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Bio
• Over 15 years at Federal Energy Regulatory Commission (FERC) and Senior Executive Service 

since 2020 as first Director of Division of LNG Facility Reviews and Inspections;
• Oversees two branches in Washington D.C. and one in Houston responsible for the safety, 

reliability, and engineering reviews and inspections of LNG facilities throughout the life of 
LNG facilities, including application, detailed/final design, construction, 
commissioning/startup, and operation; 

• Voting member of the National Fire Protection Association (NFPA) LNG Technical 
Committee responsible for NFPA 59A, Standard for the Production, Storage, and Handling 
of LNG, member of International Society of Automation (ISA) committees responsible for 
over 25 standards, and volunteer for American Society of Civil Engineers (ASCE) Technical 
Panel for Passive Fire Protection for Petrochemical Facilities;

• Served on several steering committees and research panels and responsible for several 
presentations and papers in professional conferences and journals on LNG safety, security, 
and oversight;

• Previously co-created and guest lectured Industrial Fire Protection Engineering and Process 
Safety Management graduate course for five years at University of Maryland, Department of 
Fire Protection Engineering, 

• Previously supervisor at a security operations center responsible for 250+ CCTVs, all access 
controls and alarms, and liaison with police during active pursuits and investigations;

• B.S. Mechanical Engineering, B.S. Fire Protection Engineering, M.S. Fire Protection 
Engineering; licensed professional engineer in Maryland.
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Disclaimer
• 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. 
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Outline
• Recap (how FERC staff evaluates risk in terms of consequence and 

likelihood to inform effectiveness and reliability of layers of 
protection).

• Example of Stratification and Rollover Risk and Mitigation as it 
relates to pressure relief valve design capacity requirements and 
preventative measures.

• Example of Risk Informed Emergency Response Plan and Safety 
and Security Measures along LNG marine vessel transit routes.
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Federal Regulation (Recap)
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Presenter
Presentation Notes
Focus will be on FERC, USDOE, USDOT and USCG/MARAD roles with less on others.

The Federal Energy Regulatory Commission, or FERC, is the lead siting agency with the delegated authority to grant certificates allowing construction and operation of LNG facilities located onshore or in state waters.  Under NEPA, FERC staff examines information submitted by an applicant to determine its potential safety and environmental impacts, which is more expansive than the items contained in AIChE’s Guidelines for Facility Siting and Layout.  This information includes geological resources and hazards (from mineral resources and soil properties to seismic and storm surge design), impacts to wetlands and vegetation, threatened and endangered species, recreational land use, visual impacts, air and noise emissions, socioeconomics, cultural resources, and safety and reliability. During this process we coordinate with a variety of federal, state, and local agencies, including…

The Department of Energy authorizes the trade of LNG as a commodity.

The Department of Transportation Pipeline and Hazardous Materials Administration (PHMSA) promulgates the safety regulations of natural gas pipelines (and others) and LNG facilities, which FERC uses as a benchmark in its siting analyses of ALL LNG facilities in the United States. The National Transportation Safety Board (NTSB) for significant safety investigations of incidents.

The United States Coast Guard promulgates the safety regulations for the LNG vessel and the ship to shore portion of the facility.  In addition, USCG is responsible for the security of the entire facility for import/export.  The Department of Homeland Security (DHS) Chemical Facility Anti-Terrorism Standards (CFATS) for LNG peakshaving facilities.

Advisory Council on Historic Preservation and Bureau of Indian Affairs (cultural resources)

NOAA National Marine Fisheries Service and US Fish and Wildlife Service (biological resources)

EPA (Clean Water Act, Clean Air Act, Risk Management Plan in some cases)

Corps of Engineers (ship channel dredge or fill material disposal into water regulated under pursuant to Section 404 of Clean Water Act, and Section 10 of Rivers and Harbors Act, which regulates any work or structures that potentially affect the navigable capacity of a waterbody)

The Maritime Administration, or MARAD, is responsible for siting OFFSHORE LNG facilities (not located in state waters).

The Bureau of Safety Environment and Enforcement, or BSEE (formerly Mineral Management Service, or MMS, and BOEMRE, is responsible for siting OFFSHORE LNG facilities on the outer continental shelf (OCS).  




LNG Safety Regulatory Oversight (Recap)
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USCG 
Regulations, Zones of Concern 
and Letter of Recommendation

PHMSA
Regulations (Letter of 

Determination and Potential 
Impact Radius)

FERC 
Engineering 

Review
1) Identifying Hazards
2) Evaluating Risks

-consequences
-likelihood

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

Regulations and Worst Case 
and Alternative Scenarios

FAA 
Aeronautical 

Studies

State Safety 
Advisory 
Reports

DoD MOU 
Correspondence

NRC 
Correspondence

Presenter
Presentation Notes
Use DOT PHMSA and USCG regulations as base of our review, but conduct additional engineering review, which often covers areas where there is potential significant subjectivity and variability in layers of protection safeguarding the public.



