTIFICATION BETWEEN COMMAND CENTRES 

In the event that notification is required between Command Centres, the communication protocol will 
be by phone. Depending on the incident, the Contractor Incident Commander may choose to send 
another  manager to the Local Emergency Management EOC to facilitate communication 
and/or the Local Emergency Management may choose to send a local representative to the Incident 
Command Post for the same purpose.  will provide if requested, one or more pipeline 
technicians to respond to the local EOC to enhance communication and understanding of the 
incident and associated progress for containment. The communication frequency will depend on the 
size and circumstances of the incident. 

Name

Name
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3.4 COMMUNICATION TOOLS 

Pipeline Emergency Response requires extensive use of mobile and static communication systems. 
This section describes the alternate and complementary systems currently employed by the 
Contractor. 

• (800) 786-7440 on signs in Ontario area ring into Houston Control Centre
• Mobile Telephones
• Radios 

3.5 POST EMERGENCY COMMUNICATIONS 

Once the emergency is over, there are a number of follow-up activities that should be considered, 
e.g. communication to the public, communication to Regulatory bodies having jurisdiction,
emergency debriefing, area restoration, CVECO updates, site updates, etc.

AFTER A Level 3 EMERGENCY, A NUMBER OF ITEMS WILL BE CONSIDERED: 
• Debriefings,
• Critical incident stress debriefing of the response personnel and for members of the public

that may have been significantly impacted by the emergency,
• Establishing an information center within the community where the emergency occurred

to answer any questions posed by the public, and
• Correspondence with media, providing details of the investigation into the incident that

may be pertinent to the public as they become available.

INCIDENT INVESTIGATION 
The SPLP Incident Commander will establish timing to complete an incident investigation Root 

Cause Analyses (RCA). The incident investigation process will identify the RCA of the event, as well 
as, identify measures to prevent recurrence. 

RESPONDER DEBRIEFING 

Immediately after the emergency, the SPLP Incident Commander will review and evaluate the 
response with the personnel involved. This review will focus on improvements to the response 
procedures and equipment used as well as the effectiveness of the lines of communication. The 
review should include response agencies or other industry personnel who assisted with the 
emergency. 

PUBLIC DEBRIEFING (By SPLP) 

When the public is impacted, they will be debriefed as soon after the emergency as possible, to 
answer any questions or concerns. Of prime concern will be the actions that the operator is taking 
to ensure another incident does not happen again. Although the operator may not be able to answer 
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all concerns at the time, it is important to meet with the public immediately after the emergency to 
identify their concerns and to assure them that their questions will be answered once a proper 
evaluation of the incident has been completed. 

The Public Information Officer will fully support any efforts to keep the public apprised of an 
emergency situation in conjunction with the Unified Command. 

CRITICAL INCIDENT STRESS DEBRIEFING 
The Unit Leadership Representative is responsible for evaluating the need and initiating Critical 
Stress Debriefing.  This will be done through the Sarnia Fire Department. 

The Sarnia Fire Department/Sarnia Police Service have a Fire Service Critical Incident Team. 

The Contractor Incident Commander can access this service by calling Sarnia Police Services at 
519-344-8861 and then dial “0”.

They will then ask you four questions: 

1. Your name and telephone number,
2. Agency name and telephone number,
3. Possible back-up number (i.e., mobile), and
4. Nature of incident.

Fire Service Critical Incident Team 
C/O 240 East Street North 
Sarnia, Ontario 
N7T 6X7 

Resources to assist with Critical Incident Stress Management can be obtained at: 

Sarnia Fire Administration      (519) 332-1122 
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EMERGENCY RESPONSE ACTIVITY DEBRIEF 

The emergency response debrief is used to evaluate the incident looking for area that ‘went well’ 
as well as areas for improvement. Debriefs should be done as soon after the incident as possible. 
Participation in the debrief should include all the responders so as to get a total response review. 

1 Name of Emergency Incident: 
ITEM YES N/A 

2 What went well: 
ERT Incident Command 
Response 
Unit Information 
Water supply 
Communications 
Fire control equipment 
Accounting for people 
Securing unit 
Rehabilitation of squad (feeding, Gatorade, oxygen, etc.) 
Outside assistance, Police (road control), etc. 
Medical/dispensary 
Other 

3 Areas for Improvement: 
ERT Incident Command 
Response 
Unit Information 
Water supply 
Communications 
Fire control equipment 
Accounting for people 
Securing scene 
Rehabilitation of squad (feeding, Gatorade, oxygen, etc.) 
Outside assistance, Police (road control), etc. 
ETM/dispensary 
Other 

4 Other comments on incident: 

5 Recommendations: 

6 Resources Restored: 
(i.e. Response Equipment, Fire Rescue, Medical, Hazmat) 
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4.0 EMERGENCY RESPONSE ACTIVATION 

4.1 INTRODUCTION 

The plan may be initiated as a result of: 

• Low pressure alarm activated on any of the high vapor pressure or low pressure 
pipelines,

• Phone call to the Houston Control Centre, from the public, police, fire authorities or other 
industrial company representative in the Chemical Valley, or

• Phone call from SPLP emergency responding agency representative. 

The panel operator would refer to the attached Block Valve closing policy (APPENDIX A) for 
direction, if required. 

4.2 GUIDELINES:  CONTRACTOR ERT RESPONSE to PIPELINE LEAK 

Step 1 Record details of leak 
- location

- leak type vapor/liquid
- caller name/return phone number, etc.
Step 2 Immediately notify SPLP.
Step 3 Notify customers for potential of shutting down pipeline.
Step 4 Immediately dispatch the Contractor’s ERT’s to area of leak to verify product (may

not be SPLP pipeline). 
Step 5 Initiate appropriate CVECO Code 
Step 6 Initiate call to SPLP Incident Commander/Pipeline Supervisor (Emergency Contact 

List Section 6). 
Step 7 Leak confirmed, Pipeline Control Room Operator closes block valves as 

appropriate Incident Commander Activated 
Step 8 Is CVECO Code appropriate?  Refer to Section 3.9 
Step 9 Pipeline shutdown, de-pressured  product  containment  and  control  as  per 

environmental procedure. 
Step 10 Pipeline secured and all clear initiated. Note: Only the Police or Fire Chief will 

initiate an All Clear in the community. 
Step 11 Repair plan developed, approved and initiated. 
Step 12 Pipeline operation restored. 
Step 13 Complete cleanup of area. 

Note:  See Decision Flow Charts, Section 5.3 Emergency Response Activation 
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4.3 EMEREGNCY ACTIONS HVP PRODUCT PIPELINES: 

4.3.1 BASIC ACTIONS – 

Regardless of the magnitude of the emergency, the initial response should always be the 
same because HVP pipelines present hazards that warrant more specific response 
actions at the site. So, determine whether or not responders should intervene and what 
strategic objectives and tactical options should be pursued to control the problem at hand. 
Take actions to minimize the impact of the release. 

• Shut off the flow to pipeline (control room personnel)
• Stop leak if you can do it without risk
• Allow fire to burn out if fire is contained and exposures are protected
• Eliminate all ignition sources in the immediate area
• Prevent entry into waterways, sewers, or confined spaces
• Ground all equipment used for handling the product
• Use non-sparking tools to collect absorbed material
• Collect, prioritize, and manage hazard data and information from all sources,

as appropriate, including:
 Ethane produces hazardous vapors, which are ignitable from a distance

with possible flashback. Personal protective equipment is required in all
cases.

 Technical reference manuals, and information sources (i.e., Emergency
Response Manual),

 Technical Information Specialists (i.e., Pipeline Industry or Facility
Representatives),

 Safety Data Sheet (See APPENDIX C), and
 Air monitoring and detection equipment.
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4.3.2 PROCEDURES FOR FIELD LOCATION OF A PIPELINE LEAK: 

Before travelling to a suspected leak site, ensure that you have a reliable method of 
communication (radio and/or mobile telephone) and a Pipeline Emergency Response 
Manual. 

• Know where you are at all times and update the Houston Control Centre 
periodically.  (Update timing to be determined by onsite manager.)
• Ensure that you are a safe distance from the pipeline at all times – 1 km 
(0.6 mi) or more, 

 
 

• When a leak location is confirmed, relay all information back to the Incident
Commander and restrict travel into the area where possible until municipal
services arrive.  Request CVECO CODE 9 to be activated.

4.3.3 IC/UC BASIC RESPONSIBILITIES DURING PIPELINE LEAK: 

• Secure access to emergency area. SPLP emergency guidelines are to
secure a minimum area of 1.6 km (1.0 mi) in all directions from a leak site if a
vapor cloud exists.
• When minimizing the impact of the release, the following must be
considered:

 Ignition of vapor cloud – IC/UC will determine need for the ignition of
vapor clouds.

 Use nitrogen to push HVP product past the leak point. Product is to be
flared at a block valve site or pushed through an open block valve to the
storage facilities. In the latter case, when the nitrogen/HVP product
interface reaches a block valve, gas testing will confirm this valve would
be closed.

• Recommend evacuations as required.
• Work co-operatively with other emergency response organizations. Most
provincial, government and local emergency response agencies may not be
familiar with products. Incident Commander must communicate and co-operate
with these agencies to ensure safe, appropriate and timely response to the
emergency.  (Each commander should have adequate supply of SDS sheets.)

Then depending on the situation, follow the general guidance provided in 
Table 6 

Pipeline Security
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4.3.4 DISCIPLINE APPROACH TO AN EMERGENCY (Taken out of CAN/CSA-Z731-95) 

BLOCK VALVE CLOSING (Sunoco Operations) 

PURPOSE 

The purpose of this policy is to provide the SPLP Technicians with a guideline on when to close 
pipeline block valves in emergency situations. The operating technician must in all emergency 
situations use their experience and discretion.  

.  Management commits 
to providing the necessary training, simulations, drill etc. to ensure that operating technicians are 
competent on pipeline operation. Refer to P&ID APPENDIX H 

POLICY 

1. When a leak call is confirmed by any Contractor ERT.
2. When a leak call is received from a recognized public authority such as:

• Police / Fire Chief 911 / Code 6 
• County Emergency Response authority
• This call must be verified with a return phone call to a phone number identified in

the Pipeline Emergency Response Manual.
2. When a leak call is received from an industrial company representative in the Chemical

Valley.
4. When a leak is called in by someone in the public and verified by the Contractor.

The pipeline panel operating technician must follow the appropriate operating procedure, notifying 
customers of the situation. 

Pipeline Security
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TABLE 6 BASIC RELEASE MITIGATION PROCEDURES- NGLs 

TYPE MITIGATION PROCEDURE 

Failure of Pump or Valve 

1. Call PCC and get out- evacuate others safely
2. Notify local fire and police departments through 911.
3. ISCL will shut down operations.
4. Eliminate sources of vapor cloud ignition by shutting down all
engines and motors.
5. Follow SPLP’s Liquefied Petroleum Gases Guidelines (HS-G-
030)
6. Establish a safe perimeter.

Piping Rupture/Leak 
(under pressure an no 

pressure) 

1. Hit E-Stop and get out- evacuate others safely
2. Notify local fire and police departments through 911.
3. ISCL will shut down operations.
4. Eliminate sources of vapor cloud ignition by shutting down all
engines and motors.
5. Follow SPLP’s Liquefied Petroleum Gases Guidelines (HS-G-
030)
6. Relieve pressure by flaring if safe to do so.

Manifold Failure 

1. PCC and get out- evacuate others safely
2. Notify local fire and police departments through 911
3. ISCL will shut down operations.
4. Eliminate sources of vapor cloud ignition by shutting down all
engines and motors.
5. Follow SPLP’s Liquefied Petroleum Gases Guidelines (HS-G-
030)
6. Relieve pressure by flaring if safe to do so

Fire/Explosion 

1. PCC and get out- evacuate others safely
2. Notify local fire and police departments through 911.
3. ISCL will shut down operations.
4. DO NOT extinguish fire.
5. Follow SPLP’s Liquefied Petroleum Gases Guidelines (HS-G-
030)
6. Allow fire professionals to protect adjacent property and assets.
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Reissue 
CVECO Code 

Dispatch 
Contractor ERT’ to 
Leak Location 

Notification of 
Pipeline Leak to 
Sunoco Logistics 
Pipeline Control 
Centre 

Revision No. 5 
Revision Date: March 15, 2018 

SUNOCO PIPELINE LP 8” ETHANE 
PIPELINE 

Page  49 of 106 
Initial issue date: March 5, 2014 

4.4 DECISION FLOW CHART 

ERT Activated by low pressure 
Records information, alarms on pipeline 
location, leak type, time, Calls from public, police, fire, 
caller return phone number other industry reps 

Contractor, 

LEL Detector Alarm 

Verify SPLP 

Establish Hot Zone 

Follows the SPLP ER Plan 

Product Type 
Weather 
Public Danger 
Containment 
Liquid Spill 
Vapor 

Code 6 Traffic Control 

Level 2/3 Public Hazard 
Code 9 Required 

Immediately Contact Contractor Incident 
Commander , Call the 

Houston Control Centre (800)-786-7440, 
and Sunoco Logistics Incident Commander 

The Sarnia pipeline system will automatically 
close valve MOV-111, MOV-4111, MOV- 
4131 on any of these alarms, LEL, Low 
Pressure 

Contractor Initiate appropriate CVECO Code 

Notify Sarnia/St. Clair Fire Departments 

Pipeline Assessment Emergency 

Alert, Level 1 No Hazard to Public  
Level 2/3 Hazard to Public 

Phone #

Phone #

Flynn Exhibit Page 209



Incident Commander EOC 

Incident Command 
Structure in Place 
Unified Command in 
Place 

Situation Stable 

All Clear 

Pipeline Isolated / 
Depressuring Product 
Spill Containment 

EOC Established 
Single or Unified 

Revision No. 5 
Revision Date: March 15, 2018 

SUNOCO PIPELINE LP 8” ETHANE 
PIPELINE 

Page  50 of 106 
Initial issue date: March 5, 2014 

4.4 DECISION FLOW CHART (cont’d.) 

Incident Commander Environmental Specialist 
- Hot Zone at Scene 
- I/C Base Established

Adequate Resources Identified 

Communication Notifications 
Ministry of Env. 

Lines Fire Dept. 
TSSA 
Community EOC 
Ministry of Labour 
Employees 
Crisis Mgmt/Corporate 
NEB 
Transportation Safety 
Board of Canada 
Aamjiwnaang First Nations 

Public All Clear Can Only Be 
Approved by Local Authority 
Police / Fire Chief 

Establish 
Cleanup Plan / 
Repair 
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4.4 DECISION FLOW CHART (cont’d.) 

If fire, issue Fire Report to Fire 
Chief 

Pipe failure issue, report to TSSA 

Report to MOE 

CI/MI Report 

Incident Review (RCA) 

Others:   NEB 
Transportation Safety Board 

Notifications Incident 
Reporting Completed 
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4.5 EMERGENCIES CAUSED BY 3rd PARTY DAMAGE 

Emergency plans cannot identify all potential causes of an emergency on the pipeline system. These, 
however, are the greatest risk to a buried structure. 

POTENTIAL CAUSES: 

• 3rd Party companies excavating close to existing pipeline, for another pipeline, cable or road,
installation, etc.

• Residents along the pipeline right-of-way (R.O.W.) installing fences or dugouts.
• Seismic work.

4.6 EVACUATION PLANNING 

As previously mentioned, public safety is the top priority when managing a pipeline emergency. This 
should be addressed with two approaches: 

1. Emergency scene securing:
∗ Roadblocks, Incident Command base established, CVECO called, etc.

2.Evacuations:
∗ Immediate evacuations – residents that are in immediate danger. These would occur

in a Level 2or 3 emergency only. 
∗ Subsequent evacuations – residents that could be in danger should the situation worsen 

such as shift in wind or ignition. 
The Contractor expects local authorities to provide emergency scene securing and 
evacuations. 

4.6.1    SHELTER IN PLACE 

Sheltering indoors for HVP releases is the preferred way of protecting residents. It is a viable public 
protection measure when: 

• There is insufficient time or warning to safely evacuate the public that might be at risk,
• The residents are willing to wait for evacuation assistance,
• The release will be of limited size/duration,
• The specific location of the release is not identified, and
• The public is at greater risk if they are evacuated than if they remain indoors.

If there is an emergency situation in progress along the SPLP pipeline, and shelter in place is deemed 
the most appropriate course of action for the public, a message will be communicated to the community 
requesting everyone to go inside, check local radio or T.V. or municipal website for information. Close 
all doors, windows and openings, shut off ventilations systems that draw outdoor air inside (fans, air 
conditioning units, clothes dryers, turn down furnace, and close fireplace dampers). They will also be 
asked to avoid unnecessary use of their telephones and will be kept informed as conditions change 
through the automated communications system established by the local authorities. 

CVECO Code 5 and then Code 6 
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This page  
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5.0 PRODUCT DATA 
This section contains product information, specifications, physical properties, characteristics and 
spill control measures. For additional product information see the Houston Control Centre Manual for 
Sarnia Station to obtain flow and pressure rates. 

5.1 GENERAL INFORMATION ON ETHANE 

WHAT IS IT? 

Ethane is a colorless liquefied petroleum gas derived from hydrocarbon raw materials. 

ACCIDENTAL RELEASE 

• Ethane could escape during transportation as a result of mechanical failure such as
ruptured valves or seals, or a major impact of a large object such as a bulldozer, backhoe
or vehicle, which strikes the pipeline and breaks or punctures it. 

•

EFFECTS OF EXPOSURE 

•

MEDICAL ATTENTION 

• Use breathing equipment, remove the victim from exposure. 
  Keep victim still.  Get medical help.

• Cold burns require prompt medical help. Treat frostbite immediately by placing affected
area in warm water until circulation returns. Get medical attention. Flushing and first aid is
required for eye irritation.

PIpeline Security

Pipeline Security

Pipeline Security

Pipeline Security

Flynn Exhibit Page 214



Revision No. 5 
Revision Date: March 15, 2018 

SUNOCO PIPELINE LP 8” ETHANE 
PIPELINE 

Page  55 of 106 
Initial issue date: March 5, 2014 

WHAT TO DO 

• Evacuate the immediate area. Warn those downwind. Allow no smoking, flares or other
ignition sources in the general area. Only trained emergency personnel should remain in
the area.

CHARACTERISTICS OF ETHANE 

• Ethane is a colorless gas with no odor or taste. The gas is slightly heavier than air under
similar conditions of temperature and pressure.

• Ethane is highly flammable in mixtures from 3.2% to 12.45% in air
• Ethane is usually transported as a liquid under pressure in High Vapor Pressure Pipelines.

Liquid ethane boils at -88.6°C (-127.5°F) at atmospheric pressure.
• Critical temperature is 32.3°C (90.14°F) and Critical Pressure is 4915 kPa
• A large leak of ethane will form a cloud of cold vapor heavier than air, due to the low

THE MAIN HAZARDS FROM ESCAPING ETHANE LIQUID/GAS ARE: 

•

NOTE: 

a) A vapor cloud (plume) will be visible, at least initially, due to the condensed water vapor

Pipeline Security

Pipeline Security

Pipeline Security
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TABLE 5-1 PHYSICAL PROPERTIES OF ETHANE 

Property Units Methane Ethane 

Molecular Weight MW 16.04 30.07 
Boiling Point °C -161.5 -88.6
Freezing Point °C -182.5 -183.3
Critical Temperature °C -82.1 32.3 
Critical Pressure atm 45.8 48.5 
Critical Density g/cm3 0.163 0.212 
Flammable Limits: 

Lower 
Upper 

% by vol 
5.0 
15.0 

3.0 
12.5 

Solubility in water at 25°C and 1atm ppm by wt 21 56 
Vapor Density (air=1) 0.6 1.04 
Heat of Combustion at 25°C kcal/ mole 212.79 372.81 
Heat of Formation at 25°C kcal/mole -17.89 -20.24

SCHEDULE “A” 

ETHANE SPECIFICATIONS 

Ethane 95.0 vol. % min. 
Total impurities Commercially free 
Methane 2.5 ppm vol. max. 
Propylene and Higher Olefins 1 ppm vol. max. 
Chlorides 0.9 ppm vol. max. 
Carbon Dioxide 2.5 ppm vol. max. 
Total Sulphur Compounds 90 ppm vol. max. 
Water No entrained or free water at –30ºC and 

1400 psig 

 

 
 

 
  
  

Pipeline Security
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The following are calculations of the blast effects of a pipeline leak based on both the leak rate and 
the distance to 20% of the lower explosive limit (LEL). The blast effects are given for each of the 1, 3, 
and 5 psi peak overpressure, and are measured from the centre of the explosive cloud.  This center 
can be assumed to be half way toward the 20% LEL point downwind from the leak site. For personnel 
protection, the 1 psi blast radius should be used.  The other levels can be used with the enclosed 
table of blast consequences to determine the effect, on surrounding structures, of igniting the vapor 
cloud. The blast effects calculated for a given leak rate are slightly conservative; however, to assure 
protection of personnel, is recommended that they be followed. 

The table outlining the blast effects if the 20% LEL is known is slightly less accurate since the actual 
effect will depend on wind conditions and surrounding terrain. Since there is an inherent hazard 
associated with determining the extent of the explosive envelope, every attempt should be made to 
estimate the magnitude of the leak and use the first table. 
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TABLE 5-3 – EFFECTS OF BLAST PEAK OVERPRESSURE 

A) PHYSIOLOGICAL EFFECTS

1 psi Knock people down 
5 psi Rupture the Eardrum 

15 psi Lung Damage 

B)
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6.0 TRAINING 

6.1 ERT MEMBERS TRAINING: 

The following outlines the training requirements and frequency of training for the following personnel 
on ERT: 

- Incident Commander
- Pipeline Engineer
- First Responders

TRAINING INITIALLY REQUALIFICATION NOTES 

Emergency Response 
Plan First year of employment Annual All 

Driver Safety Video First year of employment 3 years All 

Test/Monitor Hazardous 
Atmos. 

First 3 months of 
employment 3 years All 

Standard First Aid/CPR 
(Recertification) First year of employment 3 years IC/Sr. Maint. 

Coordinator 

Pipeline Familiarization First 3 months of 
employment Annual All 

Transportation of 
Dangerous Goods 

First 3 months of 
employment Initial/3 years Teamster 

Incident Command 
System First year of membership Initial/4 years IC/Pipeline 

Engineer 

6.2 PIPELINE MANAGER: 

• Incident Command Structure
• ERM Manual Review
• Drill Participation
• P/L Product Data

6.3 EXERCISE REQUIREMENTS 

• Internal/External table top drills will be competed once per year.
• Action items from drills are documented, completed and reviewed.

6.3.1   Exercise Requirements and Schedules 
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SPLP in conjunction with their agent in Canada, pipeline maintenance and response contractor, 
 Industrial Contractors  will conduct the exercise requirements listed in TABLE 6-1 

which meet the National Energy Board (NEB) Emergency Management Performance Measures and 
Guidance Notes for the NEB Onshore Pipeline Regulations Annex A - Part 8 - Emergency Response 
Exercises. 

Table 6-1 provides the frequency of those exercises and the anticipated participants. 

Name Name
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TABLE 6-1 - EXERCISE REQUIREMENTS 
Exercise Type Exercise Characteristics 

Drills: 

• A supervised activity that tests a single or specific operation or
function.

• Drills are commonly used to provide training on new equipment or
test new procedures; to practice and maintain skills; or to prepare
for more complex exercises.

• Drills may be utilized to test emergency procedures and ensure
that personnel are capable of conducting the initial actions
necessary to mitigate or prevent the effects of a release.

• For the purposes of this measure, a “man down” or fire drills are
excluded and should not be reported.

Tabletop Exercise: 

• A facilitated analysis of an emergency situation in an informal,
stress-free environment.

• A tabletop exercise is designed to elicit constructive discussion as
participants examine and resolve problems based on existing 
operational plans and identify where those plans need to be 
changed. 

• Documents plan’s effectiveness.
• SPLP and their contracted agents are responsible for maintaining

exercise documentation.

Functional Exercise: 

• A single or multi-agency activity designed to evaluate capabilities
and multiple functions using simulated response, without moving
real people or equipment to a real site.

• Allows personnel or teams to validate plans and readiness by
performing duties in a simulated operational environment.

• Designed to exercise team members, procedures and resources
and agency interaction.

• Designed to evaluate management of emergency operations
centers, command posts and headquarters.

Full-Scale Exercise: 

• A multi-agency, multi-jurisdictional activity involving the
mobilization and actual movement of emergency personnel,
equipment, and resources, as if a real incident had occurred.

• Achieve realism through: On-scene actions and decisions,
simulated of consequences or impact, resource deployment.

• All decisions and actions by players occur in real time and
generate real responses and consequences from other players.

• May involves controller(s), players, simulators and evaluators.
Other Exercise Considerations 

Drill Program Evaluation Procedures • Post-exercise meetings are held to discuss achievements as well
as areas for improvement that are documented on an action item
tracking list.

Records of Drills 

• Company will maintain exercise records for five years following
completion of each exercise

• Records will be made available to NEB and other applicable
agencies upon request

• Company will verify appropriate records are kept for each spill
response contractor listed in Plan.

Emergency responders, regulatory agencies and other stake holders may be invited to 
observe or participate in table top, functional and full scale exercises. 
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7.0 FORMS 

7.1 NOTIFICATION PIPELINE LEAK FORM 

Material Flow Pipeline Operator 

Name 

Time of Call Date: (D/M/Y) 

Name of Caller 

Caller Return Phone Number 

Leak Location (identify location by area, road, development) 

Injuries 

Leak Specifics Smell 

Vapor Visible Small Big 

Liquid 

Noise Slight Loud 

Proximity to Public 

Fire 

Fire/Police Called Yes No 

or at Scene 

Wind Direction 

Will Caller Remain or Meet Contractor Representatives? 

Yes What Location? 

Contractor Rep will be there within 10-15 minutes 
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MARCH 21, 2019 | 6:06 PM

Higher operating 
pressure prompts new 
safety concerns over 
Sunoco’s Mariner East 
2X pipeline
Pipeline safety advocates worry the 
pressure on the 16-inch Mariner East 
2x would pose greater dangers
Susan Phillips 

Energy. Environment. Economy.

Higher operating pressure prompts new safety concerns over Sunoco’s Mariner East 2X … Page 1 of 9

https://stateimpact.npr.org/pennsylvania/2019/03/21/sunoco-mariner-east-pipeline-safety/ 10/7/2019

Friedman 14 - StateImpact Higher operating pressure prompts new safety concerns
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Pipeline opponents are raising new concerns about the safety of 
Energy Transfer/Sunoco Logis�cs’ Mariner East 2x natural gas 
liquids line, which the company says will have a maximum 
opera�ng pressure much higher than that of the Mariner East 1 
and 2 lines.

The pressure on the Mariner East 2x had previously been 
reported in public documents as equal to the pressure of parallel 
Mariner East 2, which uses the same rightofway. A 
pipeline’s “Maximum Allowable Operating Pressure,” < 

http://www.puc.state.pa.us/transport/gassafe/pdf/Gas_Safety_Seminar_2

PPT-PUC_MAOP_Ver.pdf> or MAOP, is set by the Department of 

Transportation < 

https://www.federalregister.gov/documents/2012/05/07/2012-

10866/pipeline-safety-veri cation-of-records> and, for safety 
reasons, is lower than what the design characteris�cs of the pipe 
can withstand.

Reid Frazier / The Allegheny Front

A tree clearing crew member on a property in Hun�ngdon County along the 
Mariner East pipeline path.

Higher operating pressure prompts new safety concerns over Sunoco’s Mariner East 2X … Page 2 of 9

https://stateimpact.npr.org/pennsylvania/2019/03/21/sunoco-mariner-east-pipeline-safety/ 10/7/2019
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http:// les.dep.state.pa.us/RegionalResources/SWRO/SWROPortalFiles/

%20Project%20Descr/Penn%20Pipeline%20Project%20Description_032

, and with the Delaware River Basin Commission in 2015, Sunoco 
stated the MAOP for Mariner East 2 and 2x would be 1480 psig, 
or pounds per square inch gauge.

But a footnote in recent reports led with the Pennsylvania 
Department of Environmental Protec�on point to a much higher 
number: 2100 psig.

Clean Air Council a�orney Alex Bomstein, who says he discovered 
the difference while analyzing Sunoco’s new horizontal direc�onal 
drilling plans led with DEP, said a risk assessment conducted of 
the pipeline project was based on a lower pressure.

