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Natural	Gas	vs.	CO2	

•  Natural	gas:	primarily	methane	CH4.	
•  Global	average	atmospheric	levels:	
–  CO2	~	400	ppm	=	400,000	ppb.	
–  CH4	~	1,800	ppb	=	0.45%	of	CO2	levels.	

•  Lifespans:	
–  CO2:	centuries		
–  CH4:	decades	(half	life	of	7	years	in	atmosphere)	
– Natural	gas	is	a	much	more	potent	greenhouse	gas	
than	CO2	
•  ~20-25	Omes	more	over	the	long	term	(100	years).	
•  ~72	Omes	more	over	a	20	year	horizon.	



Natural	gas	producOon	and	atmospheric	methane	levels.	

•  Methane	levels	have	steadily	risen	since	the	
start	of	the	industrial	revoluOon	in	1750.	

•  Leveled	off	in	the	early	2000s.	
•  Started	rising	again	in	the	late	2000s	(due	to	
the	natural	gas	boom??)	

Nisbet	et	al.	(2014),	“Methane	on	the	Rise—Again.”	Science,	Vol	343,	
31	JANUARY	2014.	

“Causes	of	Climate	Change.”	hQp://www3.epa.gov/
climatechange/science/causes.html	



U.S.	natural	gas	producOon	and	pipelines		

Natural	gas	producOon	chart:	
hQp://www.eia.gov/dnav/ng/
hist/n9050us2a.htm	

Pipeline	map:	hQp://
www.nbcnews.com/id/39174246/
ns/us_news/t/most-us-gas-lines-not-
inspected-latest-technology/
#.VQXfgxDF8T8	



Natural	gas	producOon	and	distribuOon	

compressor	staOons		

Pipeline	infrastructure	is	vast	and	distributed	–	companies	control	many	different	
geographic	regions	and	different	types	of	pipes	(material,	age,	size,	miles	of	piping).	

Natural	gas	producOon	and	distribuOon	
map:	hQp://www.eia.gov/pub/oil_gas/
natural_gas/analysis_publicaOons/
ngpipeline/process.html	



Unaccounted	for	natural	gas	

•  Gas	distribuOon	companies	in	2011	reported	releasing	69	billion	cubic	
feet	of	natural	gas	to	the	atmosphere.	
–  Almost	enough	to	meet	the	state	of	Maine’s	gas	needs	for	a	year.	
–  Equivalent	to	~33.3		million	metric	tons	of	CO2.	

•  Equivalent	to	CO2	emissions	of	~	6-7	million	automobiles.	
–  Reference:	CO2	emissions	in	2014:	32.3	billion	metric	tons	

•  Natural	gas	released	contributes	equivalent	of	only	~0.1%	of	total	CO2	emissions.	

•  Natural	gas	unaccounted	for	in	2000-2011:		
–  U.S.:	2.6	trillion	cubic	feet		
–  MassachuseQs:	99	-	227	billion	cubic	feet	of	natural	gas		
–  Natural	gas	distribuOon	systems	(main	pipelines	and	smaller	distribuOon	

networks	and	mains):	19%	of	total	CH4	emissions	from	natural	gas	systems.	
	

Conversion	factor	assumpOons:	
–  1	billion	cubic	feet	CH4	=	19,300	metric	tons	CH4	
–  1	metric	ton	CH4	=	25	metric	tons	CO2	equivalent		
–  1	billion	cubic	feet	CH4	=	482,500	metric	tons	CO2	equivalent		

“America	Pays	for	Gas	Leaks:	Natural	Gas	Pipeline	Leaks	Cost	Consumers	Billions”	-	A	report	prepared	for	Sen.	Edward	J.	Markey.	
hQp://www.iea.org/newsroomandevents/news/2015/march/global-energy-related-emissions-of-carbon-dioxide-stalled-in-2014.html	



Atmospheric	natural	gas	measurements	vs.	
claimed	emissions	factors	
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           N
atural gas (NG) is a potential “bridge 

fuel” during transition to a decarbon-

ized energy system: It emits less car-

bon dioxide during combustion than other fos-

sil fuels and can be used in many industries. 

However, because of the high global warming 

potential of methane (CH4, the major compo-

nent of NG), climate benefi ts from NG use 

depend on system leakage rates. Some recent 

estimates of leakage have challenged the ben-

efi ts of switching from coal to NG, a large 

near-term greenhouse gas (GHG) reduction 

opportunity ( 1– 3). Also, global atmospheric 

CH4 concentrations are on the rise, with the 

causes still poorly understood ( 4).

