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TOPICS

Facts About

 Methane and local natural gas distribution utilities

* Advances in leak detection, quantification and prioritization of repairs
* Experience and outcomes with ALD

* Benefits and policy recommendations




Leak Detection Advances
How Utilities Found Leaks Before

* The “state of the art” is handheld
methane detectors, DIMP, surveys
or responding to odor calls.

* The vast majority of leaks are found
by first responders or customers
smelling gas.

* |Isthere a better way? TBD




2012: First Responders Find Most Leaks

Gas Distribution Unintentional Gas Released
Initial Incident Identifier L OCAL OPERATING FERSONNEL INCLUDING
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Leak Detection Advances
EDF/Google Leak Mapping Project

What began as an EDF science
and methane public awareness
campaign in 2014 is shaping gas
utility business practices in
2019.

Explore Chicago map data
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ALD+ = Sensors and data analytics

* High sensitivity, mobile
Mounted methane detectors

* Available to utilities via Picarro,
Heath/LGR

 Faster, more sensitive than
optical imaging or hand held
flame ionization

* Can quantify leak flow volume




Validation of false positives and leak size estimation

Validation of false CHEE, =

Viehide Based Methane Surveys for Finding Natural Gas Leaks and
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Today’s Best Practice: Emissions Quantification & Leak
Density Estimation Analytics

* Mobile mounted high sensitivity leak
detectors find and quantify leaks

e Using methane data, analytics estimate

leak density and measure emissions of :
; i i el Leak count: 1
pipe §egments rather than identifying : S oo IZCUﬁ/hr
individual leaks 8 Leak count: 5 P - i
Emissions: 98CUft/ hr = of -3 -
. . . . 3 R w ~
* Pipe segments with highest leak density N Ve - P b > _.

.

are identified for repair or capital
replacement

* Emissions, costs and safety risk are
reduced
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ALD - Leak Abatement Optimization

_
-----H

1 4 - 16 SCFH (90%) 5 1.14
1 2 5.1 2 - 8 SCFH (90%) 0.0017 5 0.0016 1.0
3 3 24 1 - 4 SCFH (90%) 2535 0.001 4 0.0016 086
2 4 1.5 0.5 - 2 SCFH (80%) 2514 0.0008 1 0.0004 1.5

A proven method
to maximize leak
reductions per $$

Source: Picarro, Inc.
Surveyor use case
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PHMSA LDC 101

* Pipeline and Hazardous Materials Administration (DOT) ensures safe and secure
movement of hazardous materials

* Local Gas Distribution Companies must submit annual reports to PHMSA on pipe
composition, miles of pipe, leaks found, repaired and backlogs

* Service territories must be surveyed for leaks every 5 years, business districts once
every year

* Leaks are determined based on concentrations (ppb)

* Leaks are graded in terms of risk based on concentration and proximity to
buildings/populations

* Leaks can be Grade 1 Hazardous, Grade 2 Potentially Hazardous, and Grade 3 Non-
Hazardous

* Hazardous leaks must be repaired "promptly"




LDC Infrastructure
Large Number of Methane Leaks from Aging Urban Infrastructure

State | Miles of Leak-Prone Pipe | % of U.S. Leak-Prone Pipe
NY 16,442 17%
™ 10,652 11%
PA 10,313 11%
OH 10,282 11%
CA 8,358 9%
NJ 6,368 1%
PHMSA 2016 Data

* New Jersey utilities have more cast iron distribution pipelines than any other state, 3911 miles as of

2019.

* Nationally, 10.6 percent of the safety incidents occurring on gas distribution mains involved cast iron
mains. However, less than 2 percent of distribution mains are cast iron.

