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• The opinions and views offered here are our own and do not reflect 
the views or opinions of the United States Government, nor any 
agency thereof, including the Federal Energy Regulatory 
Commission in its entirety and individual Commissioners.

• Neither the author, nor the United States Government, nor any 
agency thereof, nor any of their employees, nor any of their 
contractors, subcontractors, or their employees, make warranty, 
express or implied, or assume any legal liability or responsibility for 
the accuracy, completeness, or usefulness of any information, 
apparatus, product, or process disclosed, or represent that its use 
would not infringe privately owned rights. 

• Reference herein to any specific product, process, or service by trade 
name, trademark, manufacturer, or otherwise, does not necessarily 
constitute or imply endorsement, recommendation, or favoring by 
the author, nor the United States Government, nor any agency 
thereof, nor any of their employees, nor any of their contractors, 
subcontractors, or their employees. 

Disclaimer
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Outline
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• LNG Regulatory Authorities and Jurisdiction
• FERC LNG Engineering Reviews and 

Requirements
• FERC Incident Notification, Semi Annual 

Report, and Operational Inspection 
Requirements 

• Leading and Lagging Indicators (API 754 etc.)
• Lessons learned from Semi Annual Report and 

Incident Notification Requirements based on 
EPA LDAR Requirements



Who Regulates LNG?
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Natural Gas Act (NGA) and National 
Environmental Policy Act (NEPA)



Federal Safety/Security Jurisdiction –
Most Common Example

FERC – 18 CFR 153 (Application under NGA)

USCG – 33 CFR 105 Facility Security

FERC – 18 CFR 380, 40 CFR 1500-1508  (Lead Agency for NEPA)

DOT – 49 CFR 193 (Subparts C to I)USCG – 33 CFR 127

ship
last

valve

tank

pipeline

192

Sec 3/7

TSA 

DOT – 49 CFR 193 (Subpart B - Siting)

46 CFR 154

33 CFR 104 
(Vessel 

Security)
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Who Regulates LNG?
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DOT PHMSA Jurisdictional LNG Facilities

https://www.npms.phmsa.dot.gov/Documents/LNG_AR_National.pdf



FERC Jurisdictional LNG Facilities - Summary
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As of end of 2021:
• 26 of 168 (15%) of in-service DOT PHMSA LNG facilities are 

jurisdictional to FERC:
• By type: 13 of 26 (50%) of baseload LNG plants, 13 of 70 (19%) of 

LNG peakshaving plants, 0 of 57 (0%) of satellite LNG plants, 0 of 
40 (0%) of mobile LNG plants, and 0 of 9 (0%) of other LNG plants.  

• By function: 13 of 13 (100%) of LNG marine terminals, 13 of 102 
(13%) of LNG storage plants, 0 of 3 stranded, 0 of 6 vehicular, and 
0 of 44 other LNG plants.

• 12.1 Billion cubic feed per day (Bcfd)  of 12.4 Bcfd (97%) of liquefaction 
capacity are jurisdictional to FERC

• 64 of 242 (26%) of LNG containers, but approximately 150 Billion cubic 
feet (Bcf) of 210 Bcf (72%) of storage capacity are jurisdictional to 
FERC

• 163 of 441 LNG vaporizers (37%), but 20.0 of 28.3 Bcfd (71%) of 
vaporization capacity are jurisdictional to FERC



FERC Jurisdictional LNG Facilities - Existing
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https://www.ferc.gov/natural-gas/lng



FERC Jurisdictional LNG Facilities - Existing
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https://www.ferc.gov/natural-gas/lng



FERC Jurisdictional LNG Facilities - Existing
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https://www.ferc.gov/natural-gas/lng



FERC Jurisdictional LNG Facilities - Approved
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https://www.ferc.gov/natural-gas/lng



FERC Jurisdictional LNG Facilities - Approved
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https://www.ferc.gov/natural-gas/lng
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FERC Jurisdictional LNG Facilities - Proposed

https://www.ferc.gov/natural-gas/lng
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FERC Jurisdictional LNG Facilities - Proposed

https://www.ferc.gov/natural-gas/lng



FERC DLNG Engineering Reviews and Inspections focus on 
Independent Preventative and Mitigative Layers of Protection 
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Layers of Protection-IEC 61511

Federal Regulations
(DOT PHMSA 49 CFR 193,  USCG 33 CFR 127, 33 

CFR 105, EPA 40 CFR 68, OSHA 29 CFR 1910)

FERC 
Engineering 

Review
1) Identifying Hazards
2) Evaluating Risks

-consequences
-likelihood

3) Reducing Risks to 
Tolerable/Acceptable, 
ALARA/ALARP Levels

FAA 
Aeronautical 

Studies

State Safety 
Advisory 
Reports

DoD MOU 
Correspondence

Codes, Standards, and Practices 
(NFPA 59A, NFPA 30, API 500, ASME B31.3, 

API 620, ASCE 7, API 521, etc.)