To improve understanding of leakage 

rates for policy-makers, investors, and other 

decision-makers, we review 20 years of tech-

nical literature on NG emissions in the United 

States and Canada [see supplementary mate-

rials (SM) for details]. We fi nd (i) measure-

ments at all scales show that offi cial inven-

tories consistently underestimate actual CH4 

emissions, with the NG and oil sectors as 

important contributors; (ii) many indepen-

dent experiments suggest that a small number 

of “superemitters” could be responsible for a 

large fraction of leakage; (iii) recent regional 

atmospheric studies with very high emissions 

rates are unlikely to be representative of typi-

cal NG system leakage rates; and (iv) assess-

ments using 100-year impact indicators show 

system-wide leakage is unlikely to be large 

enough to negate climate benefi ts of coal-to-

NG substitution.

Underestimation—Device to Continent

This study presents a fi rst effort to system-

atically compare published CH4 emissions 

estimates at scales ranging from device-

level (>103 g/year) to continental-scale 

atmospheric studies (>1013 g/year). Studies 

known to us that (i) report measurement-

based emissions estimates and (ii) compare 

those estimates with inventories or estab-

lished emission factors (EFs) are shown in 

the fi rst chart. 

Studies that measure emissions directly 

from devices or facilities (“bottom-up” stud-

ies) typically compare results to emissions 

factors (EFs; e.g., emissions per device). 

Large-scale inventories are created by multi-

plying EFs by activity factors (e.g., number 

of devices).

Studies that estimate emissions after 

atmospheric mixing occurs (“atmospheric” 

studies) typically compare measurements to 

emissions inventories, such as the U.S. Envi-
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Methane emissions from U.S. and Canadian 

natural gas systems appear larger than offi cial 

estimates.
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•  Emissions	factor	(EF):	esOmated	
emissions	per	device.	

•  Inventory:	EF	x	number	of	devices	
•  RaOo	>1	indicates	emissions	are	

larger	than	expected	from	
emissions	factor	or	inventory	
claimed.	

Summary	of	studies:	
•  Emissions	are	overall	underesOmated.	
•  State	and	regional	studies	predict	larger	

underesOmaOon	than	naOonal	studies.	
•  NaOonal	studies,	which	average	outliers	

beQer,	suggest	1.25-1.75	Omes	the	
emissions	than	expected	from	the	
green	house	gas	inventory	of	the	EPA.	Challenge:	aQribuOng	CH4	emissions	to	mulOple	

potenOal	sources	(anthropogenic	and	natural).	

Brandt	et	al.	(2014),	“Methane	Leaks	from	North	American	Natural	Gas	Systems”.	Science	Vol	343,	14	February	2014.	



Reported	gas	leaks	in	MassachuseQs	

Grade	1	–	hazardous	
Grade	2	–	potenOally	hazardous		
Grade	3	–	non-hazardous	

Companies	owen	ignore	grade	3	leaks.		
	
But	in	aggregate	they	can	make	significant	
contribuOons	to	CH4	emissions.		

ConservaOon	Law	FoundaOon.	hQp://clf.org/map/	



QuanOtaOve	study	of	gas	leaks	in	the	Boston	area	

Methane Concentrations in the Boston Atmosphere
Atmospheric CH4 concentrations were measured continuously
from September 2012 through August 2013 at two locations near
the urban center [Boston University (BU) and Copley Square
(COP)] and two locations outside of Boston [Harvard Forest
(HF) and Nahant (NHT)] (Fig. 1 and SI Appendix, Table S2 and
section S1). Background concentrations in air flowing into the
city were estimated by randomly sampling from a range (5th to
35th) of lower percentiles of CH4 measurements from two up-
wind stations (HF or NHT, depending on the direction of sim-
ulated air trajectories; SI Appendix, section S3.1), averaged over
a 48-h moving window, to capture synoptic-scale variability and
remove possible influences of small nearby sources (SI Appendix,
section S3.3). Values of ΔCH4 were calculated by subtracting
background from urban concentrations. Hourly average ΔCH4
data were aggregated into daily afternoon (11–16 h EST, 16–21 h
UTC) means to remove autocovariance and focus the analysis on
periods of well-mixed atmospheric conditions.