T BN s



How to Find Out about LDCs in Your State?
Viewing PHMSA Annual Report Data by Pipeline Type and Year

o Gas Distribution, Gas Gathering, X + - = = ° Se I ECt I i n k O n th e right to
&« C @ https://www.phmsa.dot.gov/data-and-statistics/pipeline/gas-distribution-gas-gathering-gas-transmission-haz... % @ @"E O ar d Own I Oa d yea rS Of d ata yo u Wa nt .

United States Department of Transportation

e Zipped folder includes PDF of

PH MSA the Gas Distribution Annual

Pipeline and Hazardous Materials Form PH MSA F7 100 1'1.

Safety Administration ABOUT PHMSA SAFETY REGULATIONS AND COMPLIANCE RESOURCES

Sign-Up for Email Alerts | Newsroom

* PDFis filled in with data fields

Home » Data and Statistics » Pipeline

Data and Satisis e . that are used as column headers
¢ Gas Distribution, Gas Gathering, Related Links in the Excel data sheets. so that
Pipeline Operator Safet . .
Program Data " Gas Transmission, Hazardous « Underground Natural Gas Storage h h ’ |

R o . : acl ou can see how each column
Egrt“fgpr?'llaﬁ:ggmgasures LIqUIdS’ quuefIEd Natu ral Gas . (::izsilst':rib:ttii{nz,‘ﬂ\l;:nual Data - 2010 to ::eader iS defined in the form
State Pipeline (LNG), and Underground Natural present (2IP) '

Performance Measures
e (Gas Distribution Annual Data - 2004 to

Gas Storage (UNGS) Annual Report J009 (21

Pipeline Replacement
Updates Resources
Data e Gas Distribution Annual Data - 1970 to
Federal Enforcement 2003 (ZIP) ® Left: Annual Report Data
Transparency . . . .
The Code of Fec!eralql Relgulatlons (49 C.FR Parts 191, 1.95). requires « Hazardous Liquid Annual Data - 2010 to . B|ank forms and Deta”ed Instructions: Ogerator
Operator Information operators gas distribution, gas gathering, gas transmission, hazardous .
liquid, LNG, and UNGS to submit annual reports to PHMSA. Annual present (ZIP) Reports Submitted to PHMSA - Forms and
National Pipeline reports include information such as total pipeline mileage, facilities, « Hazardous Liquid Annual Data - 2004 to .
Mapping System commodities transported, miles by material, and installation dates. > M

e 1 IRl B 'l EE I B ' T B ' B 1B T BN ErE


https://www.phmsa.dot.gov/data-and-statistics/pipeline/gas-distribution-gas-gathering-gas-transmission-hazardous-liquids
https://www.phmsa.dot.gov/forms/operator-reports-submitted-phmsa-forms-and-instructions

Data fields used as column headers in Excel sheets

| Gas Distribution Annual Form PHMSA F7100 1-1 Rev 10-2018 - Data fields.pdf - Adobe Acrobat Reader DC — >

