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New Measurement Data Has
Implications For Quantifying
Natural Gas Losses From Cast

Iron Distribution Mains

By Carey Bylin, Luigi Cassab, Adilson Cazarini, Danilo Ori, D@S@s

he loss of natural gas from
oil and natural gas systems is
a global environmental con-
cern given that methane, the

primary component of natural gas, is a
powerful greenhouse gas over 20 times
more potent than carbon dioxide. This
loss has economic, efficiency, safety,
and energy supply implications, in that

o
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a valuable, non-r le hydrocarbon
resource is being orever.

Natural st valuable when it
has been Qgﬁ ed to pipeline quality
and ed to local distribution
sy or delivery to end users. A

nt source of natural gas losses
distribution systems is cast iron
distribution pipes. U.S. cast iron dis-

leaked 9 billion cubic feet (Bcf) of
natural gas in 2007.! This equates to
$150 million worth of gas, assuming
the average U.S. distribution price in
2007 23, or $50 to $115 million if gas
were valued between $3 and $7 per
thousand cubic feet (Mcf).

In the US. and abroad, quantify-
ing natural gas losses is the first step
to mitigating losses and conserv-
ing this valuable resource. The U.S.
Greenhouse Gas Inventory estimates
natural gas losses from cast iron dis-
tribution mains utilizing leak factors
determined in a study commissioned
by the U.S. EPA and the Gas Research
Institute (EPA/GRI).# Notably, this
study impacts global emissions esti-
mates, as the EPA/GRI study leakage
rates serve as default emission fac-
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tors in the Intergovernmental Panel on
Climate Change guidelines for 2006.5

New data on leakage rates from cast
iron distribution pipelines highlights the
potential variability of actual leakage
rates worldwide. Since 2005, Comgas,
the largest natural gas distribution com-
pany in Brazil by distribution volume,
has measured leak rates from 912 seg-
ments of cast iron pipelines and discov-
ered significantly larger leak rates than
the EPA/GRI study. These results point
to the need for further study in order to
accurately gauge emissions levels from
individual distribution systems.

This article will compare methodol-
ogy and results of the Comgas measure-
ment studies and the EPA/GRI study.
In both cases, the need to address
leakages from cast iron distribution
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pipelines is apparent and mitigation
options employed by Comgas and other
distribution companies will also be
discussed.

Background

Cast iron was the material of choice
for low pressure distribution mains in
the U.S. until the 1950s.6 Pipelines typi-
cally consist of 12-foot sections con-
nected by bell and spigot joints, shown
in Figure 17, that are sealed by jute
packing plus cement or molten lead.
Leaks tend to develop in the packing
over time due to heavy overhead traffic,
freeze-thaw cycles, naturally shifting
soil, and the switch to dryer natural gas.

Fugitive methane emissions from
distribution mains account for 32%
of methane emissions from the U.S.
natural gas distribution sector. Cast
iron pipelines contribute the most to
these emissions, despite representing
only 3% of the miles of the U.S. dis-
tribution mains!. These estimates are
based on methane leak rates from an
EPA-commissioned study to estimate
emissions from all sources in the U.S.
natural gas industry4. GRI led the study
and relied heavily on extrapolating
emissions measurements conducted in
1992.

To evaluate leaks from cast iron
mains, GRI visited 21 sites volunteered
by distribution companies in North
America. It followed the path of
cast iron mains on the surface, meini
ing the air for elevated concent 10hs
of methane using a flam ization
detector. Any increase of twoto three
parts per million methane concentra-
tion above background air concentra-
tion was considered a leak. Detected
leaks were centered by boring holes in
the ground on each side of the pipe, and
the point with the highest concentration
was considered the probable location
of the leak.

Next, GRI excavated at least 10 feet
downstream and upstream of the leak
and isolated the segment. It equipped
the segment to receive gas passing
through a meter to measure the flow
rate. Once the segment returned to
operating pressure, GRI measured the
flow rate necessary to sustain that pres-
sure. A pipeline segment with no leaks

Figure 3: Comparison of Cast Iron Pipe Leak Rates

Study Location Year Sample Size Leak Rate (scf/mile-year)
EPA/GRI | North America 1992 21 428,123
Comgas | Brazil 2005 — present 912 803,548

requires a certain flow rate to maintain
operating pressure. The leak rate is
equivalent to the difference between
the measured flow rate to the leaking
segment and the flow rate at which
a non-leaking segment would sustain
operating pressure.

of cast iron pipeline surveyed was cal-
culated to be 428,123 standard cubic
feet (scf)/mile-yeart. With an average
methane concentration of 93.4%, the
methane leak rate is 399,867 scf/mile- 16@%55 or each segment at its normal
year.