Public 
Comments

USCG Letter of 
Recommendation

DOT PHMSA 
Letter of 

Determination
Other 

Studies or 
Events



National Environmental Policy Act (NEPA) Document
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Commission Orders



20

Pre-Inspection Letters and Operational Inspections
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Q: What leaks and releases are FERC DLNG Staff most interested 
in from safety perspective for Incident Notifications, Semi 
Annual Reporting, and Operational Inspections? A: Lagging and 
Leading Indicators
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API 754/AIChE CCPS/IOGP 456 Tier 1 and 2 (Lagging Indicators) 
and Tier 3 and 4 (Leading Indicators)
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API 754/AIChE CCPS/IOGP 456 Tier 1 and 2 (Lagging Indicators)
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DOT PHMSA Incident Database FERC Jurisdictional - Lagging 
Indicators

Total Reported 2014 2015 2016 2017 2018 2019 2020 2021 2022 Total

Operators 20 20 20 20 20 20 20 21 21

Plants 24 24 24 24 25 25 25 26 26 223 plant 
years

Incidents 2 1 0 2 3 3 4 1 2 18

Fatalities 0 0 0 0 0 0 0 0 0 0

Injuries 1 0 0 0 0 0 0 0 0 1

Evacuated 168 50 0 0 0 0 0 0 0 218

Damage $MM 46.5 <.01 0 <.01 34.2 0.125 2.64 <.01 85.1 168.8

MMcf Released 168 2 0 0 12 2 8 <1 11 204

Released >1100 lb 1 1 0 0 3 2 2 0 2 11

Released >110 lb 1 1 0 0 3 2 2 1 2 12

Ignited/Fire 1 0 0 1 0 0 3 0 1 6

Explosion 1 0 0 1 0 0 0 0 1 3
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Layer of Protection General Design Basis/Assumptions
All layer reliability and effectiveness are contingent on 
operating and maintenance procedures and training for 
corrosion, ESD tests, PRV tests, firewater tests, etc. 
commensurate with SIL requirements. 

Preventative/Mitigative Layers of Protection Commonly Assumed 
Design Durations vs 5 min incident reporting duration 
requirement. 
• Operator actions 

• Assumed SIL1 (90% reliability) if 10 min available to 
intervene after alarm to take clear action prior to loss 
of containment or after detection of release

• Assumed SIL1 or demonstrated SIL 2 (90-99% reliability) 
if 60 min available to intervene after alarm to take 
clear action prior to loss of containment or after 
detection of release

• SIS initiated ESD
• Assumed SIL 1 (90% reliability) for single 

device/PLC/etc. and SIL 2 or SIL3 (99-99.9% reliability) 
for multiple redundant devices/PLCs/etc. if 10 min or 
less available to intervene prior to loss of containment 
or after detection of release.  Higher reliabilities and 
less times need to be demonstrated.

• Pressure Relief Devices
• Assumed SIL 1 or demonstrated SIL 2 (90-99% 

reliability) for mitigating over-pressurization within 
design basis (e.g., NFPA 59A, API 521, etc.). 

• Depressurization/Blowdowns 
• Assumed SIL 1 or demonstrated SIL2 (90-99% reliability) 

if within design basis (e.g., API 521) in 15 min or less
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Layer of Protection General Design Basis/Assumptions
Mitigative Layers of Protection Commonly Assumed Design Durations vs 5 min incident reporting requirement
• Electrical area classification 

• Assumed SIL 1 (90% reliability) if explosionproof, pressurized/purged, non-incendive and within design 
basis (e.g., API 500, NFPA 497 and FERC requirements)

• Assumed SIL 2 (99% reliability) if intrinsically safe and within design basis (e.g., API 500, NFPA 497 and 
FERC)

• Ventilation 
• Assumed SIL 1 (90% reliability) if demonstrated within design basis (e.g., NFPA 59A, NEC, FERC) 

• Siting Releases 
• Assumed SIL 2 (99%) reliability for releases within design basis (e.g., NFPA 59A) for releases of 10 min or 

less assuming SIL 1 Operator initiated shutdown/isolation in 10 min or ESD automatic shutdown within 10 
min. Less times need to be demonstrated with SIL 2 ESD.