File Edit View Window Help

Home  Tools Gas Distribution An... x ® Sign In
_J
S B8 B Q ® O :/s ARMOO - K T B 2 & 1 share
-~
PART B - SYSTEM DESCRIPTION | Report miles of main and number of services in system at end of year.
1. GENERAL
STEEL CAST)
CATHODICALLY DUCTILE Reconditioned [ gygrepy
UNPROTECTED PROTECTED pLasTic | WROUGHT | “iron | copper | OTHER Cast Iron TOTAL
BARE | COATED | BARE | COATED
MMILES MMILES MMILES,
- - = |MMILES_STEEL [ MMILES_ MMILES_CI MMILES_DI | MMILES_cu  [MMILES_ MMILES_RCI MMILES_
MILES OF MAIN STEEL_ | STEEL_UNP_|STEELCP | o conren | prastic OTHER TOTAL
UNP_BARE| COATED _BARE Calc
NUM_SRVS| NUM_SRVS_ INUM_SRVS| NUM_SRVS_ | num_srvs_ | num_srvs_ci |NUM_SRVS_ [NUM_SRVS_ |NUM_SRVS_ NUM_SRVCS
NO. OF SERVICES | sree_ STEEL. | _STEEL_ | STEEL CP_ [ prasTic N P cu OTHER NUM_SRVS_Rl | TOTAL
UNP_BARE | UNP_COATED| cP_BARE | coaTeD Calc
» 2. MILES OF MAINS IN SYSTEM AT END OF YEAR <
" OVER 2" OVER 4" OVER 8" " SYSTEM
MATERIAL UNKNOWN 2" OR LESS THRU 4" THRU 8" THRU 12" OVER 12 TOTALS
MMILES_STEEL
STEEL MMILES_STEEL_UNK - - MMILES_STEEL_ MMILES_STEEL_ MMILES_STEEL_ MMILES_STEEL_ | MMILES_STEEL_
LT2IN 2IN_TO_4IN 4IN_TO_8IN 8IN_TO_12IN GT12IN TOTAL Calc
DUCTILE IRON MMILES_DI_UNK MMILES_DI_LT2IN MMILES_D1_ MMILES_DI_ MMILES_DI_ MMILES_DI_ MMILES_D|_TOTAL
2IN_TO_4IN 4IN_TO_8IN 8IN_TO_12IN GT12IN calc
COPPER MMILES_CU_UNK | MMILES_CU_LT2IN MMILES_CU_ MMILES_CU_ MMILES_CU_ MMILES_CU_ | mmiLEs_cu_TOTAL
2IN_TO_4IN 4IN_TO_8IN 8IN_TO_12IN GTI12IN Calc
CASTWROUGHT | mmites_ci_wr_ MMILES_CI_WR_ MMILES_CI_WR_ MMILES_CI_WR_ MMILES_CI_WR_ MMILES_CI_WR_ MMILES_CI_WR_
IRON UNK LT2IN 2IN_TO_4IN 4IN_TO_8IN 8IN_TO_12IN GT12IN TOTAL Calc
PLASTIC MMILES_PLASTIC_  |MMILES_PLASTIC MMILES_PLASTIC_ MMILES_PLASTIC_ | MMILES_PLASTIC_ | MMILES_PLASTIC_ | MMILES_PLASTIC_
1. PVC UNK _LT2IN 2IN_TO_4IN 4IN_TO_8IN 8IN_TO_12IN GT12IN TOTAL Calc
- oo - - MMILES_PE_ MMILES_PE_ MMILES_PE_ MMILES_PE_ AANILES DE TATAL v




Snapshot of Excel sheet showing 2018 gas distribution
annual data

AutoSave = annual_gas_distribution_2018 - Excel Virginia Palacios @ @' £l

File Home Insert Page Layout Formulas Data Review View Help £ Search ||BShare | | i1 Comments

ﬁév |Calibri Juo JR A E== o [BWepTee S @ @ g:;:;evv L~ Z? /C) ’

Paste == |=5i= | & Conditional Formatas Cell Sort & Find & Ideas
I U - O A = = = 3= Merge & Center ~ a0
- . = |— v | Y - .— = | == ElVen $-% 9 | 00 =0 | Formatting ¥ Table > Styles > [EiFormat | € Fijerv select v
Clipboard Font Alignment Ta Number ra Styles Cells Editing Ideas

