
. SECTION 6 
SAFETY PROBLEMS 

In the two previous sections reviews were made of historical  data 
(OPSO and NTSB reports)  and of systems analytic techniques ( f au l t  t r e e  
analysis)  as they re la te  t o  d is t r ibut ion pipeline system safety.  
section,eight specif ic  safety problems a r e  ident i f ied  and discussed. 
These topics can be categorized under three main headings according t o  
which phase of loss of system control i s  considered: 

In this 

A.  Prevention 
1.  
2. Corrosion 
3 .  Damage by outside forces 
4. P las t i c  piping 

5 .  Odorization 

Assessment o f  pipe1 ine conditions 

6. Detection 

C. CorrectionlMitigation 
6. Emergency plans 
7 .  Valving and rapid shutdown 

The eighth topic,  Master Metering, does not f a l l  within any of the above. 

from the system, in the manner shown in Figure 6-1. 
o f  the three necessary conditions ex i s t s  for an undesired event, such as f i r e  
or  explosion. 
not normally found w i t h i n  the confines of the dis t r ibut ion p i p i n g  system. 

o f  system design parameters: 

The seven problem areas a r e  a l l  connected w i t h  leakage, o r  loss of gas 
Once leakage occurs one 

The other two, presence o f  oxygen and a source of ignit ion,  a re  

Failures t h a t  r esu l t  in escape o f  gas can a l so  be c lass i f i ed  in terms 
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Type I - Failures experienced while the system i s  
functioning w i t h i n  i t s  designed operational and environ- 
mental parameters. 
as from corrosion, decomposition due t o  aging, mechanical 
wear, e tc .  

These a r e  usually due t o  deteriorat ion,  

Type I1 - Failures caused when one o r  more operational 
or environmental parameters 'exceeds system design values . 
Examples here a r e  pipewall rupture due t o  excess internal 
gas pressure, external forces o r  l oad ings  caused by earth 

subsidence, earthquake, nearby explosions earth-moving 
machines, e t c .  

Type I fa i lu res  generally indicate a degradation of the condition of a 
system from i t s  original "as-new" s t a t e .  
not always simple t o  identify.  
inadequacies of design, poor construction practices,  insuff ic ient  maintenance 
procedures, as well as ac t s  of man and nature. 

The origin of Type I1 fa i lu res  is  
Among the many possible causes are  original 

6.1 ASSESSMENT OF PIPELINES 
Pipeline assessment and leak surveys address the major problem of gas 

systems, tha t  of leakage and potential leakage points. 
large amount of ongoing research a n d  technique improvement being performed 
i n  t h i s  area. 
f a c i l i t i e s .  Gas companies on an individual basis ,  and col lec t ively  th rough  
the AGA, are investigating new equipment and  improvements in operations and  
techniques. 
manufacturing companies and companies involved i n  survey service t o  the gas  
u t i l i t i e s .  The purpose o f  t h i s  section i s  t o  br ief ly  note the equipment and 

techniques currently used by the gas industry a n d  t o  discuss the application 
o f  nondestructive tes t ing and new developments for pipeline evaluation. The 
main topics include pipe location,  leak detection, pipeline measurements 
procedures, nondestructive t es t ing ,  and new equipiiient and procedures. 

There i s  a re la t ively  

Basic research i s  performed by i n s t i t u t e s  and educational 

Inspection equipment i s  being developed and improved by supplier 
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6.1.1 P i p e  ,Location 

a r e  often used by gas companies t o  update maps, reduce excavation damage, 
o r  as  a preliminary step fo r  subsequent pipe inspections. 
o f  the industry i s  the metal locator ,  b u t  recently a new radar method has 
been devel oped. 

Metal locators u t i l i z e  a radio frequency transmitted to  the under- 
ground pipeline and a receiver t o  pick up  the signal from the pipeline t o  
determine the location. They a re  used i n  inductive and conductive modes 
and  can also determine pipe depth. They a re  limited t o  finding metallic 
items and applicable t o  e lec t r i ca l ly  continuous pipelines. 

The radar method uses signal pulses directed downward as an antenna 
u n i t  i s  moved over the area of i n t e r e s t .  When part  of the pulses are re- 
flected back t o  the antenna from underground objects ,  the signal travel time 
is  converted t o  a depth scale.  
the underground features b u t  many including cas t  i ron,  s t e e l ,  
copper, clay,  or  p las t i c  pipe, cables and conduit i n  additional t o  bedrock 
boulders, voids, and pavement thickness can be pinpointed or determined. 
The units are re la t ively  new and t he i r  development and use a re  being 
furthered by the Columbia Gas System and Geophysical Survey Systems, Inc. 

Pipe locators,  while they do not const i tu te  an assessment method, 

The mainstay 

These signals must be interpreted t o  denote 

6.1.2 Leak Detection 

a number o f  methods including vegetation surveys, gas and sound detectors,  
and odorization equipment and instruments. 

A vegetation survey denotes gas leakage by i t s  e f fec t  on vegetation. 
Natural gas removes oxygen and water from the soi l  which over a period of 
time resul ts  in withered or stunted grass,  t r ees  o r  shrubbery. The method 
i s  f a s t ,  economical, e f f i c i en t ,  and requires no instruments, b u t  i s  limited 
t o  certain seasons and areas where suf f ic ien t  Vegetation ex i s t s .  I t  r e l i es  
heavily on the perception and experience of the individual conducting the 
survey. 

Leak detection i s  performed as a normal operation by gas systems, . ,  using 
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The gas detectors t h a t  a r e  used t o  denote concentrations of methane 
i n  a i r  include 'hydrogen flame ionization units, combustible gas detectors 
and infrared units.  
capable o f  detecting methane concentrations of a few par t s  per mill ion. 
They a r e  most applicable f o r  over- the-line surveys t o  detect  leakage i n  
t race  amounts b u t  the process i s  not conducive t o  detection o f  large 
concentrations of methane. Very small hand-held units a re  available fo r  
use i n  walking surveys and some u n i t s  have been ins ta l led  i n  vehicles with 
external probes f o r  mobile operation. 
s ens i t iv i ty  and use as flame ionization uni ts  except f o r  por tab i l i ty .  
Generally the units are  heavier and more de l ica te  so t h e i r  use, 
primarily i n  mobile survey uni t s ,  is  i n  a stage o f  being phased out and 
replaced by flame ionization units. 

Combustible gas indicators de tec t  gas i n  a i r  as a percent of volume 
They a r e  small, portable, and generally have two sca les ;  one for gas percent 
of Lower Explosive L i m i t  (0  t o  5% gas i n  a i r )  and the other fo r  to ta l  gas  
by volume (0  t o  100%). 
spaces such as building areas ,  valve boxes, and manholes or can be used t o  
p i n p o i n t  leak ' locat ions through the barhole technique. 

Flame ionization units a r e  very sens i t ive  and a re  

Infrared units have about the same 

which was 

The equipment i s  most applicable fo r  checking confined 

Sound 
escaping t o  
sonic waves 

detectors amplify or convert the sound waves propagated by g a s  
eas i ly  heard audible s ignals  s ignals .  
and units which convert ultrasonic waves a re  available.  The 

Units capable o f  amplifying 

units a re  good fo r  above ground s t ruc tures  b u t  not applicable t o  underground 
gas pi pel ines . 

which determine the level o r  concentration of odorant i n  a gas stream. 
Problems of the odorant additives themselves and t h e i r  lessened effectiveness 
due t o  reactions w i t h  so i l  o r  p i p e  a r e  discussed l a t e r  i n  t h i s  report .  
Odorizing agents a re  required t o  be added t o  gas in d is t r ibut ion  systems 
so  tha t  the gas i s  detectable a t  1/5 of the L E L .  Methods to  verify t h i s  

The techniques regarding odorization discussed here a re  instruments 
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requirement include the use o f  an odorometer and other equipment which 
measures the concentration of odorizing agents i n  the gas stream. 
These l a t t e r  u n i t s  include t i t r a t o r s  and the Odotron. 

The odorometer i s  a combustible gas indicator which mixes varying 
amounts of the gas stream w i t h  a i r .  
unti l  a noticeable gas smell i s  observed. The instrument i s  then used 
t o  determine the volume o f  gas i n  a i r .  
they rely on the sense of  smell of the operator. 

gas stream. 
s u l p h u r  forms by the use o f  f i l t e r s  and separate t i t r a t o r s .  
sulphur contents a r e  then equated t o  the regulation requirements by data 
which shows that  a certain concentration o f  sulphur o r  sulphur compounds 
allows the gas t o  be detected by smell a t  1/5 o f  the LEL o r  below. 

a piece o f  equipment developed by a j o i n t  e f fo r t  of  Heath, the In s t i t u t e  of 
Gas Technology and the AGA. 
the sulphur compounds tha t  contribute t o  the odor of natural gas. 
o f  the equipment i s  a chart recording prof i le  of each odo ran t  constituent with 
the area under each curve proportional t o  the amount o f  s u l p h u r  present. 
T h i s  can be related to  odor in tensi ty  on the average human nose by background 
data on odoran t  sense t e s t s .  

The mixture i s  sniffed by the operator 

Although portable and easy t o  use, 

Tr i t ra to rs  verify tha t  the proper concentration of odorant i s  in the 
They can determine the to ta l  sulphur content o r  specif ic  

The known 

The Odotron i s  a registered trademark o f  Heath Consultants Inc. for  

I t  i s  a gas chromatograph which responds t o  
The o u t p u t  

6.1.3 In-P1 ace Pi pel i ne Measurements 
A number of in-place measurements of pipeline parameters are  available 

and used by u t i l i t i e s .  The degree o f  access. t o  the pipeline; - no access, 
external access or internal access - often determines whether and when the 
techniques will be used. Topics discussed here include e lec t r i ca l  measure- 
ments , coating inspection, wall thickness and  flaw indicators,  pressure 
tes t ing and borescopes. 
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Pipeline Electrical Measurements 

The suscept ib i l i ty  t o  and occurrence o f  this type corrosion can and i s  
defined or controlled by e lec t r i ca l  measurements such as so i l  r e s i s t i v i t y ,  
pipe-to-soil potential and l i ne  currents.  

Low soi l  r e s i s t i v i t i e s  are conducive t o  corrosion due t o  eas ier  
electron flow. The soil r e s i s t i v i t y  can be calculated by measuring the 
current flow and voltage drop over a specified section of ear th ,  b u t  
generally, portable instruments such as a Vibroground are used. 

Pipe-to-soil potential i s  a term used t o  s ignify the e lec t r i ca l  
potential between a pipeline and a copper su l fa te  electrode i n  contact 
w i t h  the so i l .  
and areas of damaging s t ray currents.  I t  i s  possible t o  use a connection 
a t  one point on the pipeline and use long t e s t  wires i n  order t o  move the 
electrode a t  intervals  over the pipeline t o  obtain readings. 
method i s  t o  obtain a reading between pipeline and a reference electrode 
a t  one point and then use a second electrode t o  obtain a reading between 
the two electrodes. 
pipeline and polar i t ies  and voltage magnitudes a re  noted. 
both these methods are often plotted on a g raph  with potential as the 
ordinate versus pipeline length as  the abcissa. 
frog method may give erroneous readings where pipe joints have impaired 
conductivity. 

long e lec t r i ca l ly  continuous pipelines. 
calculating the current flowing along a pipeline,  using voltage drop measure- 
ments between t e s t  leads on the pipe and nominal pipeline resistance obtained 
from published resistance tables .  

A majority o f  pipeline leaks a r e  due t o  galvanic action corrosion. 

Measured potentials  can be used t o  determine "hot spots" 

A second 

The two electrodes t h e n  a r e  leap-frogged along the 
The resul ts  from 

The two electrode leap- 

Line current measurements a r e  applicable t o  large corrosion areas on 
This i s  an approximate method of  

Coating Inspection 
Coating inspections a re  made t o  locate holidays or holes i n  coatings 

where corrosion i s  l i ab le  t o  occur. One method i s  the Pearson Technique where- 
in an audiofrequency current i s  induced in to  the pipeline. Two men wearing 

._ . 
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conductive shoe c lea t s  that  a re  connected e l ec t r i c a l l y  to  an audio 
receiver then walk i n  tandem over the  pipeline.  
receiver which gives a signal when a holiday i s  encountered. 
25 foot  separation i s  maintained between the men, and the e lec t r i ca l  
connection between the two i s  a single insulated wire conductor. 
Holiday pinpointing i s  done by shortening the distance between the men 
or moving one man off t o  the s ide  of the pipe. 

Another holiday locator operates on a principle similar  t o  metal 
locators. A s i g n a l  i s  induced onto the pipeline and will be siphoned off 
a t  coating fau l t s .  A man walks along the pipeline w i t h  a receiver and  
notes locations where the received signal strength i s  abruptly reduced. 
These areas indicate an e l ec t r i c a l l y  conductive s p o t  between pipe and so i l  
such as a coating fau l t  o r  g round ing .  The units  are  portable b u t  require 
considerable knowledge o f  the pipeline and in terpre ta t ion by the operator. 

One man ca r r ies  the 
A 20 t o  

Wall Thickness and Flaw Indicators 
Wall thickness and flaw indicators require as a minimum, access t o  

e i t he r  the internal o r  external wall of the pipe. The external wall requires 
pipe excavation while internal access requires excavation and opening of the 
pipe . 

course t o  locate corrosion or deter iora t ion.  Also, p i t  gages o r  mechanical 
measuring tools are  often used t o  note the depth and s i ze  of corrosion 
which has occurred. 

units based on ultrasonic and eddy current principles.  
can use cleaned areas of the internal  or external wall while the eddy current 
instrument generally uses the internal  wall. The ultrasonic equipment used 
most i s  the pulse-echo niethod where the transducer induced pulse i s  reflected 
back t o  the same transducer from flaws o r  in terfaces .  Both flaws and thick- 
ness can be determined. 

Once excavated, pipes a r e  visually examined almost as a matter of 

Instruments available t o  check wall thickness or  degradation include 
The ultrasonic units 

The pulse amplitude assesses the vo id  and  time 

6-8 



between pulses determines i t s  depth. 
s t i l l  in use. 
s9 tha t  propagated and reflected signals a re  i n  phase. 
require two separate transducers, they a re  slower i n  operation t h a n  
pulse-echo types , and are  more applicable t o  thickness (corrosion depth) 
measurements. The eddy current u n i t s  can detect  cracks, seams, laps and 
changes in metal s tructures.  Changes i n  impedance a re  recorded during 
inspection and compared t o  the resu l t s  from a t e s t  standard t o  determine 
the defect or  wall thinning in the pipe under inspection. 

Ultrasonic resonance units are a lso  
Flaws are determined w i t h  these units  by t u n i n g  the signal 

The units do 

Pressure Testing 
Pressure tes t ing by e i the r  hydrostatic o r  gas  pressurizing i s  much 

used i n  the gas  industry. 
more i n  d is t r ibut ion systems because the pressures are  f a i r l y  low and no 
dry out a f t e r  tes t ing i s  required. In t h i s  method a pressure a t  some value 
above normal operating pressure is  applied t o  a sealed segment o f  the pipe- 
l i ne .  
o r  application of bubble tes t ing solutions.  

The gas pressurizing method i s  probably used 

Sources of leaks a re  found by pressure decay methods, sonic detectors,  

Borescopes 

pipeing. 
mirrors and lenses t o  transmit the image. 
which i s  a somewhat f lexible  inspection device since f i be r  opt ic  bundles 
a re  used t o  transinit the image. 
on visual acuity o f  the observer and  a re  usually limited in length t o  
about 30 f ee t  for  borescopes and 10 f ee t  fo r  fiberscopes. 

Borescopes can be used t o  aid v i sua l  inspection of the in te r io r  of 

A fiberscope i s  also available 
The s t a n d a r d  borescope i s  a r ig id  tube w i t h  an arrangement of  

These units  are easy t o  use b u t  depend 
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6.1.4 Documentation and Procedures 
The daily operations of a gas u t i l i t y  r e su l t  i n  the collect ion of 

information and data useful f o r  assessing and making decisions concerning 
the safety aspects of the system. 
used by most gas  companies. 
surrounding environment of the pipe and the repair  made. 
summaries of leak reports over many years often allow specif ic  pipeline 
segments t o  be identif ied as leakage prone, and can aid i n  repair/replace 
and maintenance decisions. Maps, i n  addi t ion -to  defining the physical lay- 
out of a pipeline system, i t s  components, s i zes ,  and materials can also be 
used as the summarizing medium of leak reports.  All leaks and repairs  made 
can be noted on maps fo r  a concise view of events and occurrences i n  the 
underground plant .  
locations t o  reduce outside force d i g- u p s ,  and component location during 
emergencies. 