Methane concentrations in Boston were consistently elevated
over background (Fig. 2 and SI Appendix, Figs. S1 and S2) and
followed a distinct daily pattern (Fig. 3 A and C, and SI Ap-
pendix, Fig. S16), associated with growth and decay of the
planetary boundary layer. Concentrations fluctuated over short
timescales (SI Appendix, Fig. S1) due to small-scale atmospheric
circulations and heterogeneous sources in the urban environ-
ment. Methane concentrations were higher in winter than the
other seasons at both sites, but ΔCH4 varied less with season
(Fig. 2). The average annual afternoon values of ΔCH4 at BU
and COP were 45.9 (37.3, 58.5) ppb and 30.5 (23.6, 39.3) ppb,
respectively (Fig. 2), reflecting different sampling altitudes (30
and 215 m, respectively; SI Appendix, Table S2). All errors
reported throughout the paper are 95% confidence intervals.
Uncertainties in ΔCH4 (Fig. 2) were calculated through a boot-
strap analysis that included background concentrations and af-
ternoon hourly, daily, and seasonally averaged CH4 measurements
(SI Appendix, section S3.3).

Contribution of NG to Elevated CH4 Concentrations
To quantify the fraction of the observed ΔCH4 that was due to
NG emissions, we compared ratios of C2H6 and CH4 measured
in the atmosphere and NG pipelines serving the region. Ethane
is a significant component of NG, whereas microbial CH4 sources,
such as landfills, sewage, and wetlands, produce little or no C2H6
(15). Because Boston has no geologic CH4 seeps, no oil and gas
production or refining, and low rates of biomass burning, there
are no known significant sources of C2H6 in the region other
than NG.
Ethane concentrations were measured with a laser spectrom-

eter (15) at BU for 3 mo in the fall and winter of 2012–13 and
1 mo in the late spring of 2014 (SI Appendix, Fig. S6). Covariances
between atmospheric C2H6 and CH4 observations were de-
termined from the daily slopes of a linear model that minimizes χ2
(16) of 5-min median afternoon data (Fig. 4 and SI Appendix,
section S2.1). The median of the daily slopes of atmospheric C2H6
versus CH4 was 2.6 (2.5, 2.8) % during the cool season and 1.6
(1.4, 1.7) % during the warm season, obtained from days with
a coefficient of determination (R2) > 0.75 (∼50% of the days).
The average C2H6 and CH4 ratio in the NG flowing into the

region during the two atmospheric measurement periods was
2.7 ± 0.0% in the fall and winter of 2012–2013 and 2.4 ± 0.1%
in the spring of 2014, determined from hourly gas quality data
from the three main pipelines that serve the region (17, 18) (SI
Appendix, Figs. S7 and S8, and section S2.2). The quotient of the
C2H6 and CH4 ratios in the atmosphere and pipeline demon-
strates that NG contributed 98 (92, 105) and 67 (59, 72) % of the
ΔCH4 in Boston in the cool and warm seasons, respectively.
This result is insensitive to assumptions about the relative
contribution of the three pipelines that supply the region and
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Fig. 1. Location of two city [Boston University (BU), 29-m height; Copley
Square (COP), 215-m height] and two peripheral [Harvard Forest (HF);
Nahant (NHT)] measurement stations (black points) in Boston, and the sur-
rounding area, overlaid on a map of the number of housing units with NG
per square kilometer (14). The 90-km radius circle delineates the ∼18,000-
km2 land area for which CH4 emissions and the NG loss rate were calculated.
The magenta and purple contours enclose 50% of the average footprint
(sensitivity area) of the BU and COP afternoon measurements, respectively.
The two city sites are difficult to distinguish at this scale because the hori-
zontal distance between them is ∼2 km. The influence area is ∼80% larger
for COP than BU because the former station is higher. See SI Appendix, Table
S2, for additional measurement site location information.
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(A) BU and (B) COP.

1942 | www.pnas.org/cgi/doi/10.1073/pnas.1416261112 McKain et al.

•  Atmospheric	CH4	concentraOons	measured	
conOnuously	from	Sep	2012	to	Aug	2013	at	four	
locaOons:	
•  Two	urban	centers:	BU	and	Copley	
•  Two	locaOons	outside	Boston:	Harvard	

Forest	and	Nahant	
-  Random	sampling	over	48	h	periods	to	

get	background	concentraOons	

•  Values	of	ΔCH4	calculated	by	subtracOng	background	from	urban	concentraOons.		
•  Hourly	average	ΔCH4	data	aggregated	into	daily	awernoon	means	(11-16	h	EST).	