| \ D | E | | G |
One operator can have multiple reponts per year (OPERATOR_ID, REPORT_YEAR, STATE (STOP), COMMODJTY, REPORT_NUMBER)
Records sorted by REPORT_YEAR, OPERATOR_ID, STOP, COMMODITY, REPORT_NUMEER.
DATAFILE_AS_OF |REPORT_ [REPORT_NUMBE | SUPPLEMENTAL [OPERATOR | OPERATOR_NAME OFFICE_ADDRESS_STREE |OFFICE_ADDRESS_CIT |OFFICE_ADDRES |OFFICE_ADDRESS_
YEAR R _NUMBER _Ib T Y S5_COUNTY STATE
2018 20190110 37507 18 ABBYVILLE, CITY OF PO BOX 100 ABBYVILLE KS
2018 20190941 38823 27 ABITA SPRINGS NAT GAS & WATER 22161 Level Street Abita Springs St. Tammany Pari LA
2018 20191017 38473 45 ADAIRSVILLE, CITY OF 104 TOWNPARK DRIVE KENNESAW GA
2018 20191076 38671 49 TOWN OF ADAMSVILLE GAS DEPT 203 Sunrise Drive 231 Eas' Adamsville TN
2018 20190555 37985 54 ADEL GAS DEPT, CITY OF 5261 CARLTON RIDGE CIRCHAHIRA Lowdnes GA
2018 20191104 38592 81 AGUILAR, TOWN OF 101 W Main Street Aguilar Las Animas co
2018 20190957 38407 180 SPIRE ALABAMA INC. 2101 6th Ave N Birmingham AL
2018 20190464 37887 ALASKA PIPELINE CO 401 E. INTERNATIONAL AIF ANCHORAGE AK

2018 20199271 37294 225 ALBANY MUNICIPAL GAS CO 106 E Clay Street Albany MO
(kN 7/1/2019 2018 20190576 38008 ALBANY WATER GAS & LIGHT COMMISSION 104 TOWN PARK AVENUE KENNESAW GA

8 7/1/2019 2018 20199136 37135 ALEDO GAS DEPT, CITY OF 9 Executive Woods Ct Belleville IL

? 7/1/2019 2018 20199293 37317 ALEXANDER CITY MUNICIPAL GAS 520 Calhoun St Alexander City AL

E 7/1/2019 2018 20190711 38153 ALEXANDRIA MUNICIPLE GAS SYSTEM, CITY 012021 Industrial Park Rd, Bl Alexandria LA

F 7/1/2019 2018 20190109 37492 ALLERTON GAS CO PO BOX 825 CENTERVILLE Appanoose 1A
N 7/1/2019 2018 20190173 37568 ALMA GAS DISTRIBUTION SYSTEM, CITY OF 326 MISSOURI ALMA KS

(N 7/1/2019 2018 20199309 37338 ALMA NATURAL GAS SYSTEMS, CITY OF 614 MAIN 5T. ALMA Harlan NE

5 7/1/2019 2018 20199248 37270 ALTAMONT GAS DEPT, CITY OF P O Box 305 Altamont KS

GD AR 2018




Mapping Results

Boston: Older Pipes, More Leaks Indianapolis: Newer Pipes, Fewer Leaks
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Why Addressing LDC Methane Emissions Matters?

* Climate Benefits
* Ozone Air Quality

* Ratepayer Savings

* Public Safety




Methane Facts

CH4 traps more heat
than CO2...

EACH METHANE MOLECULE TRAPS

MORE HEAT

Ratio of direct radiative efficiencies, W m? ppb' (IPCC AR5)

19



Methane Facts

bUt brea kS dOWﬂ METHANE DISSIPATES FASTER THAN CARBON DIOXIDE
faster than CO2
1.0 «CH, produces
tropospheric
ozone and
g 0.8 stratospheric
= water vapor
< as it decays
o
c 06 eIncreases the
Cz> direct warming
= C(')2 effect by 65%
o IPCC AR5
< 04 ( )
T
0.2
CH
0.0 -

0 10 20 30 40 50 60 70 80 90 100
YEARS AFTER EMISSION




Climate Impacts

Methane 4.5 =
and CO2 ] gl
reductions N

required

Temperature change (°C)
N
rh

3 - Reference
1.5= CO, mitigation
1 ~SLCP mitigation
! —CO, and SLCP mitigation (HCM)
0-5_1 | ! I |
2000 2050 2100 2150 2200

Year




Ozone Air Quality

Increasing Methane has Important Effects on Levels of Atmospheric Ozone

* Oxidation of methane produces ozone in the troposphere and lower
stratosphere.