Leak reports  and mapping are universally 
Leak reports convey data on leak causes, 

Collection and 

The maps a lso  a r e  important f o r  leak surveys, denoting 

6.1.5 Nondestructive Testing 

without destroying them has advanced the a b i l i t y  t o  detect  inhomogeneities, 
d iscont inui t ies ,  and thicknesses of in-use p i p i n g .  
section i s  t o  present a very brief description of nondestructive tes t ing 
methods and t h e i r  application t o  in-place evaluation of pipelines. 
6-1 iden t i f i es  the methods and presents comparative information on the 
principles of operation, 
f i ca t ions ,  advantages and disadvantages. 
below to  notei ' ts  operation, main capabil i ty, .  greates t  deficiency and best 
application t o  pipe1 ine assessment. 

The development of testing methods fo r  materials ,  parts  and assemblies 

The  purpose of t h i s  

Table 

properties sensed, use and the more notable  qua ' l i -  
Also, each method is  discussed 

U1 t rasonic 
Ultrasonic tes t ing uses the transmission and ref lec t ion o f  u l t r a -  

The  sound waves used are  above the upper l imi t  of the human ear 
sonic sound waves th rough  an item t o  detect  e i t he r  subsurface or surface 
flaws. 
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P R O P E R I I Z S  
SENSED OR 
M E A S U R E D  

' P RINCIP LE 1 0PE:;TICIN 

T Y P I C A L  U S E  D I S T X I B U T I O N  
S Y S T E M  

MATERTALS 
A P P  L I C A T I O N  

A N D  FLAWS 
D E T E C T E D  

V L T R A S O N l ~  l n w o c e d  Lnto Impedance. 
aacple. Waver 
are reflected or 
scattered bv dls- 

vlhratlons above 
20.030 cps are 

lrrepclcrltler 
b a c m s u c  

Detection end 
locatlon 0: flaws. 
Cenotea cracks, 
and poss!b;y plts, 
os  related to 
occurenco of plastlc 
dafma t ions .  I 

Any eolld medium 
with rracro-crackf 
cnd frequency 
hansm:sslon 
chamcterfotlcs. 

Variations In thlck- 
nesa, density, or 
com?osltion of test 
sample. 

Thickness m a s u m -  Any COnUnuwa 
ment. Demte r  medium. 
cavities,  volds, 
cmc;ts, poroelty, non- 
metllllc Lncluslons. 
and fcrclpn particles. . 
Surface ~2 a u b s d a c e  
flswa. 

Materlcl pmpertles. 
Denotes surface 
flnlsh, dlsccntln- 
ul::es, cracks, seams, 
103s of material, and 
naterlal lrregularltles . 
surfaco t h w s  to 1/40 

Metalllc only. 
BeBt fur non- 
ferrous metals. 

Matcrlal pro;lerties. 
Denotes dlsbonds, 
delanlnat lon~.  cmckr. 
voids, changes In 

Any contlnucur 
aolld. Umlted 
by georneby. 

Table 6-1 NDT Method Evaluation 

I X T E R P R E T A T I O E  
I.: M I T A T I  0 N S 

A N D  
OPERATOR 
SKILLS 

R E O  VI R E  3 

S P E C I A L .  
C O N S I D E R-  

A T I O N S  
A D V A N  TXCE S D I S A D V A S T A G E S  

R E Q  U I R E bl E NT S 
I I I I 
I I I h 

Conrlderzble inter- 
pretation of results 
requucd. Slzo and 
sevrrlty of flaws 
obmlnuble by data 
reduction a com- 
parison to known 
dah .  

Hlqh exper!cnce 
and technlca! 
knowledqe level 
necdcd for obcalr.!ng 
good results. and 
to Interpre: slgnala. 

Thlckner3 measure- h n ~  continuous. 
ment. Dcnctcs cracks med1u:n wit\ 
pl t i ,  dlscon'jnuitles, frequency 
pctos:r/. ond dehrnl- t~unsn l s s lon  . 
natlons. Surface and i charsctcristiea. 

Access to one 
wal! remked.  
Couvllr.i t a n s -  
ducer t o  t e s t  
Iten. 

cood senrClvity. 
h'eeds access  to 
only one rlde. 
Flaw s h e  rr.d 
depth accurately 
dr:em.L?ed. 
Peraxanent 
rrcjrd. 

I I I I 
I I I I 

- ~- 

Nominal experience 
for fleld testbq. 
Experience r q u k e d  
for 2Jta reductlon. 

GcQd survay 
t e c k l w e .  
t n u m u c n  of 
plpe ray not 
!m reqxl-ed. 

Test Item f s  
aaessed.  Flaws 
emlt measurable 
freqJenc/ 
emlsalon. 

Wave f m s  from a 
crack undergolnq 
plastic deformation. 

Data reduction neada 
to rcsolvo locatlon 
and severity of flaw. 
Does not ln&cate 
slze of flaw. 

ACOUSTIC 
E M I S S I O N  

Safety due 
to radla3on 
hazards. 

lndicatea location 
and 6 k o  of flaw and 
sppmximattxrs of 
severity. r l l m  
conparison to  know 
referonce films 
reqdrcd tO'CSSeS8 
severity. 

Experience required 
for operatlon end 
testlnq methods. 
Hlgh exper!enco 
agd technical 
knCw:eage level 
rwuLrad to 
inteqxot f i lms .  

Pcaemun9 my. 
as  X-my or G a m m a  
are annsmlned 
th.-ough sample. 

dlicon'h.ulSes are  
recoded on f l l m  rn 
'As ot5er slde d 
the rample. , 

s>.¶adoxs caused by 

:AD;OG RAP RY 
X- RAY 6 

G A M K A  RAY 

A-C coll lnduces 
Ilelds and current 
In two samples. 
Analysls of currenb 
lndlcates physlcal 
WSerences. 

Varlatlons In 
e l a m c a l  conduct- 
ivity a nwgnetlc 
permeeblllty. 

Ind!catea locatlon 

Type of flaw detar- 
mined from data 
reductLon. 
Autorntlc compafisoi 
to known sample. 

and s h e  Of f h V .  
Nomlnnl experlenca 
fm oporatlon of 
w d p n e n t .  
Dcporicnce requl-ed 
for data reducton. 

EDDY 
C U R R E N T  

. I '  I deep. . ' 
~~ 

Highly expericnced 
personnel not 
requlred. 

VlhtlOnS h1OW 
20 ,000  c p s  are 
ln t rduced Ls:o 
sample. Waves 
are sa::ered, 
reflected, or 
attenua:ed by 
d1scentlnul:les 
and transmlned by 
qood tes t  sample'. 

Irreqular condIUonr 
ln low frequency 
acoustlc lmpedance 
0: m a a l  modes of 
VI bra con. 

Locates flaws. Sire 
and severity not 
detemined. Somo 
d n r  reduction 
requfred. 

' S O N I C  

Ind1cat;c locatlon, 
s l r e  and severlw of 
flaws. Data reductic 
rWJirCS expcrlence ( 
cwparlson to known 
data files. 

Good sens1tlvlry 
to  flews End p m .  
D1scriXnc:sr 
beween  r,;es o! 
Paws. Pemaaent 
record. 

Material lmegularitles. 
Denotes cracks, 5e:ms 
laps, mlds ,  poroslty, flux at  the  mrface 

Maqnetlc fleld VarlaUonr In 
tnduced lnto test magnetic field 
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response which corresponds roughly t o  20 KHz. 
t o  1 MHz range are  commonly used. 
f o r  smaller flaws since they correspond to  shorter  wave lengths. 
sonics can be used i n  three def in i t e  modes; the pulse-echo, the resonance 
technique, and the through-transmi ssion method. Of these , the pul se-echo 
technique i s  more applicable to  pipelines since i t  requires only one trans- 
ducer and access t o  only one side .of the pipe wall. 

Ultrasonic methods have the capabil i ty to  determine the s i ze  and 
depth of many types of flaws, both surface and subsurface, i n  many types 
of materials.  They do require access t o  a smooth clean area on the pipe 
wall and a coupling medium of  transducer t o  pipe. Care must be taken in 
use t o  cover a l l  areas of  the pipe since flaws can be missed i f  the trans- 
ducer is  not placed di rect ly  over the flaw. 
fo r  assessment of pipelines because detected flaws can be ident i f ied  
suf f ic ien t ly  t o  determine t h e i r  potential hazard.  

Frequencies i n  the 100 KHz 
Higher frequencies provide resolution 

Ultra- 

They have excellent poss ib i l i t i e s  

Acoustic Emission 
Acoustic emission resu l t s  from energy released as a material i s  

stressed and undergoes deformation and fracture.  
i n  wave form t h r o u g h  the material and can be detected by sensi t ive  trans- 
ducers. 

This energy propagates 

Fatigue cracks and weld cracks have been located w i t h  t h i s  method. 
The severi ty of the flaws are  noted by monitoring thera te  and in tensi ty  of 
pulses, which increase w i t h  the ra te  of crack growth and extent of the 
crack. 
ar r ival  of the emission signal a t  two locations on the pipeline. 

severi ty of flaws in buried pipelines without requiring major excavations. 
I t  does n o t  permit determination of flaw s i ze ,  nor  has i t  ye t  been applied 
t o  a l l  types of flaws. I t  i s  a good survey tool for  pipelines t o  locate 
areas needing fur ther  investigation t o  eliminate potential problems. 

Flaw locations a re  determined by measuring the re la t ive  time of 

The acoustic emission method can locate and determine the approximate 
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Radiography 

construction. 
a radiation source on the other side.  Differences i n  attenuation of the 
radiation due t o  voids, cav i t i es  or thicknesses cause varying degrees of 
film exposure which can be interpreted by trained individuals. 
to  known data f i l e  radiographs fo r  flaw assessment i s  often needed. 
graphy can locate,  identify and determine the s i ze  of defects b u t  narrow 
cracks are d i f f i c u l t  t o  detect  and i t  may not denote the significance of 
the defects with respect t o  serviceabi l i ty .  I t  does require exposure of 
the pipe so i t  i s  best suited t o  construction inspection and special con- 
di t ions  with regards t o  pipelines. 

Radiography i s  commonly used fo r  weld inspections during new pipeline 
Basically, a film i s  placed on one side of  the pipe wall and 

Reference 
Radio- 

Eddy Current 
Eddy current tes t ing i s  a method of evaluating material character is t ics  

or  locating surface o r  subsurface flaws in e l ec t r i c a l l y  conductive materials.  
A primary coil with a varying electromagnetic f i e l d  induces e lec t r i ca l  
currents in the item being tested which creates a secondary electromagnetic 
f ie ld . .  The secondary f i e ld  i s  affected by flaws and character is t ics  of the 
t e s t  item. 
by i t s  ef fect  on the primary co i l .  Generally, eddy current resu l t s  are 
compared t o  the resul ts  of tes t ing a t e s t  standard specimen t o  determine 
flaws. I t  i s  considered best fo r  nonferrous metals, b u t  can be used on 
ferrous materials with magnetic saturat ion.  I t s  best use for  pipelines 
appears t o  be inspections for  specif ic  type flaws o r  conditions such as 
graphitizaticn of cas t  iron. 

The secondary f i e ld  can be sensed by an independent sensor or 

Sonic Testing 

frequency mode. 
or by excitation by a transducer driven by a variable frequency generator. 
Common detectors are microphones o r  vibration transducers. 

In sonic t es t ing ,  the t e s t  body i s  caused to  vibrate in i t s  na tu ra l  
Two methods o f  inducing vibration are  by s t r ik ing  the object 
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For pipeljnes, sonic methods can be used fo r  detection of leaks by 
inducing sounds and u s i n g  receivers. 
into the ground or  pipe and transducers further down the pipe are  used 
t o  pick up the signal .  Wave propagation depends on the homogeneity o f  
the pipeline such that  cracks, crevices,  corrosion p i t s ,  or  graphitization 
should cause attenuation and be detected. 
determined so t h i s  i s  best used a s  a survey tool for  locating flaws which 
require further investigation. 

Also, vibration waves can be induced 

Flaw s i ze  or severi ty is not 

Magnetic Fie1 d Perturbation 

scanning to  find the location, s i ze  and severi ty o flaws. 
both surface and subsurface flaws i n  ferromagnetic materials.  
f i e l d  i s  induced i n  the item being inspected and f aw detection i s  based 
on the variation i n  the magnetic reluctance of the pipe caused by the 
presence of a flaw. 
b u t  can be accurately interpreted by trained individuals. 
cable t o  general corrosion or wall thinning detection b u t  ve rsa t i l e  for  
locating other types of defects such as corrosion p i t s ,  crevices, voids, 
and cracks i n  pipelines. 

Magnetic f i e ld  perturbation methods have the capabil i ty of rapid 
They can detect  

A magnetic 

The resu l t s  of the inspection a r e  n o t  d i rec t ly  readable 
I t  i s  not appli-  

6.2 CORROSION 
Corrosion accounts fo r  considerable expenditures of time and funds 

by gas u t i l i t i e s .  Steel i s ,  and  will continue t o  be fo r  some time into the 
future,  the predominant material in the underground plant ,  and consequently, 
corrosion will remain as a major cause of pipeline leaks. I n  1973 corrosion 
accounted for 46% of a l l  leaks repaired,as noted on the OPSO Annual Report. 
Being time-dependent, the more common corrosion leaks tend t o  develop slowly 
such t h a t  they a re  often found by leak surveys and repaired before becoming 
a reportable type incident. This i s  somewhat substantiated by inspection 
of the OPSO Leak Reports which shows t h a t  corrosion accounted fo r  only 15% 
of these fa i lu res .  
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The main steps taken fo r  corrosion mitigation have been coatings 
and cathodic protection. 
protective measures, data does show t h a t  occurrences a re  fewer than on 
pipelines which a r e  bare o r  have no cathodic protection. 

cern of  gas  companies fo r  many years.  
i s  exemplified by numerous a r t i c l e s  on corrosion. 
corrosion research a t  Bat tel le .  The National Association of  Corrosion 
Engineers (NACE) has on-going programs of research, specif icat ion pre- 
paration and dissemination of information throughout the industry. 
many corrosion consulting and service companies have developed procedures 
and techniques for  abating corrosion. 
as well as  equipment t o  inspect pipes have been developed by manufacturers 
and producers. 

OPSO has also been act ive i n  the corrosion problems of pipelines. 
A primary action has been the issuance of regulations for  cathodic protection. 
Another e f f o r t  of  the OPSO was a study program of "Ferrous Pipeline Corrosion 
Processes, Detection, and Mitigation" performed by Mechanics Research Inc. 
Briefly,  this  study investigated many d i f fe rent  forms of corrosion from 
both the theoretical and practical standpoints. A survey of 373 operating 
companies was made t o  determine the occurrences of corrosion and procedures 
and methods being pursued for corrosion control.  Of the 373 companies, 159 
responses were from gas d is t r ibut ion  companies with the remainder from gas 
storage, gathering and transmission companies, petroleum transmission and 
d is t r ibut ion ,  and water companies. 
a re  related t o  the problems of gas d is t r ibut ion  and very applicable t o  
this report .  
t ha t  corrosion study. 

corrosion which have been ident i f ied  and  noted under various headings defining 
where i t  occurred, causative factors  involved or the type o f  f a i lu re .  

