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Across more than
2.5 million miles of
natural gas pipelines?,
an average of 240
incidents occur each
year?

# of natural gas pipeline incidents/year

# OF INCIDENTS

2010 2011 2012 2013 2014 2015 2016
YEAR Total =1601
‘Q U-S- DEPARTMENT OF ‘ E,?ET}{%R‘,M 1EIA, 2018;2 PHMSA, 2019; original data from Pipeline and Hazardous Materials Safety Administration
L\ ENERGY | [TC|&toss (PHMSA) & US Energy Information Administration (EIA)

2010

. Transmission
& Gathering

£ 3 ® Distribution

Operators have a 1in 10,500
chance of picking the right mile
of pipeline to invest personnel

and resources on inspections,
monitoring, and other activities
to prevent these failures.



https://www.eia.gov/energyexplained/index.php?page=natural_gas_pipelines
https://hip.phmsa.dot.gov/analyticsSOAP/saw.dll?Portalpages
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* Quantify potential benefit of new technologies
* Optimize development & deployment

* Predict pipeline integrity risk

* Tools to support methane quantification
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Data Collection & Processing

* Continue adding to NETL databases
with the most recent information
on the existing U.S. natural gas
pipeline infrastructure, historic
incidents, and proxy datasets

* Began incorporating scripts to
rectify data discrepancies, help
process data, and automate
database updating

: . * Evaluating range of tools that use
> 30 GB of data collected natural language processing (NLP),

fuzzy logic, etc. to help label and
structure data from various sources
and formats

* Covers more than 45 years of incidents
e Database consists of more than 200 different variables
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Gas Pipeline Mileage Per State
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* Comb through data
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https://www.eia.gov/energyexplained/index.php?page=natural_gas_pipelines
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Source: Pipeline and Hazardous Materials Safety Administration (PHMSA)




o Helped to Identify regional
anomalies for further analysis

Significant Spatial Clusters of Incidents
based off reported cause

Pipeline related causes — 99% Confidence
Pipeline related causes —95% Confidence

Pipeline related causes — 90% Confidence

No dominant causes

.

(0 Externalrelated causes— 90% Confidence SO COA
@ Externalrelated causes— 95% Confidence Excavation 1 Miscellaneous?!
@ Externalrelated causes—99% Confidence T
damage - ‘
é.\' L
Internal
corrosion

Source: Pipeline and Hazardous Materials Safety Administration (PHMSA)
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Product of the National Energy Technology Laboratory (NETL), Research and Innovation Center (R&IC), Geology & Geospatial Team

Author: Devin Justman
c plpe e Data sources: Pipeline and Hazardous Materials Safety Administration (PHMSA); Energy Information Administration (EIA); Basemap credits: Esri,

Delorme, NAVTEQ

Incidents Cause Ellipses (2010-2016)
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Internal Corrosion incidents in natural gas transmission/gathering
pipelines in the Gulf of Mexico (2010 — 2018)

Of the 97 incidents (65 transmission/32 gathering) :

* All classified as pinhole leaks with most occurring (71%) at a low point in L
pipe : s 4
* 48% microbiological cause of corrosion POTRES Jo G AV -
* 20% water/acid presence '. % '..‘,.‘. o Wy -
* Only 7% of associated pipelines were configured to accommodate ‘% W s o
inspection tools S:SLEN;E;TGEathering]

@ GT (Gas Transmission)

* 63.9% of pipeline associated with incidents have operational factors that & UNGS (Underground Natarsl Gas Storsge)

significantly complicate the execution of an internal inspection tool run
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. . . . . . . Incident ol Incidents/operator |
* Only 9% of associated pipelines had a protective interior coating neldents/year ‘ i ’

* Only 10% of associated pipelines were cleaned/de-watered routinely § " . . I . . B mm l D . . B
’ 80 _DDI .ﬁéDI&

® 9 2% Of a SSOCiated p i pe | i n es h ave n Ot h a d a hyd ro O r Ot h e r p reSS u re teSt e o o o IYEAR o - o 2017 405 11272 18152 18646 19160 19235 19570 22175 31618 32296 38987 39519
. . . . B GG (Gas Gathering) M GT (Gas Transmission) OPERATOR_ID
CO n d U Cte d SI n Ce O r I g I n a | CO n St r U Ct I O n |11 Gas_TG_4_20_18 Fiag_... LOCAL_DATETIME |ill; Gas_TG_4_20_18 Flag_... LOCAL_DATETIME Ll Gas_T6.4 20 = ||l Gas TG 4 20 18 Flag. ...ution of PWTnum |ull. Gas_TG_4_20_18 Flag._..f PIPE_DIAMETER I, Gas TG4 2018 7
e 20% of associated pipelines are still shutdown since incident occurred Quantity of unintentionally released gas by date Pipe wall thicknesses
e 16% of associated pipelines were abandoned or planning to be s
abandoned g
v%: 0 l;/l/zou 5 — Iz/1/2013 ! 2‘/;/2015 A 2/1/201‘7’ o 0.25 0.285 0.32 0.355 0.39 P:/:,Z]im 0.46 0.495 0.53 0.565 0.6
B GG (Gas Game:f;A:gf[Tg:xf sssssssss ) Mean : 0.410396