Methane Concentrations in the Boston Atmosphere
Atmospheric CH4 concentrations were measured continuously
from September 2012 through August 2013 at two locations near
the urban center [Boston University (BU) and Copley Square
(COP)] and two locations outside of Boston [Harvard Forest
(HF) and Nahant (NHT)] (Fig. 1 and SI Appendix, Table S2 and
section S1). Background concentrations in air flowing into the
city were estimated by randomly sampling from a range (5th to
35th) of lower percentiles of CH4 measurements from two up-
wind stations (HF or NHT, depending on the direction of sim-
ulated air trajectories; SI Appendix, section S3.1), averaged over
a 48-h moving window, to capture synoptic-scale variability and
remove possible influences of small nearby sources (SI Appendix,
section S3.3). Values of ΔCH4 were calculated by subtracting
background from urban concentrations. Hourly average ΔCH4
data were aggregated into daily afternoon (11–16 h EST, 16–21 h
UTC) means to remove autocovariance and focus the analysis on
periods of well-mixed atmospheric conditions.

Methane concentrations in Boston were consistently elevated
over background (Fig. 2 and SI Appendix, Figs. S1 and S2) and
followed a distinct daily pattern (Fig. 3 A and C, and SI Ap-
pendix, Fig. S16), associated with growth and decay of the
planetary boundary layer. Concentrations fluctuated over short
timescales (SI Appendix, Fig. S1) due to small-scale atmospheric
circulations and heterogeneous sources in the urban environ-
ment. Methane concentrations were higher in winter than the
other seasons at both sites, but ΔCH4 varied less with season
(Fig. 2). The average annual afternoon values of ΔCH4 at BU
and COP were 45.9 (37.3, 58.5) ppb and 30.5 (23.6, 39.3) ppb,
respectively (Fig. 2), reflecting different sampling altitudes (30
and 215 m, respectively; SI Appendix, Table S2). All errors
reported throughout the paper are 95% confidence intervals.
Uncertainties in ΔCH4 (Fig. 2) were calculated through a boot-
strap analysis that included background concentrations and af-
ternoon hourly, daily, and seasonally averaged CH4 measurements
(SI Appendix, section S3.3).

Contribution of NG to Elevated CH4 Concentrations
To quantify the fraction of the observed ΔCH4 that was due to
NG emissions, we compared ratios of C2H6 and CH4 measured
in the atmosphere and NG pipelines serving the region. Ethane
is a significant component of NG, whereas microbial CH4 sources,
such as landfills, sewage, and wetlands, produce little or no C2H6
(15). Because Boston has no geologic CH4 seeps, no oil and gas
production or refining, and low rates of biomass burning, there
are no known significant sources of C2H6 in the region other
than NG.
Ethane concentrations were measured with a laser spectrom-

eter (15) at BU for 3 mo in the fall and winter of 2012–13 and
1 mo in the late spring of 2014 (SI Appendix, Fig. S6). Covariances
between atmospheric C2H6 and CH4 observations were de-
termined from the daily slopes of a linear model that minimizes χ2
(16) of 5-min median afternoon data (Fig. 4 and SI Appendix,
section S2.1). The median of the daily slopes of atmospheric C2H6
versus CH4 was 2.6 (2.5, 2.8) % during the cool season and 1.6
(1.4, 1.7) % during the warm season, obtained from days with
a coefficient of determination (R2) > 0.75 (∼50% of the days).
The average C2H6 and CH4 ratio in the NG flowing into the

region during the two atmospheric measurement periods was
2.7 ± 0.0% in the fall and winter of 2012–2013 and 2.4 ± 0.1%
in the spring of 2014, determined from hourly gas quality data
from the three main pipelines that serve the region (17, 18) (SI
Appendix, Figs. S7 and S8, and section S2.2). The quotient of the
C2H6 and CH4 ratios in the atmosphere and pipeline demon-
strates that NG contributed 98 (92, 105) and 67 (59, 72) % of the
ΔCH4 in Boston in the cool and warm seasons, respectively.
This result is insensitive to assumptions about the relative
contribution of the three pipelines that supply the region and
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QuanOtaOve	study	of	gas	leaks	in	the	Boston	area	

errors for the average emissions, atmospheric NG fraction, and
NG consumption terms (SI Appendix, section S3.2.1).
The modest seasonality of the inferred NG loss rate (Fig. 5C)

is driven by the small seasonal variability in total NG consumption
(Fig. 5B). Our analysis makes no assumptions about the relative
contribution to emissions of specific NG-consuming sectors or
emission processes (SI Appendix, section S3.2.1), which could
individually have very different loss rates than the aggregate

estimate generated by this study. Our finding that the regional
average NG emission rate was seasonally invariant may indicate
that it does not strongly depend on the seasonally varying com-
ponents of the NG system, or could result from multiple
compensating processes.