While corrosion s t i l l  occurs on pipes with these 

Research and investigation in to  corrosion have been an on-going con- 
The work of individual gas companies 

The AGA has funded 

Further, 

Coating materials and techniques 

T h u s ,  the r e su l t s  of the above study 

Much of the discussions which follow are  summarizations of 

The deterioration of  underground plant i s  due t o  a number of types of 
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The major cause o f  corrosion was found t o  be galvanic action p i t t i ng  of  
the p ipe  external wall. 
a re  : 

A few categories of corrosion noted in the  report 

Uniform corrosion P i t t i n g  
Crevice corrosion Gal vani c 
Stray current Stress corrosion cracking 
Intergranular corrosion Hydrogen stress cracking 

The mechanisms and factors  involved in the above types of corrosion 
vary considerably and are  affected by several environmental parameters. 
Higher temperature generally increases the r a t e  of corrosion. 
increases with time except uniform corrosion, where corrosion products may 
block access of corrodents. Solutes i n  the s o i l ,  w i t h i n  cer tain ranges 
fo r  par t icular  metals, increase suscept ib i l i ty  t o  cer tain types of corrosion. 
Moisture in the so i l  ac t s  as  an e lec t ro ly te  and increases corrosion by lowering 
so i l  r e s i s t i v i t y .  The chemical properties (ac id i ty  o r  a1 ka l in i ty)  a f fec t  the 
progress of corrosion and micro-organisms i n  the so i l  can also degrade some 
coatings o r  reduce compounds in the so i l  t o  generate by-products conducive 
t o  par t icu lar  corrosion. 

A considerable amount of research i s  going i n t o  corrosion control and 
several methods a r e  used. 
has been in areas of s t ray  currents,  coatings, environmental e f fec ts  on 
corrosion resistance and  coatings, and anode composition. Often specif ic  
forms of corrosion can be mitigated by material selection or material property 
specifications.  For p i t t i ng ,  the main problem of dis t r ibut ion systems, l i t t l e  
can be done by the selection of par t icular  s teel  compositions. 
of inhibi tors  on the pipe ex ter ior  i s  seldom'used because i t s  effectiveness 
with regard t o  pipelines i s  s t i l l  unknown and application i s  based on 
empi ri cal data.  

Coating of the pipe ex ter ior  i s  an often used method. Coal t a r ,  thin 
film p las t ics  and asphalt  a r e  used most f o r  major portions o f  the pipe and 
a t  j o in t s  or  appurtenances. 

Most corrosion 

Emphasis on corrosion research by gas companies 

The application 
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Cathodic protection has been used fo r  many years and i s  now 
required except under non-corrosive conditions. 
usually be tai lored t o  the part icular  pipeline in order t o  obtain the 
proper balance of e lec t r i ca l  conditions. The needed current densi t ies  
can depend on many environmental conditions as well as coatings and the 
pipe i t s e l f .  S o i l  r e s i s t i v i t i e s  are  par t icular ly  important when des ign ing  
a cathodic protection system. Sacr i f ic ia l  anodes a re  used often w i t h  many 
companies preferring Magnesium anodes b u t  impressed current i s  also used. 
Generally i t  i s  found t h a t  cathodic protection i s  more effective on coated 
pipes. The two complement each other well since the coating reduces the 
current required t o  protect the pipe and corrosion would primarily occur 
a t  coating holidays. 

The methods used t o  assess the cathodic protection on a pipe include 
measurements of e lect r ica l  parameters and  records of leak occurrence. The 
measurements made include the pipe-to-soil potent ia l ,  current flow between 
pipe and s o i l ,  and the current flow i n  the pipe i t s e l f .  
previously under the pipeline assessment section.  Also, the p l o t  o f  cum- 
mulative leaks has been discussed as a means t o  evaluate corrosion control 
by indicating where cathodic protection has been effect ive .  For a l l  o f  

the methods, a cr i ter ion o f  accep t ib i l i ty  must often be established for 
each individual u t i l i t y .  Specifications have been established fo r  the 
e lec t r i ca l  measurements b u t  even these often must be s l i gh t l y  modified t o  
suit part icular  pipelines and t he i r  environment. 

Leak history i s  used by the majority o f  u t i l i t i e s  and i s  the factor 

These systems must 

These were discussed 

principally considered 
ment of  corroded pipe. The pipe-to-soil potent ia l ,  visual inspections a t  
bell holes, and  e lec t r i ca l  current measurements ra te  high as the most used 
pipeline surveillance methods fo r  corrosion. 

i n  the study. 

f o r  determining action as  to  replacement o r  abandon- 

A few other general problems associated with corrosicn were mentioned 
One of these i s  a lack of training of- corrosion consultants. 
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A number of trajning programs are  available b u t  since corrosion control 
i s  more an a r t  than a science, i t  i s  d i f f i c u l t  t o  grade or  c e r t i f y  corrosion 
spec ia l i s t s .  I t  was also found tha t  many small p i p i n g  systems are  seldom 
controlled and  a re  often subject t o  interference by s t ray currents caused 
by e lec t r i ca l  grounding t o  water pipes. Mechanical damage by outside 
forces often damages coatings, which eventually resul ts  i n  a corrosion 
leak. Finally, i t  was found t h a t  cathodic protection was sometimes improperly 
used e i the r  due to  lack of knowledge or personnel er rors .  

6.3 OUTSIDE FORCES 
Outside forces are the larges t  problem of gas u t i l i t i e s  i n  causing 

reportable leak incidents. 
forces t o  be the cause of 68% of a l l  leaks. From the Annual Reports, outside 
forces accounted fo r  only 13% o f  a l l  the repaired leaks i n  1973. The damage 
done by outside forces, while not a large overall cause of  leaks, usually 
resu l t s  i n  dangerous ones. While they a re  a t t r ibuted t o  many causes i n -  
cluding lands1 ides,  washouts, earth movement, e t c . ,  by f a r  the major  "outside 
force" cause i s  pipeline damage due t o  excavation equipment. The problem 
is  not. limited t o  gas pipelines, fo r  other organizations operating buried 
waterlines, sewer l ines ,  and e l ec t r i c  and telephone cables have a h i g h  
incidence of dig-ins. 

One response t o  t h i s  problem has been the recent revision t o  the 
regulations regarding pipeline marking. 
included dis t r ibut ion mains in the requirement fo r  permanent markers. Marker 
locations are  denoted along with standardized s i g n  wording and m i n i m u m  l e t t e r  
s ize .  
considerable l a t i tude  and probably will help p u s h  along programs established 
by law for  preventing interference with underground pipelines. 

into the causes and nieans t o  prevent damage t o  pipelines. 

In 1973, the OPSO Leak Reports showed outside 

An amendment issued i n  March 1975, 

The exceptions for  buried pipelines i n  c lass  3 and 4 locations allow 

Studies have been conducted by individual gas companies and the AGA 
One study 
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ent i t led ,  "Analysis o f  Causes and Determination o f  Possible Means f o r  
Prevention of External Damage t o  Pipelines, ' '  was performed by Bat tel le  
for the AGA on transmission lines. This report  showed tha t  some o f  the 
reasons why damage did occur t o  pipelines included the following: 

Equipment operator negligence, misjudgment or  carelessness. 
Inadequate physical markers t o  accurately locate o r  a l e r t  
equipment operators of the presence of a pipeline. 
Company pipeline patrol was not e f fec t ive  in detecting ear th 
moving jobs. This i s  somewhat correlated t o  frequency of 
patrol which tends t o  indicate  tha t  l ines w i t h  more frequent 
patrols have fewer d i g- i n s .  
Lack of communication between company and excavators as t o  
the importance fo r  not i f ica t ions  of intent t o  d i g .  

A few of the more recent attempts t o  reduce outside forces have been 
by 1 ) establishing good means of communications between u t i 1  i t i e s  and 
excavators, 2 )  estabqishing laws which provide penal t i e s  fo r  improper 
excavation, and 3 )  studies of outside forces.  
include the one-call system, u t i l i t y  location and coordination council , 
proposed laws, and a study on outside forces.  

The items t o  be discussed 

6.3.1 One-Call System 
The one-call system uses one telephone number t o  be called by a 

contractor planning t o  excavate, t o  inform a l l  par t ic ipat ing u t i l i t i e s  and 
operators of underground f a c i l i t i e s  of the proposed excavation. 
programs were pioneered by u t i l i t y  companies t o  a s s i s t  contractors so tha t  
as a minimum, the u t i l i t i e s  would be aware of any excavation tiear their  
f a c i l i t i e s .  
operators of underground f a c i l i t i e s  pr ior  t o  s t a r t  of work. The problem 
t o  them, however, is almost formidable simply because often there i s  no 
way t o  be aware o f  a l l  who should be contacted. One example i s  Michigan 
where the MISS DIG program i s  i n  e f f ec t .  Michigan's lower peninsula has 

These 

Contractors i n  many areas a re  legal ly required t o  notify 
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34 gas and o i l  companies, 44 e l e c t r i c  companies and 45 telephone companies 
opwating w i t h  non-uniform or overlapping boundaries. 
water and sewage systems and f a c i l i t i e s  of private companies and i t  becomes 
very d i f f i c u l t  for  a contractor t o  comply. 
complicated by the need t o  reach the proper individual or department within 
the companies contacted. 

nate his excavation spot,  l e t t i n g  others determine who i s  involved and then 
notifying them, can be beneficial .  
operators of underground f a c i l i t i e s  par t ic ipat ing i n  the program. 

In general , i t  can be s ta ted  tha t  the majority of the operational 
problems of these programs have been largely resolved so tha t  spec i f ic  
areas or s t a t e s  can t a i l o r  programs t o  suit  their  needs. 
a t  l e a s t  eighteen major one-call systems operating i n  the country. 
central  not i f icat ion s ta t ion  i s  established and prov ided  w i t h  recording and 
computer equipment. Reports of proposed excavations a re  teletyped t o  major 
u t i l i t i e s  and telephoned t o  smaller par t ic ipants .  
in to  small sections by grids o r  u s ing  existing township o r  county d i v i s i o n s  
so  tha.t some discrimination can be made a t  the center and only those who 
may be affected by the excavation will be not i f ied.  
shared by the participants.  

because they are  re la t ive ly  new and because of such unknowns as:  

Couple t h i s  w i t h  

T h e  problem i s  even further 

T h u s ,  a method by which a contractor can ca l l  one number and desig- 

The key t o  success i s  t o  have a l l  

There are  currently 
A 

The area served is divided 

Costs involved are  

The  assessment o f  effectiveness o f  these programs i s  d i f f i c u l t  pa r t i a l ly  

e The amount of excavation i n  any one year which would 
have affected a u t i l i t y .  
The number of dig-ins which were prevented. 
The nuniber of important not i f icat ions the u t i l i t y  
would have received w i t h o u t  the one-call system. 

e 

0 

An idea of the effectiveness can be noted by the number of requests 
f o r  location received each year. 
generally resulted in a 2 t o  3 times increase i n  requests for  location. 

Implementation o f  these programs has 
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Also, most utilities in one-call systems have noted a decline in the 
total number of dig-ins on a per year basis. 
a.one-call system started in 1972 has indicated a 16% reduction in dig- 
ins in 1974 compared to 1973. 
associated with this. 
increased about 50% which for the gas company meant that two persons 
had to be added to the staff for the purpose of locating and marking 
pi pel ines for damage prevention. 

One company involved in 

However, there is an involved cost 
The manhours spent locating distribution lines 

A few points required to make these programs effective are: 
0 Participation by all operators of underground facilities. 
e Proper and quick response by all utilities and agencies 

e Dissemination of information so excavators are aware 
noti f i ed. 

o f  and use the system. 
Adequate subdivision of the area so that the number of 
applicable.notifications remains as a good percentage 
o f  total notifications received. 
The program is established to the extent that the con- 
tractors can rely on it. 

o 

e 
* 

6.3.2 
A Utility Location and Coordination Council was established within 

the American Public Works Association (APWA) in 1974. The establishment 
o f  this council was partially intended to fulfill a recommendation of the 
NTSB and to fill the need for a centralized group to organize and direct 
material to utility companies. 

This council will disseminate information to help the establishment 
of coordination councils at the state and local level. 
up guidelines for organizing a coordination council and standardized pro- 
cedures for operation. 

Utility Location and Coordination Council 

They intend to set- 

While workable procedures for councils have been 
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proven, the problem o f  educating and presenting the information t o  a l l  
agencies s t i l l  remains. The future goal i s  establishment of local u t i l i t y  
coordination committees or  one-call systems a t  a l l  areas where they are  
needed. Such efforts will improve the safe ty  o f  working conditions, 
reduce the number o f  dig-ins, reduce accident sever i ty ,  minimize public 
inconvenience, and promote cooperation between a l l  par t ies  involved in 
construction, excavation and regulation o r  operation of underground 
faci  1 i t i e s .  

6 . 3 . 3  Proposed Laws 

where not i f icat ion has been made and the l i n e  was marked. Therefore, 
laws have been enacted by some s t a t e s  and proposed in  others t o  provide 
tha t  cer ta in  requirements be met and to  invoke penalties i f  they are  
not met. 
passed, so tha t  i t  appears the damage control programs in i t i a t ed  by u t i l i t i e s  
a re  more beneficial i n  reducing damage. However, the law does focus at ten-  
t i o n  on the problem and can provide means by f ines  o r  loss o f  l icense t o  
stop contractors with bad d i g - i n  records. 

A Model Statute  proposed by the OPSO has been submitted t o  regulatory, 
governmental and industry agencies f o r  comment and guidance fo r  leg is la t ion .  
The in ten t  i s  t o  obtain i n p u t s  for revisions o f  the s t a t u t e  so t h a t  a viable 
s t a t u t e  may be eventually pub1 ished. 
i n  to ta l  or in pa r t ,  the requirements o f  the s t a t u t e  t o  sa t i s fy  local needs. 
A few of the provisions o f  the s t a t u t e  are:  

I t  has been pointed out t ha t  pipeline damage does occur on lines even 

I t  has been pointed out t h a t  damages occur in s p i t e  of laws 

Local governments could then enact, 

o Ut i l i t y  location information will  be f i l e d  by underground 
f a c i l i t y  operators a t  a central  location. 
Persons engaged in excavation or demolition work must present 
a written notice of work t o  be performed t o  the central  
location pr ior  t o  s t a r t  of work. 

o 
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0 Pipeline o r  u t i l i t y  l ine operators will be not i f ied of 
intended excavation o r  demolition prior t o  s t a r t  of work. 

marking buried 1 ines. 
Work near the l ines  will  be performed so as t o  avoid 
damage. 

Enforceable penalty provisions for violations.  

0 Operators will respond t o  notices by identifying or  

0 

0 Damage which occurs will  be reported. 
e 

6.3.4 OPSO Study on Outside Forces 
OPSO i s  now f inal iz ing a contract for a study t o  evaluate the effectiveness 

of programs fo r  the prevention of damage t o  pipelines by outside forces. 
This study will investigate a l l  the facets  and causal conditions of outside 
force damage t o  pipelines. 
councils will  be investigated and their effectiveness evaluated along with 
investigations in to  pipeline marking and locating methods. 
will  be held with a wide cross section of organizations associated w i t h  
outside force damages including the gas industry,  other u t i l i t i e s ,  con- 
t r ac to r s ,  labor oganizations, public work groups, manufacturers, professional 
groups, and regulatory agencies. 
greater  insight  into the outside force problem and potential solutions i n  
the form of conclusions and recommendations. 

The promotion of  s t a tu t e s  and coordination 

Also, discussions 

The  resu l t s  of  t h i s  study will provide 

6.4 ODORIZATION 
Odorization of natural gas i n  d i s t r ibut ion  l i nes ,  which is  now manda- 

tory,  has been in use for  a number of  yea r s . to  give warning of the presence 
o f  gas. Some natural gas i s  odorless while others contain natural odorants. 
In some cases the gas must be completely odorized while i n  others the 
natural odorant i s  supplemented so tha t  the gas i s  detectable a t  1% gas in 
a i r  by volume. 
presence of g a s ,  odorants allow use of the general public t o  a s s i s t  in leak 

detection. Some assessment of the value of odorization may be derived from 
the OPSO Leak Reports which show tha t  many leaks a re  reported by the public 
and by cust.omers. 

Used properly, i n  addition t o  providing a warning of the 
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Several problems of odorants such as which odorant t o  use, how much 
t o  use and how t o  in j ec t  i t  in to  the gas stream, have largely been overcome 
by the gas u t i l i t i e s  e i the r  by individual investigations or col lect ively 
through the AGA. 
compounds and b l e n d s  t o  obtain better and more ef fec t ive  odorants. 
ment for odorant injection has been developed and improved upon over the 
years. 
fo r  measuring or  assessing the odorant in the gas stream. 
continuing i n  t h i s  f i e ld  t o  improve upon the gains made t o  date ,  since the 
value of odorization i s  well acknowledged. 