“Every risk assessment done on Mariner East has used the 1480 
psig gure in calcula�ng destruc�ve poten�al, because that’s 
what Sunoco has always represented to the public and to 
regulators,” Bomstein said.

DelChesco United for Pipeline Safety hired Quest Consultants to 
do a risk assessment < 

https://stateimpact.npr.org/pennsylvania/2018/08/29/risk-

assessment-quanti es-mariner-east-hazards-for-residents-in-

two-counties/> on the line. Quest’s senior engineer Jeff Marx, 
who conducted the assessment, says the risks are greater with a 
higher pressure.

“Something up in the 2100 psi range would be a signicant 
increase and will increase the hazard because the release rate of 
material is largely driven by pressure,” Marx said.

…

Higher operating pressure prompts new safety concerns over Sunoco’s Mariner East 2X … Page 3 of 9

https://stateimpact.npr.org/pennsylvania/2019/03/21/sunoco-mariner-east-pipeline-safety/ 10/7/2019
Flynn Exhibit Page 226



Bomstein says air emissions are also impacted by the pressure, 
and in air permits led with DEP < 

http:// les.dep.state.pa.us/RegionalResources/SCRO/SCROPortalFiles/C

%20Mount%20Union%20Pump%20Station%20%E2%80%93%209-

21-

17%20DEP%20Addendum%20Memo%20and%20Revised%20Draft%20S

Only%20Operating%20Permit%2031-03036.pdf> for pumping 
sta�ons, the pressure is reported by Sunoco as 1480 psig.

“If the pressure were 2100, that would increase emissions, 
meaning Sunoco’s es�mates would be off, meaning DEP’s 
determina�on around air permi�ng of this would also be legally 
erroneous,” Bomstein said.

Sunoco spokeswoman Lisa Dillinger conrmed in an email that 
the maximum opera�ng pressure of the Mariner East 2x is 2100, 
but insists that is not a change.

“The pipe being used to construct ME2X is designed to safely 
accommodate a MOP up to 2100 psig,” Dillinger wrote. “Its 
valves, wall thickness, grade, and hydrostatic testing < 

https://primis.phmsa.dot.gov/comm/factsheets/fshydrostatictesting.htm>

are all designed to that pressure.  This is recognized in our 
documenta�on with the DEP, PUC and PHMSA. We tested the 

Higher operating pressure prompts new safety concerns over Sunoco’s Mariner East 2X … Page 4 of 9

https://stateimpact.npr.org/pennsylvania/2019/03/21/sunoco-mariner-east-pipeline-safety/ 10/7/2019
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In a review of public documents submi�ed to the DEP as part of 
their permit applica�ons in 2016 and to the Delaware River Basin 
Commission in 2015, StateImpact Pennsylvania could nd no 
reference to the 16inch Mariner East 2x line opera�ng at 2100 
psig. The only references are from the footnotes in recent 
drawings submi�ed to DEP as part of the revised construc�on 
plans involving horizontal direc�onal drilling. The company was 
forced to revise its HDD plans a�er dozens of drilling mud spills 
resulted in DEP penal�es and a lawsuit by Clean Air Council.

“Our greatest concern is that Sunoco has put into the ground 
pipeline that has not been properly tested,” Bomstein said. “And if 
it can’t withstand those pressures, that means there’s a great and 
needless risk of rupture and explosion.”

Sunoco’s Dillinger said the currently opera�ng Mariner East 2 
pipeline is designed for 1480 psig and the line was tested at 
about 2160 psig. The parallel Mariner East 2x remains under 
construc�on, as do sec�ons of the Mariner East 2. Although the 
Mariner East 2 is opera�onal, construc�on accidents and delays 
forced the company to use an older sec�on of pipe as a 
workaround while work on the rest of the line con�nues.

The Mariner East pipeline project includes three lines that carry 
natural gas liquids from eastern Ohio and western Pennsylvania 
about 350 miles across the state to Marcus Hook, Delaware 
County. The Pennsylvania Public U�lity Commission shut down 
the Mariner East 1 line earlier this year a�er a sinkhole exposed 
the pipe in Chester County.

A spokesman for the Pipeline and Hazardous Materials Safety 
Administra�on said the agency is unaware that the maximum 
opera�ng pressure on the Mariner 2x is now 2100 psig.

Higher operating pressure prompts new safety concerns over Sunoco’s Mariner East 2X … Page 5 of 9

https://stateimpact.npr.org/pennsylvania/2019/03/21/sunoco-mariner-east-pipeline-safety/ 10/7/2019
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discuss the specic pressures of pipelines because they are 
conden�al security informa�on.” The PUC said federal safety 
regula�ons do not change based on the maximum opera�ng 
pressure of a line.

A spokesperson for the DEP said pipeline safety and opera�ons 
are not a part of their jurisdic�on.

Pipeline safety consultant Richard Kuprewicz of Accufacts, which 
conducted a safety review of the lines running through West 

Goshen Township < 

https://stateimpact.npr.org/pennsylvania/2017/01/16/consultants-

report-endorses-safety-of-mariner-east-2-critics-unmoved/> , 
said that historically, the pressure limits for natural gas liquids 
pipelines is at 1440 or 1480 psig.

A pressure of 2100 psig, Kuprewicz says, is “in a whole different 
ball game.” He says components like valves and anges may not 
be adequate for such a high maximum opera�ng pressure.

“All I can say is federal regula�ons wouldn’t prevent you from 
running it at 2100, but you would be out of your mind,” Kuprewicz 
said.

Both Kuprewicz and Marx said failure at a higher pressure 
translates to greater safety risks.

Kuprewicz says his review of Sunoco’s prac�ces for the lines 
running through, or close to, West Goshen Township show the 
company exceeded federal safety standards with regard to the 
construc�on and opera�on of the Mariner East lines. He said he 
has not seen detailed informa�on about the Mariner East 2x line.

Higher operating pressure prompts new safety concerns over Sunoco’s Mariner East 2X … Page 6 of 9

https://stateimpact.npr.org/pennsylvania/2019/03/21/sunoco-mariner-east-pipeline-safety/ 10/7/2019
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was Del-Chesco United for Pipeline Safety that commissioned the 

study, the Council was the group’s scal sponsor on the project.

EXPLAINERS

Corrections and Clari cations

< 
h�ps://stateimpact.npr.org/pennsylvania/tag/correc�ons
andclarica�ons/> 

Delaware Watershed

< 
h�ps://stateimpact.npr.org/pennsylvania/tag/delaware
watershed/> 

Mariner East: A pipeline project 

plagued by mishaps and delays

Higher operating pressure prompts new safety concerns over Sunoco’s Mariner East 2X … Page 7 of 9
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Friedman 15 - NTSB Accident Report HVL Release from Storage Cavern and Explosion Brenham, TX 4-07-
1992
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PB98-916503
NTSB/PAR-98/02/SUM

NATIONAL
TRANSPORTATION
SAFETY
BOARD
WASHINGTON, D.C. 20594

PIPELINE ACCIDENT SUMMARY REPORT

PIPELINE RUPTURE, LIQUID BUTANE RELEASE,
AND FIRE
LIVELY, TEXAS
AUGUST 24, 1996

7081

Friedman 16 - NTSB Accident Report Pipeline Rupture Butane Release and Fire Lively, TX 8-24-1996
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Abstract: This report explains the August 24, 1996, rupture of a steel pipeline operated
by Koch Pipeline Company, LP (Koch), which sent a butane vapor cloud into the
surrounding residential area.  The butane vapor ignited as two residents in a pickup truck
drove into the cloud. The occupants of the truck died from thermal injuries. About 25
families were evacuated from the area. Damages related to the accident exceeded
$217,000.

From its investigation of this accident, the Safety Board identified safety issues in the
following areas: the adequacy of Koch’s corrosion inspection and mitigation actions, and
the effectiveness of Koch’s public education program, particularly with respect to edu-
cating residents near the pipeline about recognizing hazards and responding appropriately
during a pipeline leak.

As a result of its investigation of this accident, the Safety Board issued recommendations
to the Research and Special Programs Administration, Koch, and NACE International.

The National Transportation Safety Board is an independent Federal agency dedicated to
promoting aviation, railroad, highway, marine, pipeline, and hazardous materials safety.
Established in 1967, the agency is mandated by Congress through the Independent Safety
Board Act of 1974 to investigate transportation accidents, determine the probable cause
of accidents, issue safety recommendations, study transportation safety issues, and
evaluate the safety effectiveness of government agencies involved in transportation. The
Safety Board makes public its actions and decisions through accident reports, safety
studies, special investigation reports, safety recommendations, and statistical reviews.

Recent publications are available in their entirety on the Web at http://www.ntsb.gov/.
Other information about available publications may be obtained by contacting:

National Transportation Safety Board
Public Inquiries section, RE-51
490 L'Enfant Plaza East, S.W.
Washington, D.C.  20594
(202) 314-6551

Safety Board publications may be purchased, by individual copy or by subscription, from:

National Technical Information Service
5285 Port Royal Road
Springfield, Virginia 22161
(703) 605-6000
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PIPELINE ACCIDENT SUMMARY
REPORT

Pipeline Rupture, Liquid Butane Release, and Fire
Lively, Texas
August 24, 1996
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iii

Executive Summary

On Saturday, August 24, 1996, about 3:26 p.m., an 8-inch-diameter steel LPG
(liquefied petroleum gas) pipeline transporting liquid butane, operated by Koch Pipeline
Company, LP (Koch), ruptured near Lively, Texas, sending a butane vapor cloud into a
surrounding residential area. The rupture occurred under a roadway in the Oak Circle
Estates subdivision.

The butane vapor ignited as two residents in a pickup truck drove into the vapor
cloud. According to the sheriff’s report, they were on their way to a neighbor’s house to
report the release to 911. The two people died at the accident site from thermal injuries.
No other injuries were reported at that time; however, about 25 families were evacuated
from Oak Circle Estates.

Koch estimated its direct pipeline losses, including the loss of product from the
line, to be about $217,000. Other property losses included damage to the roadway under
which the rupture occurred and damage to a pickup truck, a mobile home, several
outbuildings, and adjacent woodlands.

The National Transportation Safety Board determines that the probable cause of
this accident was the failure of Koch to adequately protect its pipeline from corrosion.
The major safety issues identified by this investigation are as follows:

• Adequacy of Koch’s corrosion inspection and mitigation actions, and

• Effectiveness of Koch’s public education program, particularly with respect to
educating residents near the pipeline about recognizing hazards and
responding appropriately during a pipeline leak.

As a result of its investigation of this accident, the Safety Board issued recom-
mendations to the Research and Special Programs Administration, Koch, and NACE
International.
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Factual Information

Accident Narrative

On Saturday, August 24, 1996, about 3:26 p.m.,1 an 8-inch-diameter steel LPG
(liquefied petroleum gas) pipeline transporting liquid butane,2 operated by Koch Pipeline
Company, LP (Koch),3 ruptured near Lively, Texas, sending a butane vapor cloud into a
surrounding residential area. The rupture occurred under a roadway in the Oak Circle
Estates subdivision (figure 1).

The butane vapor ignited (figure 2) as two residents in a pickup truck drove into
the vapor cloud. According to the sheriff’s report, they were on their way to a neighbor’s
house to report the release to 911. The two people died at the accident site from thermal
injuries. No other injuries were reported at that time; however, about 25 families were
evacuated from Oak Circle Estates.

Koch estimated its direct pipeline losses, including the loss of product from the
line, to be about $217,000. Other property losses included damage to the roadway under
which the rupture occurred and damage to a pickup truck, a mobile home, several
outbuildings, and adjacent woodlands.

Preaccident Events

At 2:05 p.m. on the day of the accident, Koch’s Cleveland pump station (see
figure 3 for station locations) experienced an automated shutdown due to the activation of
a hydrocarbon vapor detection alarm in the station. A technician who was called out to
check the station found no vapor or evidence of a leak at the station. Cleveland pump
station is about 200 pipeline miles downstream of the accident site, and this shutdown
reduced flow through the pipeline. Corsicana station, the first pump station upstream of
Cleveland station, automatically shut down at 3:05 p.m. because the rising pipeline pres-
sure activated a high-discharge pressure alarm.4 The Corsicana pump shutdown created a

1 Times given in this report are central daylight time.
2 Liquid butane is a highly volatile liquid (HVL) petroleum product that vaporizes at atmospheric

pressure and room temperature. Upon release, the liquid vaporizes into a highly flammable white or nearly
transparent fog-like cloud. Because the vapor is heavier than air, it stays close to the ground and settles into
low-lying areas. While the liquid is not odorized, it has a faint but noticeable petroleum-like smell. Obser-
vation of a vapor or a fog-like cloud is typically how butane is detected in the atmosphere near a release.

3 Koch Pipeline Company, LP (Limited Partnership), is owned by Koch Industries, Inc.
4 A high-discharge pressure alarm is triggered when the station discharge pressure to the pipeline rises

above the set-point limit; the instrument’s switch will shut down the station.
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Figure 1. Sketch showing area of butane vapor dispersement and corresponding fire

Figure 2. Accident site before the butane fire was extinguished
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Figure 3. Koch Pipeline Company—
Medford, Oklahoma, to Mont Belvieu, Texas
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pressure surge5 in the pipeline that traveled upstream to the previous station, Nevada
pump station. The rupture occurred between Nevada and Corsicana pump stations.

The maximum operating pressure (MOP) established by Koch for this pipeline
was 1,440 pounds per square inch, gauge (psig).6 After the accident, Koch calculated the
highest surge pressure at Nevada pump station to be 1,448 psig based on pipeline pressure
and flow conditions before the rupture. The pipeline discharge pressure was throttled to
1,438 psig by the pump station control valve, and the pump continued to operate. The
highest surge pressure at the pipeline rupture location after the Corsicana station pump
shut down was calculated by Koch to be 1,273 psig at 3:14 p.m.

Postaccident Events

At 3:29 p.m., Koch’s supervisory control and data acquisition (SCADA) system
generated a discharge pressure rate-of-change alarm7 at Nevada pump station. At 3:36
p.m., another rate-of-change alarm was generated at Nevada pump station, and the
pipeline controller shut down the pump because of the unexplained pressure loss. At 3:39
p.m., Koch received a telephone call from an Oak Circle Estates resident reporting a
pipeline leak near his home. Koch immediately began shutdown procedures for the entire
pipeline, dispatched an employee to the accident site, and called the Kaufman County
sheriff’s department. During its call to the sheriff’s department, Koch learned that the
butane had ignited. The sheriff’s department and 911 each received a call about the
release at about the same time that Koch received its call.

Following the shutdown of its pump stations, Koch began to isolate the ruptured
section of the pipeline by closing the manual block valves upstream (4:20 p.m.) and
downstream (4:37 p.m.) of the rupture. At 5:25 p.m., Koch reported the release to the
National Response Center. By 6:00 p.m. the next day, line-plugging equipment8 had been
installed and used to isolate a section of pipeline about 100 yards on either side of the
rupture. With the closing of the line-plugging equipment, the fuel was cut off and the fire
extinguished within minutes. The pipeline remained shut down until March 1997.

5 A pressure surge is a transient or temporary increase in pressure caused by a change in flow
conditions on a pipeline such as a valve closing or a pump shutting down.

6 The Federal pipeline safety regulation in 49 Code of Federal Regulations (CFR) Part 195.406(b)
requires that the pressure in a pipeline during surges not exceed 110 percent of the MOP.

7 A rate-of-change alarm is generated when station discharge pressure decreases a preset amount within
a specific time as previously determined by the pipeline operator.

8 Line-plugging equipment can be installed even when the pipeline contains product without exposing
that product to the atmosphere.
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 Investigation

The National Transportation Safety Board was notified of the accident on August
24, 1996, by the National Response Center. The Office of Pipeline Safety, Research and
Special Programs Administration, conducted the on-scene investigation. Segments of the
pipeline, including the ruptured pipe, were shipped to the Safety Board Materials
Laboratory in Washington, D.C., for metallurgical examination.

Personnel and Toxicological Information

The pipeline controller, who had been on duty for about 8 1/2 hours when the
accident occurred, had been employed with Koch for 6 1/2 years. About 2 hours after the
accident, the controller was tested for drugs and alcohol; both test results were negative.

Pipeline Information

When the accident occurred, Koch’s Sterling I pipeline system was transporting
liquid butane from Medford, Oklahoma, to Mont Belvieu, Texas (about 570 miles). This
pipeline system contains sections of 8- and 10-inch-diameter pipe.

The 10-inch-diameter portion of the pipeline between Corsicana and Cleveland
pump stations  (see figure 3 pipeline map) was constructed in 1929 and later purchased by
Koch. In April 1995, Koch completed replacement of the original 1929 section with new
10-inch-diameter epoxy-coated pipe to improve this section’s integrity.

The pipeline rupture occurred in the 70-mile section of 8-inch-diameter pipeline
between Nevada and Corsicana pump stations. The ruptured line, originally constructed
in 1981, was a nominal 8-inch outside diameter, American Petroleum Institute (API)
Specification 5L, Grade X-46, 0.188-inch wall thickness, Electric Resistance Weld steel
pipe. The pipe was externally field coated with spiral wrapped polyolefin tape to protect it
from corrosion. In the early 1990s, the road for the housing development was constructed
over the 8-inch-diameter pipeline at the accident site.

During construction of the 10-inch-diameter pipe in 1995, Koch shut down the
pipeline from Farmersville Junction (north of Nevada pump station) to Cleveland pump
station. Before moving LPG products again, the 8-inch-diameter section from
Farmersville Junction to Corsicana pump station was hydrostatically pressure tested in
two segments to confirm its integrity. Three failures were documented during the pressure
testing. The northern segment failed two times: the first time due to external corrosion at
1,941 psig and the second time due to a longitudinal weld seam failure at 1,938 psig. The
failure in the southern test segment, about 1.5 miles north of the accident site, occurred
because of external corrosion. The pipeline pressure when the southern segment failed
was 1,400 psig, which was less than the previously established maximum operating
pressure of 1,440 psig.
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Internal Pipeline Inspection

May 1995 Internal Inspection
In May 1995, after the three hydrostatic pressure test failures, Koch had an

internal inspection performed to determine the pipeline’s condition. An internal
inspection tool (also known as a “smart pig”) was run through the 8-inch-diameter
pipeline to determine the condition of 46 miles of pipeline in the southern section. A
metal-wall-loss inspection was performed using a low-resolution magnetic-flux-leakage
(MFL) internal inspection tool. This inspection identified numerous sites of external
corrosion for possible repair.

Actual corrosion pit depths were measured on pipe excavated for correlation digs
and then compared with the log of corrosion indications from the May 1995 internal
inspection. All of the pipe-wall-thickness loss indications were graded by the internal
inspection tool company as being light (15 to 30 percent loss), moderate (> 30 and < 50
percent loss), or severe (≥ 50 percent loss). The log results were reported by individual
pipe length9 and the grade of the maximum corrosion anomaly.

The May 1995 internal inspection log identified 62 moderately and 18 severely
corroded pipe lengths. According to Koch, the company excavated all pipe lengths graded
as having moderate or severe wall-thickness loss. Excavated pipe was either recoated,
repaired, or replaced. Koch took action based on its determination of the effect of corro-
sion on remaining pipe strength and allowable operating pressure using ASME/ANSI
B31G.10 The pipe that ruptured in 1996 was not excavated in 1995 because the associated
pipe length was identified by the internal inspection tool as having light corrosion.

Comparisons of the wall-thickness measurements of the pipe lengths excavated
during the repair digs with the inspection log results revealed few discrepancies. Koch’s
records from the repair digs indicate only three instances of a discrepancy between the
inspection log and actual dig report measurement. In each case, the internal inspection
tool predicted a pipe-wall-thickness loss greater than was actually measured.

The minimum hydrostatic test pressure required by pipeline safety regulations is
125 percent of the MOP. In this case, the MOP was 1,440 psig, making the minimum test
pressure for the line 1,800 psig. After pipeline repairs based on data from the internal
inspection had been completed, the line was hydrostatically tested without failure to
1,855 psig on August 18, 1995, and subsequently returned to service.

9 In this pipeline, the individual 8-inch-diameter pipe lengths were about 59 feet.
10 Manual: Determining Remaining Strength of Corroded Pipelines: Supplement to B31 Code-Pres-

sure Piping (B31G). American Society of Mechanical Engineers/American National Standards Institute,
Inc., New York, August 30, 1991.
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Postaccident Internal Inspection
On September 23, 1996, about 1 month after the accident, a 10-mile section of

Koch’s pipeline around the rupture site was inspected using a high-resolution MFL
internal inspection tool. (The inspected section did not include that segment of pipe
around the rupture that was removed after the accident.) The internal inspection was
required by Hazardous Facility Order (HFO) CPF No. 46510-H that was formally issued
on October 7, 1996, by the Office of Pipeline Safety (OPS), Research and Special
Programs Administration (RSPA). The inspection identified numerous areas that were
graded by the internal inspection company as having moderate and severe corrosion.
Indications of severe corrosion were identified in about 15 lengths of pipe. These areas
were not identified during the May 1995 inspection as having either moderate or severe
corrosion.

External Corrosion Control

Koch uses an impressed current cathodic protection11 system to mitigate corrosion
on this pipeline. The Koch Procedure Manual (section 4.8.1) for this pipeline defined the
minimum acceptable pipe-to-soil potential12 level for adequate cathodic protection as at
least -0.85 volts (V).13 To comply with 49 CFR 195.416(a), pipeline operators must
perform annual testing to determine whether cathodic protection is adequate to control
external corrosion. The regulation does not provide criteria for “adequate cathodic
protection.” Company corrosion technicians performed annual surveys14 of the cathodic
protection system. Koch personnel also recorded cathodic protection readings on its field
reports.15

11 Cathodic protection is a corrosion mitigation method used by the pipeline industry to protect
underground metal pipes using rectifier stations along the pipeline that supply protective electrical current.
Cathodic protection current is forced to flow in the opposite direction of currents produced by corrosion
cells. A rectifier converts alternating current from the utility service to direct current and supplies it to a
ground bed that typically contains a string of suitable anodes, with soil as an electrolyte, to provide a path
for the current from the rectifier to the pipeline. A cable connected to the pipeline provides the return path
to the circuit.

12 Defined as “the voltage difference between a buried metallic structure [pipe] and the electrolyte
[soil], measured with a reference electrode in contact with the electrolyte [soil].” From Gordon, H. L.,
Cathodic Protection, Power Plant Electrical Reference Series, Project 2334, Electric Power Research
Institute, Palo Alto, California, 1991, vol. 11, p. 11.2.

13 One of the cathodic protection criteria for pipelines transporting gas listed in 49 CFR 192,
appendix D, is maintaining cathodic protection of at least -0.85 V pipe-to-soil potential to a saturated
copper-copper sulfate half cell.

14 Pipeline companies perform pipe-to-soil potential surveys by measuring and recording the voltages
and currents at test stations along the pipeline and at rectifiers. Measurement intervals vary widely from less
than 100 feet to miles apart.

15 Koch refers to the company form used for field reporting of aerial, foreign crossing, exposed pipe,
and pipeline revisions as a “4-in-1” report.
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Preaccident Inspections and Action
Before the accident, six rectifiers were used in the pipeline cathodic protection

system from Nevada to Corsicana pump stations. In the first quarters of 1994 and 1995,
Koch personnel conducted an annual corrosion control survey that indicated the pipeline
met the company standard for cathodic protection (pipe-to-soil potentials at least as
negative as -0.85 V). During the annual
survey in February 1996, potentials be-
low the company’s accepted protection
level were recorded between rectifiers
M-7 and M-10. The pipeline rupture
occurred between rectifiers M-9 and
M-9.5, which were the existing units on
either side of the rupture location.
(Figure 4 shows the location of the
rectifiers and the rupture.)

In field reports completed after
the May 1995 internal pipeline inspec-
tion, some readings indicated potential
levels that did not meet the company
standard. For example, records show that
on August 28, 1995, an area about 1/4
mile south of the rupture had an
approximate pipe-to-soil potential of
-0.59 V and on August 24, 1995, an area
7/8 mile north of the rupture had a
potential of -0.59 V. Similar low
potentials were recorded up to 50 miles
north of the rupture site to an area
upstream of Nevada station.

On February 6, 1996, during
Koch’s 1996 annual survey, the output
of rectifier M-8 was increased to
improve pipe-to-soil potentials. On
February 13, 1996, potentials as low as
-0.68 V were recorded between rectifiers
M-7 and M-8. Additionally, seven of
nine readings taken on that date between
rectifiers M-8 and M-9 were less
negative than -0.85 V. These low
potential measurements were in the -0.62
to -0.72 range.

Figure 4. Koch pipeline
rectifier sites M-7 through M-10
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Potential measurements taken between rectifiers M-9 and M-10 on February 13,
1996, were -0.815 V about 1.3 miles north of the rupture location and -0.827 V about 1.5
miles south. In addition to these readings, the lowest potential recorded on that date
between rectifiers M-9 and M-10 was -0.78 V.

In a memorandum dated February 19, 1996, the corrosion supervisor
recommended that a new rectifier be installed north of the eventual rupture site between
M-8 and M-9. The area from rectifiers M-9 to M-10 was reported by the corrosion
supervisor as having “good” readings. On February 26, 1996, Koch division personnel
authorized installation of a new rectifier, which was initially labeled M-8.5 but was
subsequently redesignated M-8.6.

On March 29, 1996, rectifier M-9 was not operating at its designated level and its
ground bed needed replacement. No recorded pipe-to-soil readings are available for that
date. Koch Division personnel discussed whether M-9 should be moved or the ground
bed replaced. They decided to wait until the new rectifier was installed to verify its
cathodic protection coverage and to determine how M-9 would be repaired.

Postaccident Inspections and Action
According to Koch, pipe-to-soil potentials were measured but not recorded for the

accident site after the rupture on August 24, 1996. However, potential readings recorded
500 feet north and south of the rupture site on August 27 ranged from -0.49 V to -0.52 V.
Shortly after the accident, on September 4, 1996, Koch replaced the ground bed for
rectifier M-9. Koch installed the new rectifier (M-8.6) and activated it on September 11,
1996. Pipe-to-soil potentials taken during the close-interval survey16 in the rupture area
remained low, about -0.65 V, after these rectifiers were activated.

After the rectifiers were activated, pipe-to-soil potentials were obtained during
repair digs made following the September 23, 1996, internal inspection. Readings
recorded on the field reports at several dig locations up to 1 1/4 miles north of the rupture
ranged from -0.70 to -0.75 V and up to 1/4 mile south of the rupture ranged from -0.59 to
-0.73 V. These areas were reported on the 1995 internal inspection survey as having
either light (15 to 30 percent) or no reportable corrosion (< 15 percent). When the pipe
was excavated after the accident, corrosion pinholes (very small-diameter holes through
the pipe wall) were found, and corrosion pits greater than 0.180-inch deep were measured
at several locations along the pipeline. These reports also noted that the pipeline coating

16 In a close-interval survey, pipe-to-soil potential is measured every few feet (typically every 2.5 feet).
This survey is useful for identifying cathodic protection problems such as low potentials between
established test points, the presence of stray currents, and  areas of gross coating loss.
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had some “holidays” (breaks or bare spots), stress cracking, wrinkles, and disbonded
areas.17 Tree roots were also observed in the backfill next to the pipe in one of these areas.

In October 1996, Koch completed a close-interval survey of the 10-mile section
around the rupture site. Potentials less negative than -0.85 V were recorded in many areas
during this survey. In addition, some areas of missing coating were noted. No indications
of stray currents were found.

Additional rectifier installations were proposed for five new locations between
Nevada and Corsicana pump stations as well as for other locations in the pipeline system.
The last rectifier of this group was activated on February 17, 1997.

After the accident, the soil resistivity near the accident area was measured. Soil
resistivity data are useful for determining corrosive characteristics of the soil and
estimating their impact on cathodic protection. Low soil resistivity readings of
507 ohm-cm at the rupture site, 862 ohm-cm 50 feet north of the rupture site, and 1,149
ohm-cm 50 feet south of the rupture site were recorded. Soil resistivity values at these
levels generally indicate highly corrosive soil.18

Pipe Examination

After the fire was extinguished, the accident site was excavated and the ruptured
pipe exposed. The backfill contained partially decomposed organic material including
tree roots and had a sewer-like odor. Shortly after the accident, about 95 feet of pipe was
removed from the pipeline. A 46-inch section containing the rupture (figure 5) and three
nearby sections (6 to 7 feet long) were examined at the Safety Board’s Materials
Laboratory in Washington, D.C.