Comgas Leak Studies

ment studies by Comgas
from the EPA/GRI study,
Brazil’s largest distrib
gas, servicing over 7
ers in 67 munici
tan Sao Paulo,wi

19 %ﬂgas converted to natural gas

gas has resulted in drying of joints and
increased operating pressure — both of
which increased natural gas leakage.

would be detrimental both financially
and environmentally. The renewal of
their cast iron pipeline network is one
of the key aspects of the operational
asset support projects undertaken since
1999, when the concession agreement
was signed with the Sao Paulo State
Government.

loss, Comgas developed a systematic
approach to measuring losses from seg-
ments of pipeline prior to repair. To
conduct the measurements, Comgas
employees isolated segments of the cast
iron network due for renewal and used a
manometer to record the segment pres-
sure every three minutes to watch the

pressure decay in the normal operating
pressure range. Using the ideal gas law,
Comgas calculated the total volume of
leaked gas and plotted it against time,
then fitted an equation. The derivative,
or rate of change, of the equation is
equivalent to the volumetric leak rate
at a given time and pressure. Comgas
evaluated the derivative of its fitted
data for each segment at the time when
the segm%nt was at operating pressure.
In ot ds, Comgas calculated the

The average leak rate per distance

éé ng pressure.
of May 2009, Comgas had sam-

& ed 912 segments and calculated its
It is useful to compare m%u average leak rate to be 1.614 Liters/
meter-hour (803,548 scf/mile-year)

&%s is from cast iron pipelines at average
of ‘natural  operating pressure. In arriving at this
custom- average, Comgas took a conservative

s in metropoli- approach and excluded data points
aily throughputs showing leak rates higher than 4 Liters/

exceeding cf. Its cast iron meter-hour (1,991,444 scf/mile-year),
network, Whi€h-1s 50 years old or older, which represent 15.4% of the sam-
was | to supply town gas. In ple measurements. This approach was

taken given that, in some cases, it was
thought that the blocks at each end
of the isolated segments were leak-
ing or that gas may have escaped into
unmapped service lines, thus creat-
ing inaccurately high leak estimates.
Seeking reliable results that represent
the current condition of leaks, Comgas
updates the study monthly. To incorpo-
rate new data to its average leak factor,
Comgas weights recent measurements
over the past year.

Figure 3 illustrates the results
obtained from Comgas and EPA/GRI
studies. With 912 data points, Comgas
provides a larger sample size and
Comgas’ average leak rate is nearly
double the EPA/GRI factor. To put
this in context, it should be noted that,
Comgas’ cast iron network is compa-
rable to or younger than most U.S. cast
iron networks. However, until 1993,
Comgas’ system supplied town gas
whereas U.S. lines initially delivered
coal gas, later switching to natural gas.

w sources of gas became avail-
to Sao Paulo through the GASAN
ipeline. This change to dryer natural

Comgas recognized that this leakage

To calculate the magnitude of gas



Both town gas and coal gas were wetter
than the natural gas that replaced them.

Comgas Leak
Mitigation Activities

During the first five years of the pro-
gram, Comgas spent US$82 million to
renew 250 km (155 miles of pipeline)
by inserting polyethylene pipes into the
existing cast iron network — eliminating
the equivalent of 125 MMcf per year
of gas losses. Its goal is to continue
replacing 30 km each year from 2005
to 2010.

Each pipeline segment is renewed
over three days. The first day, trenches
are dug for launching and receiving
ports for the plastic inserts. During
the second day, service is interrupt-
ed to customers while the inserts are
launched through the segment, and the
segment is brought back online by
connecting the internal plastic inserts
and welding the cast iron skeleton to
the adjacent cast iron segments. By
the third day, service is renewed and
trenches are refilled. Figure 2 shows
Comgas employees inserting plastic
liner into a cast iron segment. Comgas
evaluated several mitigation options,
but ultimately decided on plastic inserts
for the following advantages:

B Elimination of leaks,

B Mitigation of risks during opera-

tions,

B Minimization of excavated trenc

B [ ower cost with improved p

tivity,

Rk &
B Facilitated renewal of s e [ines,
m Polyethylene pipes are protected

by old cast iron pipe, with possible
use of pipe locator, and

B Ability to accommodate higher
operating pressures and stabiliza-
tion during peak demand periods.

Other Mitigation Options-
Plastic Inserts

Comgas is an international part-
ner in the US. EPA’s Natural Gas
STAR Program, a voluntary partner-
ship between the EPA and the oil and
natural gas industry, designed to pro-
mote implementation of cost-effective
methane emission reduction activities.
Partner companies report methane miti-
gation activities to the EPA in order to

promote technology transfer and capac-
ity building throughout the industry.

In addition to replacing networks wit
plastic pipeline, partners have repor

inserting plastic liners. Thin-wall
plastic liners take advantage % c-

tural support offered by ]@? iron
parent pipe and provide %W eakage
factors of plastic pi iré&\ stic liners
can be pulled thm@k%gong lengths of

buried piping nd» ded at joints to
minimize l%l% artners have report-
ed on th C@ang methods: Starline,

Rolld, Subline.