Producers of odorants have ass i s ted  by development of 
Equip- 

Manufacturers and organizations have likewise developed equipment 
Development i s  

The mechanics of odorization and i t s  use appear t o  be well managed by 

One problem i s  odor attenuation 
The second i s  the f a i lu re  

most u t i l i t i e s .  
problems which do need some investigation. 
as  the gas permeates so i l  under some conditions. 
of individuals t o  recognize the  odor as a warning of natural gas possibly due 
t o  olfactory fat igue o r  lack of  education. 
been given by the AGA which over the years has sponsored considerable research 
i n t o  odorants. 
odorants t ha t  a re  not removed from the gas. as  i t  permeates t h r o u g h  the s o i l .  

There also ex is t s  a th i rd  problem w i t h  odorization of natural gas which 
bears indi rec t ly  on safety.  This th i rd  problem stems from the use of sulphur 
based odorants. These s u l p h u r  compounds have detrimental e f fec ts  on some 
industr ia l  processes. Since the removal of odorants from gas i s  inconvenient 
and cos t ly ,  there i s  a tendency t o  want t o  keep the gas stream as pure as 
possible during the long distance transmission stage. 
sulphur odorants would a l l ev ia t e  t h i s  problem and be a beneficial a l te rna te .  

The OPSO has also been act ive i n  the odorization of gas in b o t h  trans-  
mission and dis t r ibut ion l i nes .  
views, OPSO recently revised the regulations t o  require odorization of much 
o f  the gas carr ied in transmission l i nes .  
of a study en t i t l ed  "Study o f  the Properties o f  the Numerous Odorants and 
of Their Effectiveness in Various Environmental Conditions t o  Alert People 
to  the Presence of Natural Gas", which was performed by IGT. The purpose 
of t h i s  study was t o  survey gas  u t i l i t i e s  and available research t o  

However, a r t i c l e s  and f a i l u r e  reports have indicated two 

Attention t o  these problems has 

One of the more recent trends has been towards developing 

The development of n o n -  

Through there a re  s t i l l  many confl ic t ing 

A second action was the sponsoring 
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determine and make recommendations t o  resolve some odorant problems. 
The remainder of t h i s  section on odorization contains excerpts from the 
above study. 

To be e f fec t ive ,  natural gas odorants must have an odor which is  
distinguishable from most other odors and which the public associates 
w i t h  gas. Most commercial odorants a r e  based on sulphur compounds, which 
have what i s  considered a "gassy" smell and generally most companies con- 
sider them t o  be sat isfactory.  
include t e r t i a r y  butyl mercaptan (TBM) , isopropyl mercaptan (IPM) , normal 
propyl mercaptan , secondary butyl mercaptan , thiophane ( t e t r a  hydothiophene- 
THT) dimethyl sulfide (DMS) , diethyl su l f ide  and methyl ethyl su l f ide .  
Each has part icular  charac ter i s t ics  such t h a t ,  while usable individually,  
they a re  generally be t te r  when blended. 

b u t  there are  several common t o  a l l  companies. Regulations are  a common 
requirement b u t  generally the odorization i s  based more on meeting company 
needs. First,  gas i s  odorized t o  be detectable when i t  i s  escaping from a 
leak. However, the odorant must n o t  be toxic or harmful t o  people o r  piping 
materials,  i t  should be re la t ive ly  insoluble i n  water, and the products 
of i t s  combustion must not be harmful or corrosive. Secondly, the intent i s  
t o  warn of leaks only when safety i s  concerned. Over-odorization can lead 
t o  a s i tua t ion  where extremely minor leaks are  reported, which overpowers 
the capabi l i t ies  of the u t i l i t y  t o  respond and makes odorization counter- 
productive. 
including cost and ava i l ab i l i t y  of odorants. 

The more commonly used compounds fo r  odorants 

Odorization goals vary i n  minor degrees from one company t o  the next, 

Odorizing programs are  therefore a balance of many fac tors ,  

One reason f o r  the variety of odorizing practices i s  the differences 
i n  the gas purchased by dis t r ibut ion companies. 
with natural odors o r  where o d o r a n t s  have already been added, while others 
receive gas with no odor. I t  i s  therefore important t o  know what i s  being 
received in order t o  know what t o  add t o  a t t a in  proper odorization. 
of the common odorants are  used t o  some extent t o  provide o r  suppleiiient 
exis t ing gas odor, with the mercaptans or mercaptan blends being used the most 

Some companies receive gas 

Most 
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The two main types o f  odorizing equipment used a re  the evaporation 
and l i q u i d  in jec tor  odorizers. 
cos t ,  and comprise the majority o f  the odorizers in use. 
injection types a r e  somewhat more complex, have more components and a r e  
more expensive, b u t  have more capabi l i ty  and are  used on larger  in s t a l l a-  
t i o n s .  
volumes of gas than evaporation types. 
the l iquid injection types have be t t e r  overall operation and are  s a t i s -  
factory. T h e  evaporation types are  sa t i s fac tory  due t o  simplicity,  b u t  
need improvements in achieving odorizing control.  

must eventually be referenced back t o  an average human sense of smell. 
The two niore general methods of odor measurement a re  1 )  those which use 
the sense of smell d i rec t ly  and 2 )  those which determine the sulphur 
content of the gas stream, which then can be related t o  i t s  odor .  

mine i f  the gas i s  properly odorized. 
volume by flowmeter measurement was used more than the combustible gas 
indicator type. 
locations i n  the system by employees. Room t e s t s  a re  a l so  used b u t  they 
are  more of a research rather  than control method. Another method i s  t o  
keep track of a l l  leaks reported by the public and determine the s i z e  o f  

the leaks reported. 
odorant while excessive c a l l s  may indicate over-odorization. 

concentrations i n  the gas stream. They car) be used to  select ively t i t r a t e  
d i f fe rent  classes of coiiipounds. 
data which shows tha t  cer tain concentrations of compounds r e su l t  in proper 
odorization of the gas. Ti t ra tors  can be used t o  monitor gas flow and the 
resu l t s  then used t o  adjust the odorant- injection ra te .  
used includes gas chromatographs or other special equipment with sulphur- 
se lec t ive  detectors.  

Evaporation types are  simple, lower i n  
The l iquid 

Liquid injector  types, t h o u g h  fewer i n  number, odorize larger  
Generally, the companies feel  

Odor level monitoring i s  i n  many ways s l igh t ly  subjective i n  t ha t  i t  

The sense of smell i s  used i n  conjunction with odorometers t o  deter-  
O f  the two types, the gas i n  a i r  

Another type of check involves gas sn i f f  t e s t s  a t  various 

I 

-- Fewer than average c a l l s  may indicate insuf f ic ien t  

Ti t ra tors  a re  used most often t o  indicate the sulphur compound 

This information can then be compared t o  

Other equipment 
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The fading of odor from gas has been looked a t  from many stand- 
points. Chemical reaction of odorants w i t h  piping materials has been 
known t o  occur, as  well as adsorption on pipeline walls and deposits. 
Odorant adsorption can also occur due t o  so lub i l i t y  i n  l iquids in the 
gas stream. New p i p i n g  a lso presents problems of odor retention i n  the 
gas. Most of the above problems are  recognized and can be corrected by 
s p o t  checks and supplemental odorization. T h e  problem noted as  needing 
research was fading of  odor by adsorption of odorant by s o i l .  
studies have shown tha t  i t  i s  n o t  so much the odorant as a l l  the f ie ld  
variables encountered which a f f ec t  the fading. The variables include 
type of s o i l ,  moisture content o f  so i l  and gas, and other lesser  variables.  
I t  i s  a recognized problem and one odorant charac ter i s t ic  which needs 
improvement. 

Here 

6.5 PLASTIC PIPE 
Over the past 20 years, the use of p l a s t i c  pipe i n  gas d is t r ibut ion  

systems has increased considerably, w i t h  the most dramatic increase taking 
place i n  the past 5 years. 
13,000 of the approximately 25,000 to t a l  miles of pipe ins ta l led ,  which 
amounts t o  over 50% of p l a s t i c  pipe usage. The majority of the p l a s t i c  
use was in pipes o f  2 inch diameter o r  l ess .  Two of the major reasons fo r  
i t s  use are a )  the noncorrosive charac ter i s t ics  of p l a s t i c  and, b )  the 
econoinies t o  the user f o r  bo th  d i r ec t  burial and inser t ion techniques fo r  
refurbishing deteriorated in s t a l l a t ions .  The extent and increase of p las t ic  
use i s  seen in the table  below. 

In 1974, p l a s t i c  pipe accounted fo r  about 

Table 6-2. P la s t i c  Pipe Use 
Year 
1966 
1967 
1968 
1969 
1970 
1971 
1972 
1973 
1974 
1975 

% Plas t ic  Million Feet Instal led 
--- 1 2  

13.5 
16.5 
19 
21 
25 
31 
42 
51 
57 (Est .)  

--- 
46 
55 
57 
81 
71 (Est.) --- 
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The percentage o f  plas t i c  pipe has continued t o  increase even 
though the amoint o f  pipe  ins ta l led  may decrease due t o  possible slow 
downs i n  construction as noted fo r  the year 1974. I t  i s  t h o u g h t  
throughout the industry that  p las t i cs  will continue t o  be used a t  a 
rather h i g h  r a t e  i n  future years f o r  both new and replacement ins ta l l a-  
t ion.  

The advantages of p las t i c  pipe include ins ta l l a t ion  adaptabil i ty 
and corrosion resistance. 
including continuous pulling of pipe o r  continuous planting of pipe. 
I t  i s  also used for insertion into exist ing pipe. Further, the l ightness 
of p las t i c  and i t s  a b i l i t y  t o  be coiled f a c i l i t a t e s  handling and ins ta l l a t ion .  
The non-corrosive character is t ic  of p las t i c  may be the prime reason for  
i t s  use. Recently enacted regulations concerning cathodic protection on 
s tee l  p i p i n g ,  or  proving tha t  corrosion i s  not occurring, may have actually 
accelerated the use o f  plas t i c .  Obviating the need fo r  cathodic protection 
and the subsequent record keeping and inspections can add t o  the economic 
advantages of p las t ic .  

Plas t ic  pipe i s  adaptable t o  plowing in methods 

The more notable disadvantages o f  p la s t i c  pipe are:  
o Location a f t e r  burial .  Tracer wires or tapes must be buried 

w i t h  p las t i c  pipe t o  t race  i t  by conventional metal locators.  
e More susceptible t h a n  s tee l  pipe damage by excavation equipment. 
e Susceptibi l i ty t o  creep, cold flow and deformation under load. 
e Temperature l imitat ions regarding lower heat resistance due t o  

thermal degradation and heat d i s to r t ion ,  and b r i t t l eness  a t  
low temperatures. 

a high r a t e  has b rough t  new problems t o  the industry. 
industry has been developing new and improved materials a t  such a ra te  t h a t  
the materials used today are n o t  the same as those used ea r l i e r .  

The introduction of  p las t i c  pipe i n t o  gas dis t r ibut ion systems a t  such 
First, the plas t ics  
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Secondly, materials were often being used t h a t  were suf f ic ien t ly  
new t h a t  t he i r  iomplete character is t ics  , par t icular ly  with regard to  
a g i n g ,  were not known. This i s  fur ther  complicated because some p las t i c  
compounds a re  considered proprietary formulations by t he i r  producers. 
Other new problems include the need fo r  new s t a n d a r d s  and specif icat ions,  
new ins ta l l a t ion  and inspection methods, the unknown  resistance t o  in-use 
loads, and a f t e r  burial location problems. 

A large amount o f  research has been done on these problems by indi- 
v i d u a l  gas operators, the AGA, Batte l le ,  ASTM, ASME, P las t ic  Pipe In s t i t u t e  
and the Technical Pipeline Safety Standards Committee. I n  addition, p las t i c  
producers and independent tes t ing laboratories have performed investigations 

, and research on p las t i c  pipe. The work of individual gas u t i l i t i e s  i s  
evidenced by the wide coverage of a r t i c l e s  i n  pipeline periodicals and  
journals. 
Corporation, en t i t l ed  "Pipeline Industry's Practices Using P las t i c  Pipe in 
Gas Pipeline Fac i l i t i e s  and the Resulting Safety Factors." 
information contained below i s  a summarization of tha t  study. 

6.5.1 . Plas t i c  Materials i n  Use 

i n  use for  gas piping are: 

Recently the OPSO i n i t i a t ed  a study t o  be performed by the Toups 

Much of the 

The part icular  p las t i c  materials which have been used or  are  currently 

ABS Acrylonitrile-Butadiene-Styrene 
CAB Cell ulose-Acetate-Butyrate 
PVC 
PE Polyethylene 
PB Polybutylene 
RTRP Reinforced Thermosetting Resin Pipe 

Pol yvi nyl chl or i  de 

Of a l l  the materials ins ta l led  i n  the past ,  PE has the greatest  percen- 
tage of use and RTRP has the lowest. 
p las t i cs  introduced in to  the gas i n d u s t r y  and  a re  i n  use in older systems b u t  
n o t  newer ones. 
i n  1974: PE was used by 96 percent, PVC was used by 26 percent and AGS and 

ABS and CAB were some of the original 

Results of a questionnaire sent t o  gas companies shows t h a t  
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CAB were not being used. 
only recently been included i n  ASTM D2513 and as yet  i s  not being ins ta l led  
in s ignif icant  amounts. 

Many companies use both PE and PVC. PB has 

Aging r'esistance 
Chemical resistance 
Fai 1 ure behavior 
Impact resistance 
Joining - ease and r e l i a b i l i t y  
- Plas t i c  t o  p las t i c  
- Plas t i c  t o  metal 
Long term strength 
Permeabi 1 i ty  
Temperature resistance 

6.5.2 Characterist ics of In-Use Plas t ics  
The character is t ics  of in-use p las t i c  pipe are  related t o  the resins 

and compounds used for  pipe and f i t t i n g s .  
have been considered and evaluated fo r  acceptabil i ty of use in the gas 
piping are:  

A few of the basic points t h a t  

Over the time period o f  plas t i c  use i n  gas  systems these items have 
been considered by gas operators, producers, and technical committees. 
Generally, the resul t  has been t ha t  the superior materials are s t i l l  used 
while infer ior  products have been eliminated t h r o u g h  gained experience. 
Most companies purchase pipe t o  specif icat ions and some perform tes t ing 
t o  verify compliance. Overall there appears t o  be a need for  increased 
technical evaluation o f  plas t i c  pipe selection t o  match the specif ic  design, 
construction and  operating requiren1ent.s t o  the various p las t i c  pipe char- 
ac t e r i s t i c s .  

resistance t o  ul t ra-viole t  rays and anti-oxidant protection. Also, some 
additives a re  used in par t icular  compounds t o  ease o r  f a c i l i t a t e  processing 
or t o  improve aging character is t ics .  
ce r t i f i ca t ion  of additives. 

Additives used i n  p las t i c  pipe generally provide coloring, increased 

Few users of pipe specify or require 
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6.5.3 Problems Identified w i t h  P las t i c  Pipe 
From leakage data and reports and a review o f  the l i t e r a tu r e ,  

the problems identif ied with p las t i c  pipe include damage by outside 
forces,  locating a f t e r  bur ia l ,  and damage from e lec t r i ca l  sources 
including close proximity t o  e lec t r i ca l  services,  1 i g h t n i n g  conducted 
by t racer  wires and s t a t i c  e l ec t r i c i t y .  

naire responses of 40 gas companies. 
while potential safety problems a re  more re la table  t o  the day-to-day pro- 
blems of constructing and maintaining a system. 
report are:  

The p las t i c  pipe study ident i f ied  additional problems from question- 
Many of the additional problems, 

The items noted i n  the 

Improper construction - this  was noted as one o f  the major 
problems of p las t i c  pipe use by gas companies. Corrective 
measures include bet ter  construction specif icat ions,  t ra ining,  
and inspection. 
Dimensional problems which included both s izes  and out-of-round 
pipe. T h i s  can create j o in t s  of in fe r io r  quali ty.  Corrective 
action en ta i l s  greater quali ty control and pipe coil ing speci- 
f ica t ions  since some of the s e t  taken and pipe ovalness has 
been traced t o  the coil ing process. 
Transition f i t t i n g  fa i lu res  have been noted by many companies 
b u t  a re  rated as infrequent or  minor. 
r esu l t s  were noted a s  shear a t  s t i f f ene r s ,  pullouts, s t r e s s  
cracks and leaks. 
Joint  fa i lu res  were noted in solvent and epoxy jo in t s .  
were traced t o  pipe b r i t t l eness  and faul ty  ins ta l l a t ions .  
Joint  trenching by several u t i l i t y  companies was identif ied by 
the gas u t i l i t i e s  a s  a reoccurring problem. Generally the 
damage t o  p las t i c  pipe was due t o  improper backfi l l ing,  lack 
of coordination between u t i l i t i e s ,  insuff ic ient  u t i l i t y  separa- 
t ion and construction damage. 