The pipe rupture was longitudinal, approximately 12.5 inches long (figure 5, right
to left). The rupture occurred at the 4 o’clock circumferential position relative to the
pipe’s position in the ground, with 12 o’clock being the top of the pipe. Significant
corrosion was found at the center of the pipe rupture. Most of the tape coating on the
ruptured segment was destroyed in the fire, thus the coating condition before the rupture
could not be determined.

17 Cathodic protection current requirements are significantly reduced when buried pipeline is properly
coated using an effective barrier coating. However, factors such as overprotection (potentials significantly
more negative than -0.85 V), inadequate coating selection, improper surface preparation or application of
the primer or coating, or soil stresses may result in coating disbondment. If soil or moisture is present on the
pipe surface underneath the disbonded coating, the pipe could corrode even in a cathodically protected
system. Because the disbonded coating acts as an electrical shield, the amount of current reaching the metal
underneath the disbonded coating depends upon the resistance of the soil or water present in the gap created
by the disbonded coating. Though some current may flow to the pipe surface in this space, more current
goes to other, more easily accessible, areas (low resistance path). Typically, the current density underneath
the disbonded coating is insufficient to provide adequate corrosion protection.

18 Corrosion Control/Systems Protection. Volume VI—Technical Services, Book TS-1, American Gas
Association, Arlington, Virginia, 1986, p. 79.
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The center of the rupture contained an area of corrosion about 5 inches long by 3
inches wide. In the rupture area, corrosion pits appeared to have substantially penetrated
the pipe wall indicating nearly 100-percent wall-thickness loss. No other pitting was
observed on the remainder of the 46-inch section of pipe containing the rupture. No
evidence of a material flaw or of mechanical damage (dents, gouges, or scrapes) to the
pipe was observed. Figure 6 is a composite of two photographs, one of each side of the
rupture, constructed to show the two sides of the corroded area in proximity. The arrows
in the photo indicate where corrosion pitting had substantially penetrated the pipe wall.

Figure 5. Pipe section containing 12.5-inch rupture

Figure 6. Composite photograph showing corroded area at center of
rupture
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Coating damage as observed in the field is shown in figures 7 and 8. The three pipe
sections (both upstream and downstream of the rupture) brought to the Materials
Laboratory for testing had disbonded and cracked spiral wrapped tape coating at several
locations. Mechanical damage to the tape coating similar to damage caused by a pipe-
locating probe was also observed. Scratches were found on the pipe at several of the
coating tears. Corrosion was observed on the exposed pipe surfaces at the damaged areas.

All of the nearby pipe segments examined by the Materials Laboratory displayed
corrosion damage, from 30- to 64-percent wall-thickness loss. Five principal areas of
corrosion damage correlated with five corrosion areas on the 1995 inspection log;
however, these areas had been graded as having less than 30-percent pipe-wall-thickness
loss in 1995.

A consultant for Koch performed testing and analysis for bacteria19 on the pipe
using a procedure similar to NACE International Standard TM 0194-94.20 An area
selected for bacteria testing included one of the corrosion areas containing rust tubercles21

19 Microorganisms, such as bacteria and fungi, can cause underground corrosion.
20 NACE International Standard TM 0194-94, Field monitoring of bacterial growth in oil field

systems. NACE International (formerly National Association of Corrosion Engineers—NACE), Houston,
Texas, 1994.

21 Knob-like mounds formed on the pipe as the result of localized corrosion.

Figure 7. Disbonded tape coating on 8-inch pipe extracted at accident site
(Arrows show disbonded area under tape coating.)
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within 20 feet of the rupture. The consultant’s report provided the following laboratory
analysis results:

• Pipe surface samples were acidic with a pH of 5 to 6,

• Sulfides were present in small amounts,

• Sulfate-reducing bacteria were present in insignificant amounts,

• Anaerobic acid-producing bacteria were present in small amounts (100
bacteria/ml), and

• Aerobic acid-producing bacteria were “strongly present” (10,000 bacteria/ml).

The consultant’s report concluded, “The results of the testing performed here
indicate that Aerobic Acid Producing bacteria are the main contributor to the corrosion
found on this pipe.”

Concerning the testing, the consultant’s report said the results “may not be
representative of bacteria activity” because of the inadequate sampling techniques and
handling time. The report further noted, “Bacteria typically have a life of 30 to 40 hours
and can change their populations significantly in 2 days if their environment is changed.”
In this instance, Koch had cleaned the pipe when it was removed from the ground, and
laboratory tests were not performed until about 48 hours later. The consultant used tap
water for sample preparation instead of the phosphate-buffered saline solution
recommended in NACE International Standard TM 0194-94.

Figure 8. Cracks in the tape coating on 8-inch pipe excavated at accident site
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Public Education

Preaccident Public Education Mailings
In 1991, Koch conducted a public education program for people living within 1/4

mile of the pipeline. In 1991 and 1992, public education materials were hand-distributed
door to door by company representatives. In 1992, Koch produced a report that included
tabulations of the total number of material packets issued and the response cards returned
to the company.

From 1993 through early 1996, Koch distributed its public education materials by
annual mailings, using addresses compiled from returned response cards, from lists
developed by company representatives canvassing the area, and from property right-of-
way records. Koch solicited and received public education information from other
pipeline companies for comparison with its program. Koch representatives also attended
industry meetings where public education information was reviewed.

An “Information Bulletin” was provided as part of the 1996 public education
materials mailed to residents before the accident. (See appendix A.) The bulletin
highlighted telephone numbers for notifying Koch before performing excavation near the
pipeline or during a pipeline emergency. The bulletin discussed the propane-butane
family of products transported by the pipeline, how to recognize a product release, and
the importance of keeping “sources of ignition” away from liquid spill areas. In addition,
the 1996 mailing included a calendar bearing a warning not to perform excavation near
the pipeline until Koch is notified. Recipients also received response cards for providing
their addresses and address corrections or for requesting additional information.

In 1996, about 45 families lived on two roads in the area of the accident, Oak Park
Circle and County Road 4129 (figure 1). Of the 45 residences listed on the two roads,
only 5 addresses appeared on Koch’s 1996 preaccident mailing list. The two families that
suffered fatalities were not on the mailing list. The person who called Koch to report the
release was on the mailing list.

Koch’s public education program provided educational materials to public offices
and emergency response organizations serving the areas in which the pipeline was
operated. The head of the Kaufman County Emergency Management Office indicated that
Koch had provided information and communicated with the office. The Kaufman County
Sheriff’s Department was on Koch’s mailing list and had been invited to yearly govern-
mental liaison meetings in 1995 and 1996.
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Industry Public Education Program Standard
American Petroleum Institute (API) Recommended Practice 1123, Development

of Public Awareness Programs by Hazardous Liquid Pipeline Operators,22 provides
information on reaching the public, safety message content, communications methods,
and program evaluation. API Recommended Practice 1123 provides some information on
resources available to companies for developing and distributing their own safety
materials and on other methods of providing information. Section 6.8 of the publication
states that “Operators that use their own mailing lists when they mail public awareness
materials to the public should maintain up-to-date lists” and that response cards “permit
the recipients to notify the operators of any changes of address and could measure the
effectiveness of the safety message.” Section 9 provides information that a pipeline
operator can use to evaluate the effectiveness of its public awareness program, including
scientifically based evaluation techniques available to ensure that program objectives are
being met (section 9.4).

Postaccident Public Education Mailing
As a result of an HFO issued after the accident by the OPS, Koch revised and

reformatted its public education materials (appendix B). Some of the changes Koch made
to its public education program include:

• Replacing its previous mailing list for residents along the pipeline right-of-
way with a mailing list developed using mapping grid databases.

• Revising safety information to include pertinent information on detecting a
pipeline leak and actions to take when a leak is suspected.

• Prominently highlighting material in the new safety brochure on:

1. how to identify Koch’s pipelines,
2. precautions to take around Koch’s pipelines during excavation activity,
3. how to identify a pipeline leak and a highly flammable vapor cloud,

and
4. actions to take in addition to notifying Koch, when a leak is suspected

or a vapor cloud is detected.

22 Recommended Practice 1123, Development of Public Awareness Programs by Hazardous Liquid
Pipeline Operators, American Petroleum Institute, Washington, D.C., August 1996.
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Regulations and Orders Governing Pipeline Operation

External Corrosion Control Safety Regulation
Title 49 CFR 195.416 contains a number of requirements concerning safe pipeline

operations:

(a): Each operator shall, at intervals not exceeding 15 months, but at least
once each calendar year, conduct tests on each buried, in contact with the
ground, or submerged pipeline facility in its pipeline system that is under
cathodic protection to determine whether the protection is adequate.

(e): Whenever any buried pipe is exposed for any reason, the operator shall
examine the pipe for evidence of external corrosion. If the operator finds
that there is active corrosion, that the surface of the pipe is generally
pitted, or that corrosion has caused a leak, it shall investigate further to
determine the extent of the corrosion.

(g): If localized corrosion pitting is found to exist to a degree where
leakage might result, the pipe must be replaced or repaired, or the
operating pressure must be reduced commensurate with the strength of the
pipe based on the actual remaining wall thickness of the pits.

This regulation does not provide specific criteria for “adequate cathodic pro-
tection” for liquid pipelines. Specific criteria for cathodic protection can be found in
appendix D of the gas pipeline safety regulations, 49 CFR 192.

Public Education Safety Regulation
Title 49 CFR 195.440 requires that pipeline operators establish a continuing

education program to enable the public, appropriate Government organizations, and
persons engaged in excavation-related activities to recognize a hazardous liquid or a
carbon dioxide pipeline emergency and report it to the operator or to fire, police, or other
appropriate officials. The regulation does not specifically identify the information that
must be provided or require that the pipeline operator periodically evaluate the
effectiveness of its public education program. The OPS inspection of Koch’s public
education program before the accident in May 1993 identified no deficiencies.

Office of Pipeline Safety Hazardous Facility Order
On October 7, 1996, about 6 weeks after the accident, the OPS issued an HFO that

directed Koch to submit written plans, to include performing corrective actions
concerning pipeline operation and public education. The HFO’s requirements include but
are not limited to the following provisions:
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Submit for approval by the Regional Director, within 30 days after an
Order is issued, a written plan addressing a program of tests or studies that
will identify the extent of and propose a solution to the external corrosion
problem on the HVL line and allow for verification and maintenance of
the HVL line. The plan is to include, at minimum, provisions and time
frames for identifying the extent of corrosion and correcting the external
corrosion problems on the HVL line. The plan should address, at
minimum—

The 8-inch [diameter] pipeline section [containing the accident location]
between block valves at stations 17316+16 to 17849+48 (approximately
10 miles).

i. Run an ultrasonic “smart” pig or high resolution magnetic flux
“smart” pig [internal inspection instrument] to determine pipe wall
condition.

ii. Complete installation of new ground bed and test, and activate
rectifier.

iii. Perform a close interval survey.
iv. Retain any exposed pipe removed from the line during preparation for

the “smart” pig run [internal inspection] for OPS examination.
Provide a detailed pipe and coating condition report.

v. Notify the appropriate public officials of Henderson and Kaufman
Counties whenever tests are performed involving the movement of
HVLs through the pipeline.

vi. Expose anomalies indicating 20 percent or greater wall loss, and
repair or replace areas of 20 percent or greater wall loss, or as may be
agreed upon with the Regional Director.

vii. Determine MOP subject to final approval by the Regional Director.
viii. The Corrosion mitigation measures must conform with approved

industry standards such as NACE Standard RP-0169-92,
Recommended Practices for Control of External Corrosion on
Underground or Submerged Metallic Piping Systems.

ix. Results of test and metallurgical and chemical analysis of pipe now
underway.

Except for items ii, iii, and ix, the above requirements also apply to the remainder
of the 8-inch and 10-inch-diameter sections of Koch’s HVL pipeline. In addition, the
HFO modifies item v for those pipeline sections as follows: “Notify the appropriate
public officials in affected counties whenever tests [are performed] involving the
movement of HVLs through the pipeline.”

The HFO also addresses Koch’s public education program. The HFO specifies
that Koch—
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Submit for approval by the Regional Director, within 30 days after an
Order is issued, a written plan to provide a public awareness program for
residents located along the pipeline right-of-way. The program, at
minimum, should include the following information—

a. Identification of pipeline location.
b. Recognizing an HVL pipeline leak and action to be taken.
c. Reporting to Koch any right-of-way encroachments or other activity
which could damage the pipeline.
d. Information about the danger of operating motorized vehicles and
equipment in or near a vapor cloud caused by HVLs escaping from a
ruptured pipeline.

Provide verification to the Regional Director that this program is being
carried out.

Koch submitted the plan required by the HFO to the OPS.
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Safety Issues

This analysis is divided into two general sections. The first section reviews the
accident itself, highlighting the actions and events that resulted in problem conditions.
The balance of the analysis discusses the safety issues identified as a result of this
accident:

• Adequacy of Koch’s corrosion inspection and mitigation actions, and

• Effectiveness of Koch’s public education program, particularly with respect to
educating residents near the pipeline about recognizing hazards and
responding appropriately during a pipeline leak.

Accident Discussion

At 2:05 p.m. on the day of the accident, the pump at Cleveland pump station (see
figure 3) experienced an automated shutdown due to a hydrocarbon vapor detection alarm
in the station. As a result of the shutdown, pressure increased on the pipeline upstream of
Cleveland pump station. At 3:05 p.m., Corsicana pump station automatically shut down
due to a high-discharge pressure alarm being activated. When the Corsicana pumps shut
down, a pressure surge traveled from Corsicana upstream toward Nevada pump station.
Based on an analysis of SCADA data, the pipeline ruptured between the two stations
about 3:26 p.m.

No indications of excavation damage, such as dents or gouges on the pipe, were
observed at the rupture site. The rupture occurred at a location where the pipe wall had
been reduced due to corrosion. However, when the internal inspection tool was run about
15 months earlier, the wall-thickness loss in this area of the pipeline was identified as
being significantly less than at the time of the accident. Therefore, this analysis examines
the adequacy of Koch’s corrosion inspection and mitigation actions.

When the pipe ruptured, it sent a butane vapor cloud into the surrounding
residential area. The butane vapor ignited (figure 2) as two residents in a pickup truck
drove into the vapor cloud on their way to a neighbor’s house to report the release to 911.
Therefore, the analysis also examines the effectiveness of Koch’s public education pro-
gram, particularly with respect to educating residents near the pipeline about recognizing
hazards and responding appropriately during a pipeline leak.
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Internal Pipeline Inspection

A possible explanation for the pipeline’s rapid corrosion and failure in 15 months
was that the 1995 internal inspection significantly underreported pipe-wall-thickness loss
at the rupture site. Defect geometry related to size and orientation, such as dents, gouges,
or narrow cracks in the longitudinal direction may create corrosion-feature-reporting
problems. However, the Safety Board Materials Laboratory examination of pipe
excavated near the rupture site identified no such defects. Also, comparison of actual
wall-thickness-loss data with the internal inspection logs for the pipe locations excavated
for repair by Koch showed good correlation. In the three instances where discrepancies
between the 1995 log and the actual dig reports were observed, the internal inspection
instrument predicted a wall-thickness loss that was greater than actually measured.

The Safety Board recognizes that the possibility of underreporting of corrosion
damage at the accident site during the 1995 internal pipe inspection cannot be totally
eliminated. However, the good correlation between the 1995 inspection log and actual dig
reports and the absence of problematic defect geometry indicate that underreporting of
corrosion damage probably did not occur. Therefore, the Safety Board concludes that it is
unlikely that the pipeline corrosion damage near the rupture location was underreported
by the 1995 internal inspection.

In addition, about 15 lengths of pipe in a 10-mile section around the rupture site
were graded as exhibiting severe corrosion by the September 1996 internal inspection
performed a month after the accident. However, none of the pipe lengths examined in the
1996 inspection had been identified as being either moderately or severely corroded by
the May 1995 inspection. Therefore, the Safety Board concludes that corrosion damage
found during the 1996 postaccident inspection indicated that rapid corrosion had occurred
on the pipeline since the 1995 internal inspection.

Microbial Testing

A procedure similar to NACE International’s TM 0194-94 oil field standard was
used by Koch’s consultant to obtain corrosion samples and test them for bacteria. The
consultant’s analysis of corrosion products from a pipe location within about 20 feet of
the accident site indicated low levels of anaerobic bacteria and sulfides and an even
smaller number of sulfate-reducing bacteria. The consultant noted that aerobic acid-
producing bacteria were primarily present in the corrosion products. The consultant
concluded that aerobic acid-producing bacteria mainly contributed to the pipe’s corrosion.
However, the report provided no information about the corrosion rate or time frame in
which corrosion may have occurred.

The consultant’s analysis could be inaccurate because Koch personnel cleaned the
pipe after it was removed from the ditch and before the samples were collected. Another
inaccuracy may have been introduced because laboratory tests were performed about
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2 days after the pipe was removed from the ground. The consultant’s report suggested
that the adverse effect of the cleaning and delay in sampling might have been offset by the
fact that samples were taken from tubercles on the pipe. However, these factors are
important because of their significant impact on the aerobic and anaerobic bacteria
populations. As noted in the consultant’s report, bacteria typically have a life of 30 to 40
hours, and their populations can change significantly within 2 days of a change to their
environment.

More importantly, and not specifically stated in the report, is the sensitivity of
anaerobic and sulfate-reducing bacteria to an oxygen environment. The relevant factor in
sample preparation was the use of tap water, which most likely contaminated the sample
with oxygen and thus created a bias for aerobic microbes. No additional microbial testing
was done, and the accuracy of the testing performed remains questionable. Therefore, the
Safety Board concludes that the contribution of microbes to the corrosion damage cannot
be accurately determined because of inadequate sampling and testing techniques.
Furthermore, as noted earlier, Koch’s consultant used a procedure similar to the one in
the NACE International Standard (TM 0194-94), which describes field testing methods
for estimating bacteria populations commonly found inside oil field piping systems and is
not directly applicable to sampling and testing for microbes from an external pipeline
surface. The Safety Board believes that NACE International should develop a standard for
microbial sampling and testing of external surfaces on an underground pipeline.

External Corrosion Control

The cause of pipeline corrosion can be difficult to determine because different
corrosion phenomena could operate simultaneously in the same general area, resulting in
multiple damage sites with corrosion progressing at widely varying rates.

Stray currents constitute one phenomenon that can contribute to corrosion.
However, the annual cathodic protection system surveys that Koch performed before the
accident gave no indication that stray currents were present. Close-interval surveys
performed after the accident in 1996 also indicated that the system did not have stray
current problems. The Safety Board concludes that stray currents did not contribute to the
corrosion observed on the pipeline.

Another factor that can contribute to corrosion is the failure to maintain adequate
cathodic protection. After the internal inspection in 1995, the pipe-to-soil potentials
recorded on field reports during repairs were below the acceptable cathodic protection
level established by the company. Koch did not correct this observed low potential
problem. The Safety Board therefore concludes that inadequate corrosion protection at the
rupture site and at numerous other locations on the pipeline allowed active corrosion to
occur before the accident.

Coating condition also affects the ability to adequately protect pipe from
corrosion. Stress-cracked and disbonded coating was observed after the accident near the
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rupture location. In the case of the pipe near the accident site, the stress-cracked and
disbonded coating created areas where soil and moisture could come in contact with the
pipe surface.

In addition to exposing pipe to microbial corrosion, stress-cracked and disbonded
coating may have interfered with Koch’s ability to provide adequate cathodic protection
by exposing more bare pipe surface and consequently increasing the pipe’s demand for
protective current. The disbonded coating may have further decreased the effectiveness of
cathodic protection by creating a barrier or shield to the protective current. The low
potentials observed at a number of excavations before the accident indicated that the pipe
was not receiving the necessary protective current. The Safety Board concludes that
because cathodic protection levels were inadequate, the stress cracks that existed in the
coating created areas in which rapid corrosion could occur. The Safety Board further
concludes that the disbonded tape coating most likely created locally shielded areas on
the pipe that prevented adequate cathodic protection current from reaching its surface,
creating other areas where rapid corrosion could occur. In addition, the Safety Board
concludes that stress cracks and disbonded tape coating on the pipe created areas where
microbial corrosion could potentially occur.

Since the accident, Koch has taken action to improve corrosion protection on its
pipeline. After the accident, pipe-to-soil potentials were still low in the vicinity of the
rupture. Therefore, in the 2 weeks following the accident, Koch replaced an anode ground
bed to repair one rectifier and installed the previously proposed new rectifier. By
February 1997, the company had installed five additional rectifiers between rectifiers M-7
and M-10 because potentials were still below the company standard.

Koch also advised the Safety Board that it has been evaluating two alternatives to
ensure the integrity of its line. One is to repair and re-coat a 70-mile section of its pipeline
between Nevada and Corsicana pump stations; the other is to replace this 70-mile section
of the pipeline. Koch has communicated these proposals to the OPS. The Board
recognizes that the OPS has included a number of requirements in the HFO to specifically
address identifying the extent of the external corrosion problem on the HVL pipeline.
However, the HFO does not contain a specific requirement to evaluate coating condition,
and Koch’s field reports indicate that the corrosion problem extends beyond the 70-mile
section proposed for repair or replacement. The Safety Board concludes that the tape
coating on Koch’s entire 8-inch pipeline may have stress cracking and disbondment.
Therefore, the Safety Board believes that RSPA should require that Koch evaluate the
integrity of the remainder of its HVL pipeline, including the condition of the coating, and
rehabilitate the pipeline as necessary. Further, the Safety Board concludes because no
overall requirement exists for operators to evaluate pipeline coating condition, problems
similar to those that occurred on Koch’s pipeline could occur on other pipelines. The
Safety Board believes that RSPA should revise 49 CFR Part 195 to require pipeline
operators to determine the condition of pipeline coating whenever pipe is exposed and, if
degradation is found, evaluate the coating condition of the pipeline.
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The OPS requires that pipeline operators conduct tests annually (not to exceed 15
months between tests) for pipelines under cathodic protection to determine that the
protection is adequate (49 CFR 195.416). However, the regulation does not provide per-
formance measures for “adequate cathodic protection” for liquid pipelines. Performance
measures for cathodic protection can be found in appendix D of the gas pipeline safety
regulations, 49 CFR 192. The Safety Board, as a result of its investigation of a 1986
accident23 involving a liquid pipeline, recommended that RSPA provide cathodic
protection criteria for liquid pipelines:

P-87-24
Revise 49 CFR Part 195 to include criteria, similar to those found in
Part 192, against which liquid pipeline operators can evaluate their
cathodic protection systems.

Because RSPA failed to take meaningful action to address this recommendation,
the Safety Board classified Safety Recommendation P-87-24 “Closed—Unacceptable
Action” on January 23, 1996. The Safety Board concludes that this accident illustrates the
continuing need for performance measures for adequate cathodic protection on liquid
pipelines and believes that RSPA should revise 49 CFR 195 to include performance
measures for the adequate cathodic protection of liquid pipelines.

In addition to having appropriate cathodic protection performance measures, an
operator should promptly evaluate all available corrosion-related data, such as potential
measurements, internal inspection results, and coating condition to maintain adequate
corrosion protection levels throughout a pipeline.

The need for a timely evaluation of corrosion-related data is evident in this
accident. Catastrophic failure occurred in an area of the pipeline where significantly less
corrosion had been identified by an internal inspection tool about 15 months earlier.
Corrosion found on the pipe excavated as a result of the 1995 internal inspection
confirms that active corrosion was occurring at various locations on the pipeline system.
When buried pipe was exposed in 1995 after this internal inspection, Koch recorded low
pipe-to-soil potentials on its field reports. Even though the recorded pipe-to-soil
potentials in many cases were below the company standard for cathodic protection, Koch
did not ensure that cathodic protection levels were restored to the company standard. In
addition, stress cracking and disbonded coating were observed at numerous locations and
recorded in the exposure reports. Excavations made as a result of the accident and during
the 1996 internal inspection done after the accident indicate that active corrosion was
continuing on the pipeline. The Safety Board concludes that although Koch’s records
contained information that cathodic protection levels were inadequate and that active
corrosion was occurring on its pipeline system before the accident, the conditions went
uncorrected.

23 For more detailed information, read Pipeline Accident Report—Williams Pipe Line Company Liquid
Pipeline Rupture and Fire, Mounds View, Minnesota, July 8, 1986 (NTSB/PAR-87/02).
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Koch informed the Safety Board that as of September 1998, the company was
expanding the distribution of its field reports and notifying corrosion technicians when
specific conditions are detected so that a field inspection can be made. However, Koch
needs to take more comprehensive action to evaluate data so that it can promptly provide
adequate corrosion protection to its pipeline. The Safety Board believes that Koch should
establish a procedure to promptly evaluate all data related to pipeline corrosion, such as
annual cathodic protection surveys, field reports, internal inspection results, and coating
condition data, to determine whether the pipeline’s corrosion protection is adequate, and
take necessary corrective action.

Public Education

The content of the 1996 bulletin sent by Koch (appendix A) as part of its public
education package before the accident had two important shortcomings. The bulletin’s
first shortcoming was that key information on recognizing a leak and taking appropriate
action lacked clarity and was not formatted to alert readers of its importance. In addition,
the complex language used in the bulletin diluted the warning. For example, while the
bulletin stated that vapors are extremely flammable, it also provided technical
information on vapor ignition temperature and atmospheric concentration that distracted
readers’ attention from the message that such vapors pose a major hazard and require
caution if their presence is suspected.

The bulletin’s second shortcoming was that the warning was not specific enough.
It omitted crucial information such as warning people not to operate switches, equipment,
machinery, or motor vehicles in or near a vapor cloud; not to light a match or smoke; and
not to drive into or go back into the vapor cloud. Furthermore, the bulletin failed to urge
readers to inform others in the household of the warning, which is a way to disseminate
crucial safety information beyond the initial reader. The Safety Board concludes that the
format and content of the public education bulletin mailed by Koch before the accident
did not effectively convey important safety information to the public.

Another significant issue involved the distribution of Koch’s public education
materials. Before the accident, Koch developed its mailing list through door-to-door
canvassing and then used response card returns to verify the accuracy of coverage in the
accident area. However, during the 1996 mailing, only 5 of the 45 residences near the
accident site were sent Koch’s educational materials. Significantly, Koch’s 1996 mailing
list did not include the two families that suffered fatalities in the accident. In all, Koch’s
mailing on the dangers of a pipeline release and actions to take during a pipeline
emergency reached only a limited number of people living near the accident location.
Therefore, the Safety Board concludes that Koch’s distribution program for its public
education materials before the accident was inadequate. Since the accident, Koch has
improved the information presented in its educational bulletin and its method for
distributing public education materials.
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The pipeline safety regulations do not provide clear and specific requirements for
the content and distribution of a pipeline operator’s public education program. The lack
of such requirements contributed to the failure, before the accident, to identify defi-
ciencies in Koch’s public education program. After the accident, the OPS issued an HFO
that included requirements for Koch to improve its mailing list and revise its safety
brochure to prominently feature information on recognizing a pipeline leak and on actions
people should take in response to a leak.

Further, existing safety regulations do not require pipeline companies to evaluate
the effectiveness of their public education programs. Without such evaluations, operators
may not realize that a program is not achieving its objectives. One source for developing
a scientific means to evaluate the effectiveness of public education programs is API
Recommended Practice 1123, which contains information on evaluation methods. The
Safety Board concludes that requirements for the content, format, and periodic evaluation
of public education programs can help pipeline operators ensure that their programs are
effective. The Safety Board believes that RSPA should revise 49 CFR Part 195 to include
requirements for the content and distribution of liquid pipeline operators’ public
education programs. The Safety Board also believes that RSPA should revise 49 CFR
Part 195 to require that pipeline operators periodically evaluate the effectiveness of their
public education programs using scientific techniques.

The Safety Board has long been concerned about the issue of pipeline public
education programs, including the content, distribution and the effectiveness of pipeline
operators’ safety materials for both hazardous liquid and natural gas pipelines. As a result
its investigation of a series of 5 natural gas accidents24 in Kansas, from September 16,
1988, to March 29, 1989, the Safety Board recommended on April 20, 1990, that RSPA:

P-90-21
Assess existing gas industry programs for educating the public on the
dangers of gas leaks and on reporting gas leaks to determine the
appropriateness of information provided, the effectiveness of educational
techniques used, and those techniques used in other public education
programs, and based on its findings, amend the public education
provisions of the Federal regulations.