91, the Starline method has
ated more than 250 miles of
24 inch distribution mains. This
Scured in place” liner consists of a
polyurethane adhesive mix outer layer
enveloping a polyester woven liner
and polyurethane internal coating. The
pipeline system is first grit-blasted to
clean it and create an adequate bonding
surface. Adhesive is mixed and applied
to the liner above ground, after which
the inverted liner is propelled through
the pipeline by compressed air or water
so that as the liner unrolls inside out,
the adhesive side is forced against the
cleaned cast iron walls, creating a bond.
The method takes approximately 1 hour

to line sections up to 1,000 feet.8
In the Rolldown method, individu-
al polyethylene pipe liner lengths are
fused onsite into appropriate lengths
to suit particular site conditions and
installation lengths. The pipe liner is
drawn through roller dies to concen-
trically reduce the liner diameter, by

about 10%, so that long, continuous
lengths can then be inserted in a single
operation. A single pull can insert liner
for up to 5,000 feet of cast iron pipe-
line; however, a large insertion trench
must be dug to allow the polyethylene
insert to be drawn into the pipeline at
a grade which will not compromise
the liner. This method allows renewal
of pipeline with diameters of 4 to 20
inches, and bends up to 11% degrees
can be negotiated. Once inserted, the
ends of the liner are sealed off, and the
liner is reverted to a close-fit by filling
it with cold water and pressurizing it.%
The process requires excavations to

reconnecf|pipeline segments.
Th%yne process was developed
to, lov» ning of large diameter pipes
prove the ability to negotiate

@s. Polyethylene pipeline is folded
n on itself along its central axis, mak-

ing a “heart” shaped cross-section, so
that it can be inserted into the cast iron
pipeline. Similar to Rolldown method,
long lead-in trenches are required for
welded plastic strings and local exca-
vations are required to reconnect the
segment to adjacent sections. Subline
allows for up to 3,300 feet of liner to
be inserted in pipeline segments rang-
ing from 3 to 64 inches; and the folded
shape of the liner allows for bends up to
22, degrees to be negotiated. Once the
folded polyethylene liner is inserted,
pressurized cold water is used to revert
it to a tight fit inside the pipeline with
minimal reduction of capacity.!0

Other Mitigation
Options — CISBOT

Natural Gas STAR partner compa-
ny Consolidated Edison Company of
New York (Con Edison) has reported
implementation of another innovative
approach for reducing losses from
distribution mains. Con Edison sup-
ports ULC Robotics in the deployment
of the Cast Iron Joint Sealing Robot
(CISBOT). CISBOT is a live main
sealing technology that can be used to
seal joints in mains between 6 and 12
inches in diameter and can traverse up
to 300 feet of pipeline through a single
excavation (150 feet in each direction
from the launching port.) It is equipped
with a video camera with illumination,



support arms, a drill head, and a sealant
injector.

To use CISBOT, operators excavate
a section of pipe and install a perma-
nent fitting through which the robot’s
launch tube is installed. The opera-
tor inserts CISBOT head-first into the
launch tube through a valve (all with
no gas escaping) and navigates it using
the video camera with illumination to
rehabilitate each joint starting at 150
feet away. To repair a leaking joint,
CISBOT extends support arms to sta-
bilize the robotic head, and it drills
through the spigot into the joint seal
at several points around the circumfer-
ence of the joint. The drill bit is shaped
to create a chamfer at the drill hole that
allows the injection nozzle to create a
clean, tight seal. Then anaerobic sealant
is injected through the nozzle into the
old jute, thus resealing the joint. Once
the CISBOT system has completed
the repair of joints within its 150-foot
range, it is re-launched in the opposite
direction.

CISBOT has patrolled Con Edison’s
low-pressure cast iron network since
2000, sealing more than 5,000 joints.
The robot minimizes excavation and
repaving costs while eliminating any
service disruption to customers. Con
Edison estimates it reduced rehabilita-
tion costs 30 to 40% over traditional
trenched spot repair operations, par-
ticularly on streets that are about to

repaved.!] @
Conclusion @

The EPA/GRI and Comgas ‘mcasure-
ment study results show that the aver-
age volume of natural gas lost from cast
iron distribution networks can vary and
points to the need for further study of
loss rates globally. Accurately assessing
loss rates will help natural gas distribu-
tion companies prioritize maintenance
activities and quantify resulting envi-
ronmental, economic and efficiency
benefits. By replacing cast iron mains
with plastic pipeline, inserting plastic
liners, or utilizing innovative technolo-
gies such as CISBOT, distribution com-
panies can prevent much of this gas loss

and reduce system maintenance costs
associated with responding to citizen
reported leaks. In addition to more effi-
cient gas delivery to customers, compa-
nies are reducing losses of a valuable
clean energy source and reducing emis-
sions of methane, a potent greenhouse
gas. P&GJ
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