The f a i l u r e  causes or 

They 
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6.5.4 Ins ta l la t ion and Inspection Methods 

systems covered i n  the p las t i c  pipe report included pipe laying-in 
techniques, j o in t s ,  protective sleeves, t ransi t ion f i t t i n g s  and non- 
destructive tes t ing methods. 

Ins ta l la t ion techniques include standard laying i n  an excavated 
trench and new methods of plowing i n .  
i t  i s  imperative t o  provide clean, smooth, trench bottoms and t o  cover the 
pipe with a se lect  backfill  f ree  of sharp rocks or pavement fragments. 
The plowing-in method involves pulling a ripper through the ground and  
simultaneously pulling a section of pipe through the hole made by the 
ripper. The s t ra igh t  pull method has the potential f o r  pipe damage from 
cuts and scratches due t o  rocks or other material being wedged between the 
pipe and soi l  as the pipe i s  being pulled. This has been learned from 
experience i n  p u l l i n g  s t ee l  pipe and noting the rock damage t o  coatings. 
Generally, there i s  no way t o  inspect f o r  damage a f t e r  t h i s  type of ins ta l l a-  
t ion ,  other t h a n  by excavating. 
sa t is factory  i n  t h a t  the pipe i s  la id  into the opening behind the ripper. 

The ins ta l l a t ion  and inspection methods fo r  construction of gas 

For standard ditching operations, 

The feed-in method from a coil  i s  more 

This eliminates the so i l  f r i c t i on  problem so t h a t  longer lengths can be 
continuously l a id ,  eliminates the rubbing of pipe against s o i l ,  and reduces 
the potential f o r  cutt ing or scratching of the pipe. 
w i t h  plow-in methods are:  possible cuts and scratches, no visual inspection 
a f t e r  ins ta l l a t ion ,  t racer  wire breaks, and stretching of the pipe. 

socket fusion, compression f i t t i n g s ,  and adhesives. The solvent cements 
are  used fo r  PVC, CAB, and ABS pipe, the fusion j o in t s  f o r  PE and PB, 

compression f i t t i n g s  fo r  a l l  p las t i c  and adhesives used niainly fo r  RTRP. 
For a l l  joints ,cleanliness , s t r i c t  following o f  procedures and  d i rect ions ,  
and good workmanship are  impor t an t .  
a l l  the above joining methods when used properly, provide sa t is factory  j o in t s .  

A few problems noted 

The j o i n t s  used in construction include solvent cement, b u t t  fusion, 

In general,  the study determined t h a t  
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One problem yet  t o  be worked out i s  which j o in t  t o  use depending upon 
pipe diameters and wall thicknesses. Research would be required t o  
determine the best j o i n t  f o r  par t icular  pipe parameters and a lso  t o  
standardize joining procedures and develop less  complex j o i n i n g  
techniques. 

to  s tee l  pipe. 
from attaching a f l ex ib le  item to  a r igid item. 
over t ransi t ion jo in t s  have eliminated many fa i lu res .  
noted with these f i t t i n g s  have been improper i n s t a l l a t i on ,  workmanship, 
and external loadings from earth settlement. 

Transition f i t t i n g s  were developed t o  allow connection of p las t i c  
The problems generally a t t r ibuted to  them probably stem 

Protective sleeves 
The main problems 

Protective sleeves can be used around pipes to  take the load where 
Sleeves support i s  removed such as a t  a bell hole or trench excavation. 

are  used t o  limit the bending o f  the p las t i c  pipe, reduce bending and 
shear s t resses  in the pipe due t o  inadequate backfi l l ing,  provide pro- 
tection from mechanical damage, and reduce s t resses  a t  f i t t i n g s .  The 
main problem associated w i t h  sleeves i s  t h a t  they were not used or were 
improperly applied; 
were no t  distr ibuted and f a i l u r e  of the p i p i n g  occurred. 

be performed. Visual inspection i s  often used, sometimes in conjunction 
w i t h  a pressure t e s t  and bubble check. Of the nondestructive tes t ing 
methods available,  ultrasonics was considered t o  be more adaptable t o  
p las t i c  pipe j o in t s  t h a n  x-ray, microwave and others. 
fo r  development o f  plas t i c  j o i n t  tes t ing equipment based on ultrasonic 
principles which are  95% re l i ab le ,  lightweight, a n d  eas i ly  used by one man. 

In  these cases, the imposed loads  on the gas p i p i n g  

Once piping has been la id  and jo inted,  an inspection o f  pipe should 

Research i s  needed 

6.5.5 In-Use toads Investigation 

or externally induced can cause f a i l u r e s .  
b r i t t l e  in nature, w i t h  b r i t t l e  fa i lu res  being more sudden a n d  potential ly 

The in-use loads on p las t i c  pipe whether inherent, in ternal ly  applied 
These can be e i the r  duct i le  or  
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more catastrophic. A t  present, i t  i s  d i f f i c u l t  t o  predict the mode o f  
f a i l u r e  over long periods of time for  the most-used pipeline plas t ics .  
Reports by gas companies indicate t h a t  more have had b r i t t l e  fractures 
than duct i le  fa i lu res .  Research performed also indicates that  b r i t t l e  
fractures will occur a t  lower pressures than duct i le  fractures.  Values 
of f racture  toughness of materials are  heeded to  determine hoop s t r e s s  
versus pipe diameter for  selecting p las t i c  pipe fo r  new designs. 
means t o  assess potential f a i lu res  of ins ta l led  pipe i s  by continued leak 
investigations and evaluation o f  each p las t i c  f a i l u r e  i n  terms o f  f a i l u r e  
mode and material f a i lu res .  

Most structural  fa i lu res  o f  plas t i c  pipe a r e  a t t r ibuted t o  external 

The 

loadings caused by so i l  s t resses  and other induced loads. The soi l  
s t resses  can be due t o  vert ical  so i l  pressure or so i l  movements while 
the other induced loads are  often a t t r ibuted t o  heavy construction equip- 
ment, road l o a d s  and t r a f f i c  vibrations. Generally, the best corrective 
action fo r  induced loads i s  a specif icat ion fo r  backfi l l ing and the f i l l  
material.  

Another commonly induced load on p las t i c  pipe i s  the squeeze-off 
techni-que. 
pipe and has been found t o  be useful as temporary pressure control measures 
t o  permit repair  o r  replacement of sections o f  fa i l ed  o r  damaged pipelines 
o r  t o  f a c i l i t a t e  construction of new pipelines. 
of two rounded metal bars and a mechanical o r  hydraulic means fo r  forcing 
the two together. Proper procedures including maintaining a min imum squeeze 
g a p ,  use of round smooth squeeze b a r s ,  and  locations o f  squeeze points, are  
required i f  the pipe i s  t o  be reused. 
o f  gas control r e l a t e  t o  some pipe having t o  be replaced due t o  damage, 
and the unknown long term ef fec t  on pipe which has been squeezed-off and 
returned t o  service. A further safe ty  problem f o r  gas employees i s  the 
s t a t i c  e l ec t r i c i t y  generated by the squeezing-off procedure. 

The pipe i s  squeezed t o  shut off the flow of gas t h r o u g h  the 

The pipe squeezer consists 

The main problems with t h i s  method 
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6.5.6 P las t i c  Pipe Locating Methods 

order t o  make use o f  s t a n d a r d  metal locators in e i the r  conductive or 
inductive modes, t racer  wires o r  tapes a r e  buried along with the pipe. 
The t racer  wires can be placed alongside the pipe, taped to  the pipe, 
o r  above the pipe. Usually, the t racer  tape i s  placed above the pipe. 
Tracer wires can be bare o r  covered, the covered being preferred from 
a corrosion standpoint. Tracer tapes a re  usually aluminum fo i l  encased 
i n  p las t i c .  
present a p a t h  fo r  lightning or s t ray  voltage sources which can damage 
the pipe, corroded o r  cut t racer  wire which i s  d i f f i c u l t  t o  locate and 
t racer  tape a lso  requires special operations for  ins ta l l a t ion .  Corrective 
actions regarding t racer  wires would be to  es tabl ish  regulations requiring 
coated wire of  a min imum s ize .  

Locating buried p las t i c  pipe i s  a problem to  gas  companies. In  

A few problems noted with t racer  wires are tha t  i t  can 

A more recent development in locating p las t i c  pipe i s  the use of a 
downward looking rad$r. 
transmitted i n t o  the g round .  
t i n u i t i e s  are detected by a transducer and transformed into a readout 
indicating substructure and t h e i r  depth. 

A t ransmitter  generates a short pulse which i s  
Reflected pulses from underground discon- 

6 .6  EMERGENCY PLANS 
A l l  pipeline operators are  required by regulation t o  have written 

--. emergency procedures. Further, they are  required t o  acquaint appropriate 
operating and maintenance employees w i t h  these procedures and  must es ta-  
blish l iaison with appropriate public o f f i c i a l s ,  including f i r e  and police, 
witti respect t o  the procedures. 
educational programs f o r  customers and  the public in recognizing and  pro- 
perly reporting gas emergencies. 

As of t h i s  time, there are  no regulations which identify exactly what 
must be contained in the written emergency plan. 
are a performance type which allow the u t i l i t i e s  wide la t i tude  in preparing 
plans which best f i t  t he i r  p a r t i c u l a r  system. 

Finally,  the operators must establish 

Rather the regulations 

Plans can therefore emphasize 
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or be adjusted t o  suit  specif ic  problems o r  special operations of the 
system. 
the emergency plan as well as  the pipeline parameters such as  materials,  
components, age and operating pressures. 

most notably i n  the pipeline f a i l u r e  reports published by the NTSB. 

was indicated i n  Table 4-10 i n  Section 4 of th is  report ,  emergency plans 
were c i ted  i n  many cases as contributory t o  occurrence of the accident or  
of resul tant  damage due t o  improper preparation o r  execution of an 
emergency plan. A few of the more important procedural o r  emergency 
plan problems noted i n  NTSB investigations are:  

U t i l i t y  s i ze ,  location, and standard operations can af fec t  

Emergency plans have received considerable at tent ion recently,  
As 

No written emergency plan of written procedures fo r  
operations being performed. 
Insuff icient  l ia ison between gas employees and 
firemen a t  an incident,  o r  f a i lu re  t o  inform 
p u b l i c  o f f i c i a l s .  
Inadequate personnel t ra ining.  
Failure t o  shut-off the flow of gas. 
Insuff icient  educational programs for  customers and the 
public t o  recognize and report gas emergencies. 
Equipment o r  special tools  not available a t  the scene. 
Communication l ines  overloaded o r  emergency c a l l s  n o t  
hand1 ed proper1 y . 
No carry t h r o u g h  o f  evacuating people, checking buildings 
f o r  gas, shutting down, o r  locating the leak. 

The above items and others have been incorporated into several NTSB 

recommendations. 
dations and the experience and data gained by OPSO which has allowed a 
proposed rulemaking t o  be drafted. 

Generally i t  has been these investigations and recominen- 
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The proposed rulemaking, which amplified the requirements o f  
emergency plans, was published i n  the Federal Register,  Vol. 40, No. 59, 
on March 26, 1975. The revisions provide more detai led imformation 
which can a s s i s t  operators i n  preparing plans. The revisions, while 
defining some minimum items to  be included, s t i l l  leave suf f ic ien t  
l a t i tude  fo r  operators t o  t a i l o r  the plans t o  meet t he i r  needs. 
the proposed rules would require emergency plans t o  identify emergency 
c a l l s ,  indicate how a t  l eas t  two means of communication are provided, 
the response t o  each type of emergency and how proper action and equip- 
ment are  t o  be applied. 
emergency procedures is  added, as well as the requirement for  advance 
planning of gas u t i l i t i e s  w i t h  public o f f i c i a l s .  The educational programs 
have a lso  been broadened t o  make them more comprehensive w i t h  respect t o  
geographical areas covered and languages t o  be used. 
individuals on the proposed rule  modification will be used by OPSO t o  
determine extent,  additions or deletions which should be made t o  emergency 
plan regulations. 

Another development concerning emergency plans are  Addenda 10 and 11 
of the ASME Guide fo r  Gas Piping. The OPSO proposed rule and the Guide a re  
consistent w i t h  one another. 
considerations which would be useful t o  be contained in an emergency p l a n .  
In addition t o  s ta t ing  w h a t  s h o u l d  be contained i t  specif ies possible 
solutions in handling emergency s i tuat ions .  

bo th  industry and governmental agencies. 
i s  impractical t o  t r y  t o  define detai led procedures fo r  a l l  types of 

emergencies. 
f o r  the procedures to be f l ex ib le ,  
courses of action i n  mind ,  the reaction time can be reduced, which in many 
cases may prevent some f a t a l i t i e s  or  damage. 

The approach taken t o  date, t h a t  of amending and emplifying exist ing 
regulations seems to  be the best method of applying the resul ts  o f  f a i l u r e  
analysis and experience gained t o  the problem. 

Basically, 

The training and monitoring o f  employees i n  

Comments by interested 

The guide presents a number of items and 

Overall, the importance of emergency plans has been recognized by 
I t  i s  a lso  recognized that  i t  

So many variables can be introduced t ha t  i t  becomes necessary 
Yet, by preplanning and  having specif ic 

In a step-wise fashion, the 
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plans of a l l  u t i l i t i e s  will be up-graded t o  be more comprehensive and use- 
ful t o  them without creating undue hardships by requiring extensive manuals 
t o  be prepared. Also, since detai led procedures may be inherently impractical 
from the standpoint of covering a l l  types of emergencies and the needed con- 
tinuous updating, the trend for  employee training i s  in teres t ing.  The bene- 
f i c i a l  r esu l t  of employee training was commented upon a t  the 1975 AGA 
Distribution Conference. 
interconnected systems were compared fo r  response. 
t o  t ra ining,  while the second response was subsequent t o  having written 
shutdown plans and study sessions. 
while i n  the second case i t  took only 5 hours. 
be emphasized t ha t  the system was not out of control fo r  the fu l l  5 hours.  
Leak control from not i f ica t ion t o  i sola t ion required almost 2 hours w i t h  the 
remaining time being spent in switching over a complex system to  reduce 
e f fec t s  t o  customers. Also, while several other factors were involved i n  
these incidents,  the benefits of training were evident. Other cases were 
also noted where the lessons learned from training i n  one area were eas i ly  
applied t o  other s i tuat ions .  

Generally, i t  appears t h a t  improvements i n  emergency response will be 
accomplished by planning t h a t  iden t i f i es  hazards, provides specif ic  actions 
and methods for response, and concentrates on t r a i n i n g  and education. O f  
these, maintaining a well trained s t a f f  will  probably provide the greater  
benef i t . 