On April 5, 1993, RSPA published Advisory Bulletin ADB-93-02, which directed
“gas pipeline facility owners and operators to review and assess their continuing
education programs as applied to customers and the public.” The Safety Board did not
consider that action responsive because RSPA failed to assess the existing industry
programs or amend the public education regulations. Therefore, the Board classified
Safety Recommendation P-90-21 “Open—Unacceptable Action.”

24 For more detailed information, read Pipeline Accident Report—Kansas Power and Light Company
Natural Gas Pipeline Accidents, September 16, 1988 to March 29, 1989 (NTSB/PAR-90/03).
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As a result of its investigation of a natural gas explosion and fire in Edison, New
Jersey, on March 23, 1994,25 the Safety Board reiterated Safety Recommendation P-90-21
to RSPA on February 7, 1995. The Board found that the Edison accident illustrated the
need for RSPA to take an active role in ensuring that pipeline operator public education
programs effectively provide the information the public needs to recognize the location of
pipelines, recognize potential hazards, report a pipeline emergency condition, and safely
evacuate an area.

Another recent accident investigated by the Safety Board in which public educa-
tion was a major safety issue was the propane gas explosion in San Juan, Puerto Rico,26

which resulted in 33 fatalities and 69 injuries. At the June 1997 public hearing, OPS’s
Director of the Enforcement, Compliance, and State Operations Division stated that the
OPS had received $800,000 in funding to develop a national public education program
format to be used by pipeline operators. The OPS planned to work closely with industry
to determine the most effective way to educate the public about gas pipeline safety. The
Safety Board noted that although past actions on this issue had not been timely, it was
pleased that the development of a national public education format was on RSPA’s
agenda and encouraged the OPS to expedite work on this project. Because of RSPA’s
renewed activity, the Board reclassified Safety Recommendation P-90-21 “Open—
Acceptable Response” on December 21, 1997.   

25 For more detailed information, read Pipeline Accident Report—Texas Eastern Transmission
Corporation Natural Gas Pipeline Explosion and Fire, Edison, New Jersey, March 23, 1994
(NTSB/PAR-95/01).

26 For more detailed information, read Pipeline Accident Report—San Juan Gas Company, Inc./Enron
Corp., Propane Gas Explosion in San Juan, Puerto Rico, on November 21, 1996 (NTSB/PAR-97/01).
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Conclusions

Findings

1. The corrosion damage found during the 1996 postaccident inspection indicated that
rapid corrosion had occurred on the pipeline since the 1995 internal inspection.

2. It is unlikely that the pipeline corrosion damage near the rupture location was
underreported by the 1995 internal inspection.

3. Stray currents did not contribute to the corrosion observed on the pipeline.

4. Inadequate corrosion protection at the rupture site and at numerous other locations on
the pipeline allowed active corrosion to occur before the accident.

5. Because cathodic protection levels were inadequate, the stress cracks that existed in
the coating created areas in which rapid corrosion could occur.

6. Disbonded tape coating most likely created locally shielded areas on the pipe that
prevented adequate cathodic protection current from reaching its surface, creating
other areas in which rapid corrosion could occur.

7. Although Koch’s records contained information that cathodic protection levels were
inadequate and that active corrosion was occurring on its pipeline system before the
accident, the conditions went uncorrected.

8. The tape coating on Koch’s entire pipeline may have tape cracking and disbondment.

9. Because no overall requirement exists for operators to evaluate pipeline coating
condition, problems similar to those that occurred on Koch’s pipeline could occur on
other pipelines.

10. This accident illustrates the continuing need for performance measures for adequate
cathodic protection on liquid pipelines.

11. Stress cracks and disbonded tape coating on the pipe created areas where microbial
corrosion could potentially occur.

12. The contribution of microbes to the corrosion damage cannot be accurately deter-
mined because of inadequate sampling and testing techniques.

13. The format and content of the public education bulletin mailed by Koch before the
accident did not effectively convey important safety information to the public.

Flynn Exhibit Page 379



Conclusions 28

14. Koch’s distribution program for its public education materials before the accident was
inadequate.

15. Requirements for the content, format, and periodic evaluation of public education
programs can help pipeline operators ensure that their programs are effective.

Probable Cause

The National Transportation Safety Board determines that the probable cause of
this accident was the failure of Koch Pipeline Company, LP, to adequately protect its
pipeline from corrosion.
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Recommendations

As a result of its investigation of this accident, the National Transportation Safety
Board makes the following safety recommendations:

 to the Research and Special Programs Administration:

Require that Koch Pipeline Company, LP, evaluate the integrity of the
remainder of its HVL (highly volatile liquid) pipeline, including the
condition of the coating, and rehabilitate the pipeline as necessary.
(P-98-34)

Revise 49 Code of Federal Regulations Part 195 to require pipeline
operators to determine the condition of pipeline coating whenever pipe is
exposed and, if degradation is found, to evaluate the coating condition of
the pipeline. (P-98-35)

Revise 49 Code of Federal Regulations Part 195 to include performance
measures for the adequate cathodic protection of liquid pipelines.
(P-98-36)

Revise 49 Code of Federal Regulations Part 195 to include requirements
for the content and distribution of liquid pipeline operators’ public
education programs. (P-98-37)

Revise 49 Code of Federal Regulations Part 195 to require that pipeline
operators periodically evaluate the effectiveness of their public education
programs using scientific techniques. (P-98-38)

 to Koch Pipeline Company, LP:

Establish a procedure to promptly evaluate all data related to pipeline
corrosion, such as annual cathodic protection surveys, field reports,
internal inspection results, and coating condition data, to determine
whether the pipeline’s corrosion protection is adequate, and take necessary
corrective action. (P-98-39)

 to NACE International:

Develop a standard for microbial sampling and testing of external surfaces
on an underground pipeline. (P-98-40)
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BY THE NATIONAL TRANSPORTATION SAFETY BOARD

JAMES E. HALL
Chairman

JOHN A. HAMMERSCHMIDT
Member

ROBERT T. FRANCIS II
Vice Chairman

JOHN J. GOGLIA
Member

GEORGE W. BLACK, JR.
Member

November 6, 1998

Flynn Exhibit Page 382



31

Appendix A

Public Education Information Bulletin
(issued before 1996 accident)
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Appendix B
Revised Pipeline Safety Brochure
(issued since 1996 accident)
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National Transportation Safety Board. 2009. Rupture of Hazardous Liquid Pipeline With Release and Ignition 
of Propane, Carmichael, Mississippi, November 1, 2007. Pipeline Accident Report NTSB/PAR-09/01. 
Washington, DC. 
 
Abstract: On November 1, 2007, at 10:35:02 a.m. central daylight time, a 12-inch-diameter pipeline segment 
operated by Dixie Pipeline Company was transporting liquid propane at about 1,405 pounds per square inch, gauge, 
when it ruptured in a rural area near Carmichael, Mississippi. The resulting gas cloud expanded over nearby homes 
and ignited, creating a large fireball that was heard and seen from miles away. About 10,253 barrels (430,626 
gallons) of propane were released. As a result of the ensuing fire, two people were killed and seven people 
sustained minor injuries. Four houses were destroyed, and several others were damaged. About 71.4 acres of 
grassland and woodland were burned. Dixie Pipeline Company reported that property damage resulting from the 
accident, including the loss of product, was $3,377,247. 
 
The safety issues identified in this accident are the failure mechanisms and safety of low-frequency electric 
resistance welded pipe, the adequacy of Dixie Pipeline Company’s public education program, the adequacy of 
federal pipeline safety regulations and oversight exercised by the Pipeline and Hazardous Materials Safety 
Administration of pipeline operators’ public education and emergency responder outreach programs, and 
emergency communications in Clarke County, Mississippi. 
 
As a result of the investigation of this accident, the National Transportation Safety Board makes recommendations 
to the Pipeline and Hazardous Materials Safety Administration, the Dixie Pipeline Company, the American 
Petroleum Institute, and the Clarke County Board of Supervisors.  
 
 
 
 
 
 
The National Transportation Safety Board is an independent federal agency dedicated to promoting aviation, railroad, highway, 
marine, pipeline, and hazardous materials safety. Established in 1967, the agency is mandated by Congress through the 
Independent Safety Board Act of 1974 to investigate transportation accidents, determine the probable causes of the accidents, 
issue safety recommendations, study transportation safety issues, and evaluate the safety effectiveness of government agencies 
involved in transportation. The NTSB makes public its actions and decisions through accident reports, safety studies, special 
investigation reports, safety recommendations, and statistical reviews. 
 
Recent publications are available in their entirety on the Internet at <http://www.ntsb.gov>. Other information about available 
publications also may be obtained from the website or by contacting: 
 
National Transportation Safety Board 
Records Management Division, CIO-40 
490 L’Enfant Plaza, SW 
Washington, DC  20594 
(800) 877-6799 or (202) 314-6551 
 
NTSB publications may be purchased, by individual copy or by subscription, from the National Technical Information Service. 
To purchase this publication, order report number PB2009-916501 from: 
 
National Technical Information Service 
5285 Port Royal Road 
Springfield, Virginia 22161 
(800) 553-6847 or (703) 605-6000 
 
The Independent Safety Board Act, as codified at 49 U.S.C. Section 1154(b), precludes the admission into evidence or use of 
NTSB reports related to an incident or accident in a civil action for damages resulting from a matter mentioned in the report. 
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Executive Summary 
On November 1, 2007, at 10:35:02 a.m. central daylight time, a 12-inch-diameter 

pipeline segment operated by Dixie Pipeline Company was transporting liquid propane at about 
1,405 pounds per square inch, gauge, when it ruptured in a rural area near Carmichael, 
Mississippi. The resulting gas cloud expanded over nearby homes and ignited, creating a large 
fireball that was heard and seen from miles away. About 10,253 barrels (430,626 gallons) of 
propane were released. As a result of the ensuing fire, two people were killed and seven people 
sustained minor injuries. Four houses were destroyed, and several others were damaged. About 
71.4 acres of grassland and woodland were burned. Dixie Pipeline Company reported that 
property damages resulting from the accident, including the loss of product, were $3,377,247. 

The National Transportation Safety Board determines that the probable cause of the 
November 1, 2007, rupture of the liquid propane pipeline operated by Dixie Pipeline Company 
near Carmichael, Mississippi, was the failure of a weld that caused the pipe to fracture along the 
longitudinal seam weld, a portion of the upstream girth weld, and portions of the adjacent pipe 
joints.  

The following safety issues were identified as a result of the investigation of this 
accident: 

• The failure mechanisms and safety of low-frequency electric resistance welded pipe, 

• The adequacy of Dixie Pipeline Company’s public education program, 

• The adequacy of federal pipeline safety regulations and oversight exercised by the 
Pipeline and Hazardous Materials Safety Administration of pipeline operators’ public 
education and emergency responder outreach programs, and 

• Emergency communications in Clarke County, Mississippi. 

Safety recommendations to the Pipeline and Hazardous Materials Safety Administration, 
the Dixie Pipeline Company, the American Petroleum Institute, and the Clarke County Board of 
Supervisors are included in the report.  
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Factual Information 

Accident Synopsis 

On November 1, 2007, at 10:35:02 a.m.1 central daylight time,2 a 12-inch-diameter 
pipeline segment operated by Dixie Pipeline Company (Dixie) was transporting liquid propane at 
about 1,405 pounds per square inch, gauge (psig), when it ruptured in a rural area near 
Carmichael, Mississippi. The resulting gas cloud expanded over nearby homes and ignited, 
creating a large fireball that was heard and seen from miles away. About 10,253 barrels 
(430,626 gallons) of propane were released. As a result of the ensuing fire, two people were 
killed and seven people sustained minor injuries. Four houses were destroyed, and several others 
were damaged. About 71.4 acres of grassland and woodland were burned. Dixie reported that 
property damages resulting from the accident, including the loss of product, were $3,377,247. 

Accident Narrative 

At 10:35:02 a.m. central daylight time, Dixie’s 12-inch-diameter propane pipeline 
segment ruptured about 2,650 feet downstream of Carmichael Pump Station near Carmichael, 
Mississippi. The map in figure 1 shows the route of the entire pipeline—from Mont Belvieu, 
Texas, to Apex, North Carolina—which comprises various sizes of pipe from several pipe 
manufacturers. The 12-inch-diameter pipeline segment starts on the west side of the Mississippi 
River near Erwinville, Louisiana, and continues eastward about 395 miles to Opelika, Alabama. 
Yellow Creek Pump Station is 19.28 miles upstream of Carmichael Station. The first pump 
station downstream of Carmichael is Butler Station, which is 18.3 miles east of Carmichael.  

                                                 1 The times associated with events indicated in hours:minutes:seconds are from either the Supervisory Control 
and Data Acquisition (SCADA) system or the 911 system.  

2 All times in this report are central daylight time except where otherwise noted. 
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Figure 1. Map of Dixie pipeline. 

The Dixie pipeline is owned by Enterprise Products Operating (Enterprise); the controller 
for the accident pipeline was located at Enterprise’s liquid pipeline Supervisory Control and Data 
Acquisition (SCADA) Control Center in Houston, Texas. The first indication of a problem was 
when the SCADA control panel displayed sequential discharge pressure measurements that 
indicated a large change in pressure at Carmichael Pump Station. At 10:35:07 a.m., the display 
showed a discharge pressure of 1,079 psig; at 10:35:13 a.m., the discharge pressure was 
154 psig, indicating a large, sudden drop in pipeline pressure. Additionally, the display showed 
that Carmichael Station’s unit 2 pump had shut down because of low suction pressure. At 
10:35:46 a.m., the SCADA display indicated that the rate-of-change in pressure at Butler Station, 
the next station downstream from Carmichael, was starting to decrease. Also, at 10:35:50 a.m., 
the SCADA display indicated that the rate-of-change in pressure at Yellow Creek Station, the 
first station upstream of Carmichael Station, was starting to come down. 

When the pipeline ruptured at 10:35:02 a.m., liquid propane was released and 
instantaneously began to vaporize and form a low-lying propane gas cloud over the area. The 
propane gas did not ignite immediately; it ignited about 7 1/2 minutes later, at 10:42:30 a.m. 
Witnesses miles away reported seeing and hearing a large fireball and heavy black smoke over 
the area. The fire extended about 950 feet southwest and about 1,250 feet south of the rupture 
site. (See figure 2.) The fire fueled by the residual propane gas escaping from the pipeline 

2 
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continued to burn at the ruptured pipe joint3 until the following day, when the fire at the pipe 
extinguished itself after flow control valves on both sides of the rupture were closed. 

 

Figure 2. Aerial view of fire from pipeline rupture showing nearby destroyed houses. 

At the time of the rupture, the flow of propane had increased from 5,952 barrels per hour 
to 7,354 barrels per hour. At 10:36:25 a.m., a little more than 1 minute after the SCADA display 
of the sudden pressure reduction, the controller decided that there was a leak in the Carmichael 
Station area, and he began shutting down the pipeline to reduce the amount of product released. 
At 10:37:12 a.m., the controller started the unit 1 pump at Butler Station (downstream of the 
rupture) to pull product away from the rupture area. About 10:38 a.m., the controller started 
calling field personnel from Hattiesburg and Demopolis Pump Stations to respond to the release.  

About 10:41 a.m., a person in a house in the 8500 block of County Road 630 called the 
toll-free emergency number for Dixie to report an explosion and smoke near her house. Dixie’s 
SCADA controller on duty recognized this report as indicating a product release from a pipeline 
in the Carmichael area. 

At 10:46 a.m., the Dixie pipeline controller in Houston received a telephone call in which 
the caller described four explosions, fire 200 feet in the air, and two columns of white and black 
smoke. The caller said these were in “the area where a crude oil pipeline owned by Hunt [Crude] 
                                                 3 A joint is a single length of pipe; the accident joint was about 52 feet long. 
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Oil [Supply Company] (Hunt) crosses the Dixie pipeline.” The controller then directed a 
contractor in the Carmichael area to go to the site. At 10:48 a.m., a Hunt employee told the 
controller that the Hunt pipeline had been shut down and blocked off in the area of the release. 

At 10:49:51 a.m., the Dixie pipeline controller telephoned Clarke County Central 
Dispatch to provide notification of a pipeline leak in the Carmichael Station area. The controller 
was told that Clarke County officials were already aware of an event near that location and had 
dispatched trucks to the scene from several fire departments. The controller continued to isolate 
the rupture site by issuing commands through SCADA to close the remotely controlled block 
valves at the Butler and Carmichael Stations starting at 10:52:37 a.m. By 12:36 p.m., field 
technicians had closed the nearest manually controlled block valves, thereby completing the 
shutdown and isolation of the leaking section of the pipeline.  

Weather conditions at the National Weather Service station in Meridian, Mississippi, 
around the time of the accident were reported as a clear sky (that is, no precipitation), a surface 
visibility of 10 miles, wind from the north-northeast about 7 mph with no significant wind gusts, 
and a ground level atmospheric temperature of 69° F. Sunrise was at 6:37 a.m. and sunset at 
4:49 p.m. 

Emergency Response 

The first call received at Clarke County Central Dispatch, which operates the county’s 
911 emergency call center, came in at 10:39:56 a.m. Two operators were on duty at the time. The 
call was from a person calling from a house at 4195 County Road 621. The caller reported that a 
gas explosion had occurred somewhere around the area and that smoke and gas surrounded the 
house. When asked if there was fire, the caller said that she did not see any fire but she saw white 
gas and smelled gas. The 911 operator told the caller that an emergency responder would be sent. 
The operator did not tell the caller to get out of the house and run away from the smoke. The call 
lasted 1 minute 20 seconds. The house at this address was subsequently identified as the house in 
which one of the two fatalities was discovered. At 10:40:13 a.m., during the first 911 call, the 
second 911 operator received a telephone call from a caller in a house in the 4300 block of 
County Road 621, about 600 feet south of the house where the first 911 call had originated. The 
caller reported that an explosion had occurred and he could see smoke when he walked out to the 
road. The call lasted 1 minute 33 seconds and concluded at 10:41:46 a.m. Clarke County Central 
Dispatch subsequently received numerous additional calls reporting the incident. 

4 
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About 10:42 a.m., after receiving the first two 911 calls, Clarke County Central Dispatch 
placed a radio dispatch page to the Carmichael Volunteer Fire Department (CVFD) to respond to 
the house at 4195 County Road 621. The Clarke County Central Dispatch operating personnel 
did not know at that time that their fire department radio signal repeater4 did not transmit the 
page to the CVFD. Later, it was determined that the repeater system did not send a signal 
because it had been disabled during routine cleaning in the Clarke County Central Dispatch 
facility when a floor mop had accidentally dislodged the connector fittings of several 
communication cables about 90 minutes before the accident. 

The assistant chief of the CVFD was at work about 1/4 mile from the CVFD fire station 
when, about 10:43 a.m., he heard the sound of a distant explosion. According to the assistant 
chief, the sound was followed shortly thereafter by the sound of a second explosion and perhaps 
the sound of a third explosion. About 10 to 15 seconds later, he saw a large plume and a cloud of 
heavy black smoke rising above the trees. The assistant chief immediately began mobilizing 
CVFD fire apparatus and personnel to the scene. 

At 10:42:50 a.m., a caller at a construction site on a road north of Waynesboro, used a 
cellular telephone to call Wayne County, Mississippi, 911. The caller reported that an explosion 
had occurred northeast of his location. In a postaccident interview, this caller indicated that he 
had placed the 911 call about 20 seconds after he heard the sound of what appeared to be an 
explosion that occurred in the distance and after he saw a large plume and a cloud of heavy black 
smoke rising above the trees and moving northeast from his location. Following another 911 call 
that was received about 17 seconds after the 10:42:50 phone call, Wayne County 911 sent a 
Wayne County deputy sheriff to verify the incident location, and then, under a mutual aid 
agreement with Clarke County, dispatched Wayne County fire and rescue units to the scene.  

About 10:44 a.m., because Clarke County Central Dispatch had not received a response 
from the CVFD acknowledging the page that had been placed about 2 minutes earlier, Clarke 
County Central Dispatch sent a second page, this time to the Theadville Volunteer Fire 
Department to respond to 4195 County Road 621.5 Clarke County Central Dispatch was still 
unaware at that time that the radio signal repeater was not functioning and the page to the 
Theadville fire department also had not been transmitted. 

The Clarke County sheriff was at his residence about 20 miles from the accident site 
when about 10:44 a.m. he received a telephone call from Clarke County Central Dispatch asking 
whether there were any pipelines near County Roads 630 and 621, because a 911 call had just 
reported an explosion in that area. The sheriff responded that there was a pipeline in the 
Carmichael area. During postaccident interviews, the sheriff stated that he had been casually 
listening to his service radio just before this phone call, and there had not been any radio traffic 

                                                 4 A radio signal repeater is a combination of a radio receiver and a radio transmitter that receives a radio signal 
and retransmits it at a higher level or higher power to relay radio signals across a wider area. 

5 In accordance with Clarke County Central Dispatch operations protocol, a page is to be acknowledged by the 
department receiving the page. If no acknowledgement is received within about 2 minutes, the next closest fire 
department is paged and directed to respond. Clarke County Central Dispatch is to continue to page and dispatch a 
sequence of fire departments until an acknowledgement is received. 
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about an incident occurring in the Carmichael area. Clarke County Central Dispatch told the 
sheriff that two units (deputies) had been dispatched to that location and the CVFD had been 
paged to respond. The sheriff then told Clarke County Central Dispatch that he would monitor 
the radio closely for updates.  

About 10:48 a.m., Clarke County Central Dispatch had not received a response from the 
Theadville Volunteer Fire Department acknowledging the page that had been placed about 
4 minutes earlier. Clarke County Central Dispatch then repeated the page, this time to the 
Theadville, Quitman, and Carmichael Volunteer Fire Departments and the Desoto Fire 
Department.  

About 10:55 a.m., the Clarke County Central Dispatch dispatcher had not received any 
responses acknowledging his pages to the four fire departments, and he began to suspect that the 
fire department radio signal repeater was not working and that none of the pages to the fire 
departments had been transmitted or received. Therefore, following the Clarke County Central 
Dispatch backup communication plan, the dispatcher switched to the Clarke County Sheriff’s 
Department radio signal repeater, which was operating correctly.6 

Concurrently, the Clarke County sheriff continued monitoring his service radio and did 
not hear any responses to the Clarke County Central Dispatch pages. The sheriff suspected that 
the fire department radio signal repeater had failed to transmit, but he was unable to contact 
Clarke County Central Dispatch because of the range limitations of his service radio. 
Accordingly, about 10:55 a..m., he contacted a deputy who was within transmission range and 
directed the deputy to notify Clarke County Central Dispatch that the radio signal repeater 
appeared not to be working and to use the Clarke County Sheriff’s Department radio signal 
repeater to establish radio communications with the fire and rescue agencies. The sheriff then 
drove his personal vehicle to the site. 

Accident Site 

The pipeline rupture occurred in a cattle pasture in a relatively unpopulated area in 
Carmichael, Mississippi, which is an unincorporated section of Clarke County. The site was 
occupied by livestock at the time of the rupture. Clarke County has a population of 21,979 and 
an area of about 416 square miles. The accident site is about 12 miles southeast of Quitman, the 
Clarke County seat, about 3 miles north of the Wayne County line, and about 3 1/2 miles west of 
the Alabama-Mississippi state line. (See figure 1.)  

About 200 residents live within a 1-mile radius of the accident site. The pipeline right-of-
way in this area is oriented generally southwest-northeast. The ground rises slightly to the east 
and west of the rupture site, such that the rupture site is located at the base of a shallow valley. 
The pipeline is flanked on both sides by uncultivated fields and wooded lots. A 100-foot-wide 
                                                 6 The Clarke County Fire Department and the Clarke County Sheriff Department can transmit and receive on 
each other’s radio signal frequency. 
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zone in the middle of the right-of-way had been cleared of trees and shrubs. Federally required 
warning markers were located along the right-of-way to alert the public to the pipeline’s presence 
and location, the product being transported, the identification of the owner/operator, and 
emergency contact information.  

The buried Dixie pipeline crosses several feet above an 8-inch-diameter hazardous liquid 
(crude oil) pipeline operated by Hunt. The two pipelines cross about 170 feet east of the 
northeastern end of the ruptured pipe joint. Hunt representatives told National Transportation 
Safety Board (NTSB) investigators that the Hunt pipeline was neither involved with nor affected 
by the rupture of Dixie’s liquid propane pipeline. 

The Dixie pipeline passes beneath County Road 621 about 900 feet southwest of the 
ruptured pipe joint. A cluster of six houses is located about 500 feet southwest of the rupture site, 
with an additional cluster of five houses located a short distance farther south. All 11 houses are 
on County Road 621.  

On-Scene Response 

Upon hearing the explosion and seeing the fireball and heavy black smoke, at 10:43 a.m., 
the CVFD assistant chief drove his personal vehicle in the direction of the smoke to see the 
situation firsthand. While en route, the assistant chief spoke to the CVFD chief using his 
personal cell phone, which had a short-range wireless communication feature similar to a walkie-
talkie. The two conferred briefly about what had occurred, made a preliminarily identification of 
the location sufficient to direct CVFD resources to the general area of the accident, and agreed to 
mobilize the CVFD in response to the accident. The assistant chief then drove toward the CVFD 
fire station and used the short-range wireless feature on his cell phone to tell several other CVFD 
personnel what had occurred and to direct resources (two tanker trucks) to the scene.  

A few moments later, the assistant chief and the CVFD captain arrived simultaneously at 
the CVFD fire station. They left immediately in a pumper truck and unsuccessfully attempted by 
radio to contact Clarke County Central Dispatch to report that they were en route to the scene. 
About 10:55 a.m. the assistant fire chief and the captain received word that the fire department 
radio signal repeater had apparently malfunctioned, and in accordance with the back-up 
communication plan, on-scene fire and rescue units were to switch to the Sheriff’s Department 
radio frequency that used the sheriff’s department radio signal repeater. 

About 10:56 a.m., Clarke County Central Dispatch received a message from one of the 
on-scene deputy sheriffs reporting that the CVFD pumper truck with the CVFD assistant chief 
and the CVFD captain aboard, had just arrived at the scene at the intersection of County Roads 
620 and 621, that the CVFD pumper truck was the first firefighting apparatus at the scene, that 
the CVFD had already begun to dispatch additional CVFD resources to the scene, and that the 
instruction to switch to the sheriff’s department radio frequency had been received by the CVFD.  
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About 11:15 a.m., the Clarke County sheriff arrived at the intersection of County Roads 
620 and 621, which later became the incident command post location. As prescribed by the 
Clarke County emergency management plan, the sheriff proceeded to implement an incident 
command process and assumed the role of incident commander. Later the incident command 
structure was elevated to a unified command system.  

When the assistant fire chief and the fire captain approached the scene and saw a 
substantial fire and a cloud of heavy black smoke, they strongly suspected that the likely source 
of the fire was the propane pipeline buried underneath the cattle pasture. At the time, they did not 
know the extent of the fire and the number and locations of residents who might be endangered. 
Both recognized that the houses on County Road 621 would probably be in the greatest danger, 
so they drove the fire truck toward those houses. 

The CVFD assistant chief stated during postaccident interviews that although he was 
aware that the pipeline transported highly flammable propane, the cause of what appeared to be a 
substantial rupture and product release and a fully involved fire, and the extent of damage to the 
rest of the pipeline, were not apparent to him at the time. Accordingly, the assistant chief drove 
the pumper truck on County Road 621 and stopped just short of the location where the Dixie 
pipeline passed beneath the road. The pumper truck was initially staged at that location, which 
became the initial forward command staging location. Additional fire and rescue units from other 
local fire departments were later staged at the parking lot of the Baptist church at the intersection 
of County Roads 630 and 632. Responding units from Alabama were staged on County Road 630 
at the Alabama state line, and responding Wayne County resources were staged on County Road 
620 at the Wayne County line.  

When the assistant fire chief and the fire captain performed their initial assessment of the 
situation, they observed several civilians, whom they assumed to be residents of County Road 
621 or 620, assisting others to leave the scene. Several sheriff’s deputies arrived about that time, 
and they also began to assist civilians to leave the scene and to establish motor vehicle traffic 
control at the west end of County Road 621. A short distance to the east, CVFD personnel 
observed the burned remains of several houses and several other houses that were fully engulfed 
in flames and thus were deemed not salvageable. Fire had extensively charred the trees and grass 
in the area, but had essentially self-extinguished. Several small spot fires remained in the area, 
but they did not appear to present immediate danger to the evacuating civilians. In the open field, 
about 900 feet northeast of the initial staging location on County Road 621, there was a large, 
billowing, uncontrolled fire, which was believed by the CVFD to be within the linear boundary 
of the Dixie pipeline right-of-way. Flames extended into the air up to an estimated several 
hundred feet, and the heat generated could be felt as far away as 900 feet from the fire.  