Comparison with Atmospheric Studies and Inventories
Two recent studies in Los Angeles covering ∼2 mo provide the
only previous atmosphere-based (“top-down”) estimates of emis-
sions from NG in an urban area, 1–2% (0.7–3% when accounting
for the error ranges) of total NG consumed in the basin (10, 11).
However, attribution of CH4 emissions to pipeline gas in Los
Angeles is complicated by the presence of current and abandoned
oil and gas wells, refinery operations, and natural CH4 seeps, in
addition to NG consumption. Other studies have estimated total
CH4 emission fluxes from a number of urban areas around the
world (SI Appendix, Table S1), using atmospheric data-model
frameworks of varying sophistication, but have not quantitatively
attributed fluxes to NG. Our value for total CH4 emissions in
Boston is at the low end of the overall range of fluxes reported for
other urban areas (SI Appendix, Table S1), suggesting that total
CH4 emission rates in Boston are not anomalous.
The US greenhouse gas (GHG) inventory (23) attributes 3,302

Gg of CH4 emissions to NG transmission, storage, and distri-
bution in 2012, equal to ∼0.7% of the NG delivered to con-
sumers (24). The key input data for NG distribution systems in
the national inventory are emissions factors developed from in-
dustry measurements (25) and activity data on miles of pipeline
by material and counts of metering and regulating stations,
customer meters, and pipeline maintenance events and mishaps
(23). Emissions of NG in our study area are equal to ∼8% of US
emissions attributed to distribution, transport, and storage, and
∼23% of national emissions from distribution alone, a notably
higher fraction than the ∼3% of US residential and commercial
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errors for the average emissions, atmospheric NG fraction, and
NG consumption terms (SI Appendix, section S3.2.1).
The modest seasonality of the inferred NG loss rate (Fig. 5C)

is driven by the small seasonal variability in total NG consumption
(Fig. 5B). Our analysis makes no assumptions about the relative
contribution to emissions of specific NG-consuming sectors or
emission processes (SI Appendix, section S3.2.1), which could
individually have very different loss rates than the aggregate

estimate generated by this study. Our finding that the regional
average NG emission rate was seasonally invariant may indicate
that it does not strongly depend on the seasonally varying com-
ponents of the NG system, or could result from multiple
compensating processes.

Comparison with Atmospheric Studies and Inventories
Two recent studies in Los Angeles covering ∼2 mo provide the
only previous atmosphere-based (“top-down”) estimates of emis-
sions from NG in an urban area, 1–2% (0.7–3% when accounting
for the error ranges) of total NG consumed in the basin (10, 11).
However, attribution of CH4 emissions to pipeline gas in Los
Angeles is complicated by the presence of current and abandoned
oil and gas wells, refinery operations, and natural CH4 seeps, in
addition to NG consumption. Other studies have estimated total
CH4 emission fluxes from a number of urban areas around the
world (SI Appendix, Table S1), using atmospheric data-model
frameworks of varying sophistication, but have not quantitatively
attributed fluxes to NG. Our value for total CH4 emissions in
Boston is at the low end of the overall range of fluxes reported for
other urban areas (SI Appendix, Table S1), suggesting that total
CH4 emission rates in Boston are not anomalous.
The US greenhouse gas (GHG) inventory (23) attributes 3,302

Gg of CH4 emissions to NG transmission, storage, and distri-
bution in 2012, equal to ∼0.7% of the NG delivered to con-
sumers (24). The key input data for NG distribution systems in
the national inventory are emissions factors developed from in-
dustry measurements (25) and activity data on miles of pipeline
by material and counts of metering and regulating stations,
customer meters, and pipeline maintenance events and mishaps
(23). Emissions of NG in our study area are equal to ∼8% of US
emissions attributed to distribution, transport, and storage, and
∼23% of national emissions from distribution alone, a notably
higher fraction than the ∼3% of US residential and commercial
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•  Leak	rate	corresponds	to	~300,000	metric	tons	of	natural	gas	leaked	over	the	
2012-2013	year	studied	—	about	2.7	%	of	all	natural	gas	delivered	to	the	
region	of	study.		
-  7.5	million	metric	tons	CO2	equivalent	or	CO2	emissions	from	~1.5	million	

passenger	vehicles.		
-  Gas	valued	at	$90	million	and	could	heat	200,000	homes	in	a	year.	