Two similar  fa i lu res  of a pipeline supplying three 
One response was prior  

I n  the f i r s t  case shutdown took 40 hours 
I n  t h i s  example, i t  must 

6.7 VALVING AND RAPID SHUTDOWN 
Valving, rapid shutdown of fa i l ed  systems, and telemetering of 

information t o  central locations t o  detect  f a i l u r e s ,  a re  topics which have 
been considered and investigated as  t o  t he i r  application to  d is t r ibut ion 
systenis. 
of pipeline fa i lu res .  I t  was noted i n  several cases t h a t  actual shutdown 
o f  gas flow was n o t  performed in an expeditious manner, and s i tuat ions  existed 

Most notably these topics came t o  at tention in NTSB investigations 
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where pressure or flow measurements i f  telemetered t o  a central o f f ice  
could have forewarned of the potential danger tha t  was building. 

mission pipelines b u t  t h e i r  application to  dis t r ibut ion systems i s  
neither simple no r  eas i ly  achieved. A transmission l ine  i s  usually 
a s ingle long pipeline which operates on a re la t ively  constant flow 
basis. Distribution systems on the other hand are  often looped and in te r-  
connected, may have several gas i n p u t  s ta t ions  i n  the system, and can have 
wide f luctuations in flow determined by consumer usage patterns. To 

s h u t  down a section of d is t r ibut ion pipeline may involve a ser ies  o f  valves. 
Rapid shutdown and telemetry information can only be used in selected 
sections of systems or must take in to  consideration many variables. 
shutdown of d is t r ibut ion systems i s  probably most useful as automatic 
shutoff equipment on service l i ne s ,  since the f luctuations in gas flow 
i n  d is t r ibut ion mains can be so wide as t o  n o t  allow any meaningful 
se t t ing  of shutoff eguipment. 
obtained a t  a gate s ta t ion ,  b u t  i f  the system has more t h a n  one gate s t a t i o n ,  
then information from a l l  s ta t ions  must be compared and correlated t o  
obtain Val id resu l t s .  

. The above methods of control have been effect ively  used on trans-  

Rapid 

Telenietered data would be most useful i f  

A large amount of work has been done by many organizations on these 
control methods fo r  d is t r ibut ion systems. Manufacturers have been developing 
automatic shutoff valves fo r  service l ines  and gas u t i l i t i e s  have been in- 
s t a l l i ng  them in selected pipelines. 
been pushed by private industry and ins ta l led  in limited fashion by some 
u t i l i t i e s .  Valves have long been ins ta l led  t o  sectionalize dis t r ibut ion 
systems and now some valves, which then receive specified periodic maintenance, 
are  required to  be designated as key valves t o  be used i n  emergency s i tuat ions .  
However, the exact 'locations of valves must s t i l l  be l e f t  t o  the discretion 
o f  the gas operator as t o  spacing, t o  allow accounting for pressure, flows, 
l i ne  s izes ,  and other local conditions. 

Telemetry equipment development has 
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Studies have also been conducted on these control methods. Recently 
the AGA made a study of r a p i d  shutdown in dis t r ibut ion systems and  a report 
i s  expected t o  be published short ly.  
"Rapid Shutdown of Failed Pipeline Systems and L imi t i ng  of Pressure to  Pre- 
vent Pipeline Failure Due t o  Overpressure." 
anics Research, Inc. (MRI) investigated a l l  types o f  l i q u i d  and gas pipe- 
l ine  systems. 
discussions of sectionalizat ion valves, automatic service shutoffs ,  and 
telemetry. 

Also, OPSO in i t i a ted  a study en t i t l ed ,  

This study performed by Mech- 

Several excerpts from th i s  report were used in the following 

6.7.1 Sectionalization Programs 

sealed. 
so  t h a t  flow o f  gas t o  whole systems can be cur ta i led .  
l i n e  has a shutoff valve to  i so la te  the dis t r ibut ion system from the 
customer's p i p i n g .  Both the i n l e t ( s )  and a l l  of the ou t le t s  of each 
system are valved t o  allow tota l  isolat ion of the dis t r ibut ion system. 

control of subsections o f  a system. 
t o  s h u t  a section o f  main in an emergency. 
t h a t  the manual closing of  sectionalizing valves i s  the most frequent 
method used t o  control escape o f  gas i n  d is t r ibut ion systems. 
quent methods a re  saddles and clamps, stoppers, and pipe pinchers. 
and clamps a re  more of a repair  method while stoppers and pipe pinchers 
perform the same function as a valve except t he i r  use often includes some 
damage to  the pipe. The report goes on t o  show t h a t  although valves a re  
the most used method, they a re  frequently n o t  used where interruption o f  
service would resu l t .  T h i s  i s  a conf l i c t  which the report indicated a s  
needing fur ther  investigation t o  c l a r i fy  the use made of sectionalizat ion 
valves by dis t r ibut ion companies. 

Distribution systems are  valved so t ha t  the whole system can be 
That i s ,  valves are  ins ta l led  upstream o f  regulator s ta t ions  

Also each service 

In addit ion, 'valves are  ins ta l l ed  in the dis t r ibut ion mains t o  allow 
These valves can reduce the time required 

The recent report by MRI shows 

Other f re-  
Saddles 
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A few advantages o f  u s i n g  shutoff valves t o  stop gas flow are:  
e Rapid shutdown represents a potential  safeguard against 

e r rors  i n  judgment .  
Safeguards against unknown paths o f  gas migration through 
s o i l .  
Can present a simple follow-through procedure for emergency 
conditions. 
by the gas employees a t  the scene. 
The times required t o  locate and close valves a re  less  than 
other typical methods of controlling the escape of gas. 

e 

o 

Reduces the need fo r  judgment or  evaluation 

e 

A few of  the disadvantages noted with regard t o  sectionalization 
valves are:  

8 The t rue value of s h u t t i n g  down a system has not been 
proven. 

o Inconvenience and possible hardships t o  customers. 
e Weather conditions can a f f ec t  valve operation. 
8 Many valves can be a potential  problem with vandals 

s h u t t i n g  o f f  gas t o  customers. 
'8 Special locks o r  wrenches t o  insure only authorized 

operation of the valves often places emergency personnel 
i n  the position o f  n o t  having the proper too l .  
There is  an associated r i sk  involved w i t h  s t a r t ing  u p  a 
system which has been shut down. 
I f  gas has migrated considerably o r  collected i n  areas ,  
subsequent closing of valves may not prevent an explosion. 
Other actions such as checks for  gas  migration, evacuation, 
elimination of ignition sources,and others a re  often s t i l l  
required in addition t o  closing of valves. 
Costs on the order of 20 t o  30 dol la rs  per customer are  
the expected average due to  shutdowns. 
i f  service t o  a large number of customers is  curtai led.  

0 

e 

e 

Q 

T h i s  can be s ignif icant  
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A cos t /bmef i t  analysis based on ins ta l l ing  and using valves placed 
a t  0.1 mile in tervals  was performed i n  the MRI study. 
t h a t  rapid shutdown by manual sectionalizing valves cannot be recommended 
from a cost/benefit  approach wherein the c r i t e r ion  fo r  j u s t i f i c a t i on  is  
tha t  the estimated benefits equal o r  exceed the costs .  
i s  the considerable uncertainty i n  the estimated benefits from rapid shutdown. 
This led t o  the recommendation tha t  there i s  a need for  improved gas escape 
control practices used by gas dis t r ibut ion companies i n  responding t o  
notif icat ion of a leak. 
f a i l u r e  t o  ( a )  determine limits of gas migration, ( b )  evacuate and control 
public access t o  areas of ga s  concentration, and ( c )  close valves which were 
available and which would have effect ively  reduced time t o  stop escape o f  

gas. 

The analysis showed 

One problem encountered 

T h i s  was based on accident reports which showed 

6.7.2 Automatic Service Shutoff Valves 
Automatic service shutoff valves a re  designed t o  close when the 

flow o f  gas i n  a service l i ne  exceeds a specified ra te .  Their point o f  
ins ta l la t ion is  a t '  the service t a p  on the dis t r ibut ion mains. 
can pr'otect the complete service l i n e  b u t  t h i s  does mean t h a t  they are  
generally buried and re la t ively  inaccessible. These devices have only 
been recently introduced to  the gas industry and a re  s t i l l  under develop- 
ment and t r i a l  use by gas operators. A few of the current devices on the 
market are: 

T h u s ,  they 

Gas Phase Muel 1 e r  Company 
Donkin Flow Limiter UMAC 

Autoval ve Continental Industries 
Foll e t t  Safety Val ves Fol 1 e t t  Val ves 
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0 

e 

industry survey by MRI resulted i n  the following information: 
Some companies have had good experience w i t h  the devices 
while others have had bad experiences. 
False closure of the valves was the major complaint. 
False closures were traced to  faul ty  ins ta l l a t ions ,  d i r t  
i n  the l i ne ,  too f a s t  s tar t  up  of a new l ine ,  and several 
unexplained reasons. 
Several reports  were made where the valve closed correctly 
a f t e r  severing of a service l ine .  
Most companies t ha t  have t r i ed  the devices are  continuing 
t o  use them. 
applications where higher r isks  of severed service l ines  
a re  involved. 

In some cases, use i s  limited t o  special 

The  principal advantage of the device over other gas escape control 
methods i s  the automatic shutoff of escaping gas. 
are  such t h a t  they a re  inexpensive. 
service t a p  so t h a t  the cost  from the manufacturer i s  $1.25 t o  $1.50 over 
the cost fo r  a conventional t ee .  
f ic ia l .  safe ty  device for  the gas  industry i f  the disadvantages are  overcome. 
A few noted by the gas industry are:  

False closures and st icking in the closed position when 
a new service i s  turned on. Repairs i n  these cases can 
involve excavation of the s t r e e t  to  replace or remove 
the device. 
Selection of the proper flow for closure. 
be selected so t h a t  seasonal uses o r  additional appliances 
added to  the service do not t r i p  the valve. 
a tendency t o  se lect  the equipment fo r  larger flows t o  
preclude f a l s e  closures. In  these cases,  small leaks or 
par t ia l  breaking of service l ines  may not t r i p  the valve. 

Further, the va1ve.designs 
Some valves are  designed in to  the 

T h u s ,  they represent a potential ly bene- 

0 

0 The flow must 

Thus, there i s  
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o Lack o f  background information. The a b i l i t y  of the equip- 
ment t o  s i t  fo r  many years and s t i l l  be operable under the 
proper conditions i s  not known. The a f fec t s  of aging, con- 
tamination and others m u s t  be checked by t r i a l  use. Aging 
may cause the device not t o  work or could cause the device 
t o  be more susceptible t o  pressure f luctuations or s t r e e t  
vibrations. 
properly or be incapable o f  being reset .  

Contamination may stop a valve from seating 

6.7.3 Telemetering 

transmission of that  signal to  some d i s t a n t  s ta t ion.  Telemetering has 
long been used on transmission l ines  t o  transmit pressure o f  flow data 
from d is tan t  parts  of the l i ne  t o  a central location. This allows the 
l i n e  t o  be be t te r  controlled and problems along the l ine  can be noted 
sooner. This type of system has been used by dis t r ibut ion systems t o  
a s s i s t  i n  managing and controlling load f luctuations and has been con- 
sidered fo r  possibly noting l i ne  fa i lu res  w i t h  large amounts of escaping 
gas.  a 

Currently, d is t r ibut ion systems supplied by more t h a n  one d i s t r i c t  
pressure regulating s ta t ion must be equipped w i t h  telemetering or recording 
pressure gauges t o  indicate the gas  pressure in the system. 
supplied by a single regulator s ta t ion  a r e  n o t  speci f ica l ly  required t o  have 
telemetry or gauges. 
i n t o  consideration the number of customers supplied, the operating 
pressures, capacity of the ins ta l l a t ion ,  and other conditions. 

a1 t h o u g h  one municipal company contacted was u s i n g  telemetering to  control 
the pressure throughout t he i r  system. 
system noted the pressure and information was transmitted back t o  the rcgu- 
l a t ing  s t a t i o n .  I n  t h i s  system the control for the regulators was established 
t o  maintain a pressure a t  the system outer l imi t s .  
of slack demand, the pressure t h r o u g h o u t  the to ta l  system was reduced. 

Telemetering refers  t o  the sensing of some pipeline parameter and 

Systems 

Rather, the operator i s  t o  determine the need taking 

Recording gauges are probably used more t h a n  telemetering devices 

Sensors a t  the outer l imi ts  of the 

By t h i s  means, d u r i n g  periods 
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The consequences of t h i s  resulted in l e s s  gas escape t h r o u g h  any exist ing 
leakage areas i n  the system. 

noting s ignif icant  pipeline fa i lu res  during investigation o f  the Clinton, 
Missouri incident, December 9 ,  1972. (Reference NTSB-PAR-74-3). I n  t h i s  
case, a recording chart a t  the border s ta t ion  which supplied Clinton, Missouri 
with gas registered a large ,  unexpected increase in the flow o f  gas .  The 
u t i l i t y  was unaware of the increase because the s ta t ion was unmanned. A 
4-inch high pressure cast- iron main had cracked and before i t  was controlled,  
subsequent events included deaths and buildings demolished. 
mation from the recording gauge had been telenietered t o  a central manned 
location,  i t  is  possible t h a t  two t h i n g s  may have occurred. F i r s t ,  i t  could 
have been apparent that  a serious f a i l u r e  had occurred and secondly, emergency 
procedures could have been s ta r ted  e a r l i e r  with the knowledge t h a t  i t  was a 
serious fa i lu re .  
d is t r ibut ion systems-to insure prompt warnings of s ignif icant  system fa i lu res .  

of which are noted below: 

. The NTSG recommended the use of telemetry a s  a method o f  

I f  the infor-  

This has led the NTSB t o  recommending telemetering o f  

The NTSB report discussed m o n i t o r i n g  of pipeline systems, some points 

~0 Complex systems a re  d i f f i c u l t  t o  monitor i n  a manner 
which will detect  system fa i lu res .  
Small systems with one feed may be very conducive t o  
system f a i l u r e  detection by telemetered information. 

detection by telemetered information. Flow or  pressure 
will have t o  change noticeably t o  be detected, a con- 
dit ion generally associated with breaks i n  main piping. 
The type o f  reduction used i n  the dis t r ibut ion system 
must be considered with regard t o  the information 
which s houl d be t e l  enie tered . 

0 

0 The magnitude of the f a i l u r e  will largely determine 

8 
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6.8 MASTER METERING 
Master meter ing r e f e r s  t o  t h e  s i t u a t i o n  where a d i s t r i b u t i o n  

company d e l i v e r s  gas t o  one meter from which many customers can be 

served. 

t h e  d i s t r i b u t i o n  company, can be b u r i e d  o r  be above ground, and i s  i n  
i t s e l f  a smal l  d i s t r i b u t i o n  system. These i n s t a l l a t i o n s  a re  p reva len t  

i n  mobi le  home parks, r e c r e a t i o n a l  f a c i l i t i e s ,  b u i l d i n g  complexes and 

apartment b u i l d i n g s .  

does n o t  own the  p i p i n g  and t h e r e f o r e  may n o t  i n c l u d e  i t  i n  the  l eak  

surveys o r  r e p o r t s  t o  the  OPSO. 
a r e  n o t  aware o f  t he  DOT/OPSO r e g u l a t i o n s  o r  how t o  comply w i t h  the  

regu la t i ons .  

con t rac to r  who f o l l o w s  a plumbing code which i n  some cases may n o t  meet 

OPSO regu la t i ons ,  t h e  most no tab le  divergence being i n  the  requirements 

f o r  cathodic p r o t e c t i o n .  

now known b u t  cou ld  be determined through the  records o f  d i s t r i b u t i o n  

companies. 

age and cond i t i on ,  and the  number o f  i n d i v i d u a l  customers served by master 

meters. 
a r e  app i c a b l e  t o  OPSO regu la t i ons  b u t  f o r  which no method o f  i n fo rm ing  

them o r  surveying t h e i r  p i p i n g  i s  a v a i l a b l e .  

r e s o l u t  on are:  

P ip ing  beyond t h e  meter o f ten  belongs t o  someone o the r  than 

The problem t h a t  occurs here i s  t h a t  t h e  d i s t r i b u t i o n  company 

I n  many cases, t he  owners o f  the  p i p i n g  

I n s t a l l a t i o n  o f  t he  p i p i n g  i s  o f t e n  performed by a plumbing 

The number of  master meter i n s t a l l a t i o n s  i s  n o t  

Other unknowns a r e  the  number o f  m i l es  o f  p i p i n g  involved,  t h e i r  

Th is  could represent  a number o f  i n s t a l l a t i o n s  and owners which 

A few i tems needing 

0 A d e f i n i t i o n  o f  master meter ing t o  de l i nea te  the  boundaries 
o f  the  problem. 

o The number o f  these i n s t a l l a t i o n s  i n  t h i s  count ry  should 

be determined w i t h  a f o l l o w  through o f  determin ing m i les  

o f  p i p i n g  i nvo l ved  and customers served. 