The two CVFD command officers were joined by the CVFD fire chief about 10:57 a.m. 
The CVFD chief assumed operational command of the responding fire and rescue resources. The 
CVFD fire chief and the assistant fire chief were aware that another pipeline traversed the open 
field in the vicinity of the fire; and, given the extent of heavy black smoke, it was unclear at first 
which pipeline was involved or whether both pipelines were involved.  

8 
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The CVFD chief instructed the responding CVFD firefighters to search several 
residences in the immediate area and confirm that the occupants had been evacuated. Due to 
limited on-scene fire suppression resources at that time and the need to evacuate the area, fire 
suppression for the fully engulfed houses was deferred. The initial evacuation effort focused on 
houses and the one business located within about a 1/4-mile radius of the fire. A short time later, 
the evacuation radius was increased to about 1 mile. The CVFD conducted a brief inspection of 
what remained of the houses at 4195 and 4207 County Road 621, where the two fatalities were 
found (one at each location).  

Upon completion of the initial civilian evacuation within a 1/4-mile radius, the CVFD 
began to put out the still burning fires in houses in the area. When those fires were out, about 
12:00 p.m., the CVFD began to put out several small spot fires that remained in the wooded 
areas near the burned houses on County Road 621. These fires were suppressed by 2:00 p.m. 
Upon guidance from Dixie’s The Pipeline Group Emergency Response Manual and the on-scene 
tactical response plan, the CVFD did not attempt to extinguish the ongoing fire at the ruptured 
pipeline. Accordingly, after the CVFD completed as much of the evacuation and fire suppression 
efforts that could be accomplished, it withdrew equipment and personnel to the intersection of 
County Roads 620 and 621 about 2:30 p.m.  

Evacuations 

After the propane gas cloud ignited, several residents of County Road 621 self-evacuated. 
The initial evacuation by the CVFD started about 11:00 a.m. on November 1 and was concluded 
about 7:20 p.m. for houses and one business that were not located in the immediate area 
surrounding the accident. For residences located on County Road 621 and the east side of County 
Road 620, the mandatory evacuation order was lifted at 10:00 a.m. on November 2. 

Conclusion of On-Scene Response 

On-scene activities continued until fire suppression and evacuation activities were fully 
concluded. A law enforcement presence at the site was deemed necessary only to provide 
security for the houses on County Road 621 that were damaged by the fire. The fire at the 
rupture site was officially declared extinguished about 5:05 p.m. on November 2, when the 
residual propane in the pipeline was exhausted. Incident command activities concluded on 
November 4 about 4:00 p.m. when on-scene activities ended.7  

                                                 7 Several of the incident command staff remained at the relocated site for several days thereafter to continue to 
monitor the site and provide logistical support while pipeline removal and replacement activities continued. 
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Injuries 

Two fatalities resulted from the fire, and seven people went on their own (not transported 
by ambulance) to hospitals or a medical center for emergency medical treatment. All of the 
injuries were minor, and all of the individuals were treated and subsequently released. No 
injuries to emergency responders or pipeline employees were reported. (See table 1.) 

Table 1. Injuries. 

Injuriesa Number 

 Fatal 2 

 Serious 0 

 Minor 7 
 
a Title 49 Code of Federal Regulations 830.2 defines a fatal injury as: any injury that results in death within 30 days of the accident. A 
serious injury is defined as: an injury which requires hospitalization for more than 48 hours, commencing within 7 days from the date 
the injury was received; results in a fracture of any bone (except simple fractures of the fingers, toes, or nose); causes severe 
hemorrhages, nerve, muscle, or tendon damage; involves any internal organ; or involves second or third degree burns, or any burns 
affecting more than 5 percent of the body surface. 

Damages 

The fire destroyed four houses and caused structural damage to several others. The 
burned area encompassed an area of about 71.4 acres of grassland and woodland. Dixie reported 
that property damage resulting from the accident, including the loss of product, was $3,377,247. 

Postaccident Inspections  

Pipeline 

NTSB investigators and representatives of organizations participating in the investigation 
conducted a joint visual examination of the ruptured pipeline beginning about 11:00 a.m. on 
November 2. The ruptured segment of Dixie’s 12-inch-diameter steel pipeline was visible in a 
narrow ditch. (See figure 3.) A longitudinal fracture of the pipe at about the 12 o’clock position 
was visible. At the rupture location the pipeline ran in a southwest to northeast direction, and the 
product flow was in the same direction. Flames about 3 to 5 feet high, resulting from residual 
fuel burnoff, were visible at the northeast end of the ruptured pipeline. Flames contained within 
the pipeline were also visible at the southwest end of the pipeline. A circumferential weld (girth 
weld) was visible at the upstream end of the fractured pipeline segment. The topsoil had covered 
a portion of the downstream end of the segment. In addition, some debris was present in the 
middle of the exposed pipeline segment.  

10 
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Figure 3. Ruptured pipe at Carmichael looking southwest. (Soil has been removed from around 
pipe to facilitate on-site examination.) 

After it was safe for personnel to approach the pipeline, the ditch that contained the 
ruptured pipe was excavated by widening the ditch and reducing the steepness of its slope. 
During this excavation, the downstream end of the pipe joint was exposed. At the girth weld at 
the downstream end, the longitudinal fracture extended about 2 inches beyond the girth weld into 
the next pipe joint. The total fracture length and width at various locations along the fracture 
were measured. The widest separation, about 17 7/8 inches, was about 36 feet upstream from the 
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downstream girth weld of the ruptured pipe joint. Before the ruptured pipe joint was cut out and 
removed from the ditch, a surveying contractor measured the depth profile of the pipeline and 
estimated that the pipe joint had about 3 1/2 feet of cover for about 5 feet on either side of the 
trench at the time of the accident. 

The on-site examination revealed no significant internal or external corrosion or 
fractographic features suggesting a potential location of fracture origin. As a result, about 72 feet 
of pipe that included the entire fractured joint and several feet of the pipe joints on both sides of 
the fractured joint were shipped to the NTSB Materials Laboratory for further evaluation. To 
facilitate shipment, the 72-foot-long section was divided into four smaller segments: two about 
20 feet long and two about 16 feet long. 

Surrounding Area 

The grassland near the trench was burned, and the trees over a wide area displayed 
indications of fire damage. The Mississippi Forestry Commission estimated the area of fire-
damaged woodlands and grasslands to be about 71.4 acres. About 40 head of cattle that were 
close to the accident site died as a direct result of the ignition of the propane gas cloud or were 
seriously injured and subsequently euthanized. 

A cluster of six houses located on County Road 621 began about 512 feet southwest of 
the pipeline rupture site and extended west for about 500 feet. Two of the six houses were 
moderately damaged. The other four houses were fully consumed by fire. The two fatalities were 
found in and near, respectively, two of these houses.  

A second cluster of five houses located on County Road 621 began about 600 feet further 
south of the first cluster of houses. Several of these houses also received fire and/or structural 
damage.  

Pipeline Controller 

The pipeline controller, who was operating the pipeline with the SCADA system at the 
time of the rupture, began his training in March 2006 and became a qualified controller in June 
2006. The training completed by the controller was typical of that completed by other controller 
trainees at Dixie. The stages of training included learning the procedures, manuals, rules, and 
regulations governing the safe operation of the pipeline; on-the-job-training with a senior 
SCADA controller present; demonstration of competence in areas such as product flow, 
pressures, alarms, and valves; and simulator training.  

Postaccident toxicology testing of the on-duty pipeline controller was performed and test 
results were negative for alcohol and illicit drugs. 

12 
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Pipeline Information 

The accident pipeline transported exclusively propane. Under the federal safety 
regulations for hazardous liquid pipelines codified in Title 49 Code of Federal Regulations 
(CFR) Part 195, propane is classified as a highly volatile liquid.8 The ruptured pipe joint was not 
located in a high consequence area.9 

Design and Construction 

The 395-mile-long 12-inch-diameter pipeline was constructed from American Petroleum 
Institute (API) grade X52 steel pipe that had a 12.75-inch outside diameter, and a 0.25-inch 
nominal wall thickness. Specifications for the grade X52 steel stipulate a minimum yield strength 
of 52,000 pounds per square inch (psi). Lone Star Steel Company (now owned by United States 
Steel Corporation) manufactured the pipe for Dixie in 1961 using a low-frequency electric 
resistance welding (ERW) process followed by a full-body normalizing treatment at a 
temperature of about 1,650° F. Individual pieces of pipe were joined together at the construction 
site using the shielded metal arc welding process. To prevent corrosion, the pipeline was field 
coated with coal tar enamel and felt wrap.10  

The original 1961 pipeline construction documents contain welding specifications and 
procedures that included test welds; acceptance standards for the girth welds, all of which were 
to be subjected to radiographic inspection before installation; the repair or removal of defects; 
and a qualification test for welders. Although radiographic inspection was specified for field 
weld quality control during construction of the pipeline, Dixie did not find any documentation to 
indicate which girth welds were subjected to radiographic inspection. Also, no construction       
x-rays were found by Dixie.  

Operating History 

Records for the 2005 and 2006 annual external corrosion control surveys were reviewed. 
The company that performed annual cathodic protection surveys for Dixie found the system in 
good operating condition.  

                                                 8 A highly volatile liquid is a hazardous liquid that will form a vapor cloud when released to the atmosphere and 
that has a vapor pressure exceeding 276 kPa (40 pounds per square inch [atmospheric pressure]) at 37.8° C (100° F). 

9 High consequence area as defined in 49 CFR 195.450 means (1) a commercially navigable waterway, which 
means a waterway where a substantial likelihood of commercial navigation exists; (2) a high population area, which 
means an urbanized area, as defined and delineated by the Census Bureau, that contains 50,000 or more people and 
has a population density of at least 1,000 people per square mile; (3) an other populated area, which means a place, 
as defined and delineated by the Census Bureau, that contains a concentrated population, such as an incorporated or 
unincorporated city, town, village, or other designated residential or commercial area; or (4) an unusually sensitive 
area, as defined in 49 CFR 195.6. 

10 Coal tar enamel, a pipeline coating, and felt wrap, a pipeline wrapping, often containing fiberglass, are 
external corrosion protection measures to isolate pipelines from environmental factors. 
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On November 1, 2007, the highest discharge pressure recorded at Carmichael Station was 
1,417 psig, which was the pressure at the time of the rupture. The calculated pressure at the 
rupture site was about 1,405 psig at the time of the pipe failure. At the time of the accident, the 
calculated maximum operating pressure for the pipeline segment between Carmichael and Butler 
Stations was 1,448 psig. 

The demand for propane is subject to seasonal variation, with the greatest demand in 
winter during heating season and the lowest during the summer months. During times of high 
demand, moving a greater volume of propane requires the pipeline to be operated at higher 
pressures. Pressure charts from Carmichael Station show that the most recent time period during 
which the pipeline at Carmichael had experienced operating pressures at or above 1,405 psig was 
from November 6, 2006, through February 23, 2007. On February 23, 2007, the last day the 
pressure was higher than 1,405 psig before the accident, the discharge pressure ranged between 
562 and 1,435 psig; it was between 1,405 and 1,435 psig for about 5 hours 18 minutes.  

Investigators reviewed aerial patrol11 reports and pipeline contact reports since 2005, and 
they indicate no excavation activity in the area of the rupture. Dixie’s Report of Visual Inspection 
and Repair forms also show that no work occurred at the rupture location. 

Previous In-service Pipeline Failures 

Before the accident, there had been no known leaks in the rupture area. However, for the 
entire 395-mile-long 12-inch-diameter pipeline, eight in-service releases had been reported to the 
U.S. Department of Transportation (DOT) before the Carmichael rupture. Four of the releases 
involved pump station piping. Of the remaining four releases, two were the result of third-party 
damage in Alabama, and two were the result of river floods in Louisiana. A non-reportable 
leak12 caused by a 2-inch-long crack in a longitudinal seam weld occurred on September 2, 1984, 
in Alabama while the pipeline was operating at 1,440 psig. No in-service pipeline ruptures in 
girth welds have been reported for the entire pipeline.  

                                                 11 Aerial patrol refers to routine visual inspection of a pipeline from the air. 
12 Title 49 CFR 195.50 requires a leak of 5 gallons or more to be reported.  
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Preaccident Hydrostatic Pressure Tests  

In October and November 1961, the entire 395-mile-long pipeline segment was 
hydrostatically pressure tested13 before it was placed in service. The test resulted in 13 pipe 
failures. Ten of the failures were characterized as seam splits or ruptures in the longitudinal 
ERW weld seams, and the remaining three included a pinhole leak in the seam weld, an 
undefined leak in the seam weld, and a leak from pipe laminations. The pipeline segment 
containing the accident pipe joint was successfully tested to 1,600 psig for a minimum of 4 hours 
on October 13, 1961. 

Since the pipeline was installed, hydrostatic pressure tests that resulted in 60 longitudinal 
seam failures were conducted on segments of the 12-inch pipeline in 1983, 1984, 2001, 2002, 
2004, 2006, and 2007 (May). (See table 2.) Dixie did not find any documentation that provided 
the reasons for the 1983 and 1984 hydrostatic pressure testing; however it was generally thought 
that these tests were conducted for maximum operating pressure validation as a result of new 
rules and guidance under 49 CFR Part 195. The hydrostatic pressure tests conducted from 2001 
through May 2007 on the 12-inch pipeline served as baseline assessments or reassessments as 
required by the integrity management program. The pressure at which seams failed during these 
tests ranged from 1,670 to 2,006 psig. 

Table 2. Dixie 12-inch Propane Pipeline’s Preaccident Hydrostatic Pressure Retest Failure 
History.  

Test Year Segment Failure Pressure Range (psi) Failure Location 

1983 Demopolis–Opelika  1,702–1,980 12 seam splits 

1984 
Hattiesburg–Carmichael  1,698–1,832 6 seam splits 

1 weeping seam

Carmichael–Demopolis  1,802–1,949 8 seam splits 

2001 Mississippi River Trap–Grangeville  1,920 1 seam split 

2002 Amite River–Grangeville–Hattiesburg  1,670–1,926 16 seam splits 
1 seam seep leak

2004 Demopolis–Opelika (2nd retest)  1,900–2,006 8 seam splits 

2006 Mississippi River Trap–Grangeville 
(2nd retest)  No Failures None 

2007 Amite River–Grangeville–Hattiesburg 
(2nd retest)  1,895–1,960 7 seam splits 

 

                                                 13 In a hydrostatic pressure test, a pipe segment is filled with water at a specific pressure to test the strength and 
leak-resistance of the pipe.  
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In May 1984, Dixie conducted a hydrostatic pressure test on the pipeline segment 
between the Carmichael and Demopolis Stations, which included the accident pipe joint. During 
the test, eight seam splits occurred at pressures ranging from 1,802 to 1,949 psig. (See table 2.) 
The 1984 test was the only pressure test of the accident joint since it was installed in 1961. 

Additionally, the 1984 hydrostatic test failures between Hattiesburg and Carmichael 
Stations included 6 seam splits and a seeping leak at a seam occurring between 1,698 and 
1,832 psig. 

Laboratory Examination of Previous Hydrostatic Pressure Test Failures. On 
February 17, 2006, Kiefner and Associates, an engineering contractor for Dixie, completed an 
analysis of the eight seam failures that occurred during the 2004 hydrostatic pressure test of the 
12-inch-diameter low-frequency ERW pipe between Demopolis, Alabama, and Opelika.14 All of 
the seam failures were determined to be manufacturing defects including stitching,15 low 
ductility of the weld bond line, hook cracks,16 and cold welds.17 Seven of the eight failures had 
no obvious point of origin, and none showed any evidence of pressure-cycle-induced fatigue 
crack growth. The failure pressures on the 12-inch-diameter pipe were between 1,825 and 1,966 
psig. Additionally, all eight failures occurred at stress levels exceeding 89.5 percent of the 
specified minimum yield stress of 2,039 psi.  

On September 17, 2007, Stork Metallurgical Consultants (Stork), another Dixie 
contractor, prepared an analysis of the May 2007 hydrostatic pressure test from the Louisiana-
Mississippi state line to Hattiesburg Station that included seven seam ruptures in the pipe. (See 
table 2.) The pipe failed at pressures between 1,895 psig and 1,960 psig. The contractor found no 
definitive features on the fracture surface to confirm the likely fracture origins. Three ruptures 
were attributed to hook cracks, three showed stitching, and one was at a weak and brittle weld 
that appeared to be a cold weld. Stitching was also evident in two of the ruptures with hook 
cracks. 

In-Line Inspection Information  

In May 1998, Tuboscope Vetco Pipeline Services inspected the pipeline segment from 
Hattiesburg, Mississippi, to Demopolis, Alabama, with a standard-resolution axial magnetic flux 
                                                 14 Final Report on Investigation of Hydrostatic Test Breaks that Occurred during the 2004 Hydrostatic Test of 
the Demopolis-to-Milner Segment of the Dixie Pipeline, Kiefner and Associates, 2004. 

15 Stitching is a variation in the properties of a weld from repetitive variation in welding heat. The variation 
creates a regular pattern of light and dark areas visible only when the weld is broken along the weld line. Stitching is 
associated with low-frequency ERW seams; the exposed fracture face exhibits faint repeated patterns that extend 
transversely through the wall thickness. (Information from API Standard 5T, 10th Edition, September 2003.) 

16 A hook crack is a metal separation resulting from imperfections at the edge of a plate that are parallel to the 
surface and that turn to the inside diameter or outside diameter pipe surface when the edges are upset during 
welding. (Information from API Standard 5T.) 

17 A cold weld is a metallurgically inexact term generally indicating a lack of adequate bonding strength of the 
abutting edges due to insufficient heat or pressure. A cold weld may or may not have a separation in the weld line. 
(Information from API Standard 5T.) 
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leakage metal loss tool for evidence of metal loss caused by internal corrosion. The test did not 
find any anomalies related to metal loss in the pipe joint that ruptured in this accident. 

Before Enterprise Products LLC took over, Conoco Phillips was responsible for 
management of Dixie until 2005. On March 28, 2002, the managing partner of Dixie—Phillips 
Pipe Line Company—developed the initial integrity management program for Dixie. The initial 
baseline assessment completed under the integrity management program determined that a 
special ERW seam integrity assessment was needed for the Hattiesburg-to-Demopolis pipeline 
segment. In 2005, Dixie conducted the special assessment using a transverse magnetic flux 
leakage in-line inspection. 

Dixie conducted the special ERW seam integrity assessment in 2005 using the General 
Electric (GE) UltraScan crack detection tool, which is an in-line inspection tool. This crack 
detection tool has the capability to detect defects in the pipe in the longitudinal direction, 
including lack of fusion, undercuts, weld cracks, and hook cracks in the longitudinal seam welds 
of ERW pipe. The smallest anomaly detection limits for the tool are 0.039 inch (1 mm) for depth 
and 0.984 inch (25 mm) for length, with an 85-percent probability of detection. This tool is not 
designed to detect defects in the girth welds.  

The in-line inspection with the GE crack detection tool was conducted over the entire 
Hattiesburg-to-Demopolis segment in two separate runs from June 29 to July 1, 2005, and from 
August 2 to August 4, 2005. Two features were identified in the pipe joint that ruptured at 
Carmichael.18 The first was located 51 feet 5.2 inches downstream from the upstream girth weld. 
The feature was described as a 4.6-inch-long notch-like feature adjoining the seam weld whose 
depth was less than 12.5 percent of the wall thickness of the pipe.19 The second feature was 
located 51 feet 10.2 inches downstream from the upstream girth weld and was described as a 
geometry feature (that is, a deformation or a dent anomaly) 2.8 inches long and terminating 
1.36 inches from the center of the downstream girth weld. Both features were reported in the 
pipe base metal close to the longitudinal weld seam. After the accident in Carmichael, GE 
reevaluated both features as adjoining the longitudinal seam weld.  

In March 2006, Magpie Systems Inc. (Magpie) was hired by Dixie to inspect the 
Hattiesburg-to-Demopolis pipeline segment using a geometry tool to determine geometric 
anomalies (for example, dents and deformations) in the pipe, followed by a high-resolution axial 
magnetic flux leakage metal loss tool. A high-resolution magnetic flux tool like the one used by 
Magpie typically can detect metal loss in or near a girth weld at an 80 percent confidence level if 
the depth of the metal loss is 10 percent or more of the wall thickness of the pipe. Magpie 
reported no geometric anomalies and detected no metal-loss-related anomalies in the joint that 
ruptured in Carmichael.  

                                                 18 For this inspection of the 120.7-mile pipeline segment, GE reported 14,357 features.  
19 Although 12.5 percent of the wall thickness (0.031 inch) is less than the 0.039-inch detection limit of the tool, 

it is large enough to be detected with a reasonable degree of confidence (less than 85 percent).  
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Laboratory Examination of Pipe Removed After 2005 In-line Inspection. Based on 
the data from the 2005 in-line inspection of the Hattiesburg-to-Demopolis pipeline segment with 
the GE crack detection tool, GE identified 21 pipe joints of the 12-inch-diameter pipe with 
reportable indications. Dixie subsequently removed the 21 pipe joints, including the girth welds 
on each end of each joint, as part of its pipeline integrity repair program.  

Dixie contracted with Stork to conduct hydrostatic pressure burst tests on the extracted 
joints and girth welds.20 The pressures at which the 21 joints ruptured during the burst tests 
ranged from 2,055 psig to 3,250 psig. All of the pipe joint ruptures occurred above the specified 
minimum yield strength and along the longitudinal weld seam, although one also propagated 
partially along a girth weld. None of the fracture surfaces of the ruptured longitudinal weld 
seams exhibited any indications of fatigue crack growth.  

For a majority of the 21 pipeline joints, Stork identified a general region or area of the 
fracture surface as the origin of the fracture. For each of these joints, either there was no 
definable fracture characteristic indicating the origin or an apparent fracture origin was not 
identifiable. For example, the fracture surface of one pipe joint had a chevron pattern21 that 
pointed to a general area of the fracture’s origin, but no defect was observed to identify the exact 
location of the fracture initiation site. According to the Stork report, two joints had fracture 
surfaces with multiple flaws near the identified fracture origin region, and no hook cracks were 
found near the identified area of origin. The designated fracture origin sites for 11 of the pipe 
joints had hook cracks but did not have any definable fracture features, such as chevrons, 
pointing to an origin. Stork was unable to clearly identify an area of fracture origin for six pipe 
joints, even though hook cracks were present in the fracture surfaces of each joint. The fracture 
surface of only one pipe joint had a hook crack with chevrons found on each side pointing to the 
fracture initiation site. 

Stork also correlated the location of the identified fracture origin for the pipe joints with 
indications reported from the 2005 in-line inspection by the GE crack detection tool. The report 
stated that for three of the pipe joints, the identified fracture origin coincided with an indication 
detected during the 2005 in-line inspection. The burst pressures for these three pipe joints were 
between 2,250 and 3,190 psig. Stork’s report further stated that the in-line inspection had 
reported indications along the entire fracture surface for nine other pipe joints, and five other 
pipe joints had no reported indications from the in-line inspection along the entire fracture 
surface. For the remaining four pipe joints, Dixie reviewed the in-line inspection test data and 
confirmed that these four pipe joints also had no reported indications along their fracture surfaces 
from the in-line inspection.  

                                                 20 Stork submitted its draft report, Testing and Examination of Pipe from Dixie Pipeline Company’s 12-inch 
Hattiesburg, MS, to Demopolis, AL, Pipeline, on March 30, 2007. The final report (No. 0270-07-17309), issued 
March 14, 2008, had no significant changes from the draft report. 

21 A chevron pattern, also called a herringbone pattern, occurs on an overstress fracture surface and contains 
features that look like nested V’s. The V’s point in the direction opposite the direction of fracture propagation. 
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Stork also performed fatigue tests on sections cut from two of the ruptured pipe joints 
from the burst tests in which the fracture did not extend along the entire length of the pipe joint, 
thereby leaving sufficient undamaged pipe to create test sections. The two sections used for the 
fatigue tests were taken from separate pipe joints that failed during the burst tests at 2,250 psig 
(section 1) and at 3,025 psig (section 2). Each section contained a single girth weld. The two 
fatigue tests were conducted with pressure cycling between 300 psig and 1,440 psig.  

Section 1 ruptured along the longitudinal weld seam after 1,768 cycles. The rupture was 
3 feet 8 inches long and was in a region where no indications had been reported during the 2005 
in-line inspection. Stork reported that the appearance of the fracture surface indicated that the 
failure started at a large hook crack with some bright fracture marks present that indicated likely 
fatigue crack propagation. Oxide scale was found along the surface of the hook crack, and Stork 
believed that this indicated that the scale originated during manufacture of the pipe. Smaller 
hook cracks were also present on the fracture surface. The fracture surface of section 1 had two 
regions that contained lack-of-fusion indications; the lack-of-fusion indications were 18 inches 
long with a depth of 34.4 percent of the wall thickness, and 24 inches long with a depth of 
38 percent of the wall thickness, respectively. 

Section 2 had indications of three cracks along the longitudinal seam from the 2005 in-
line inspection. The data from the in-line inspection indicated that the longest crack was about 
54 inches long with a depth of 36.8 percent of the wall thickness. Despite this large indication, 
Stork reported that section 2 failed to rupture after 92,636 pressure cycles, at which point the test 
was terminated. 

19 
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Tests and Research 

Metallurgical Examination of Accident Pipe 

The rupture extended over a longitudinal distance of about 52 feet 4.75 inches. A major 
portion of the fracture extended through the longitudinal ERW seam. The downstream end of the 
fracture crossed a girth weld and continued about 1 inch into the body of the adjoining pipe joint. 
(See figure 4.) On the upstream side of the ruptured pipe joint, the fracture followed the 
downstream edge of the circumferential girth weld for about 1.8 inches. At this point it ran 
longitudinally across the girth weld and then progressed another 1.2 inches along the upstream 
edge of the girth weld. The fracture then continued along a curved trajectory for about 12 inches 
into the base metal of the upstream pipe joint, leaving an open flap of pipe at the upstream girth 
weld. (See figure 5.) 

 

Figure 4. Downstream end of rupture. 
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Figure 5. Ruptured pipe. 

Fractographic examination22 of the entire fracture along the longitudinal seam and the 
upstream girth weld did not reveal a definitive point of fracture origin in the accident pipe, 
although the fracture faces along both welds had various features of interest that were thoroughly 
examined during the investigation. 

The fracture faces along the seam weld were covered with a layer of oxide that is 
consistent with exposure to fire. The fracture faces of the seam weld between the center and 
upstream end of the ruptured pipe joint had regions containing what appeared to be smooth 
island-like23 features. In this area the fracture followed the upturned grains that resulted from the 
ERW process. The island-like features appeared as projections surrounded by a fracture with a 
rougher texture. In cross-section, the island-like features looked like the letter “J;” they followed 
                                                 22 A fractographic examination looks at the characteristics of a fracture surface to determine the direction of 
crack propagation and the fracture mechanisms. 

23 An island feature has a flat top with cliff-like sides above the flat fracture face. On the mating fracture face, 
the island-like feature extends below the flat fracture face. 
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a fracture path similar to a hook crack. Inspection of the longitudinal weld seam fracture faces 
also showed faint repeated patterns that extended transversely across the wall in many areas 
consistent with features called stitching in ERW seam welds. 

Examination of the fracture faces of the longitudinal ERW seam fracture revealed 
chevron pattern fragments in areas located about 2.5 inches and 4 inches downstream from the 
upstream girth weld. (See figure 6.) The orientation of the chevron patterns indicated that the 
fracture was propagating in the upstream direction, along the longitudinal seam weld toward the 
girth weld. The longitudinal ERW seam fracture and the upstream girth weld fracture intersected 
at about a right angle. At the transition between the fractures was a branching crack, which also 
indicates fracture propagation in the upstream direction, toward the girth weld.  

 

Figure 6. Schematic drawing of accident pipe identifying welds and showing fracture features of 
interest.  

Fractographic examination of the girth weld showed no evidence of a preexisting crack 
(such as radial or crack arrest marks that originate from a specific location). Examination of the 
downstream face of the girth weld fracture revealed that a 1-inch fracture portion adjacent to the 
ERW seam fracture contained faint chevron fragments indicating that the fracture was 
propagating away from the seam. A void24 found in the upstream girth weld was about 
0.05 inches in cross section at the fracture surface. Welding standards in effect both at the time 
                                                 24 A void in a metal is any discontinuity manifested by a lack of material by pullout or other conditions. A pore 
in a metal is a cavity discontinuity formed by shrinkage or gas entrapment during solidification. 