• Spill Containment Passive Protection 
• Assumed SIL 2 (≥99% reliability) contingent on SIL 2 shutdown/isolation per above if demonstrated within 

design basis (e.g., NFPA 59A, NFPA 30 and FERC requirements) for largest container(s); 10 min or less for 
largest flow from any single line; and typically, 60 min or less for largest flow from < 6-inch diameter 
release

• Hazard Detection, Shutdown, & De-inventory 
• Demonstrated (SIL 1) (90% reliability) if demonstrated within design basis (e.g., ISA 84.00.07 and FERC) for 

10 min or less for releases that extend offsite or lead to cascading damage offsite; and typically, 10 min or 
more for largest flow from <2-inch diameter release

• Low Temperature Passive Protection 
• Assumed SIL 2 (99% reliability) if demonstrated within design basis (e.g., ISO 20088-1 15-60 min, FERC)

• Jet Fire Passive Protection (structural, ESD valves, ESD cabling, etc.)
• Assumed SIL 2 (99% reliability) if demonstrated within design basis (e.g., ISO 22899-1 15-120 min, FERC)

• Pool Fire Passive Protection (structural, ESD valves, ESD cabling, etc.)
• Assumed SIL 2 (99% reliability) if demonstrated within design basis (e.g., UL 1709 60-120 min, FERC)

• Emergency Response Evacuation 
• Assumed or demonstrated SIL 1 or SIL 2 (e.g., Evacuation Time Estimates) within 60-120 min

• Firewater 
• Assumed SIL 1 (90% reliability) if demonstrated within design basis (e.g., NFPA 59A 120 min supply, FERC)
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FERC Layer of Protection General Design Basis/Assumptions –
Lagging/Leading Indicators 

Mitigative Layers of Protection Commonly Assumed Design Releases based on Codes and Standards
• Electrical area classification Class 1 Div 2 NFPA 497 and API 500 1 lb-mol/min corresponds to:

• 16 lb/min (0.12 kg/sec) for methane, (e.g., 100 ft to ¼ LFL from 1/8-inch diameter at -260F/100 psig) 
• 28 lb/min (0.21 kg/sec) for ethylene, (e.g., 100 ft to ¼ LFL from 5/32-inch diameter at -74F/100 psig)
• 30 lb/min (0.22 kg/sec) for ethane, (e.g., 100 ft to ¼ LFL from 11/64-inch diameter at -39F/100 psig)
• 44 lb/min (0.33 kg/sec) for propane, (e.g., 75 ft to ¼ LFL from 13/64-inch diameter at 64F/100 psig)

• Ventilation per NFPA 59A and NFPA 69 release rate assumed/demonstrated
• Jet Fire Passive protection per standard ISO 22899-1 and 2 correspond to:

• 0.3 kg/sec (40 lb/min) from 17.8 mm (0.7-inch) natural gas
• Low temperature passive protection standard ISO 20088-1 correspond to:

• 250 L (66 gal) or 200 kg (440 lb) liquid nitrogen released over 90 seconds (i.e., <2.2 kg/sec or <1 gpm or 
290 lb/min) from 100 mm (4-inch) diameter at 1000 m (3 ft) height

• Spacing/Plant Layout corresponds to:
• 25-120 ft to LFL and 100-225 ft to ½ LFL, 25-175 ft to 30 kW/m2 and 50-225 ft to 5 kW/m2 from 

1-inch diameter LNG at 1-500psig (25-500 gpm or 100-2,100 lb/min or 1-16 kg/sec)
• 175-250 ft to LFL and 350-750 ft to ½ LFL, 50-325 ft to 30 kW/m2 and 75-450 ft to 5 kW/m2 from 2-inch 

diameter LNG at 1-500psig (100-2,000 gpm or 420-8,400 lb/min or 3-65 kg/sec)
• 450-775 ft to LFL (1000-1400 ft to ½ LFL), 125-600 ft to 30 kW/m2 and 150-825 ft to 5 kW/m2 from 4-inch 

diameter LNG at 1-500psig (450-7,850 gpm or 1,900-33,000 lb/min or 14-250 kg/sec)
• Siting, Hazard Detection, Firewater, Vapor Fencing, Emergency Response (i.e. onsite vs offsite) corresponds to:

• <6-inch diameter LNG at 1-500 psig is <775 ft to LFL and <1400 ft (~0.25 mi) to ½ LFL, <600 ft to 30 kW/m2 
and <825 ft to 5 kW/m2 (<7850 gpm or<250 kg/sec)

• Spill containment corresponds to:
• Typically, <2 inch release for API 620/625/376 LNG storage tanks
• largest flow from single line with n+1 pumps at runout for 10 min; typically 60,000 gpm from 36-inch 

diameter LNG at <100 psig (typically also <6 inch release for 1 hour)
• Pool Fire Passive protection standard UL1709 

• 65,00 BTU/ft2-hr (204 kW/m2) total heat flux and 2000F (1100C) within 5 min

16 lb/min*5 min=80 lb < 110 lb Tier 2

44 lb/min*5 min=220 lb > 110 lb Tier 2



28

DOT PHMSA Incident Database FERC Jurisdictional –
Lagging/Leading Indicators
Total Reported 2014 2015 2016 2017 2018 2019 2020 2021 2022 TOTAL

Incidents 2 1 0 2 3 3 4 1 2 18

First Detected by 
Operators

2 1 2 3 2 10

First Detected by 
DCS/SIS

1 1 1 1 1 5

First Detected by FGS 1 2 3

Detection Time (min) <1,<1 <2 <1,<1 5, 20, 
NR

<1,<1,
<1

<1,NA, 
NR, <1

41 <1, 420 <1-420

Emergency Shutdown 2 1 1 2 2 1 1 1 11

ESD Time (min) <1,<1 2 <1 5, 43 <1,<1 1 1 <1 <1- 43

Isolated/De-inventory 
Time (min)

NR NR NR NR NR NR 7 343 7-343

Emergency Response On 
Scene (min)

NR NR NR NR NR NR 8 5 5-8

Fire Suppressed (min) NR NR NR NR NR 10 23 30 10-30

Evacuated 168 50 0 0 0 0 0 * * 0-168

Evacuation Time (min) NR NR NA NA NA NA NA 79 79

All Clear Time (min) NR NR NA NA NA NA 30 450 30-450

1/8-inch release

safe venting, but not 
environmentally 
permitted
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Contrast to EPA LDAR Requirements
• 40 CFR 60 National Standards of Performance for New 

Stationary Sources (NSPS) Subparts:
▫ OOOO Standards of Performance for Crude Oil and 

Natural Gas Facilities for Which Construction, 
Modification, or Reconstruction Commenced After August 
23, 2011 and on or Before September 18, 2015

▫ OOOOa Standards…After September 18, 2015 (and on or 
before November 15, 2021)

▫ OOOOb Standards…after November 15, 2021
▫ OOOOc Standards…Existing Resources On or before 

November 15, 2021
▫ fugitive emissions constitute any visible emission 

observed using optical gas imaging (OGI) or an 
instrument reading of 500 parts per million (ppm) or 
greater using Method 21 of appendix A-7 to this part 

▫ applicable to certain equipment
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Possible criteria relative to EPA LDAR Requirements
Notification Protocols for LNG Facility Releases

Release Type Isolation or Shutdown Time Repair Time
FERC Notification 

Protocols
Leak < 1 %vol LELa

(500 ppm-v)
None None None

Confirmed 
1 %vol LEL ≤ Leak < 25 %vol LELb of leaked 

substance (500 ppm-v to 12,500 ppm-v)

Gas concentrationsc, d greater than or equal to 
1 %vol LEL and less than 25 %vol LEL 

equivalent of released product (i.e., below 
first high set point based on gas detector and 

likely gases present in area)

Process shutdown may not be required if leak can 
be isolated and repaired within 15 days OR if leak 

repair does not require isolation or process 
shutdown because of low severity

15 days or less
FERC Annual Ops 

Inspections
(via Work Order audit)

Process shutdown may not be required, but leak 
cannot be isolated and repaired within 15 days 
and isolation in the leak area is required within 

15 days of leak and at or before time of 
scheduled to repair

> 15 days (scheduled)
FERC Semi Annual 
Reports (abnormal 

condition)