•  State	and	federal	authoriOes	previous	esOmate:	1.1	%	of	natural	gas	was	being	
lost	to	leaks	from	a	range	of	sources	in	the	area,	including	homes,	businesses,	
and	electricity	generaOon	faciliOes.		

•  If	correct,	Boston	area	would	be	contribuOng	9%	of	U.S.	methane	from	
natural	gas	–	implies	naOonal	esOmate	is	also	low.	

RaOo	of	C2H6	to	CH4	
determines	proporOon	of	
natural	gas	contribuOon	to	
CH4	emissions	

McKain	et	al.	(2015),	“Methane	emissions	from	natural	gas	infrastructure	and	use	in	the	urban	region	of	Boston,	MassachuseQs.”	PNAS,	vol.	112,	no.	7,	1941–
1946,	February	17,	2015.	
hQp://www.bostonglobe.com/metro/2015/01/22/natural-gas-leaks-boston-area-are-far-more-extensive-than-thought/5BykQrnaGRr2XLtxpHqLIM/story.html	



Primary	cause	of	natural	gas	leaks	–	old	infrastructure	

•  Cast	iron	and	bare	steel:	
–  Leak	18	Omes	more	gas	than	plasOc	pipes.	
–  Leak	57	Omes	more	gas	than	protected	steel.	

•  In	2012,	MassachuseQs	had:	
–  5,482	miles	of	leak-prone	mains.	
–  194,326	miles	of	leak-prone	service	lines.	

2013	MassachuseAs	State	Rank	for	Pipeline	Material	

Rank	 Item	

2	 Most	miles	of	cast	iron	service	lines	

3	 Most	miles	of	cast	iron	mains	

4	 Most	miles	of	bare	steel	service	lines	

9	 Most	miles	of	bare	steel	mains	

6	 Most	miles	of	pipeline	from	cast	iron	and	bare	steel	

“America	Pays	for	Gas	Leaks:	Natural	Gas	Pipeline	Leaks	Cost	Consumers	Billions”	-	A	report	prepared	for	Sen.	Edward	J.	Markey.	



Lack	of	incenOves	to	repair	“minor”	leaks	

•  In	many	states,	gas	companies	pass	on	the	cost	of	lost	gas	to	customers.	
–  MassachuseAs	customers	lost	$640	million	to	$1.5	billion	from	2000-2011	due	to	leaked	gas.	

•  Replacing	old	pipes	requires	significant	upfront	capital.	
–  33	states,	including	MassachuseQs,	have	infrastructure	replacement	programs.	
–  But	sOll	liQle	incenOve	to	accelerate	pipeline	replacement	so	long	as	companies	can	sOll	pass	

costs	on	to	customers	for	lost	gas.		
•  Only	two	states,	Pennsylvania	and	Texas,	have	established	limits	on	the	amount	

companies	can	charge	customers	for	lost	gas.	
–  Texas:	2010	to	2012	gas	companies	reduced	their	inventory	of	leak-prone	service	lines	by	55	

percent	(101,790	lines).		
–  In	this	same	Ome	period,	gas	companies	in	MassachuseQs	reduced	their	leak-prone	service	

lines	by	just	4	percent	(8,278	lines).		
•  As	of	2013,	only	five	states	required	all	non-hazardous	leaks	to	be	repaired	within	

a	certain	Omeframe.	

 
 

Middleborough Gas & Electric 
Main Miles 5 -1% -90% 795% 0% 0% 0% -17% -7% 

                
11 

Middleborough Gas & Electric 
Service Lines 86 -7% -3% -9% -5% -3% -3% -3% -10% 149  

New England Gas Main Milesb 17 -1% -1% -1% -2% -3% -3% 8% -4% 
              
185 

New England Gas Service 
Linesb -5,637 -2% -5% -2% -11% -13% -19% 448% -5% 8,813      

Nstar Gas Main Miles 145 -3% -2% -2% -2% -3% -2% -3% -3% 
              
716 

Nstar Gas Service Lines 9,303 -2% -4% -2% -3% -4% -4% -4% -5% 
         
26,514  

Wakefield Municipal Gas & Light 
Main Miles 11 -1% -3% -4% -1% -1% -9% -4% -3% 37 
Wakefield Municipal Gas & Light 
Service Lines 529 0% -4% -4% -1% -4% -7% -8% -2% 1,463  
Westfield Gas & Electric Main 
Miles 15 -4% -2% -2% -2% -5% -4% -1% -10% 42 
Westfield Gas & Electric Service 
Lines 493 14% -7% -6% -8% -6% -4% -4% -5% 