(Not to scale) 
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of pipeline construction and currently permit a pore that is the smaller of 25 percent of the pipe 
wall thickness or 0.0625 inch. Accordingly, the void in the accident pipe as measured along the 
plane of the fracture surface would have been within the permissible size.  

The fractured wall (base metal) of the upstream pipe joint adjacent to the upstream girth 
weld had a distinct chevron pattern between 2.5 inches and 7.5 inches from the intersection of 
the longitudinal weld seam and the upstream girth weld. The orientation of the chevrons shows 
that in this region the crack propagated away from the ruptured welds.  

Transverse Charpy V-notch25 impact tests were also conducted on specimens from the 
pipe wall (base metal) and the ERW seam of the pipe joint downstream from the accident pipe 
joint to compare the toughness of the base metal in the pipe wall to that of the metal in the seam 
weld. The results of the Charpy tests showed that the average impact value for the ERW seam 
was about 44 percent lower than that of base metal.  

Two nearly parallel scratch marks were observed on the outside surface of the accident 
pipe about 37 feet 10 inches upstream from the downstream girth weld and about 2.5 inches from 
the ERW seam. No significant inward denting of the pipe wall was observed near the scratch 
marks. There also was no evidence of general corrosion damage, V-groove corrosion26 along the 
longitudinal weld seam, or indications of stress corrosion cracking. 

Finite Element Analysis 

Because of the unique shape of the ruptured pipe in the vicinity of the upstream girth 
weld fracture, a series of finite element analyses were performed to simulate the deformation of 
the pipe for various fracture initiation sites and fracture propagation sequences. The following 
specific deformation characteristics were used as benchmarks to evaluate the simulations: 

• The 5-inch (45-degree) segment of the girth weld fracture adjoining the seam weld 
fracture had its radius reduced from about 6 inches to about 4 inches. The remainder 
of the circumferential fracture was flat rather than curved. 

• The pipe flap surface in the region of the seam fracture sloped down toward the 
original pipe location for about 1 1/2 feet from the girth weld fracture in the 
downstream direction. 

                                                 25 Charpy V-notch impact testing is a method for determining the dynamic toughness of a material. In Charpy 
testing, a falling pendulum strikes a rectangular specimen that has a V-shaped notch in the middle and is supported 
at each end. The test measures the amount of impact energy (typically in foot-pounds) that is required to fracture a 
specimen. In a transverse Charpy V-notch specimen, the width of the notch is aligned parallel to the longitudinal 
direction of the pipe. 

26 V-groove corrosion is localized crevice corrosion that intersects the longitudinal weld seam and forms an 
external deep, narrow crack-like groove. 
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• On the side of the pipe that did not have a girth weld fracture, the pipe wall showed 
almost zero deformation for about 2 feet in the downstream direction from the 
upstream girth weld. 

More than 60 simulations were performed covering a wide range of fracture initiation and 
propagation scenarios and pressure decay spatial distributions. The simulation results were first 
classified by their correlation to the three deformation benchmarks.  

For fracture initiation in the seam weld, two series of simulations were performed. The 
first series assumed that a crack initiated far downstream from the upstream girth weld and 
propagated into the upstream region and then along the path of the circumferential fracture. The 
second series assumed that a crack initiated in the seam near the upstream girth weld and 
propagated in both directions. When the crack intersected the upstream girth weld, it transitioned 
to a circumferential fracture. No simulation for either of these scenarios predicted deformation 
characteristics consistent with the three benchmarks.  

For fracture initiation in the girth weld, a series of simulations were performed that 
assumed that a crack initiated somewhere along the girth weld, grew along the circumferential 
fracture path, and initiated a fracture along the seam weld when the crack and the seam weld 
intersected. All of these simulations were in general agreement with the three deformation 
benchmarks.  

Another simulation was performed in which the fracture was assumed to initiate at the 
location of the void found along the girth weld fracture surface. When the predicted stress state 
for this fracture sequence was evaluated, it was noted that after the fracture had grown from the 
void and approached the seam weld, a region of high stress—centered about 1 inch downstream 
of the upstream girth weld—developed along the seam weld. The simulation was therefore rerun 
with the assumption that in this high-stress region, another fracture initiated in the seam weld. 
This fracture sequence resulted in the best agreement with the deformation benchmarks in shape 
and correlated very well with the accident pipe in magnitude of deformation.  

A very specific type of stress distribution is required to create the distinct chevron pattern 
that was observed on the circumferential fracture where it transitioned into the upstream pipe 
joint. Examination of the predicted stresses at this stage of the fracture sequence showed that 
most of the girth weld initiation sequences were consistent with chevron development. None of 
the seam weld initiation simulations predicted stress states consistent with chevron development 
in the upstream pipe joint. 

24 
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ERW Pipeline 

Early (pre-1970) ERW processes used low-frequency alternating current (30 to 60 hertz) 
to produce welding heat. Since 1970, ERW pipe has been produced using high-frequency 
alternating current (350 to 500 kilohertz).27 Based on the 2007 hazardous liquid pipeline annual 
reports submitted by the pipeline operators to the Pipeline and Hazardous Materials 
Administration (PHMSA), there were 47,772 miles of low-frequency ERW pipe in liquid 
pipeline service, including 12,058 miles that transport highly volatile liquids. Additionally, there 
were about 68,021 miles of high-frequency ERW pipe in liquid pipeline service, including 
33,337 miles that transport highly volatile liquids. Together, low- and high-frequency ERW pipe 
account for 115,793 miles, or about 68 percent of the 170,069 miles of hazardous liquid pipelines 
in service in 2007.  

Performance of Low-Frequency ERW Pipe 

During discussions with NTSB staff, PHMSA has stated that low-frequency ERW pipe 
manufactured before 1970 has presented more fracture problems than pipe constructed with any 
other method, and that the pre-1970s-era low-frequency ERW pipe has a much higher failure rate 
than newer ERW pipe. PHMSA attributed these performance problems to the quality of available 
steels and problems associated with the welding process. According to PHMSA, over the years, 
steel production processes evolved with better quality controls, which led to the production of 
steels with improved properties like higher yield strengths, increased toughness, and improved 
weldability. By the 1970s, the low-frequency ERW process was superseded by the high-
frequency ERW process, resulting in the improvement of both seam weld quality and the 
production rate of ERW pipe. PHMSA representatives further noted that for ERW seam ruptures, 
identification of a definitive fracture origin is not possible about 50 percent of the time, and that 
usually only a region in which the fracture originated can be identified.  

In August 1989, PHMSA28 released Technical Report OPS 89-11, Electric Resistance 
Weld Pipe Failures on Hazardous Liquid and Gas Transmission Pipelines. According to the 
report, for in-service failures between 1977 and 1988 in low-frequency ERW hazardous liquid 
pipelines for which metallurgical reports were available, lack-of-fusion defects accounted for 23 
percent of the failures, selective corrosion for 23 percent of the failures, and fatigue/corrosion 
fatigue for 31 percent of the failures. Hook cracks accounted for 15 percent of the failures.  

PHMSA data from 2002 through 2007 indicate that 12 reported pipeline incidents (8 
seam ruptures and 4 seam leaks) involved low-frequency ERW seams and 7 incidents (5 seam 
ruptures and 2 seam leaks) involved high-frequency ERW seams. PHMSA data state that during 
the same period, there were eight girth weld incidents; all involved leaks with no catastrophic 
ruptures. According to PHMSA, although ERW pipe seam failures are infrequent, they tend to be 
                                                 27 Integrity of Vintage Pipelines, Interstate Natural Gas Association of America, 2004. 

28 In a DOT reorganization, the Research and Special Programs Administration (RSPA) ceased operations on 
February 20, 2005. RSPA’s Office of Pipeline Safety programs moved to the new Pipeline and Hazardous Materials 
Safety Administration. All references to predecessor agencies are designated as PHMSA in this report. 
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catastrophic, and about 98 percent of all ERW pipe failures involve the seam weld. Historically, 
girth weld failures that have been reported usually involved soil movement. Both on-scene and 
subsequent examinations found no evidence of soil pipe movement.  

PHMSA also stated that because more pressure cycling results in greater fatigue, the high 
numbers of pressure cycles in older low-frequency ERW pipelines has to be considered when 
determining pipeline longevity. PHMSA is looking at ways for operators to minimize pressure 
cycling and characterized Dixie’s pipeline pressure cycling as higher than average. However, 
because pipe performance varies depending on many factors, PHMSA felt that there is no 
uniform pressure cycling standard that can be applied to all pipeline operators when calculating 
flaw growth rates.  

Federal Oversight and Studies 

In 1988 and 1989, PHMSA issued two Alert Notices to all natural gas transmission 
operators and all hazardous liquid pipeline operators who had ERW pipe manufactured before 
1970. In the first notice (ALN-88-01, issued January 28, 1988), PHMSA recommended that  

all operators reevaluate the potential for safety problems on their high-pressure 
pre-1970 ERW pipelines. All operators who have pre-1970 ERW pipe in their 
systems should carefully review their leak, failure, and test history as well as their 
corrosion control records to ensure that adequate cathodic protection has been and 
is now being provided. In areas where cathodic protection has been deficient for a 
period or periods of time, the operators should conduct an examination of the 
condition of the pipeline, including close interval pipe-to-soil corrosion surveys, 
selective visual examination of the pipe coating, and/or other appropriate means 
of physically determining the effects of the environment on the pipe seam. If an 
unsatisfactory condition is found, or if a pre-1970 ERW pipeline has not been 
hydrostatically tested to 125 percent of the maximum allowable pressure, 
operators should consider hydrostatic testing to assure the integrity of the 
pipeline. 

In the second notice (ALN-89-01, issued March 8, 1989) PHMSA stated the following: 

[PHMSA] is planning to conduct research aimed at characterizing ERW defects 
and their growth rates for a variety of environmental conditions, in addition to the 
pipe having cathodic protection at less than standard pipe-to-soil potentials, 
coating disbondment, fatigue, and corrosion fatigue. If the research is successful, 
the resulting data could provide a basis for establishing criteria regarding when an 
ERW pipeline should be re-hydrotested.  
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The notice included the following recommendations: 

(1) Consider hydrostatic testing on all hazardous liquid pipelines that have not 
been hydrostatically tested to 125 percent of the maximum allowable pressure, or 
alternatively reduce the operating pressure 20 percent; 

(2) Avoid increasing a pipeline’s long-standing operating pressure; 

(3) Assure the effectiveness of the cathodic protection system. Consider the use of 
close interval pipe-to-soil surveys after evaluating the pipe coating and 
corrosion/cathodic protection history; and 

(4) In the event of an ERW seam failure, conduct metallurgical examinations in 
order to determine the probable condition of the remainder of the ERW seams in 
the pipeline. 

In May 1994, 49 CFR Part 195 was amended to include pressure testing requirements for 
older hazardous liquid and carbon dioxide pipelines. The amendment required that operators not 
transport a hazardous liquid in a steel interstate pipeline constructed before January 8, 1971, a 
steel interstate offshore gathering line constructed before August 1, 1977, or a steel intrastate 
pipeline constructed before October 21, 1985, unless the pipeline had been hydrostatically 
pressure tested for at least 4 continuous hours at a pressure equal to 125 percent or more of the 
maximum operating pressure (and, in the case of a pipeline that was not visually inspected for 
leakage during the test, for at least an additional 4 continuous hours at a pressure equal to 110 
percent or more of the maximum operating pressure) or the pipeline operated at 80 percent or 
less of a qualified prior test or operating pressure.  

After an accident involving a pre-1970 low-frequency ERW pipeline, PHMSA usually 
requires the operator to reduce operating pressure and conduct spike tests. The spike test is a 
variation of a hydrostatic pressure test in which a higher hydrostatic pressure (typically 100 
percent of specified minimum yield strength or 1.39 times the maximum allowable pressure) is 
applied for a short duration of time, typically less than 30 minutes. The spike test is intended to 
eliminate flaws that may otherwise grow to failure at normal operating pressures. In comparison 
to a normal hydrostatic pressure test, the spike test limits the time the line is at the higher 
pressure to reduce the potential amount of crack growth. To ensure long-term integrity, PHMSA 
requires the operators to establish a conservative reinspection interval based on the potential 
defect size, pipe characteristics, and cyclic operating pressure data. The actual inspection interval 
typically is half of the calculated interval to take unknowns into account. PHMSA believes that it 
has been fairly successful in making certain that flaw growth rate projections are conservatively 
calculated in order to determine the appropriate pipeline inspection frequency. 

PHMSA advised that during every integrity management and other audit, it checks to see 
that each pipeline operator that uses low-frequency ERW pipe, flash welded pipe, or lap welded 
pipe (a process from the 1930s) has a plan that describes how the operator intends to mitigate 
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potential threats posed by the pipelines. The plan must be risk based and requires a baseline 
assessment and remedial measures. The results of pipeline tests are factored into the plan so that 
more aggressive assessments can be pursued when needed. 

At PHMSA’s June 24–25, 2009, public forum, topics for potential future research were 
discussed. One area for research for PHMSA’s consideration was identification and 
understanding of failure mechanisms in ERW pipe. 

Postaccident Actions 

PHMSA 

PHMSA issued a Corrective Action Order on November 2, 2007, requiring Dixie and its 
corporate owner, Enterprise, to immediately take the following corrective actions: 

• Not operate the pipeline segment until authorized to do so by the director for 
PHMSA’s southern region. 

• Develop a return-to-service plan for the pipeline. 

• Maintain a 20-percent pressure reduction along the entire 12-inch pipeline segment 
from Erwinville, Louisiana, to Opelika, Alabama. 

• Hire a consultant to examine the in-line inspection surveys for the pipeline and 
tabulate the results. 

• Submit a written plan and schedule to PHMSA for verifying the integrity of the entire 
pipeline segment. The plan must provide integrity testing that addresses all factors 
known or suspected in the failure, which may include, but not be limited to the 
following: 

○ In-line inspection tool surveys and remedial action. The type of in-line inspection 
tools used shall be technologically appropriate for assessing the system based on 
the type of failure that occurred on November 1, 2007, with emphasis on 
identifying and evaluating the following: (1) anomalies associated with dents, 
grooves, and gouges; (2) metal loss due to corrosion; (3) the orientation of the 
longitudinal pipe seam; (4) pipe deformation; and, (5) longitudinal cracks, mill 
defects, and stress corrosion cracking. 
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○ A detailed description of the inspection and repair criteria to be used in the field 
evaluation of the anomalies that are excavated. This includes a description of how 
many defects are to be graded and the schedule for repairs or replacement. 

The corrective action order stated that Dixie or Enterprise could request approval from 
the director of PHMSA’s southern region to increase the operating pressure above the interim 
maximum pressure when Dixie or Enterprise submitted an analysis demonstrating that the hazard 
had been abated or that a higher pressure was justified based on an analysis of all known defects, 
anomalies, and operating parameters of the pipeline segment. 

On February 19, 2008, PHMSA issued a Notice of Probable Violation and Proposed 
Compliance Order to Dixie for failing to follow the procedures in 49 CFR 195.402 pertaining to 
the operator’s procedure manual for operations, maintenance, and emergencies. The alleged 
violation was exceeding the design pressure for a component covered under 49 CFR 195.406, 
Maximum Operating Pressure. The compliance order required Dixie to review the data presented 
in the manual and then follow its procedures to establish maximum operating pressures meeting 
all requirements of Part 195.406. In response to the PHMSA notice, Dixie made changes to the 
manual, and on May 1, 2008, Dixie gave PHMSA an additional response on exceeding the 
design pressure for a component. 

Dixie Pipeline 

After the pipeline rupture, Dixie conducted a hydrostatic pressure test of a 12-mile 
segment of the 12-inch-diameter pipeline downstream of Carmichael Station on November 8, 
2007. The test was required by PHMSA before Dixie was allowed to return the pipeline to 
service at a reduced operating pressure. During the higher stress portion of the hydrostatic 
pressure test (spike test), the pipe was pressurized to 1,979 psig at the hydrostatic test pressure 
recorder location at milepost 427.29, near Bucatuma Creek. This pressure was about 1.38 times 
the maximum operating pressure of 1,435 psig for Carmichael Station. About 6.71 miles 
downstream of Carmichael Station, a 10-foot 6-inch-long longitudinal seam weld rupture 
occurred in a pipe joint located about milepost 432.19. The calculated pressure at the rupture 
location was 1,915 psig.  

The 10-foot 6-inch rupture was examined by the NTSB Materials Laboratory. This 
fracture also was in and adjacent to the longitudinal ERW seam. The fracture faces contained 
island-like features similar to those found on the accident pipe and that are associated with hook 
cracks. No fractographic features indicative of the origin of the fracture were observed. Isolated 
regions of the “J” fracture were covered with a thin, uniform layer of iron oxide scale that 
extended from the exterior surface to as much as 20 percent of the wall thickness.  

After this hydrostatic pressure test, GE reviewed its data from the 2005 in-line inspection 
and confirmed that its data showed a crack-like feature 3.5 inches long with a depth of 25 to 40 
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percent of wall thickness.29 The crack-like feature adjoined the ruptured seam weld, about 13 
feet 7 inches downstream of the upstream girth weld. Additionally, Magpie reviewed its data 
from the 2006 in-line inspection and found that its inspection neither recorded nor detected any 
features on the ruptured pipe joint. 

In August 2008, Dixie radiographed 68 girth welds from the 12-inch pipeline that were 
removed for various reasons and found 4 welds that would not have met current welding 
standards. Of those four welds, three had inadequate penetration of the root-weld pass and the 
fourth had a hole in the girth weld, caused by excessive heat during the welding process, that was 
later repaired. The three welds with inadequate penetration also would not have met the 
standards in place in 1961 at the time the pipeline was constructed.  

Postaccident Emergency Response Debriefing 

On November 4, NTSB staff conducted a debriefing after the on-scene fire and rescue 
response to the Carmichael accident had been concluded. The debriefing was attended by 
principals of the primary responding fire and rescue agency (CVFD), the primary responding law 
enforcement agency (Clarke County Sheriff’s Department), the jurisdictional emergency 
management agency (Clarke County Emergency Management), Dixie and Enterprise pipeline 
personnel, and PHMSA. 

The Clarke County sheriff, the Clarke County communications director, and a member of 
the County Board of Supervisors discussed the difficulties with the fire and rescue radio 
communication system that required the switch to the sheriff’s department radio system. They 
stated that the Clarke County government had completed a hardware modification to help 
prevent future accidental disconnections of the communication cables and that since the accident 
the County conducts biweekly tests of the radio dispatch system. The County indicated that it 
would also improve coordination with the technical maintenance contractor of its radio 
communications equipment and enhance countywide communications.  

Pipeline Operator Public Education Programs 

Regulations and Standards 

Under the Pipeline Safety Improvement Act of 2002, each pipeline operator was required 
to develop and implement a written, continuing public education program (including both 
awareness for the general public and training for and outreach to emergency response agencies), 
and the DOT was to issue standards prescribing the elements of an effective public education 
program. In response to these mandates, PHMSA issued a final rule on May 19, 2005, that 
                                                 29 Although this crack-like feature was detected by GE, the flaw was considered subcritical, with an estimated 
life of about 10 years. Therefore, the pipe joint was not recommended for immediate replacement. 
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required each operator of a gas or hazardous liquid pipeline to develop and implement a written, 
continuing public education program that follows the guidance provided in API Recommended 
Practice 1162 (API RP 1162), Public Awareness Programs for Pipeline Operators, which was 
also incorporated by reference in 49 CFR Parts 192 (gas transmission lines) and 195 (hazardous 
liquid pipelines) under this final rule. Operators in business on June 20, 2005, were to have 
completed their written programs not later than June 20, 2006. An operator’s program 
documentation and evaluation results also had to be available for periodic review by appropriate 
regulatory agencies. 

Following the publication of the new regulations, PHMSA established a process to 
review by the June 2006 deadline all public education plans and to identify those plans that did 
not meet the critical elements and that required revision. In response to the mandate for operators 
and PHMSA to evaluate the effectiveness of the public education programs, PHMSA stipulated 
that operators were to assess the effectiveness of their programs within 4 years, that is, by 
June 20, 2010. 

Before the passage of the Pipeline Safety Improvement Act, the pipeline industry had 
developed recommended practices for public education programs. In 2001, at the request of 
PHMSA, the API developed a new standard, designated API RP 1162, for public education 
programs by hazardous liquid pipeline operators. In the preamble to the May 2005 final rule, 
PHMSA stated that “with the support of PHMSA, [the] API expanded the scope of the 
recommended practice to include gas transmission and distribution operators.” A multi-industry 
task force, including representatives of hazardous liquid, gas transmission, and distribution 
pipeline operators, developed the expanded version of API RP 1162, resulting in the publication 
of the first (still current) edition in December 2003.  

API RP 1162 contains specific guidance about the development of public awareness 
programs directed to the general public and training and outreach programs directed to 
emergency response agencies. API RP 1162 also defines stakeholder audience, includes 
information to be disseminated to the stakeholder audience, discusses message delivery methods 
and enhancements to a baseline public awareness program, and describes program 
documentation, record-keeping, and evaluation. Regarding training and outreach programs for 
emergency response agencies, section 3.2 of API RP 1162 lists examples of emergency officials 
and stakeholders that pipeline operators should invite to participate in this program. The 
recommended list of stakeholders includes fire departments, police and sheriff’s departments, 
members of local emergency planning committees, and county and state emergency management 
agencies. However, 911 emergency call and dispatch centers and emergency communications 
agencies are not identified in API RP 1162 as stakeholders. 

Dixie’s Public Education Program  

Dixie used API RP 1162 as a model for the content and organization of its public 
education program. Dixie submitted its program to PHMSA for review on September 5, 2006. 
On August 31, 2007, Dixie received confirmation from PHMSA that its review of Dixie’s plan 
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had been completed and that PHMSA had found six areas that that needed improvement before 
the plan would be approved. After Dixie submitted revisions in these areas, PHMSA approved 
the plan on September 5, 2007, and noted that the plan complied with API RP 1162.  

Safety Literature Distribution. The core element of Dixie’s public education program 
was the distribution of safety literature to identified stakeholders that include residents, 
businesses, emergency response agencies, excavators, and public officials. Under the plan, Dixie 
mailed pipeline public awareness and safety literature each year to all emergency response 
officials and excavators in the county, every 2 years to the residents and businesses located 
within 1 mile on either side of the pipeline, and every 3 years to public officials within the 
county.  

Dixie did not mail the literature itself; instead, it relied upon contractors to acquire the 
mailing data and mail the literature. Dixie did not exercise any oversight of its contractors to 
ensure that the mailings were accurate, nor did Dixie survey residents and businesses about the 
content of the mailings to determine their effectiveness.  

In May 2007, Paradigm Alliance, Inc. (Paradigm), a contractor for Dixie, reported that it 
had mailed 258,284 copies of the brochure, A Public Service Message—Pipeline Safety is 
Everyone’s Responsibility, to all stakeholders, including the residents and businesses within 
1 mile of the pipeline in the Carmichael area. Paradigm used mailing data provided by a second 
company, Tele Atlas. On November 4, 2007, 3 days after the accident, Dixie’s public awareness 
and damage prevention coordinator discovered that 10 addresses on County Road 621 were 
missing from the mailing data used by Paradigm in the May 2007 mailing. The 10 addresses 
included those of the houses and one business on County Road 621 that were destroyed and most 
heavily damaged in the Carmichael accident. Also, the houses on County Road 621 that were 
missed in the 2007 mailing included the homes of the two fatalities. In February 2008, Paradigm 
wrote to Dixie to explain why the addresses had been missed and confirmed that the error had 
been corrected. Paradigm told Dixie that, in May 2007, it had used one street database to identify 
the stakeholders within the 1-mile buffer around the Dixie pipeline. For its database, Paradigm 
had used a street GeoCoding Index, produced by Tele Atlas, which reversed the address range 
along County Road 621, incorrectly placing 10 houses on County Road 621 outside of the 1-mile 
buffer zone. Therefore, none of these addresses received the May 2007 mailing.  

To minimize the possibility of this error occurring again, Paradigm said it plans to use 
two street databases and one parcel point database to analyze addresses. Any address that falls 
within the 1 mile buffer in any one of these three databases will be included in the mailing. A 
residential address will be excluded from the mailing only when all three databases show the 
address as outside the 1-mile buffer. 

Because of the accident in Carmichael and the addresses missed from 2007, Dixie 
conducted a second mailing in June 2008 to all stakeholders, including residences and businesses 
that otherwise would not have received another mailing until 2009. In addition, Dixie has 
developed a process to validate the accuracy of its mailing list. For each of many randomly 
selected sample locations along the pipeline, Dixie will select an address within a 1-mile radius 
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and cross-reference the addresses with the mailing list provided by Dixie’s mailing contractor. 
The process of compiling addresses for this validation process began in September 2009. 

Dixie told the NTSB and PHMSA in January 2009 about the addresses missed in 2007, 
after Dixie’s public awareness coordinator realized that they had not been told after the accident 
about the missed addresses. As a result of this oversight, PHMSA stated that it is evaluating the 
circumstances as a possible regulatory violation. According to a PHMSA representative, as of 
April 2009, PHMSA is considering the following: 

• Conducting some targeted public awareness inspections, because of the long time 
between the June 2006 date for operators to have completed their public education 
plans and the June 2010 date for their first evaluation of these plans. Such inspections 
may follow the guidelines PHMSA used to evaluate the plans originally submitted by 
the operators.  

• Issuing an advisory bulletin to remind operators that their public awareness programs 
are intended to show continuous improvement and that operators should not wait until 
the full 4 years have elapsed before evaluating and modifying their plans to make 
them more effective. 

• To provide better enforcement guidance for inspectors, undertaking research to 
determine an acceptable percentage of residences, businesses, emergency responders, 
excavating contractors, public officials, and other stakeholders that an operator could 
be expected to identify and reach through the use of mailings based on a variety of 
databases.  

As of September 2009, PHMSA has not completed action on these initiatives. 

Outreach to Emergency Response Agencies. Under its Government Liaison-
Emergency Response Program, Dixie conducted, through a technical contractor, periodic 
familiarization events. These events were for fire and rescue departments, law enforcement, 
members of local emergency planning committees, and regional emergency management and 
support organizations, such as the Red Cross, in the eight Mississippi and Alabama counties in 
which Dixie had pipeline facilities.30 However, emergency services communications agencies, 
such as 911 emergency call and central dispatch centers, were not specifically identified as 
stakeholders in Dixie’s public education program plan.  

Three Government Liaison-Emergency Response Program training sessions were held in 
Meridian, Mississippi, on April 26, 2005, April 18, 2006, and April 5, 2007. This training 
consisted of a lecture and was offered to local emergency response agencies in Clarke County 
and the other regional counties in Mississippi and Alabama. Dixie also conducted a training 

                                                 30 Dixie’s pipelines ran through Clarke, Jasper, Kemper, Lauderdale, Neshoba, Newton, and Scott Counties in 
Mississippi and Choctaw County in Alabama. 
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exercise in August 2006 at Waynesboro, Mississippi, which is about 25 miles south of 
Carmichael. The scenario of the half-day exercise involved the simulation of a high-pressure 
liquid propane pipeline rupture caused by an unauthorized excavation, resulting in a release of 
product, fire, and injuries. The scope of the exercise required a comprehensive emergency 
response and involved the participation of fire and rescue departments, police departments, 
ambulance services; the exercise of incident command and mutual aid protocols; and pipeline 
operator response. 

Dixie distributed three publications to address emergency response procedures to those 
emergency response organizations that participated in drills, exercises, and training events. Dixie 
also mailed these publications to those agencies and organizations identified as stakeholders that 
did not participate in the training events. The first publication was The Pipeline Group 
Emergency Response Manual. The second publication, General Information Guide to a Pipeline 
Emergency, is essentially identical to parts of the publication, Emergency Response Guidebook, 
that is available from the DOT. There is some overlap of information between these two 
publications.  