Confirmed
Leak ≥ 25 %vol LEL of leaked substance of 5 

minutes or more resulting in equal to or 
greater than 5 lb-mol or results in a fire, 

explosion, injury, death, damage of $50,000 or 
more, emergency shutdown, or other example 

provided in condition.(≥ 12,500 ppm-v)

1ooN gas detectors equal to or greater than 25 
%vol LEL equivalent of released product (i.e., 

at or above first high set point)
confirmed as flammable release for ≥ 5 min

Initiate shutdown and/or isolation immediately 
upon confirmation of 25 %vol LEL or higher 

flammable concentrations present near or at 
release source. e

Repair time will vary 
based on severity of 

leak

FERC Semi-Annual 
Report 

(if or if not faulty 
detector)

FERC Incident Reporting
(if not faulty detector)

a Point gas detectors measure gas concentrations in %vol LEL or %vol LFL.  Open path detectors measure gas concentrations in LFL-meters (LFL-m).  This table only displays %vol LEL 
but would also be applicable to equivalent %vol LFL and LFL-m readings as discussed in note b. 

b NFPA 59A (2019) Sections 16.4.2.2 and 16.4.2.3 specify no more than 25 %vol LFL and 1 LFL-m as first alarm set point and no more than 50 %vol LFL and 3 LFL-m as second alarm 
set point.  In addition, Section 15.5.3(3) specifies an automatic shutdown in the marine transfer area at 50 %vol LFL.  Note that NFPA 59A (2019)’s first alarm set point slightly 
differs from EPA’s LDAR requirements to report at 20 %vol LEL (10,000 ppm-v).

c Gas detectors can be calibrated to detect various hydrocarbons such as methane (the primary component in LNG), ethane, ethylene, propane, butane, etc.  Based on the types of 
hydrocarbons present, each LNG facility would conservatively calibrate gas detectors to ensure %vol LEL of all hydrocarbons do not exceed the first alarm point (typically ~25 %vol 
LEL) and second alarm point (typically ~50 %vol LEL).

d This table discusses notification protocols for flammable gas releases.  Similar notification protocols are required for toxic gas releases, oxygen deprivation, low temperature 
conditions, and presence of other hazards such as fires, explosions, etc.

e After a release is detected, the preference would be to first confirm a release with CCTV cameras (if can be seen).  If cannot be seen visually with CCTV, personnel should scan the 



Potential Research Ideas

31

•Gap analysis between existing LDAR programs, such as EPA LDAR and state administered 
programs, and potential DOT PHMSA LDAR program goals

▫Coverage of LNG facilities by type (e.g., baseload vs peakshaving vs satellite , marine terminal vs 
storage, etc.)
▫Coverage of new and existing LNG facilities by construction timeframe (e.g., <8/23/2011, 8/23/2011-
9/18/2015, 9/18/2015-11/15/2021, >11/15/2021, etc.

▫Coverage of LNG facilities by equipment type (e.g., tanks, etc.)

•Adequacy or synergy in leveraging existing programs, such as API 754/AIChE CCPS/IOGP 654, 
and existing FERC reporting, EPA LDAR and state administered programs to fulfill DOT PHMSA 
LDAR program and reduce duplication.  

▫Establishing acceptable methods (e.g., OGI vs Method 21), measurement point(s)/location(s), 
frequencies, and thresholds (visible vs 500 ppm and 10,000-12,500 ppm vs 110 lb vs 1 lb/mol-min) for 
environmental vs safety reporting

•Technological Improvements to determine concentration and/or flow rates using existing OGI 
technologies instead of whatever is visible or derived from specific concentrations from 
Method 21 (i.e., portable “sniffing” detectors at surface of leak) 

▫Some OGI Vendors have their own software to quantify emissions based on the pixels in video images. 
Their algorithms can determine the density and rate of a gas plume and provide a leak rate. These 
methods have regulatory approval in Canada but are not widely used in the US. 

▫Some users apply correlations to Method 21 concentrations to get a flow rate, but the accuracy is 
questionable (e.g., 500ppm ~ 1e-5 lb/min, 25,000ppm ~ 50%LEL~0.001 lb/min, 1,000,000ppm ~ 
100%vol =“pegged” value ~0.005 lb/min depending on source). Bagging is an alternative method, but 
has challenges too.
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Questions?
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