B) I d e n t i f i c a t i o n  s t a t u s  f o r  owners o f  master meter i n s t a l l a t i o n  

t o  reso lve  concurrence t o  OPSO regu la t i ons .  
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e MethOds fo r  OPSO and regulatory agencies t o  provide direction 
and control over such ins ta l l a t ions .  T h i s  may require 
coordination between building inspections, contractors, the 
OPSO, and other government agencies. 

w i t h  s t a t e  and OPSO regulations. 
e Methods t o  resolve local and regional codes t o  be consistent 

From the above, i t  can be seen t ha t  the problem i s  largely undefined 
a t  t h i s  time. 
study would: 

A study should be performed t o  resolve the issues.  This 

0 Determine miles and customers on master meters. 
e Determine type of piping used and the corrosion prevention 

appl i ed . 

age, components, e t c .  
Records and leak surveys which are  maintained and performed. 
Perform leak surveys on selected systems for  assessment. 

8 The physical character is t ics  of the systems i n  terms of 

e 

e 
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SECTION 7 
PROBLEM EVALUATIONS AND SOLUTIONS 

7.1 METHODOLOGY 
For each of the problems noted and discussed i n  t h i s  report ,  speci f ic  

studies have been made with resul tant  conclusions and recommendations. Many 
o f  those studies have included a survey of d is t r ibut ion companies t o  determine 
the reliance placed on current procedures and technologies and the degree of 
use. The surveys also often uncovered specif ic  areas t h a t  u t i l i t i e s  consid- 
ered t o  be lacking and needing more research o r  which a r e  considered t o  be 
unaddressed a t  t h i s  time. 

The methodology used fo r  evaluation was t o  review the f inal  resul ts  of 
many reports and incorporate them here. The f indings,  conclusions, or  recom- 
mendations could then be evaluated against  the ident i f ied  safety problems de- 
rived from leakage data. and NTSB reports .  Since n o t  a l l  o f  the resul ts  from 
the  numerous reports surveyed could be included, a selection was made of 
those most pertinent or promising fo r  increasing the safe ty  of d is t r ibut ion 
systems. 
be extracted o r  rephrased, b u t  sources a r e  ident i f ied  so that  the search for  
backup data may eas i ly  be accomplished. 
grouped according t o  the safe ty  problems and comments added t o  include per- 
t inen t  and new developments. 

Also, t o  achieve a standard report format, many findings had t o  

Also, the study resu l t s  have been 

7.2  RESULTS OF STUDIES AND INVESTIGATIONS 
This section presents the resu l t s  from studies and investigations into 

safety problems of gas dis t r ibut ion pipeline systems. 
of findings, conclusions and recommendations from several reports which are 
grouped by safety problem topics. 

uate the Tools and Procedures fo r  Assessing the Safety of Existing Gas Dis- 
tri bution Systems" are  as fo l l  ows : 

I t  i s  a compilation 

The important conclusions and recommendations from the "Study t o  Eval- 

- 
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0 The OPSO reporting requirement has provided a good tool f o r  assessing 
and improving the safety of gas dis t r ibut ion systems. Analysis of 
the data must be continued w i t h  consideration g i v e n  t o  determining 
trends o f  in te res t .  Since f a t a l i t i e s  and serious in jur ies  focus 
at tention on the gas industry and the effectiveness o f  regulations, 
written reports should be made on a l l  incidents w i t h  f a t a l i t i e s .  
Also, better  resolution of the "other" category on leak reports 
is  needed. 

0 Corrosion pi t t ing accounts fo r  a large number of leaks and i s  
extremely d i f f i c u l t  to  locate i n  buried pipes. Also, measurements 
t o  prove t h a t  cathodic protection i s  effect ive  or corrosion i s  not 
occurring a re  needed. 
upgrade the e l ec t r i c  measurements and techniques used fo r  locating 
hot-spots, holidays, pipe-to-soil potentials  and e lec t r i ca l  currents. 

Further investigations should be made t o  

0 No comnercial equipment i s  currently available f o r  in-situ inspection 
fo r  graphitization of  cas t  iron pipes. 
a re  s t i l l  usable and because they a re  often located i n  older 
business d i s t r i c t s ,  a method fo r  t h e i r  inspection should be developed. 

Much of the cas t  iron pipes 

0 The methods o f  gas detection including both odorization and gas 
sensi t ive  instruments are  currently the most ef fect ive  techniques 
fo r  controlling the safety of d is t r ibut ion systems. 
allows use of the public a t  large for  gas detection. 
use of gas detectors i s  important since they are used t o  locate 
exist ing f au l t s  and the in tent  i s  t o  f i n d  the leaks while s t i l l  
small or  before they progress t o  an accident. 

Odorization 
The periodic 

0 For near term future,  the nondestructive techniques which appear t o  
have the most promise are  acoustic emission and ultrasonics.  
Acoustic miss ion can be used t o  note the location and severity of 
flaws, b u t  n o t  actual s ize .  Ultrasonics i s  adaptable t o  most 
makerials and can dist inguish between types o f  flaws and assess 
the s ize  of flaws. 
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The important findings on corrosion identified i n  the study, "Ferrous 
Pipeline Corrosion Processes, Detection and Mi t igat ion" ,  a re  as follows: 

I t  probably i s  not possible t o  eliminate a l l  corrosion leaks. 
Rather, the corrosion control program must be established to  be 
consistent w i t h  the useful l i f e  o f  a pipeline,  

Pipelines f a i l  predominantly by localized at tack i n  the form of 
pits generally in i t i a t ed  by some inhomogeneity of the environment 
o r  pipe material. The corrosion r a t e  can be f a i r l y  low, b u t  many 
factors  do influence corrosion including temperature, so i l  
resist ivi ty,  the chemical species of  the so i l  , moisture, texture, 
and microbiological metabolism products. 

Welds appear t o  be par t icu lar ly  susceptible t o  corrosion, b u t  the 
e f fec ts  of welding conditions and metal inhomogeneities a re  l i t t l e  
understood. 

Coating on pipe i s  a widely used method of corrosion control w i t h  
thick organic coatings being preferred. 
coating material ex i s t s  and coating processes and construction 
techniques do n o t  prevent a l l  holidays. Physical damage t o  the 
coating i s  the most common circumstance f o r  leaks and improperly 
applied coatings a re  second.. The need fo r  inspection during 
construction and a t  subsequent periods i s  obvious. 

Cathodic protection, while e f fec t ive ,  i s  n o t  a panacea. Many items 
can reduce the effectiveness of cathodic protection, such as 
shielding by the pipeline coating. 
o f  cathodic protection often includes many judgmental considerations 
and the methods of verifying cathodic protection a re  imperfect. 
Electrical measurements made may not actual ly indicate what i s  
occurring a t  the pipe i t s e l f  and the verifying c r i t e r i a  cannot be 
used under a l l  conditions. 

However, no perfect 

Also, the proper application 
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Record.systems should be improved to  allow the correlat ion of leaks 
t o  as  many environmental conditions o r  other parameters as possible. 
These records may then be more useful f o r  predicting leaks as well 
as guidelines fo r  new construction, 

The economies of corrosion control have n o t  been suf f ic ien t ly  
detai led.  
are often made on guidelines not correlated to  the pipe l ifet ime.  

The process of corrosion mechanisms are n o t  thoroughly unders tood 
a t  t h i s  time and need investigation. 
is  too complicated t o  be used by the u t i l i t i e s .  Corrosion research 
directed towards pipelines and dissemination of t h i s  information i n  
eas i ly  understandable terms is needed. Short courses and seminars 
are needed to  t r a in  individuals i n  corrosion control and there 
appears t o  be a need fo r  ways t o  judge the qualif icat ions of 
corrosion engineers. 

The  selection of coatings and cathodic protection systems 

Most l i t e r a tu r e  on corrosion 

The major r esu l t s  of investigations in to  and solutions fo r  reducing 
outside force damage to  pipelines from several sources are  l i s t e d  below: 

Many of the programs t o  reduce outside force damage such as 
Ut i l i ty  Coordination C o n i t t e e  "one c a l l "  systems and the proposed 
s ta tu tes  are  suf f ic ien t ly  new tha t  t h e i r  effectiveness i s  d i f f i c u l t  
t o  determine. However, once included as  a viable procedure, there 
is  an overall reduction i n  outside force events. 

The operational problems associated w i t h  se t t ing up "one c a l l "  or 
coordination councils have been largely resolved and should now 
allow ta i lor ing t o  s u i t  local needs. 

Proposed model s ta tu tes  t o  provide penal t i e s  f o r  excavation damage, 
or i f  certain requirements a re  n o t  met, have not been universally 
accepted by s ta tes .  
such legis la t ion.  

There seems to  be a hesitancy in enacting 
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0 Good c6mmunication by companies and excavators, swift and accurate 
pipeline markings by operators, and education of excavators seem 
t o  hold the most promise f o r  reducing pipeline damage. 

Further investigations in to  outside forces are  needed and a r e  
being performed as exemplified by a recently awarded OPSO study. 

The primary resul ts  obtained from the "Study of the Properties of the 
Numerous Odorants and of Their Effectiveness i n  Various Environmental 
Conditions to  Alert People t o  the Presence of  Natural Gas" are  as follows: 

Present-day odorants are accepted and considered sa t is factory  
by most gas u t i l i t i e s  w i t h  regard t o  odor and persistence. 

Odorant fading is  rated as  a problem b u t  could be minimized by 
greater  use of TBM blends, 
investigation and improvement. 

Most commercial odorants can be harmful t o  some industr ial  
processes because o f  the s u l p h u r  compounds. 
sulphur cornpounds could be a useful development. 

The majority of odorizing equipments are usable or  sa t is factory .  
The main problem i s  trying t o  maintain a s e t  odorization r a t e  over 
a range of gas flows. 

Odor moni tor ing equipment and procedures could use some improvements. 
Odorometers rely heavily on the observer's sense o f  smell. Leak 
ca l l  records cannot be correlated d i rec t ly  t o  proper odorization 
of gas.  Instruments t o  measure sulphur compound concentrations 
a re  more expensive, complex and require trained personnel. Further, 
t he i r  resul ts  must s t i l l  be referenced t o  the human sense o f  smell. 
Overall, while improvements and more corre la t ive  data i s  needed, 
the equipment t o  assess odorization of gas  is  available. 

Fading due t o  so i l  contact needs 

Odorants w i t h o u t  
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0 Educational programs aimed a t  the general public i n  recognition 
and proper reporting o f  gas odors m u s t  be maintained and expanded. 

0 Regulations on odorization should not betoo specific.  The 

performance language method allows leeway and a workable system 
f o r  the gas industry. 

The primary resul ts  obtained from investigation in to  p las t i c  pipe 
and the  study ent i t led  "Pipeline Industry 's  Practices Using Plas t ic  Pipe in 
Gas Pipeline Fac i l i t i e s  and the Resulting Safety Factors" a r e  noted below: 

0 The formulation, extrusion, and molding techniques have been 
improved t h r o u g h  the years and are  considered to  be effect ive  
i n  producing h i g h  quali ty gas  pipe. 

0 Material selection processes, which are based on experience must 
be continually updated, b u t  are ef fect ive  as evidenced by the large 
numbers of successful p las t i c  pipe ins ta l l a t ions .  

0 Quali ty control,  while good, can be improved upon. 

0 Investigations are  needed i n  tes t ing of p las t i c  compounds and 
components part icularly as regards a g i n g ,  speci f ic  f a i l u r e  modes, 
and assembled components. 

0 Distribution construction receives a lesser  level of emphasis 
t h a n  transmission l ines  and bet ter  ins ta l l a t ion  standards and 
f i e ld  inspection are  needed f o r  d is t r ibut ion systems. 
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e Joining of large diameter pipes and e f fec t s  o f  odorants are  two 
areas t o  be investigated fo r  RTRP. 

a A questionnaire response indicated t h a t  the major problem areas 
of p las t i c  pipe are  dimensional tolerances, b r i t t l e  f a i l u r e s ,  
out-of-roundness, pressure t e s t  f a i l u r e ,  t ransi t ion f i t t i n g  
problems, joining f a i l u r e s ,  and s t r e s s  cracking. 
construction practices due t o  workmanship are  also prevalent and 
increasing as a problem. Other lesser  problems were poor extru- 
s i o n ,  improper material select ion and unsatisfactory matnrial 
performance. 

Improper 

e To improve quali ty control ,  pipe and f i t t i n g  producers should 
ce r t i f y  compliance t o  ASTM D-2513 and ASTM D-2517. Further, 
a number of recommendations were made fo r  revisions of these 
standards fo r  inclusion of quali ty control requirements, increased 
tes t ing ,  and more c lea r ,  concise terminology. 

e More information on p las t i c  pipe performance is needed. 
report form s h o u l d  be modified t o  allow leaks by materials t o  be 
identif ied.  
basis ,  t o  provide information on leak repairs  and replacement of 
p las t i c  pipe. 

Consideration should be given t o  regulations fo r  p las t i c  pipe in- 
s t a l l a t i on  as t o  replacement of damaged pipe and backfill  require- 
men t s  . 

The annual 

Another a l ternat ive  i s  fo r  companies, on a volunteer 

e 

o Standards  should be developed for sleeves, t ransi t ion f i t t i n g s  and 
fo r  ins ta l la t ions  over bell holes and open trench spans. 

o Further investigations a re  needed itito the temperature 1 imitations 
of p las t i c  pipe. Research should be performed t o  develop p las t i c  
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p ipe  usable u p  t o  140°F or t o  develop casings which would limit 
the temperature i n  metal casings t o  100°F. 

0 Good nondestructive instruments a r e  needed fo r  f i e ld  inspections 
of jo in t s .  

0 Research i s  required into t e s t  programs fo r  t r a n s i t i o n  f i t t i n g s  and 
p l a s t i c  pipe compounds for f racture  toughness. 

The two main problems noted as a r e su l t  of investigating emergency plans 
i n  this study a r e  f i r s t ,  t h a t  in order to  be useful t o  the u t i l i t y  they must 
be ta i lored t o  the par t icular  system and secondly, i f  available,  they often 
a r e  not followed. 
f a i l u r e  analysis and experience i s  gained i n  d is t r ibut ion systems, i t  becomes 
apparent tha t  cer ta in  specif ic  items are  needed in every emergency p l a n .  
the  approach of amending regulations as needed t o  include additional items 
appears to  be a good method to  ultimately a t t a i n  useful,  comprehensive emer- 
gency plans fo r  each u t i l i t y .  To obtain bet ter  use of emergency plans, t ra in-  
i n g  is  essent ia l .  Training programs of employees have been proven t o  be bene- 
f i c i a l  and probably hold the most promise for expedient hazard control.  

The important resul ts  and recommendations from the study en t i t l ed  

The solution t o  the f i r s t  problem i s  t h a t  a f t e r  considerable 

T h u s ,  

"Rapid Shutdown of Failed Pipeline Systems and Limiting of Pressure to  Pre- 
vent Pipeline Failure due to Overpressure," a r e  as  follows: 

0 Rapid shutdown systems can reduce accident e f fec t s  from product 
discharged. 

0 The implementing o f  rapid s h u t d o w n  cannot  be j u s t i f i ed  by a cost/ 
benefit  analysis where the basis i s  t h a t  the benefits must exceed 
the costs .  

0 The use of frequent sectionalizing valves can represent a consid- 
erable fract ion of the pipeline ins ta l l a t ion  costs  while autoniatic 
service shut-offs can represent a small f ract ion.  

0 The risks in n o t  shutting down a fa i l ed  gas  d is t r ibut ion system 
are  greater t h a n  the r isks of shutting down,but  a good comparison 
cannot be niade. 
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Emergency action and hazard control appear def ic ient  i n  several 
gas dis t r ibut ion accidents. Further investigations and regula- 
t ion a re  required i n  this area. 

Some gas d is t r ibut ion systems lack adequate overpressure protec- 
tion,but the true problem is  what pressure l imi t  t o  establish for 
pipes which are  weakened, corroded, or otherwise deteriorated.  