A third publication, A Guideline for Emergency Response Agencies, included general 
information about Dixie’s overall pipeline operation, a summary of the chemical properties and 
characteristics of propane, and basic instructions for responding to an emergency event involving 
the pipeline. This also was distributed to the emergency response agencies participating in the 
Government Liaison-Emergency Response Program training sessions. This publication included 
specific guidelines for recognizing the significant signs of a massive propane gas pipeline 
release, including the presence of a dense white cloud or fog accompanied by a roaring sound, 
and instructions for a pipeline emergency that could serve as guidance to 911 operators on what 
to tell callers to do immediately to avoid danger. Specifically, in the event of a large flammable 
gas release, the guidance suggests the elimination of potential ignition sources, such as an open 
flame, a lighted cigarette, and starting a vehicle, and the immediate evacuation of the area to an 
upwind location. Also, the guidance includes basic procedures for emergency response agencies, 
including implementing an immediate evacuation and identifying the appropriate technical 
resources that need to be requested from the pipeline owner. 

Emergency Response Agency Participation. Table 3 shows the participants from 
Clarke County in the emergency response training held in Meridian in the 3 years before the 
accident.  
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Table 3. Clarke County Participation in Training Sponsored by Dixie. 

Year Attendees 

  
CVFD 

Sheriff’s  
Department 

Emergency  
Management 

2005 2 0 0 

2006 0 0 2 

2007 2 1 2 

 

No member of the CVFD attended the 2006 exercise in Waynesboro. CVFD officials 
reported that the CVFD had not participated in any formal hands-on preparedness training with 
Dixie in the 5 years before the accident. However, the CVFD officials stated their belief that all 
CVFD firefighting operations personnel have a basic familiarization with the Dixie propane 
pipeline operation in their jurisdiction and that the lack of familiarization training was not an 
impediment and did not result in an unwarranted risk to their personnel or the civilian population 
in this accident. The CVFD officials stated that they would make an effort to incorporate more 
simulated table-top tactical response drills involving the release and ignition of propane gas from 
a pipeline in upcoming preparedness training sessions. 

Clarke County Central Dispatch personnel did not receive familiarization training 
sponsored by Dixie that specifically covered the operation of a propane or other large pipeline, 
nor did they receive Dixie’s booklet, A Guideline for Emergency Response Agencies, or the other 
two safety publications that Dixie routinely distributed to emergency response agencies. Further, 
the initial training and qualification of Clarke County Central Dispatch operating personnel does 
not address pipeline emergencies. The training consists of both formal classroom instruction and 
an on-the-job instructional regimen in which new personnel are closely monitored and 
supervised by experienced operating personnel. The classroom and on-the-job training includes 
instruction about processing emergency calls and about obtaining information from callers 
regarding the nature of the incident, the location, and the current situation. Trainees also receive 
guidance about providing instructions to the caller to avoid or escape from danger or harm. 
Trainees also receive information about available resources, such as caller ID and maps, that may 
be useful in responding to emergency calls. 

Clarke County Central Dispatch personnel also have not participated in drills and 
exercises simulating a propane pipeline rupture, a substantial product release, and subsequent 
ignition and fire. In the 3 years before the accident, Clarke County Central Dispatch personnel 
had not participated in the emergency responder outreach program conducted or sponsored by 
Dixie. Clarke County Central Dispatch personnel have routinely participated in scheduled 
preparedness drills and training exercises that have been conducted on the local level within 
Clarke County and on occasion by neighboring counties and state agencies, such as the highway 
patrol. However, there is no indication that any of these exercises involved a pipeline accident or 
emergency. 
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Clarke County Emergency Management and Communications 

Emergency Management  

Clarke County is governed by a Board of Supervisors. Three primary county emergency 
response agencies that are autonomous and under the direct supervision of the Board of 
Supervisors are the Clarke County Emergency Management Agency, Clarke County Central 
Dispatch, and the Clarke County Sheriff’s Department. 

Various volunteer fire departments and emergency medical units within the county 
provide fire and rescue emergency services; however, these departments are not under the Clarke 
County Board of Supervisors. The CVFD is a fully volunteer department with 17 active 
members that provides fire and rescue protection for about 38 square miles of Clarke County. 
The CVFD is under the command of the chief of the department, who is supported by an 
assistant chief. The CVFD has three vehicles—one pumper truck and two tanker trucks. 

Emergency Communications 

Communications for all emergency services within Clarke County (that is, all fire and 
rescue, sheriff’s department, emergency medical services [ambulance], and emergency 
management) are performed by the Clarke County communications agency through its operation 
of the 911 emergency call and central dispatch center. Clarke County Central Dispatch typically 
has two qualified 911 operators on duty at all times. An operational supervisor, who is also fully 
qualified to perform all operational duties, is usually present during daylight hours. 

Telephone requests for emergency services in Clarke County, are received and processed 
by Clarke County Central Dispatch, which does not have a computer-aided dispatch system. 
Procedurally, for fire and rescue operations, initial dispatching is done manually by transmitting 
a page over the fire department radio channel to the appropriate county fire department. 
Information about the emergency location and type is then relayed by voice over a conventional 
service radio to responding fire department personnel who received the communication via units 
installed in fire trucks, hand-held service radios, and/or base station radio units in fire stations. 

Clarke County Central Dispatch uses a conventional service radio communication system 
for routine mobile communications with the emergency services agencies of the county. A radio 
signal repeater is used by Clarke County Central Dispatch because the range of the service radio 
main transmitter is not sufficient to cover the area of the entire county.  

Clarke County’s radio communication system, including the fire and rescue and sheriff’s 
department radio signal repeater equipment, is maintained by a maintenance service contractor. 
The radio signal repeater equipment in use at the time of the accident was installed in June 2007 
and had not experienced any system malfunctions or performance failures until November 1, 
2007. Separate radio signal repeater transmitter units operating on different frequencies are used 
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to transmit fire and rescue radio signal communications and the sheriff’s department radio signal 
communications. The service radio equipment in all fire department and sheriff’s department 
vehicles can be switched to either department’s frequency. However, the fire department and the 
sheriff’s department do not routinely monitor the other’s radio frequency. Fire and sheriff’s 
department personnel must be directed to switch frequencies in order to establish radio 
communications. 
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Analysis 

Exclusions 

One call reports, aerial patrol reports, and pipeline contact reports since 2005 for the 
Dixie pipeline were reviewed for indications of past excavation activity in the vicinity of rupture, 
and no instances of excavation activity were found. No grooves or gouges were found on the 
ruptured portion of the pipe during the laboratory examination. The two nearly parallel scratch 
marks on the outside surface of the ruptured pipe joint were not near the rupture and thus not 
involved in the fracture. No significant inward denting of the pipe wall was observed near the 
scratch marks. Neither the longitudinal nor the girth weld fracture was adjacent to or intersected 
the scratch marks. Therefore, damage from third-party activity was ruled out as a factor in the 
cause of the rupture.  

The annual corrosion survey reports for the pipeline in the vicinity of the rupture were 
reviewed, and no problems associated with cathodic protection were found. No external or 
internal corrosion was observed on the ruptured pipe during the field investigation. During the 
laboratory examination, no corrosion damage was observed on the fracture surfaces of the 
ruptured pipe, and fractographic examination showed no indication of stress corrosion cracking. 
Therefore, degradation of the pipeline from corrosion was eliminated as a factor in the cause of 
the rupture.  

The pipeline controller on duty at the time of the accident was adequately trained. The 
controller was not affected by fatigue, illicit drugs, alcohol, or medications, and he was fit for 
duty when the accident occurred. He detected and identified the leak in the pipeline system in a 
timely manner. The pipeline controller used information from the SCADA system, from people 
in the Carmichael area, and from personnel at the control center to respond efficiently to the 
emergency situation. Therefore, the actions of the pipeline controller on duty were ruled out as a 
factor in the cause of the rupture. The pipeline was operating under normal operating conditions, 
and no unusual conditions, such as pipeline overpressure or an equipment failure, were detected 
in the system at the time of the accident that could have caused or contributed to the accident. 
The NTSB, therefore, concludes that corrosion, excavation damage, the controller’s actions, and 
the operating conditions of the pipeline were not factors in the accident.  

The pipeline rupture occurred at 10:35:02 a.m. The first 911 call to Clarke County 
Central Dispatch was initiated at 10:39:56 a.m., and the second call concluded at 10:41:46 a.m. 
The ignition of the propane gas cloud occurred at 10:42:32 a.m. The interval between the end of 
the two 911 calls and the ignition of the propane was about 45 seconds. The NTSB concludes 
that the short interval between the conclusion of the 911 calls and the ignition of released 
propane was insufficient time for the CVFD and other emergency response agencies to evacuate 
the area before the explosion and fire. Decisions made by and actions of the emergency 
responders regarding initial fire suppression efforts and the immediate search for and evacuation 
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of residents near the rupture site and the decision to allow the residual propane in the pipeline to 
continue to burn until it self-extinguished minimized the risk to emergency responders and the 
public. The NTSB concludes that the actions of the Clarke County Sheriff’s Department, the 
CVFD, and other fire departments and agencies responding under mutual aid agreements were 
timely, well executed, and effective.   

Fracture of the Pipeline 

The fracture extended along the entire length of the longitudinal ERW seam of the 
ruptured pipe joint. Regions of the fracture faces along the longitudinal seam weld followed the 
upturned grains that resulted from the ERW process, with fracture paths similar to hook cracks 
and with repeated patterns transverse to the wall thickness that are consistent with stitching in 
ERW pipe. The Charpy testing showed that the ERW seam was less resistant to crack 
propagation than the base metal, which is to be expected for this type of pipe.31  

The precise location where the fracture initiated could not be identified through 
fractographic examination of the ruptured pipe. This is not unusual, and PHMSA noted that, for 
ERW seam ruptures, the identification of a definitive fracture origin is not possible in many 
cases. Further, the review of information on numerous ERW seam fractures from hydrostatic 
pressure tests of the Dixie pipeline shows that in many cases the failures examined had no 
obvious point of fracture origin. 

Examination of a pipe joint that failed during a postaccident hydrostatic pressure test on 
November 8, 2007, revealed fracture features similar to the accident fracture. The test fracture 
was along the longitudinal ERW seam as was the accident fracture. Also like the accident 
fracture, the fracture faces of the test fracture contained the island-like features that are 
associated with hook cracks. The test fracture also lacked features indicative of the fracture 
origin.  

Although the fracture faces in the accident pipe revealed multiple features of interest, 
they were degraded by oxidation damage resulting from the fire that occurred after the propane 
ignited. The lack of well-defined fractographic features to pinpoint the location where the 
fracture initiated led investigators to use finite element analysis (simulation) to further explore 
possible fracture origination sites. Two possible scenarios for the origin of the pipeline fracture 
were considered in the finite element analysis: 

• A crack originated in or near the longitudinal seam weld.  

• A crack originated in the upstream girth weld.  

                                                 31 Cold welds, stitching, hook cracks, and other undesirable flaws in ERW steel pipeline longitudinal welds can 
adversely affect Charpy V-notch toughness. 
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Numerous computational simulations were performed in an attempt to replicate the 
residual pipe deformation patterns in the accident pipe. On the upstream side of the ruptured pipe 
joint, the fracture followed the circumferential girth weld for about 3 inches and then continued 
diagonally about 12 inches into the base metal of the adjacent pipe joint, leaving an open flap of 
pipe at the upstream girth weld. A primary objective of the finite element simulations was to 
replicate the shape of the upstream end of the pipe joint including the open flap. 

A series of finite element simulations that assumed fracture initiation in the girth weld 
predicted pipe deformation patterns consistent with those observed in the accident pipe in the 
region around the upstream girth weld. The simulations that assumed fracture initiation in the 
girth weld also predicted a stress state consistent with the generation of the distinct chevron 
pattern observed in the circumferential fracture as it transitioned into the upstream pipe joint. 
However, the simulations that assumed fracture initiation in the seam weld did not predict pipe 
deformations consistent with those observed in the accident pipe near the upstream girth weld. 

To evaluate the likelihood of one scenario over the other, the NTSB closely examined all 
available evidence. The NTSB also evaluated submissions received from two parties to the 
investigation, PHMSA and Dixie. Both parties indicated in their submissions that the pipeline 
rupture was most likely due to a fracture initiating in the longitudinal ERW seam. In the 
submission from Dixie, one of Dixie’s contractors stated that initiation in the girth weld could 
not be ruled out. 

No confirmed in-service pipeline failures in girth welds have been reported for the entire 
pipeline since it was installed in 1961. A review of the past failures experienced during 
hydrostatic pressure testing since the pipeline was installed shows that the vast majority of the 
failures have involved the ERW seam, with only one failure at a girth weld (recorded as a 
seeping leak at a field weld that Dixie indicated was likely a girth weld) that occurred in 1984.  

Although the specific region in the accident pipe where the fracture initiated could not be 
located, fractographic examination did reveal multiple features consistent with the scenario in 
which the fracture initiated in the ERW seam. Examination of the fracture faces of the 
longitudinal seam revealed two areas with chevron pattern fragments within about 4 inches of the 
upstream girth weld. The orientation of these chevron patterns indicated that the fracture was 
propagating in the upstream direction along the longitudinal seam toward the girth weld. Also, in 
the region where the fracture transitioned between the ERW seam and the upstream girth weld, a 
branching crack feature was noted that indicates fracture propagation in the upstream direction, 
toward the girth weld. The examination of the downstream face of the girth weld fracture 
revealed that a 1-inch fracture portion adjacent to the ERW seam fracture contained chevron 
pattern fragments indicating that the fracture was propagating away from the longitudinal seam. 
Finally, an examination of the fracture faces in the upstream girth weld showed no evidence of a 
preexisting crack. The NTSB, therefore, concludes that the pipe contains multiple fracture features 
that indicate that a crack initiated in the longitudinal seam weld; however, finite element simulations 
raise the possibility that a crack could have initiated in the upstream girth weld.   
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Safety and Performance of ERW Pipe 

PHMSA’s data from 2002 through 2007 indicate that there were 19 hazardous liquid 
pipeline incidents involving failures of seam welds in both low- and high-frequency ERW pipe. 
According to PHMSA, although ERW pipe failures are relatively infrequent, they tend to be 
catastrophic. PHMSA further noted that pre-1970 low-frequency ERW pipe has a much higher 
failure rate than newer ERW pipes and that the quality of low-frequency ERW pipe can vary 
from manufacturer to manufacturer. ERW pipe constituted 68 percent of the total miles of 
hazardous liquid pipelines in 2007. Additionally, about one-fourth of the low-frequency and 
about one-half of the high-frequency ERW pipelines transport highly volatile liquids, such as 
propane and anhydrous ammonia. As these pipelines age and cumulative pressure cycles 
increase, the failure incidence may also increase.  

Identifying the causes and the initiation sites of pipeline fractures is important for 
understanding the factors that are involved in and contribute to pipe failures. Even more 
important is to be able to locate a critical flaw or condition before it leads to a catastrophic 
failure, such as occurred in Carmichael. Currently, most pipeline operators rely upon in-line 
inspections to identify, detect, and monitor the growth of potential defects in their pipeline 
systems. In-line inspections are conducted to detect and size the anomalies that may be present in 
the pipe wall. The data then can be analyzed to evaluate the severity of the anomalies (that is, the 
size [length and depth] and the rate of growth). The data can be used by a pipeline operator to 
establish a schedule to repair or remove the pipeline before an anomaly grows to a critical size 
and causes a pipe rupture. 

Segments of the Carmichael pipeline had been inspected using in-line inspection tools 
multiple times in the 9 years before the November 2007 rupture. In 1998, Tuboscope Vetco 
Pipeline Services inspected the pipeline segment from Hattiesburg to Demopolis, using a first-
generation metal-flux leakage tool to search for evidence of metal loss caused by internal 
corrosion. The test did not find any anomalies related to metal loss in the pipe joint that ruptured 
in this accident.  

In 2005, Dixie conducted a special ERW seam integrity assessment over the entire 
Hattiesburg-to-Demopolis segment, using the GE UltraScan crack detection tool that can detect 
defects in the pipe in the longitudinal direction. This tool is not designed to detect 
circumferentially oriented defects in the girth welds. This inspection identified 21 pipe joints 
with reportable indications, and Dixie removed all 21 pipe joints, including the girth welds on 
each end of each joint, as part of its pipeline integrity repair program. The inspection also 
identified two features in the pipe joint that ruptured at Carmichael, but the features did not meet 
the criteria for reportable indications and were not factors in the accident. 

In 2006, Magpie inspected the Hattiesburg-to-Demopolis pipeline segment, using a 
geometry tool followed by a high-resolution axial magnetic flux leakage metal loss tool to detect 
metal loss in the pipe. The latter tool is used to detect metal loss in or near the girth weld. 
Magpie reported no geometric anomalies and detected no metal-loss-related anomalies in the 
joint that ruptured in Carmichael.  
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The results of the three in-line inspections that were conducted in the 9 years before the 
accident found no defects or anomalies in the Carmichael pipe joint that could be correlated with 
the 2007 rupture. It is possible that detectable anomalies did not exist at the times of the three 
tests, or the inspection tools did not find detectable anomalies that may have existed, or 
anomalies existed below detection limits but grew at a very fast rate.  

Dixie contracted with Stork to conduct hydrostatic pressure burst tests on the pipe joints 
and girth welds that had been removed after the 2005 in-line inspection. All 21 pipe joints 
ruptured during the burst tests at pressures ranging from 2,055 psig to 3,250 psig. Over this 
pressure range, ruptures occurred above the specified minimum yield strength. Stork’s 
conclusions after examination of the ruptures show the difficulty of identifying fracture origins 
in ERW pipe. For a majority of the 21 pipe joints, Stork identified a general region or area of the 
fracture surface as the origin of the fracture when an apparent fracture origin was not 
identifiable. The fracture surface of only one pipe joint had a hook crack with chevrons on each 
side pointing to the fracture initiation site.  

Stork also correlated the location of the identified fracture origin for the pipe joints with 
indications reported from the 2005 in-line inspection. Stork found that for 12 of the 21 ruptures, 
an indication from the 2005 in-line inspection coincided with either an identified fracture origin 
or a point on the fracture surface. No reportable indications were found during the in-line 
inspection for 9 of the 21 ruptured pipe joints.  

The accumulated data from the three in-line inspections of the Carmichael pipeline and 
from the examination of the pipe joints that were removed and subjected to hydrostatic testing 
illustrate the limitations of current in-line inspection technology for detecting significant flaws in 
low-frequency ERW pipe. PHMSA believes that in-line inspection technology is improving and 
data analysis capabilities are increasing each year. Reliable and effective in-line inspection tools 
have become more critical in recent years as the focus of the pipeline safety program has shifted 
to risk-based integrity management plans that are developed and implemented by individual 
pipeline operators. The NTSB concludes that current inspection and testing programs are not 
sufficiently reliable to identify features associated with longitudinal seam failures of ERW pipe 
prior to catastrophic failure in operating pipelines.  

Hydrostatic pressure tests have been effective in eliminating potentially critical anomalies 
leading to in-service ruptures. However, these tests may cause some anomalies to grow to a 
critical size much faster than they might have without a hydrostatic test. The tests also introduce 
water into the pipeline, requiring action to prevent internal corrosion.  

According to PHMSA, the pressure spike test is also beneficial because it subjects a 
pipeline to a higher pressure for a shorter time than the standard hydrostatic test. The rationale is 
that higher pressure is more likely to cause critical cracks to fail, while the shorter time limits the 
potential for smaller cracks to grow during the test. Although PHMSA has been requiring 
operators to conduct a spike test before returning a pipeline to service following a failure, the 
spike test is not being used in place of the hydrostatic test or conducted on a periodic basis. 
PHMSA has stated that it is examining these methods and may require them after pipeline 

42 

Flynn Exhibit Page 435



NTSB Pipeline Accident Report 

43 

failures. PHMSA is also examining methods that operators can use to minimize pressure cycling 
in low-frequency ERW pipelines to reduce fatigue on the pipeline. The NTSB recommends that 
PHMSA conduct a comprehensive study to identify actions that can be implemented by pipeline 
operators to eliminate catastrophic longitudinal seam failures in ERW pipe; at a minimum, the 
study should include assessments of the effectiveness and effects of in-line inspection tools, 
hydrostatic pressure tests, and spike pressure tests; pipe material strength characteristics and 
failure mechanisms; the effects of aging on ERW pipelines; operational factors; and data 
collection and predictive analysis.  

Pipeline Operator Public Education Programs 

The NTSB has long been concerned about pipeline operators’ public education programs, 
including the content, distribution, and effectiveness of pipeline operators’ safety materials for 
both hazardous liquid and natural gas pipelines. From the late 1980s through the late 1990s, the 
NTSB investigated several accidents32 in which deficiencies in operators’ public education 
programs were safety issues. In the report of the investigation of the pipeline rupture, liquid 
butane release, and fire in Lively, Texas, on August 24, 1996, the NTSB concluded that 
requirements for the content, format, and periodic evaluation of public education programs can 
help pipeline operators ensure that their programs are effective. The NTSB made the following 
recommendations to PHMSA: 

P-98-37 

Revise 49 Code of Federal Regulations Part 195 to include requirements for the 
content and distribution of liquid pipeline operators’ public education programs. 

P-98-38 

Revise 49 Code of Federal Regulations Part 195 to require that pipeline operators 
periodically evaluate the effectiveness of their public education programs using 
scientific techniques. 

The NTSB classified both recommendations “Closed—Acceptable Action” on 
November 21, 2003, based on various PHMSA initiatives with the natural gas and hazardous 
liquid pipeline industries. PHMSA’s initiatives included assisting with the development and 
adoption of consensus standards embodied in API RP 1162, committing to incorporate the 
consensus standards by reference into the pipeline safety regulations (49 CFR Parts 192 and 

                                                 32 Pipeline Accident Report—Kansas Power and Light Company Natural Gas Accidents, September 16, 1988 
to March 29, 1989 (NTSB/PAR-90/03); Pipeline Accident Report—Texas Eastern Transmission Corporation 
Natural Gas Pipeline Explosion and Fire, Edison, New Jersey, March 23, 1994 (NTSB/PAR-95/01); Pipeline 
Accident Report—San Juan Gas Company, Inc./Enron Corp., Propane Gas Explosion in San Juan, Puerto Rico, on 
November 21, 1996 (NTSB/PAR-97/01); and Pipeline Accident Summary Report—Pipeline Rupture, Liquid Butane 
Release, and Fire, Lively, Texas, August 24, 1996 (NTSB/PAR-98/02/SUM). 
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195), assisting pipeline operators in aligning their existing public education programs with 
API RP 1162, and conducting workshops to facilitate operators’ understanding of API RP 1162. 

The problems with Dixie’s public education program that were uncovered in this 
investigation and documented in this report led the NTSB to reassess the public education 
standards and oversight. 

Public Awareness Program 

Dixie’s public awareness program distributed safety literature to identified stakeholders 
that include residents, businesses, emergency response agencies, excavators, and public officials. 
Under the program, Dixie, through its contractor, mailed pipeline public awareness and safety 
literature each year to all emergency response officials and excavators in the county, every 
2 years to the residents and businesses within 1 mile of either side of the pipeline, and every 
3 years to public officials within the county. After the accident, Dixie discovered that 
10 addresses on County Road 621 were missing from the mailing data used for the May 2007 
distribution of A Public Service Message—Pipeline Safety is Everyone’s Responsibility; the 
10 addresses included the houses of the two fatalities and the houses and one business on County 
Road 621 that were destroyed and most heavily damaged in the Carmichael accident.  

Dixie has told investigators that since the accident, its contractor has corrected the 
mailing data. Also, Dixie planned a second mailing to all stakeholders, including those that had 
been missed previously. These actions are responses to specific problems identified in Dixie’s 
public education program and cannot be considered as active oversight of its program. Before the 
accident, Dixie relied upon its contractors to obtain accurate mailing data and ensure the 
mailings to the public were completed. Dixie did not perform oversight to ensure that all 
appropriate recipients were on the mailing lists and that the mailings met its requirements and 
those of API RP 1162, nor did it initiate actions to evaluate the effectiveness of the program. For 
example, Dixie did not conduct customer surveys to verify that the mailing lists were complete, 
that mailings had been received, and that customers understood the guidance contained in the 
safety literature mailed to them. Without such efforts, Dixie could not accurately assess the 
effectiveness of its public awareness program as required under federal pipeline standards 
(49 CFR Parts 192 and 195) and API RP 1162.  

Outreach Program to Emergency Responders 

Dixie’s outreach program to emergency response agencies provided opportunities for 
emergency responders in Clarke County and neighboring counties to receive familiarization 
training and participate in exercises related to the propane pipeline so that they would be 
prepared in case of accident or emergency. In addition, the safety literature and guidance that 
training participants and invitees received contained important information about the hazards of 
propane and actions to protect the public and emergency responders. These materials also 
contained specific guidance that 911 operators could use to recognize the signs of a massive 
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propane release and the information to give to callers so they can avoid danger during such a 
release. Dixie did not identify central dispatch centers, such as Clarke County Central Dispatch, 
as stakeholders and participants in its outreach program for emergency response agencies. In the 
3 years before the Carmichael accident, employees of the Clarke County Sheriff’s Department, 
the County Emergency Management Agency, and the CVFD attended Dixie’s emergency 
response training sessions, but Clarke County Central Dispatch was not included in the list of 
attendees to this type of session and the Clarke County 911 operators did not attend. API 
RP 1162, the pipeline industry’s standard for public education programs, did not identify central 
dispatch centers as organizations to contact although Dixie, as a regional pipeline operator, had 
the responsibility to identify and offer training to the appropriate emergency response agencies in 
those regions in which it operates. Had personnel from Clarke County Central Dispatch 
participated in Dixie’s periodic familiarization training or received the guidance to 911 
operators, they may have promptly recognized that the information initially reported indicated a 
massive propane release in the area and would have been better prepared to address it. Such 
actions may have included warning callers to avoid ignition sources and telling them to 
immediately evacuate the area. 

Because addresses were omitted from public awareness mailing lists and 911 operators 
were not invited to attend the outreach program for emergency responders, the NTSB concludes 
that Dixie Pipeline Company’s oversight and evaluation of the effectiveness of its public 
education programs were inadequate. The NTSB recommends that the Dixie Pipeline Company 
take measures to determine that all residences and businesses within its operating regions are 
included on its mailing list and receive mailings of safety guidance information. The NTSB 
further recommends that the Dixie Pipeline Company implement procedures to evaluate the 
effectiveness of its public education program. Regarding outreach to emergency response 
agencies, the NTSB recommends that Dixie Pipeline Company verify that all 911 emergency 
centers within its operating regions are included on its mailing list, invited to participate in 
operator-sponsored training activities, and receive mailings of safety guidance information.  

The circumstances of the Carmichael accident, particularly the lack of training and 
guidance for the Clarke County Dispatch Center about propane pipeline operations, raise 
concerns about the adequacy of API RP 1162 and oversight by operators and PHMSA to ensure 
effective public education programs are implemented and followed. The section of API RP 1162 
pertaining to outreach programs to emergency response agencies identifies the following as 
attendees and participants:  

Fire departments, Police/Sheriff departments, [local emergency planning 
committees], County and State Emergency Management Agencies, other 
emergency response organizations, and other public safety organizations.  

Although it is reasonable to interpret “other emergency response organizations” to include 
emergency 911 dispatch centers, there is no certainty that such an interpretation will be 
universal, as exhibited in this accident. Emergency 911 dispatch centers in many jurisdictions are 
part of either the fire or the police department. In areas of the country that are served by 
volunteer fire departments, there may be a greater possibility that the local 911 dispatch center is 
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independent from the fire and police departments. In such instances, a pipeline operator may 
overlook the inclusion of an independent 911 center as a potential attendee and participant in its 
outreach program. The NTSB concludes that the absence of emergency 911 dispatch centers 
from the list of stakeholders in API RP 1162 increases the possibility that 911 dispatch center 
personnel might not receive the necessary training to recognize the hazards of a large release of 
propane and other flammable products from a pipeline and thereby be able to warn 911 callers of 
imminent danger. Therefore, the NTSB recommends that the API revise API RP 1162 to 
explicitly identify 911 emergency call centers as emergency response agencies to be included in 
outreach programs under a pipeline operator’s public education program.  

The timetable set forth in PHMSA’s final rule published in May 2005 gave pipeline 
operators until June 2006 to develop public education programs and, in supplemental guidance 
following publication of the final rule, until June 2010 to evaluate the effectiveness of those 
programs. After Dixie acknowledged in January 2009 that it had failed to tell the NTSB and 
PHMSA about the addresses missed in the May 2007 mailing, PHMSA began to consider 
possible actions to assess operators’ self-evaluations of the effectiveness of their public 
awareness program plans. The actions under consideration include conducting targeted public 
awareness inspections, issuing an advisory bulletin urging pipeline operators to conduct their 
self-evaluations and modify their plans before the 2010 deadline, and initiating research about 
effectively reaching the public with the appropriate safety information. However, PHMSA has 
not completed action on these initiatives. The Carmichael accident has shown that although an 
operator’s public awareness program plan may meet API RP 1162 requirements and federal 
pipeline standards, this is not a guarantee that implementation of the program is effective or that 
the operator is exercising sufficient oversight. The NTSB recommends that PHMSA initiate a 
program to evaluate pipeline operators’ public education programs, including pipeline operators’ 
self-evaluations of the effectiveness of their public education programs, and provide the NTSB 
with a timeline for implementation and completion of this evaluation.  