 Complex series of chemical reactions of methane produce up to two ozone
molecules per molecule of methane

* In the lower atmosphere, this adds to air quality concerns (“bad ozone”)

* Reactions of methane destroy ozone in the upper stratosphere

* Destruction of methane in the upper stratosphere produce hydrogen oxides that
react with ozone.

* This leads to the destruction of “good ozone” — the levels of ozone in the
stratosphere that protect us from biologically-harmful ultraviolet radiation



Ozone Air Quality

The Link between Methane and Tropospheric Ozone

* Less of a link to individual local ozone episodes, BUT, part of global
background concentrations

* Global tropospheric O3 decreases linearly with reductions in CH4
emissions

 Efficacy of CH4 emission reductions for air quality/climate goals is
INDEPENDENT OF LOCATION

* Implications for seeking cost-effective pre-cursor source controls when
traditional sources are “tapped out”




What We Thought and What We Know NOW About
Methane Emissions System-Wide

 EPA estimates emissions of 400 billion cubic feet per year system wide

* New estimates are 640 billion cubic feet per year (Alverez et al. Science)

e A60% increase!




LAUF — Ratepayer Pays!

* At 1.2 cents a cubic foot—retail value of $7.7 billion a year LOST

* For local systems, true leak count is 2.4 times higher than currently
estimated. Even more millions of dollars in losses (Waller et al ACS)

* EPA estimates leaked gas itself costs $194M a year
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“Safety?”

Pipeline
peril:
Natural gas
explosions
reveal silent
danger
lurking in
old cast
iron pipes

USA Today
Nov 12, 2018

Gulf of Mexico




ALD and Leak Quantification Applications

* Pipeline Replacement Prioritization
* Leak Repair Prioritization

* Climate Action Contributions Quantified

* Tropospheric Ozone Abatement




Advance Leak Detection
Targeting the Largest Leaks Results in Greatest Benefits: Less Cost

E-town Cumulative Emissions Curve
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Pipeline Replacement Prioritization
PSE&G: ALD+ methods helped prioritize $900M in pipeline replacement
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Leak Repair Prioritization
Con Ed: Fixing Non-Hazardous Leaks Faster

Con Edison emissions reductions
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The Quadruple Win of Reducing LDC Methane Emissions
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Traditional Methodologies vs Advanced Leak Detection

"It...defies belief that, despite the widespread availability 21st century technology,
the primary leak detectors for natural gas pipelines are the public's own eyes and
noses. Methane is a climate change super-pollutant and we don't even know how
much is being released from pipelines. This needs to change.”

New Mexico Senator Tom Udall announcing Amendments to Improve the PIPES Act of 2019 (S.2299) on July 30, 2019




Findings and Recommendations

Findings:

* Advanced leak detection methods would reduce more than 50% of methane emissions by repairing
only the largest 20% of leaks.

* Advanced leak detection finds more leaks including hazardous Grade 1 leaks.
* Advanced leak detection allows for quantification and reporting of emissions reductions.

* Advanced leak detection creates opportunities for more frequent, less resource-intensive leak
surveys.

Recommendations

* Require use of ALD to establish inventory

Mandate abatement of environmentally significant non-hazardous leaks (by leak flow volume)

Track emissions

Partner with PUC to address LDC costs and incentives

Advocate for utility inclusion of ALD in DIMP program, after safety




1) Description of

methodology
von Fischer et al.
EnvSci&Tech 2017

3) Advanced
statistics for
estimating total

leakage
Weller et al.
Environmetrics 2018
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A calibration capture-recapture model for inferring natural
gas leak population characteristics using data from Google
Street View cars

Zachary D. Weller"*® | Jennifer A. Hoeting' | Joseph C. von Fischer*

*Departmentof Satistics, Coborado Suke
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