More information should be obtained on serious accidents reported 
t o  the OPSO. This could include a number of items t o  be added t o  
the leak report form. 

Automatic shutoff devices s h o u l d  be required on a l l  new and repaired 
service l ines  fo r  par t icular  pressure and  flow ra tes  which should 
be determined by fur ther  investigation. Additional data should be 
obtained on the devices regarding operating experiences and fouling 
by contamination. 

The investigation into master metering ins ta l l a t ions  indicated generally 
t ha t  this is  largely a n  unknown area. 
t ions should conform t o  regulations t o  provide safe ty  t o  the public and a t  
the same time, the possibly large number and small s izes  of these un i t s  indi- 
cates that  special s i tuat ions  or requirements may have t o  be established t o  
allow conformation t o  regulations. 

I t  i s  important because these ins ta l l a-  

7.3 EVALUATION OF STUDY RESULTS 

been identif ied t h a t  a f fec t  the safety of gas dis t r ibut ion systems. 
these problems have been or are under investigation t o  determine solutions.  
The r e su l t  i s  a se r ies  of a r t i c l e s  and study reports with widely scattered 
resu l t s  and conclusions which are  d i f f i c u l t  t o  assess as t o  importance. 
in tent  of this study was t o  see i f  any par t icular  resu l t s ,  conclusions, or 
recommendations were repeated in several reports .  A few resu l t s  were noted t o  
be comparable in  two separate repor ts ,  b u t  only comments on d a t a  reporting 
appeared in a number of reports.  

In t h i s  investigation, i t  has been determined t h a t  several problems have 
Further, 

One 

This could be because the reports surveyed 
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covered widely divergent investigation areas such t h a t  the solutions can be 
expected t o  be somewhat narrowly aimed o r  unique. 

and Leak Report forms. In most cases, greater  de ta i l  i s  desired or comprehen- 
s ive  information is wanted on specif ic  types of incidents,  b u t  overall the re- 
ports seldom wanted the same item o f  information. I f  a l l  the recommendations 
on greater  deta i l  were taken col lec t ively ,  the report forms used by OPSO 

would have t o  be extensively modified and expanded. The increased mass of d a t a  
collected by such revisions could actually make data analysis almost unwieldy. 
Probably the best suggestion made was t o  work with a few selected gas companies 
and from these companies obtain very detai led information on specif ica l ly  
desired subjects. 
the best way to  establish such a data collect ion system. 

From the overall safety standpoint,  corrosion and outside force damage 
ra te  as the larges t  leak cause problems of gas u t i l i t i e s .  The most important 
secondary cause of incidents was emergency handling as related t o  notif ica-  
t ion and the means t o  control the hazard. T h u s ,  i t  would appear t h a t  emphasis 
by industry and agencies should be i n  these areas. 

Although the main safety problems are iden t i f i ed ,  i t  is  s t i l l  d i f f i c u l t  
t o  evaluate the re la t ive  worth of variously proposed solutions. 
chosen t o  se lec t  the conclusions and recommendations for this study was t o  note 
a few of the more pronounced or corrimonly mentioned resu l t s  from previous work and 
a l so  t o  take each o f  the identif ied problem areas and identify w h a t  i s  currently 
being done, the trends i n  development, and the needs for  future research and 
investigations. 

The one item commented upon most was data gathering by the OPSO Annual  

Inquiries sent  t o  the gas industry could possible determine 

The method 
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. SECTION 8 
CONCLUSIONS AND RECOMMENDATIONS 

This section presents some general conclusions and recommendations 
regarding the main topics of t h i s  report .  
primarily from the resul ts  of studies t h a t  have been made i n t o  the 
specif ic  problem areas. The format used i s  t o  define each probtem 
area,  the findings on current solutions and deficiencies,  the trends i n  
development, and future needs fo r  investigation and research. 

They have been derived 

Data Report i ng 
The Annual and Leak Reporting format on an overall basis provides 

suf f ic ien t  information fo r  regulatory use. However, whenever i t  i s  used 
as a base fo r  specif ic  detailed s tudies ,  greater  depth of information i s  
usually desired. 
the burden on the gas u t i l i t i e s  and provide too much data f o r  digestion, 
b u t  fo r  resolution o f  specific problems, some small data base, highly de- 
ta i l ed  information i s  required. Examples are  fa i lu res  of p las t i c  pipe by 
age and material or miles of p las t i c  pipe replaced by age and material.  
This m i g h t  best be obtained from a few gas u t i l i t i e s ,  possibly on a 
voluntary basis. 

when l i t t l e  inforrnation had been obtained by a central agency on a l l  the 
various dis t r ibut ion systems. 
(e .g . ,  pipeline miles by decade of construction) changes s ignif icant ly  from 
year to  year as t o  require annual reporting. 
such as s ize  of leaks o r  more deta i l  on incidents involving deaths could 
provide greater insight  for  OPSO. 

To increase the content of the above forms would increase 

I t  s h o u l d  also be mentioned t h a t  the reporting forms were established 

The question ex i s t s  as t o  whether some d a t a  

On the other hand, d a t a  items 
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The recowendations regarding data reporting are :  

Assessment of PiPelines 

The reporting formats be re-evaluated i n  the l i g h t  o f  the 
current needs o f  OPSO and the a b i l i t y  t o  assist i n  verifying 
compliance t o  regulations 
Provisions be made to  obtain very detai led information on 
leakage from a limited data base through l ia ison or voluntary 
cooperation of OPSO and a few selected u t i l i t i e s  or  periodic 
use o f  the new OPSQ regional f i e l d  o f f ice  s t a f f s .  
A written leak report form should be required of each incident 
involving death 
focus can be applied t o  the causative factors  and provide 
direction fo r  increasing safety.  

independent of s i ze  of the company such that  

The current assessment methods used by gas d is t r ibut ion cannot be 
judged inadequate as  evidenced by the number o f  leaks found in any one 
year and the very low percentage which require leak reporting, much less  
become catastrophes. 
equipments, techniques and procedures are  available.  The more effect ive  
methods including gas detectors,  odorization, and leak reporting are a l l  
based on leakage which i s  already occurring. 

destructive tes t ing methods t o  on-1 ine evaluation of pipe1 ines. 
emission has been shown t o  be effect ive  in locating and assessing flaws. 
Ultrasonic methods are  known t o  be useful in n o t i n g  s izes  and depths o f  
flaws For the future ,  emphasis should be on increased use and improve- 
ments of exist ing assessment methods and development of acoustic emission 
and u trasonic applications t o  pipelines. 

Specific recommendations on assessment of pipelines include: 
o The development of new procedures and equipment for  

assessing pipelines should be pursued w i t h  the industry 
and manufacturers taking the lead. Non-destructive 
tes t ing shou ld  be emphasized. 

To assess the systems, a large number of various 

The development trends have been along the l i n e  of adapting non-  
Acoustic 
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The OPSO, through i t s  regional f i e ld  o f f ices ,  should make 
assessment surveys on selected pipe1 ines. First , this 
allows an evaluation to  be made of survey and equipment 
effectiveness and secondly, as new pieces o f  equipment 
are  developed and t r i ed  by OPSO, they can be phased in to  
wider use i n  the gas  industry with knowledge of involved 
problems, costs ,  and  increased effectiveness/safety. 

Corrosion 
Corrosion leaks currently account fo r  the larges t  number of repaired 

leaks noted on the annual reports .  
The current methods o f  lessening the t o l l  on pipelines by corrosion 

have been t o  increase the miles o f  pipeline under cathodic protection and 
t o  make more e lec t r i ca l  measurements around pipelines t o  determine 
corrosion-susceptible pipelines. 

by switching over to  increased use o f  plas t i c  pipe. 
have been made i n  coatings fo r  s teel  pipe and new ins ta l l a t ions  of s teel  
pipe are coated and cathodically protected. 

bet ter  guidelines fo r  determining the occurrence o f  active corrosion and 
assessing the adequacy of applied cathodic protection. Also, an overall 
be t t e r  understanding of the corrosion process i s  needed. 

protection monitoring methods and equipment e i the r  singly or i n  concert 
w i t h  research currently being so l ic i t ed  by the AGA. To remain consistent 
w i t h  the establishment o f  regulations fo r  cathodic protection, ultimately 
the methods, c r i t e r i a  and equipment t o  locate small " ho t  spots" and verify 
protection effectiveness along the to ta l  pipe surface will have t o  be 
def i ned . 

Trends have included avoiding the corrosion problem in many cases 
Also, improvements 

The needs for  the future include improvements i n  techniques and 

I t  i s  recommended t h a t  the OPSO promote investigations into cathodic 
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Outside Force 
Outside force accounts fo r  the la rges t  number o f  leaks a s  reported 

on the leak report  form. 
have been along the l ines  o f  bet te r  communication between excavators and 
operators of underground faci  1 i t ies.  
Location and Coordination Committees and One-Call systems. Also increased 
and improved marking of pipelines has been promoted fo r  reduction o f  this 
probl em. 

Additional studies of outside forces a re  being conducted and should 
provide more i n s i g h t  in to  the problem. 

In view o f  the current OPSO study in to  the outside force problem 
which i s  t o  be a detai led investigation, recommendations a t  this point 
would be academic. 
emphasis shouJd be placed on ULCC, One-call systems, and education of 
excavator and less emphasis on s ta tu tes .  

The current trends t o  reduce outside forces b .  

T h i s  has been enacted through Uti 1 i t y  

However, from the conclusions i t  does appear tha t  more 

Odori za t i on 
Odorization ac ts  as  a warning o f  the presence o f  natural g a s  and  

The present day odorants, odorizing equipment and odor monitoring 
allows the public-at-large t o  a s s i s t  i n  leak detection. 

equipment a re  generally accepted and considered sa t i s fac tory  by most gas 
u t i l i t i e s  a1 though  improvements can be made. 

p u b l i c  as leaking gas a re  the two main problems of odorization. 

of TBM blends. 
development. 

reporting of gas leaks must be maintained and expanded. 

Odorant fading and defini te  recognition of spec i f ic  odors by the 

Odorant fading w i t h i n  the pipelines can be reduced by greater  use 
Fading due t o  soi l  contact needs more research and 

Educational programs for  the public on recognition o f  odors and proper 
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From a regulatory point o f  view, odorization i s  well covered and 
no recommendations are made here. However, more research i n t o  non- fading 
and non- sulphur  base odorants should be pursued along w i t h  improvements 
and greater  dissemination o f  educational material for  the general public. 

P las t i c  PiDe 
P las t i c  pipe is  currently being used for  more and more gas dis t r ibut ion 

ins ta l l a t ions .  
outside force damages. 
is  sketchy and more d a t a  i s  needed. 

The trends i n  p las t i c  pipe have been towards improvements in materials 
and processes for  production of h i g h  quali ty pipe. A few o f  the problems 
noted w i t h  p las t i c  pipe have been dimensional tolerances,  b r i t t l e  fractures , 
t rans i t ion f i t t i n g  and joining fa i lu res ,  pressure t e s t  f a i lu res  and s t r e s s  
cracking. Also, improper construction due t o  workmanship is  prevalent and 
increasing as a problem. 

improved upon by revisions t o  specif icat ions f o r  more quali ty control 
requirements and tes t ing and c learer  terminology. 
investigations are  needed i n  the areas o f  developing p las t i c  pipe usable 
up t o  140"F, nondestructive tes t ing instruments fo r  f i e ld  inspection of 
j o in t s  and tes t ing methods fo r  t rans i t ion  f i t t i n g s  and p las t i c  pipe com- 
pounds. 

objectively considered par t icular ly  w i t h  regard t o  specif icat ions,  t racer  
wires and obtaining in-service data on p las t i c  pipe f a i l u r e s .  Also of note 
would be a review o f  the regulation because i f  Subpar t  H ,  paragraph 192.375 
i s  read from a narrow viewpoint, i t  appears that  p las t i c  service l ines  a re  
exempt from needing t racer  wires. 

While corrosion f r ee ,  i t  i s  known to  be more susceptible to  
Much of the information on p las t i c  pipe performance 

For the future ,  the quali ty and uniformity of p las t i c  pipe can be 

Further research and 

I t  i s  recommended that  the resul ts  of the OPSO sponsored study be 
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Emergency Plans 

dis t r ibut ion systems. 
cedures are  acted upon e i ther  l a t e  or  not a t  a l l  when controlling a 
hazard. 

Emergency. plans must be tai lored t o  s u i t  the needs of par t icular  
I t  has been noted t h a t  often the emergency pro- 

Current trends have been t o  slowly upgrade the contents of emergency 
plans and provide more t ra ining o f  personnel. 
avenue fo r  the future a lso ,  with more training probably providing the 
greater  benefi t .  

p l ans ,  that  of periodic regulation amendments which upgrade the requirements 
and will provide adequate plans ta i lored for the individual u t i l i t y .  Wi th  
emergency plans which involve human reactions, use and experience con- 
siderably outweigh s c i en t i f i c  or engineering disciplines.  Periodic review 
o f  emergency plans and observance of training programs should provide the 
needed verif icat ion of regulations. 

This i s  probably the best 

I t  i s  recommended t h a t  OPSO maintain i t s  present posture on emergency 

Rapid Shutdown and Valving 

and hazards from the product discharged. 
some designated as emergency valves, fo r  controll ing the gas flow i n  the 
system. 
benefit  analysis does not j u s t i f y  implementing r a p i d  shutdown systems or  
addition of sectionalizing valves i n  d is t r ibut ion systems. 

service shut-off valves and improved emergency action and hazard control.  
This also holds true for  the future.  Automatic service shut-offs should be 
ins ta l led  in special conditions and t he i r  performance monitored t o  establish 
t he i r  r e l i a b i l i t y  and effectiveness. 

Also more development of  automatic control equipment i s  needed for  
future use b u t  be t ter  emergency reaction i s  needed for  exist ing systems. 

Rapid shutdown of a fa i led  pipeline system can reduce accident e f fec t s  
D i s t r i b u t i o n  systems are  valved, 

However, where dis t r ibut ion systems a re  complex and looped, cost /  

The current trends have included development and t r i a l  use of automatic 
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Rapid shutdown has the problem o f  being an idealized solution; 
tha t  i s ,  equipment i s  always desired which will  ac t iva te  and render a 
system t o t a l l y  safe  i f  any f a i l u r e  w i t h i n  the system occurs. T h u s ,  
there i s  a tendency t o  promote i t  as  the solution t o  almost a l l  gas 
explosion incidents without considering the costs  and problems involved 
to  apply i t .  
expected benefits and so overshadows other problems of  gas systems 

and the AGA report ,  when available,  be used col lect ively and i f  required, 
a completely updated study be made i n t o  rapid shutdown and telemetry fo r  
dis t r ibut ion systems. This will es tab l i sh :  

The l imi ts  or appl icabi l i ty  t o  d is t r ibut ion  systems. 

As such, i t  may have gained t o o  much at tent ion compared t o  

I t  i s  recommended tha t  the OPSO sponsored study on r a p i d  shutdown 

0 

e A cost/benefit  analysis.  
0 A detailed effectiveness analysis.  
The intent  here i s  tha t  any subsequent investigations into gas inci-  

dents would no longer recommend solutions tha t  a r e  infeasible  economically 
and of  marginal benefit  i n  the real world s i tua t ion .  
safety analysis i n  t h i s  area should lead to  a practical appraisal of  the 
pr ior i ty  tha t  should be accorded t h i s  topic.  

Application of systems 

Master Meter i ng ,  
Master metering ex i s t s ,  b u t  i t s  scope o r  conformance t o  regulations 

seems t o  be an unknown. This could be determined by an investigation 
which could also ident i fy methods f o r  regulatory agencies t o  provide direction 
and control over such ins ta l la t ions .  

I t  i s  recommended tha t  a study be conducted in to  master meter systems 
along the l ines  of the DOT/Municipal System survey w i t h  requirements t o  
perform and obtain the following: 

0 A defini t ion of these systems i n  terms of number of systems, 
customers served and pi p i n g  parameters (age , mi 1 es  , s izes  , e t c .  ) 
Selected systems should be surveyed t o  obtain a n  insight in to  
the in tegr i ty  of the systems. 
Determinations be made as t o  how these systems should be 
hand1 ed and control 1 ed t o  ver ify compl iance t o  federal regulations. 

0 

0 
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