           
1,543 

Massachusetts - Main Miles 1,293 -3% -3%  0% -2% -2% -3% -3% -4% 5,571 
Massachusetts - Service 
Lines 28,419 -2% -4% -2% -3% -4% -3% 0% -4% 194,326 
National- Main Miles 20,944 -5% -3% -3% -2% -4% 3% -4% -3% 93,705 
National- Services 2,036,032 -10% 4% -2% -2% -4% -35% -4% -12% 2,568,279 

Source: Staff analysis of PHMSA’s Cast and Wrought Iron and Bare Steel Pipeline Inventory, available at: http://opsweb.phmsa.dot.gov/pipeline_replacement/cast_iron_inventory.asp and 
http://opsweb.phmsa.dot.gov/pipeline_replacement/bare_steel_inventory.asp respectively.                     
Notes: According to PHMSA officials, changes in replacement rates are generally due to three factors: (1) pipeline replacement, (2) acquisition of or selling off part of a distribution pipeline, or (3) changes in pipeline 
classification due to updated information or recordkeeping.                                                     
a Owned by National Grid. Essex Gas was merged into Boston Gas in 2010.                                          

b Participating in Massachusetts’ Targeted Infrastructure Replacement Program. Fitchburg Gas & Electric applied in 2011. 

cColumbia Gas is a subsidiary of NiSource. 
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Table 6: Replacement rates for leak-prone pipeline in Massachusetts, by company, 2004-2012 

      Replacement rate 

Company Name 

Leak-
prone 
Pipeline 
Replaced 
Since 
2004 2005 2006 2007 2008 2009 2010 2011 2012 

Leak-
prone 
Pipeline 
Remaining 
in 2012  

Berkshire Gas - Main Miles 23 -2% -73% 251% -2% -2% -2% -3% -4% 
                
115 

Berkshire Gas - Service Lines 1,088 -3% -3% -3% -2% -2% -4% -2% -5% 3,864  
Blackstone Gas - Main Miles 2 0% 0% 0% 0% 0% 0% 100% 0% 0    
Blackstone Gas - Service Lines 0 0% 0% 0% 0% 0% 0% 0% 0% 0  

Boston Gas - Main Milesa,b 496 -1% -2% -1% -1% -2% -3% -2% -3% 
           
2,997  

Boston Gas - Service Linesa,b 6,609 -2% 13% -1% -2% -3% -5% -3% -3% 
           
90,523  

Colonial Gas - Main Milesa,b 189 -1% -2% -2% -3% -3% -5% -19% -17% 
              
253 

Colonial Gas - Service Linesa,b 1,078 26% 1% -6% -8% -6% -3% -10% -10% 
                  
4,466  

Columbia Gas - Main Milesb,c 344 -5% -5% -4% -4% -3% -2% -4% -4% 
              
979 

Columbia Gas - Service Linesb,c 13,907 -3% -4% -3% -3% -3% -3% -3% -4% 
           
46,622  

Essex Gas - Main Milesa,b 23 -2% -4% -1% -1% -3% -6% 1% -3% 
                
111 

Essex Gas - Service Linesa,b 533 -1% 4% -2% -2% -3% -2% -3% -3% 4,433  
Fitchburg Gas & Electric - Main 
Milesb 21 -83% 433% -3% -3% -3% -3% -3% -4% 

                
66  

Fitchburg Gas & Electric - 
Service Linesb -490 -6% -14% -8% -9% -8% 119% -6% -8% 

           
3,379  

City of Holyoke Main Miles 6 0% -2% 0% -3% -3% 0% -2% 0% 58  

City of Holyoke Service Lines 1,127 -2% -4% -2% -2% -5% -3% -7% -10% 
           
2,557  
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“America	Pays	for	Gas	Leaks:	Natural	Gas	Pipeline	Leaks	Cost	Consumers	Billions”	-	A	report	prepared	for	Sen.	Edward	J.	Markey.	



Methods	to	detect	and	reduce	pipeline	leaks	

•  Include	all	emissions	sources	in	inventory	for	possible	leaks,	
including:	
–  downstream	of	customer	meters	
–  industrial	faciliOes	
–  residenOal	and	commercial	sezngs.	