Source: Pipeline and Hazardous Materials Safety Administration (PHMSA)
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Used hypothesis driven methods to determine key variables

affecting pipeline failures, such as finding from peer-reviewed
literature, which represents:

National Pipeline Hazard Index

* the existing Natural Gas Pipeline
Infrastructure,

* more than 45 years of Pipeline incidents, and

e over 200 different internal and external
factors that affect pipeline incidents,

National Pipeline
Hazard Index
e =i i
. . e ——————————————————
N Cl u d | ng: Updated risk factor data based on FEMA and DOT 1996 study
National Pipeline Risk Index based on natural disasters

* pipeline material, pipeline age,
maintenance and construction activities,
landslides, earthquakes, lightning strikes,
severe rain, hail events, soil type, soil
composition, land use, population growth,
land development, and others
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Data Analytics

N
150 200
Miles

© Natural gas transmission & gathering pipeline leaks (2010-2016)
A Natural gas compressor stations

Natural gas pipelines

Inform sensor
deployment and
utilization

Reduce Risk &
Impacts
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* Began outlining and developing an
analytical workflow to support the
evaluation of benefits for deployment
of new sensor technologies and other
advanced pipeline materials

* Includes testing and validating key
variables identified in exploratory geo-
data analytics, as well as information
pertinent to sensor operational
characteristics from subject matter
experts and foundational literature




Data Analysis & Visualization |

* Integrating key information, data, as
well as key findings from exploratory
geo-data analytics into a story map

right) and Jupyter notebook (below)

* support spatial analytics, as well as
facilitate communication of key findings
for optimized sensor deployment and
utilization
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Revealing the Story of
U.S. Natural Gas
Infrastructure

Across the more than 2.5 million miles of natural gas
pipelines in the U.S., over 240 pipeline incidents occur on

average each year (20 yr. avg. for gas distribution, gathering,
and transmission systems; PHMSA, 2019). That means each

year regulators and operators have a

®
.
2 1in 10,500 chance
.
® of picking the right mile of pipeline to invest personnel and
.
resources on inspections, monitoring, and other activities to
W
prevent these failures.
Monitoring, predicting, and ultimately preventing future
leaks and failures Is crucial to ensuring access to a reliable
natural gas supply, reducing environmental impacts, and
mitigating safety hazards. Resources for supporting
inspections, monitoring, and detection are costly. Thus,
regulators and operators must prioritize the most effective
existing tools and information for pipeline monitoring and
detection.
r {MSA Transmission PHMSA BACK
Ok Gathering Incidents _Incident 4
Revealing the Story of U.S. Natural Gas
Infrastructure
Complementary to EPA reported data Is 2011-2015
emissions data from incidents reported to the U.S.
Department of Transportation Pipeline and Hazardous
Materials Safety Administration (PHMSA). A side-by-sic
comparison of methane emission activities from
transmission and distribution sources for both EPA and
PHMSA Is provided using a serles of swipe maps below.
i~ « EPA: Transmission vs, Distribution
? * PHMSA: Transmission vs. Distribution
.
.
. From the maps, EPA reported emissions reveal distribution
. ources as greater emitters of methane than transrr
o sources, whereas from PH ir ents, transmission
v urces contribute a far greater magnitude of emissior

Glven the release of methane from everyday operations to
failure incidents Involving gas infrastructure, routine
maintenance and monitoring practices are vital. The current
focus on the development and deployment of advanced
plpeline coatings, sensors and unmanned aerlal vehicles

(UAVs) are adding to the repertoire of tools and techniques

Industry has at its disposal to reduce methane emissions.
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Presentations:

Justman, D., Bauer, J., Bean, A., Rose, K., and Huerta, N., 2017, Analytical Framework for Evaluating Natural Gas Pipeline Risk. Oral presentation at the Esri
User Conference, San Diego, CA, July 10-14, 2017.

Justman, D., Bauer, J., Bean, A., Rose, K., and Huerta, N., 2017, Developing an Advanced GIS Analytical Framework for Evaluating Risks to Natural Gas Pipeline
Infrastructure. Poster presentation at the Esri FedGIS Conference, Washington D.C., February 13-14, 2017.

Justman, D., Rose, K., Bauer, J., 2016, Preliminary analysis integrating climate and environmental variables into a pipeline infrastructure decision support and
risk evaluation framework: Leveraging NETL’s novel data mining and geospatial tools, Boulder, CO July 13-15, 2016. Oral presentation at the
Engineering for Climate Extremes Partnership (ECEP) Workshop at the National Center for Atmospheric Research (NCAR)

Rose, K., Baker, D.V. “Vic”, Bauer, J., Dehlin, M., Jones, T.J., and Rowan, C., 2017, Working Smarter Not Harder — Developing a Virtual Subsurface Data
Framework for US Energy R&D, invited talk, American Geophysical Union Annual Meeting.
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