Clarke County Emergency Communications 

Preparedness of Clarke County 911 Dispatch Center 

The first call reporting a gas explosion to Clarke County Central Dispatch came in about 
5 minutes after the pipe rupture, and the ignition of the released propane occurred about 
2 1/2 minutes after that. Although Clarke County Central Dispatch personnel paged fire 
resources to respond to the scene and told the caller that a fire truck was on its way, they did not 
tell the caller what to do in the meantime to respond to the emergency. With the circumstances of 
this accident, however, even if the dispatcher receiving the call had instantly recognized the 
impending danger, warned the caller not to use any ignition sources, and directed the caller to 
immediately evacuate and get away from the gas cloud, the caller at best had very little time to 
reach safety before the ignition and fire. Nevertheless, Clarke County Central Dispatch personnel 
need to be able to assess the significance of telephoned descriptions of pipeline emergencies so 
that they can give callers the correct information about how to keep themselves safe. Heightened 
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awareness and knowledge attained through appropriate training and participation in drills 
involving pipeline operators and other local emergency response agencies can improve the 
ability of Clarke County Central Dispatch to provide timely information and guidance to citizens 
and county emergency response agencies in future emergencies. The NTSB concludes that at the 
time of the accident, the Clarke County Central Dispatch emergency 911 personnel were not 
sufficiently knowledgeable about the dangers of a large release of propane and the appropriate 
actions to take. The NTSB recommends that the Clarke County Board of Supervisors require and 
document that the Clarke County Central Dispatch emergency 911 personnel receive regular 
training and participate in regional exercises and drills pertaining to pipeline safety.  

Emergency Radio Communications 

About 1 1/2 hours before the accident, the radio signal repeater for the fire department, 
the primary radio system for Clarke County Central Dispatch, was not working, but dispatch 
personnel were not aware of this. (Communication cables of the radio signal repeater equipment 
had been inadvertently disconnected during routine housekeeping earlier that morning.) After 
Clarke County Central Dispatch began receiving 911 calls, an operator promptly sent a page to 
the CVFD to respond. When acknowledgements from CVFD were not received as required, 
dispatch center personnel began to contact nearby fire departments in accordance with their 
operational protocol and mutual aid agreements. However, when fire department personnel failed 
to acknowledge the pages, the dispatch center personnel did not immediately recognize the 
possibility of a communications equipment problem. 

It was not until about 10:55 a.m., or about 15 minutes after the first 911 call was received 
at the dispatch center, that the Clarke County sheriff, who was monitoring the radio 
communications, contacted the dispatch center through a deputy and informed the dispatch 
center that the primary fire and rescue radio signal repeater appeared not to be working. About 
the same time, dispatch center personnel began to suspect a malfunction of the radio signal 
repeater and switched to the backup system, which was working. 

Despite the radio communications problem, the CVFD became aware of the event when 
the assistant chief of the CVFD heard the explosion at 10:43 a.m., saw a large fireball plume and 
a cloud of heavy black smoke in the east seconds later, and then promptly mobilized resources 
and responded to the accident scene. By about 10:55 a.m., CVFD personnel and fire trucks were 
at the accident scene. Consequently, the NTSB concludes that despite the failure of Clarke 
County Central Dispatch to immediately recognize that its primary radio communications system 
was not working, the CVFD was able to respond to the accident in a timely manner. Since the 
accident, the Clarke County government has fixed the problem of inadvertent cable 
disconnection that caused failure of the primary system and is considering further enhancements 
to the communications system. Specifically, since the accident, Clarke County Central Dispatch 
conducts bi-weekly tests of the radio repeater system to ensure it is performing normally and has 
modified the connection hardware to cable connector fittings and connection sockets that have 
positive engaging, screw-type locking features to help prevent future inadvertent disconnections 
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of the communication cables. Because these actions sufficiently address this problem, the NTSB 
does not believe a safety recommendation in this area is needed. 
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Conclusions 

Findings 

1. Corrosion, excavation damage, the controller’s actions, and the operating conditions of the 
pipeline were not factors in the accident. 

2. The short interval between the conclusion of the 911 calls and the ignition of released 
propane was insufficient time for the Carmichael Volunteer Fire Department and other 
emergency response agencies to evacuate the area before the explosion and fire. 

3. The actions of the Clarke County Sheriff’s Department, the Carmichael Volunteer Fire 
Department, and other fire departments and agencies responding under mutual aid 
agreements were timely, well executed, and effective. 

4. The pipe contains multiple fracture features that indicate that a crack initiated in the 
longitudinal seam weld; however, finite element simulations raise the possibility that a crack 
could have initiated in the upstream girth weld. 

5. Current inspection and testing programs are not sufficiently reliable to identify features 
associated with longitudinal seam failures of ERW pipe prior to catastrophic failure in 
operating pipelines. 

6. Dixie Pipeline Company’s oversight and evaluation of the effectiveness of its public 
education programs were inadequate. 

7. The absence of emergency 911 dispatch centers from the list of stakeholders in American 
Petroleum Institute Recommended Practice 1162 increases the possibility that 911 dispatch 
center personnel might not receive the necessary training to recognize the hazards of a large 
release of propane and other flammable products from a pipeline and thereby be able to warn 
911 callers of imminent danger. 

8. At the time of the accident, the Clarke County Central Dispatch emergency 911 personnel 
were not sufficiently knowledgeable about the dangers of a large release of propane and the 
appropriate actions to take. 

9. Despite the failure of Clarke County Central Dispatch to immediately recognize that its 
primary radio communications system was not working, the Carmichael Volunteer Fire 
Department was able to respond to the accident in a timely manner. 
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Probable Cause 

The National Transportation Safety Board determines that the probable cause of the 
November 1, 2007, rupture of the liquid propane pipeline operated by Dixie Pipeline Company 
near Carmichael, Mississippi, was the failure of a weld that caused the pipe to fracture along the 
longitudinal seam weld, a portion of the upstream girth weld, and portions of the adjacent pipe 
joints.  
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Recommendations 
As a result of its investigation of the November 1, 2007, rupture of the liquid propane 

pipeline operated by Dixie Pipeline Company the National Transportation Safety Board makes 
the following recommendations: 

To the Pipeline and Hazardous Materials Safety Administration: 

Conduct a comprehensive study to identify actions that can be implemented by 
pipeline operators to eliminate catastrophic longitudinal seam failures in electric 
resistance welded (ERW) pipe; at a minimum, the study should include 
assessments of the effectiveness and effects of in-line inspection tools, hydrostatic 
pressure tests, and spike pressure tests; pipe material strength characteristics and 
failure mechanisms; the effects of aging on ERW pipelines; operational factors; 
and data collection and predictive analysis. (P-09-1) 

Based on the results of the study requested in Safety Recommendation P-09-1, 
implement the actions needed. (P-09-2) 

Initiate a program to evaluate pipeline operators’ public education programs, 
including pipeline operators’ self-evaluations of the effectiveness of their public 
education programs. Provide the National Transportation Safety Board with a 
timeline for implementation and completion of this evaluation. (P-09-3) 

To the Clarke County Board of Supervisors: 

Require and document that the Clarke County Central Dispatch emergency 911 
personnel receive regular training and participate in regional exercises and drills 
pertaining to pipeline safety. (P-09-4) 

To the American Petroleum Institute: 

Revise American Petroleum Institute Recommended Practice 1162 to explicitly 
identify 911 emergency call centers as emergency response agencies to be 
included in outreach programs under a pipeline operator’s public education 
program. (P-09-5) 
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To Dixie Pipeline Company: 

Take measures to determine that all residences and businesses within your 
operating regions are included on your mailing list and receive mailings of safety 
guidance information. (P-09-6) 

Implement procedures to evaluate the effectiveness of your public education 
program. (P-09-7) 

Verify that all 911 emergency centers within your operating regions are included 
on your mailing list, invited to participate in operator-sponsored training 
activities, and receive mailings of safety guidance information. (P-09-8) 

 

 

BY THE NATIONAL TRANSPORTATION SAFETY BOARD  

DEBORAH A.P. HERSMAN ROBERT L. SUMWALT  
Chairman  Member  

  

CHRISTOPHER A. HART  
Vice Chairman   

Adopted: October 14, 2009 
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NTSB Pipeline Accident Report 

Appendix A 

Investigation 

The NTSB was notified of the rupture of the liquid propane pipeline operated by Dixie 
Pipeline Company about 12:53 p.m. on November 1, 2007. The investigator-in-charge and other 
investigative team members were launched from the NTSB’s Washington, D.C., Headquarters 
office. Robert L. Sumwalt was the Board Member on scene. Investigative groups were formed 
for pipeline operations, metallurgy, human performance, and survival factors. The NTSB later 
established a group for in-line inspection factors. No hearing or depositions were held in 
conjunction with this accident. 

Parties to the investigation included the Pipeline and Hazardous Materials Safety 
Administration, Dixie Pipeline Company, United States Steel Company, Clarke County Sheriff’s 
Department, and Carmichael Volunteer Fire Department. 
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Appendix B 

Accident Timeline 

Day Time Event 
Thursday 
November 1 

 10:35:02 a.m. Rupture of 12-inch-diameter pipeline operated by Dixie Pipeline Company 
near Carmichael, Missippi. 

  10:35:13 a.m.  Pipeline controller in Houston, Texas, control center receives rate-of-change 
alarm on SCADA panel for Carmichael Pump Station. 

  10:35:46 a.m. Second rate-of-change alarm received for Butler Pump Station. 

  10:35:50 a.m. Rate-of-change alarm received for Yellow Creek Pump Station. Automatic 
shutdown of Carmichael Pump Station unit 2 pump. 

  10:36:25 a.m. Pipeline controller began to shut down pipeline. 

  10:37:12 a.m. Pipeline controller started a pump at Butler Station to pull product away 
from rupture area. 

  10:38 a.m. Controller started contacting field personnel from Hattiesburg and 
Demopolis Pump Stations to respond to release. 

  10:39:56 a.m. Clarke County Central Dispatch (Emergency 911) received call reporting 
gas explosion & white gas in the area but no fire. Clarke County Central 
Dispatch began to contact and dispatch police, fire, & rescue resources. 

  10:40:13 a.m. Clarke County Central Dispatch received call reporting pipeline release. 

  10:41 a.m. Dixie control center received call from resident near rupture site reporting 
pipeline release. 

  10:43 a.m. CVFD asst. chief heard distant explosion followed by plume and black 
smoke; began mobilizing CVFD fire apparatus and personnel to the scene. 

  10:46 a.m. Pipeline controller received call reporting four major explosions, fire 200 
feet high, and two columns of white and black smoke. Controller identified 
location of leak as area where a Hunt pipeline crosses Dixie pipeline. 
Controller directed contractor in Carmichael area to the site. 

  10:48 a.m. Hunt employee notified pipeline controller that Hunt pipeline was shut down 
and blocked off in area of release. 

  10:49:51 a.m. Clarke County Central Dispatch received call from pipeline controller 
reporting leak in Carmichael station area. Clarke County Central Dispatch 
told controller they were aware of event and had dispatched three fire and 
rescue units to the scene. 

  10:52:37 a.m. Pipeline controller closed remotely controlled suction and discharge valves 
at Carmichael and Butler Pump Stations. 
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55 

Day Time Event 
Thursday 
November 1  11:00 a.m. Emergency responders decided to allow controlled burn of residual propane 

in pipeline. 

Friday 
November 2 

 5:05 p.m. Fire at pipeline self extinguished. 

Sunday 
November 4 

 4:00 p.m. Incident command concluded tactical on-scene activities. 
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Product Information sheets contained in this section have been compiled from the 2008 Emergency Re-
sponse Guidebook and only include the products transported by the operators represented. Information 
contained in these sheets is believed to be up-to-date and correct at the time of printing. The next available 
update to the ERG will be in 2012.

Further product-specific information may be found in the US Department of Transportation (DOT) Emergency 
Response Guidebook for First Responders. The Guidebook is available at http://hazmat.dot.gov/pubs/erg/
gydebook.htm.

Product Information Sheets ....................................................................................................

Friedman_22_Highly volatile liquids information from Emergency Response Guidebook
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f IRE o R ExPlo SIon
• EXTREMELY FLAMMABLE.
• Will be easily ignited by heat, sparks or 

flames
• Will form explosive mixtures with air.
• Vapors from liquefied gas are initially

heavier than air and spread along ground.
 Ca UTIon : Hydrogen (Un1049), 

deuterium (Un1957), Hydrogen, 
refrigerated liquid (Un1966) and 
methane (Un1971) are lighter than air 
and will rise.  Hydrogen and deuterium 
fire  are difficul  to detect since they 
burn with an invisible flame  Use an 
alternate method of detection (thermal 
camera, broom handle, etc.)

• Vapors may travel to source of ignition and 
flash back

• Cylinders exposed to fire may vent and
release flammable gas through pressure
relief devices.

• Containers may explode when heated.
• Ruptured cylinders may rocket.

BUTANE: N-BUTANE, ISO-BUTANE, BUTANE MIX ...................................................................

HEal TH
• Vapors may cause dizziness or 

asphyxiation without warning.
• Some may be irritating if inhaled at high 

concentrations.
• Contact with gas or liquefied gas may

cause burns, severe injury and/or frostbite.
• Fire may produce irritating and/or toxic 

gases.

PUbl IC Saf ETy
• CALL Emergency Response Telephone 

Number on Shipping Paper first  If 
Shipping Paper not available or no 
answer, refer to appropriate telephone 
number listed on the inside back cover.

• As an immediate precautionary measure, 
isolate spill or leak area for at least 100 
meters (330 feet) in all directions.

• Keep unauthorized personnel away.
• Stay upwind.
• Many gases are heavier than air and will 

spread along ground and collect in low 

f IRE
• DO NOT EXTINGUISH A LEAKING GAS 

FIRE UNLESS LEAK CAN BE STOPPED.
 Ca UTIon : Hyd Rog En (Un1049), 

dEUTERIUm (Un1957) and 
Hyd Rog En, REf RIg ERaTEd l IQUId 
(Un1966) bURn w ITH an Inv ISIbl E 
flam E.  Hyd Rog En and mETHan E 
mIxTURE, ComPRESSEd (Un2034) 
may bURn w ITH an Inv ISIbl E flam E.

Small f ire
• Dry chemical or CO2.

l arge f ire
• Water spray or fog.
• Move containers from fire area if you can

do it without risk.
f ire involving Tanks
• Fight fire from maximum distance or

use unmanned hose holders or monitor 
nozzles.

• Cool containers with flooding quantities of
water until well after fire is out

• Do not direct water at source of leak or 
safety devices; icing may occur.

• Withdraw immediately in case of rising 
sound from venting safety devices or 
discoloration of tank.

• ALWAYS stay away from tanks engulfed in 
fire

• For massive fire, use unmanned hose
holders or monitor nozzles; if this is 
impossible, withdraw from area and let fire
burn.

SPIll  o R l Eak
• ELIMINATE all ignition sources (no 

smoking, flares, sparks or flames i
immediate area).

• All equipment used when handling the 
product must be grounded.

• Do not touch or walk through spilled 
material.

• Stop leak if you can do it without risk.
• If possible, turn leaking containers so that 

gas escapes rather than liquid.
• Use water spray to reduce vapors or divert 

vapor cloud drift. Avoid allowing water 
runoff to contact spilled material.

• Do not direct water at spill or source of 
leak.

or confined areas (sewers, basements,
tanks).

• Keep out of low areas.

PRo TECTIvE Clo THIng
• Wear positive pressure self-contained 

breathing apparatus (SCBA).
• Structural firefighter  protective clothing 

will only provide limited protection.
• Always wear thermal protective clothing 

when handling refrigerated/cryogenic 
liquids.

Eva CUaTIon
l arge Spill
• Consider initial downwind evacuation for at 

least 800 meters (1/2 mile).
f ire
• If tank, rail car or tank truck is involved 

in a fire, ISOL TE for 1600 meters (1 
mile) in all directions; also, consider initial 
evacuation for 1600 meters (1 mile) in all 
directions.

Po TEnTIal  Haza RdS

EmERg EnCy RESPon SE
• Prevent spreading of vapors through 

sewers, ventilation systems and confined
areas.

• Isolate area until gas has dispersed.
 Ca UTIon : w hen in contact with 

refrigerated/cryogenic liquids, many 
materials become brittle and are likely 
to break without warning.

f IRST a Id
• Move victim to fresh air.
• Call 911 or emergency medical service.
• Give artificial respiration if victim is not

breathing.
• Administer oxygen if breathing is difficult
• Remove and isolate contaminated clothing 

and shoes.
• Clothing frozen to the skin should be 

thawed before being removed.
• In case of contact with liquefied gas, thaw

frosted parts with lukewarm water.
• In case of burns, immediately cool affected 

skin for as long as possible with cold water.  
Do not remove clothing if adhering to skin.

• Keep victim warm and quiet.
• Ensure that medical personnel are aware 

of the material(s) involved and take 
precautions to protect themselves.

do T  g UIdEbook  Id #: g UIdE #:
 1075 115

CHEmICal  nam ES:
N-BUTANE:    
• “Normal” Butane   
• Butyl Hydride   
• LP Gas 
• LPG
• Liquefied Butan    
ISO-BUTANE:
• 2-Methylpropane
• “Iso”
________________________________

CHEmICal  f amIl y:
Petroleum Hydrocarbon, Aliphatic Hy-
drocarbon, Alkane, Paraffi
________________________________

ComPon EnTS:
Butane:  n-Butane, Iso-Butane, Pro-
pane, Butylenes, Pentane and heavier 
Hydrocarbons Iso-Butane: Iso-Butane, 
n-Butane, Propane, Butylenes
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f IRE o R ExPlo SIon
• EXTREMELY FLAMMABLE
• Will be easily ignited by heat, sparks or

flames
• Will form explosive mixtures with air.
• Vapors from liquefied gas are initially

heavier than air and spread along ground.
Ca UTIon : Hydrogen (Un1049), 
deuterium (Un1957), Hydrogen, 
refrigerated liquid (Un1966) and methane 
(Un1971) are lighter than air and will 
rise.  Hydrogen and Deuterium fire  are 
difficul  to detect since they burn with an 
invisible flame  Use an alternate method 
of detection (thermal camera, broom 
handle, etc.)

• Vapors may travel to source of ignition and
flash back

• Cylinders exposed to fire may vent and
release flammable gas through pressure
relief devices.

• Containers may explode when heated.
• Ruptured cylinders may rocket.

.............................................................................................................................. ETHANE

HEal TH
• Vapors may cause dizziness or

asphyxiation without warning.
• Some may be irritating if inhaled at high

concentrations.
• Contact with gas or liquefied gas ma

cause burns, severe injury and/or frostbite.
• Fire may produce irritating and/or toxic

gases.

PUbl IC Saf ETy
• CALL Emergency Response Telephone

Number on Shipping Paper first  If
Shipping Paper not available or no
answer, refer to appropriate telephone
number listed on the inside back cover.

• As an immediate precautionary measure,
isolate spill or leak area for at least 100
meters (330 feet) in all directions.

• Keep unauthorized personnel away.
• Stay upwind.
• Many gases are heavier than air and will

spread along ground and collect in low

f IRE
• DO NOT EXTINGUISH A LEAKING GAS

f IRE Unl ESS l Eak  Can  bE STo PPEd.
Ca UTIon : Hydrogen (Un1049),
deuterium (Un1957) and Hydrogen,
refrigerated liquid (Un1966) burn with
an invisible flame   Hydrogen and
methane mixture, compressed (Un2034)
may burn with an invisible flame

Small f ire
• Dry chemical or CO2.

l arge f ire
• Water spray or fog.
• Move containers from fire area if you ca

do it without risk.

f ire involving Tanks
• Fight fire from maximum distance o

use unmanned hose holders or monitor
nozzles.

• Cool containers with flooding quantities o
water until well after fire is out

• Do not direct water at source of leak or
safety devices; icing may occur.

• Withdraw immediately in case of rising
sound from venting safety devices or
discoloration of tank.

• ALWAYS stay away from tanks engulfed in
fire

• For massive fire, use unmanned hos
holders or monitor nozzles; if this is
impossible, withdraw from area and let fir
burn.

SPIll  o R l Eak
• ELIMINATE all ignition sources (no

smoking, flares, sparks or flames 
immediate area).

• All equipment used when handling the
product must be grounded.

• Do not touch or walk through spilled
material.

• Stop leak if you can do it without risk.
• If possible, turn leaking containers so that

gas escapes rather than liquid.
• Use water spray to reduce vapors or divert

vapor cloud drift. Avoid allowing water
runoff to contact spilled material.

• Do not direct water at spill or source of
leak.

• Prevent spreading of vapors through

or confined areas (sewers, basements,
tanks).

• Keep out of low areas.

PRo TECTIvE Clo THIng
• Wear positive pressure self-contained

breathing apparatus (SCBA).
• Structural firefighter  protective clothing

will only provide limited protection.
• Always wear thermal protective clothing

when handling refrigerated/cryogenic
liquids.

Eva CUaTIon
l arge Spill
• Consider initial downwind evacuation for at

least 800 meters (1/2 mile).
f ire
• If tank, rail car or tank truck is involved

in a fire, ISOL TE for 1600 meters (1
mile) in all directions; also, consider initial
evacuation for 1600 meters (1 mile) in all
directions.

Po TEnTIal  Haza RdS

EmERg EnCy RESPon SE
sewers, ventilation systems and confined
areas.

• Isolate area until gas has dispersed.
Ca UTIon : w hen in contact with
refrigerated/cryogenic liquids, many
materials become brittle and are likely
to break without warning.

f IRST a Id
• Move victim to fresh air.
• Call 911 or emergency medical service.
• Give artificial respiration if victim is no

breathing.
• Administer oxygen if breathing is difficult
• Remove and isolate contaminated clothing

and shoes.
• Clothing frozen to the skin should be

thawed before being removed.
• In case of contact with liquefied gas, tha

frosted parts with lukewarm water.
• In case of burns, immediately cool affected

skin for as long as possible with cold water.
Do not remove clothing if adhering to skin.

• Keep victim warm and quiet.
• Ensure that medical personnel are aware

of the material(s) involved and take
precautions to protect themselves.

do T  g UIdEbook  Id #: g UIdE #:
1035 115

CHEmICal  nam ES:
• Ethane
• Bimethyl
• Dimethyl
• Methyl Methane
• Ethyl Hydride
________________________________

CHEmICal  f amIl y:
Petroleum Hydrocarbon, Aliphatic 
Hydrocarbon, Paraffin, Alkane
________________________________

ComPon EnTS:
Ethane, Methane, Carbon Dioxide, 
Propane, Propylene, Ethylene,
Iso-Butane, n-Butane, Higher 
Hydrocarbons
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f IRE o R ExPlo SIon
• EXTREMELY FLAMMABLE..
• Will be easily ignited by heat, sparks or 

flames
• Will form explosive mixtures with air.
• Vapors from liquefied gas are initially

heavier than air and spread along ground.
 Ca UTIon : Hydrogen (Un1049), 

deuterium (Un1957), Hydrogen, 
refrigerated liquid (Un1966) and 
methane (Un1971) are lighter than air 
and will rise.  Hydrogen and deuterium 
fire  are difficul  to detect since they 
burn with an invisible flame  Use an 
alternate method of detection (thermal 
camera, broom handle, etc.)

• Vapors may travel to source of ignition and 
flash back

• Cylinders exposed to fire may vent and
release flammable gas through pressure
relief devices.

• Containers may explode when heated.
• Ruptured cylinders may rocket.

............................................................................................................................ PROPANE

HEal TH
• Vapors may cause dizziness or 

asphyxiation without warning.
• Some may be irritating if inhaled at high 

concentrations.
• Contact with gas or liquefied gas may

cause burns, severe injury and/or frostbite.
• Fire may produce irritating and/or toxic 

gases.

PUbl IC Saf ETy
• CALL Emergency Response Telephone 

Number on Shipping Paper first  If 
Shipping Paper not available or no 
answer, refer to appropriate telephone 
number listed on the inside back cover.

• As an immediate precautionary measure, 
isolate spill or leak area for at least 100 
meters (330 feet) in all directions.

• Keep unauthorized personnel away.
• Stay upwind.
• Many gases are heavier than air and will 

spread along ground and collect in low 

f IRE
• DO NOT EXTINGUISH A LEAKING GAS 

f IRE Unl ESS l Eak  Can  bE STo PPEd.
 Ca UTIon : Hydrogen (Un1049), 

deuterium (Un1957) and Hydrogen, 
refrigerated liquid (Un1966) burn with 
an invisible flame   Hydrogen and 
methane mixture, compressed (Un2034) 
may burn with an invisible flame

Small f ire
• Dry chemical or CO2.

l arge f ire
• Water spray or fog.
• Move containers from fire area if you can

do it without risk.

f ire involving Tanks
• Fight fire from maximum distance or

use unmanned hose holders or monitor 
nozzles.

• Cool containers with flooding quantities of
water until well after fire is out

• Do not direct water at source of leak or 
safety devices; icing may occur.

• Withdraw immediately in case of rising 
sound from venting safety devices or 
discoloration of tank.

• ALWAYS stay away from tanks engulfed in 
fire

• For massive fire, use unmanned hose
holders or monitor nozzles; if this is 
impossible, withdraw from area and let fire

SPIll  o R l Eak
• ELIMINATE all ignition sources (no 

smoking, flares, sparks or flames i
immediate area).

• All equipment used when handling the 
product must be grounded.

• Do not touch or walk through spilled 
material.

• Stop leak if you can do it without risk.
• If possible, turn leaking containers so that 

gas escapes rather than liquid.
• Use water spray to reduce vapors or divert 

vapor cloud drift. Avoid allowing water 
runoff to contact spilled material.

• Do not direct water at spill or source of 
leak.

or confined areas (sewers, basements,
tanks).

• Keep out of low areas.

PRo TECTIvE Clo THIng
• Wear positive pressure self-contained 

breathing apparatus (SCBA).
• Structural firefighter  protective clothing 

will only provide limited protection.
• Always wear thermal protective clothing 

when handling refrigerated/cryogenic 
liquids.

Eva CUaTIon
l arge Spill
• Consider initial downwind evacuation for at 

least 800 meters (1/2 mile).
f ire
• If tank, rail car or tank truck is involved 

in a fire, ISOL TE for 1600 meters (1 
mile) in all directions; also, consider initial 
evacuation for 1600 meters (1 mile) in all 
directions.

Po TEnTIal  Haza RdS

EmERg EnCy RESPon SE
• Prevent spreading of vapors through 

sewers, ventilation systems and confined
areas.

• Isolate area until gas has dispersed.
 Ca UTIon : w hen in contact with 

refrigerated/cryogenic liquids, many 
materials become brittle and are likely 
to break without warning.

f IRST a Id
• Move victim to fresh air.
• Call 911 or emergency medical service.
• Give artificial respiration if victim is not

breathing.
• Administer oxygen if breathing is difficult
• Remove and isolate contaminated clothing 

and shoes.
• Clothing frozen to the skin should be 

thawed before being removed.
• In case of contact with liquefied gas, thaw

frosted parts with lukewarm water.
• In case of burns, immediately cool affected 

skin for as long as possible with cold water.  
Do not remove clothing if adhering to skin.

• Keep victim warm and quiet.
• Ensure that medical personnel are aware 

of the material(s) involved and take 
precautions to protect themselves.

do T  g UIdEbook  Id #: g UIdE #:
 1075 115

CHEmICal  nam ES:
• Propane
• Propyl Hydride
• Dimethylmethane
• LP Gas
• LPG
• Liquefied Petroleum Ga
• Commercial-Grade Liquefied Propane
• “P-Rich Furnace Feed”
________________________________

CHEmICal  f amIl y:
Petroleum Hydrocarbon, Aliphatic 
Hydrocarbon, Paraffin, Alkane
________________________________

ComPon EnTS:
Propane Propylene
Butane Iso-Butane
Ethane Ethyl Mercaptan
Sulfur
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