•  Improve	sampling	protocols	and	develop	more	
comprehensive	leak	surveys.	
–  negaOve	unaccounted	for	gas	volumes	by	companies	indicate	
calculaOng	or	reporOng	errors		

–  infrequent	high	emission	events	are	under-sampled.	
–  small	leaks	require	more	sensiOve	equipment	to	detect	

•  Replace	old	mains	and	service	lines	sooner	rather	than	
later.	

McKain	et	al.	(2015),	“Methane	emissions	from	natural	gas	infrastructure	and	use	in	the	urban	region	of	Boston,	MassachuseQs.”	PNAS,	vol.	112,	no.	7,	1941–
1946,	February	17,	2015.	



New	MA	law	to	promote	repair	of	pipeline	infrastructure	

•  Passed	in	July	2014:	An	act	relaOve	to	natural	gas	leaks	
–  Grade	1	(hazardous)	leaks	must	be	repaired	unOl	hazard	is	
eliminated.	

–  Grade	2	(potenOally	hazardous)	leaks	required	to	be	repaired	
within	a	year.	

–  Grade	3	(non-hazardous)	leaks	must	be	reevaluated.	
–  Gas	companies	accountable	for	plans	to	remove	leak-prone	
infrastructure.	

•  What’s	sOll	missing:	
–  Ratepayers	sOll	pay	the	cost	of	lost	gas.	
–  Grade	3	leaks	don’t	actually	have	to	be	repaired	on	any	
Ometable.	

–  No	requirement	to	acOvely	replace	old	cast	iron	and	bare	steel	
pipes	without	leaks.	

“Bill	H.2950,	188th	(2013	-	2014).	An	Act	relaOve	to	natural	gas	leaks.”	The	189th	General	Court	of	the	Commonwealth	of	Massachuse?s.	hQps://malegislature.gov/Bills/188/
House/H2950	
“Tennessee	Gas	Pipeline	Co.	files	environmental	report	with	Federal	Energy	Regulatory	Commission”.	Mass	Live.	hQp://www.masslive.com/news/index.ssf/2015/03/
tennessee_gas_pipeline_co_file.html	
“In	face	of	opposiOon,	company	to	reroute	gas	pipeline”.	Boston	Globe.	hQps://www.bostonglobe.com/business/2014/12/05/face-opposiOon-company-reroute-pipeline/
wj0k4WbfYr5FFyyHtPmFGJ/story.html	



OpOmism	for	the	future?	

•  Based	on	EPA	assumpOons,	MassachuseQs	residents	
stand	to	realize	$156	million	in	net	benefits	over	10	
years	from	the	companies	parOcipaOng	in	MA	
infrastructure	replacement	program.		

•  State	law	requires	MassachuseQs	to	reduce	GHG	
emissions	to	25	percent	below	1990	levels	by	2020.		

•  By	2010,	MassachuseQs	had	already	succeeded	in	
reducing	methane	emissions	from	the	natural	gas	
distribuOon	system	by	14	percent	below	1990	levels.		

“America	Pays	for	Gas	Leaks:	Natural	Gas	Pipeline	Leaks	Cost	Consumers	Billions”	-	A	report	prepared	for	Sen.	Edward	J.	Markey.	



New	pipeline	proposal	through	MA/NH	–	2018?	

•  Capacity	to	transport	up	to	2.2	billion	cubic	feet	of	natural	gas	per	day	from	wells	in	
Pennsylvania	to	markets	in	the	Northeast.	

•  Co-locaOng	with	exisOng	right	of	way	uOlity	corridors.	
•  65	and	90	%	of	affected	landowners	in	MA	and	NH	respecOvely	have	not	granted	permission	

to	enter	their	land	for	surveying	purposes.		
-  Possible	eminent	domain	authority	to	pursue	access	to	those	denied	properOes	if	

pipeline	wins	a	cerOficate	from	federal	regulators.	
“Tennessee	Gas	Pipeline	Co.	files	environmental	report	with	Federal	Energy	Regulatory	Commission”.	Mass	Live.	hQp://www.masslive.com/news/index.ssf/
2015/03/tennessee_gas_pipeline_co_file.html	
“In	face	of	opposiOon,	company	to	reroute	gas	pipeline”.	Boston	Globe.	hQps://www.bostonglobe.com/business/2014/12/05/face-opposiOon-company-
reroute-pipeline/wj0k4WbfYr5FFyyHtPmFGJ/story.html	



QuesOons?	