Unmitigated/Mitigated Consequence Modeling & 
Results (Recap)
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Pool Fire Spacing Table, 5kW/m2
9/D Hole Diameter [in]

1 2 4 6 8 12 16 24 30 36 42

Pressure [psig] Minimum Distance from Edge of Impoundment or Container Drainage 
System to Property Lines That Can Be Built Upon [ft]

1 141 289 536 747 887 1073 1214 1426 1581 1645 1669
1.5 140 297 563 790 919 1114 1260 1487 1625 1665 1681
2 118 284 573 801 939 1143 1294 1543 1646 1676 1689

2.5 73 251 571 806 951 1163 1319 1582 1658 1684 1695
3 n/a 214 566 807 958 1178 1339 1603 1667 1689 1701

3.5 n/a 186 562 805 963 1190 1354 1617 1672 1694 1705
4 n/a 158 555 802 965 1197 1365 1625 1677 1697 1709
10 n/a n/a 207 606 836 1145 1365 1613 1670 1707 1734
20 n/a n/a n/a n/a n/a 674 1018 1397 1523 1611 1678
30 n/a n/a n/a n/a n/a n/a n/a 906 1227 1407 1534
40 n/a n/a n/a n/a n/a n/a n/a n/a n/a 963 1264
50 n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a n/a

Jet Fire Spacing Table, 5kW/m2
9/D Hole Diameter [in]

1 2 4 6 8 12 16 24 30 36 42
Pressure [psig]

1 45 86 152 210 261 353 434 576 669 7 52 826
1.5 62 120 201 267 325 424 510 656 7 50 7 55 921
2 67 128 243 320 381 485 574 7 29 833 931 1026

2.5 7 0 135 256 367 431 541 636 803 918 1028 1135
3 7 3 140 267 392 478 596 698 87 9 1005 1127 1244

3.5 7 6 145 276 406 520 648 7 59 956 1093 1226 1355
4 7 9 149 285 418 550 7 00 819 1031 1180 1325 1466

10 142 262 484 692 891 1274 1642 2344 2692 3022 3343
20 158 294 542 776 1001 1431 1845 2636 3209 3767 4312
30 168 312 577 826 1065 1524 1965 2809 3418 4013 4594
40 175 325 601 861 1111 1591 2051 2933 3569 4190 4797
50 180 335 620 889 1148 1644 2119 3031 3688 4330 4957
60 185 344 636 912 1178 1687 2176 3111 3787 4445 5090
7 0 189 351 650 932 1203 1724 2223 3180 3871 4544 5203
80 192 357 662 949 1226 1756 2265 3241 3945 4630 5302
90 195 363 673 965 1246 1785 2303 3294 4010 4707 5390
100 198 368 682 979 1264 1811 2336 3343 4069 4777 5469
200 216 402 7 47 1073 1386 1988 2566 3673 4472 5251 6013
300 227 424 7 89 1134 1466 2103 2715 3888 4734 5560 6367
400 238 444 828 1190 1538 2208 2851 4084 4974 5842 6690
500 228 425 7 93 1140 1474 2117 2734 3917 4772 5605 6420
600 228 427 7 96 1145 1480 2125 2746 3934 4793 5629 6448
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Presenter
Presentation Notes
Use of hazard tables internally to evaluate unmitigated consequence distances and additional modeling to evaluate effectiveness of mitigation of layers of protection.  This can lead to other scenarios becoming new bounding cases for largest consequences, such as flashing and jetting releases, which may be closer to property line and public.  These may be mitigated to a certain extent by vapor fences in place to prevent the smaller siting scenarios based on <6 inch diameter releases, but may not completely mitigate larger release scenarios from extending offsite and impacting the public.  These results are then used to inform the effectiveness and reliability for preventative and mitigative layers of protection (e.g., spill containment that largely mitigates larger or longer duration releases with volumes higher than single accidental leakage sources for 10 minutes or less, hence (part of rationale for) FERC staff recommendations).



Potential Public Impact Results (Recap)
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Presenter
Presentation Notes
Additional evaluations on potential public impacts based on the risk (consequence and likelihood of impacts to population) may also be used for risk informed decision making in effectiveness and reliability of layers of protection.  Facilities with larger impacts may have difference performance requirements or warrant higher levels of reliability (i.e., risk reduction).
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FERC Safety, Reliability, and Engineering Review 
(Recap)

https://www.ferc.gov/sites/default/files/2020-04/guidance-manual-volume-2.pdf

Presenter
Presentation Notes
Consequence analyses previously described help inform the reliability and effectiveness of the various layers of protection we focus on in our reviews, starting with process design (where there are very little standards) to ERP where we are responsible for approving prior to any construction.



Example - Stratification and Rollover
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Sendout Composition

• When shale gas became more prevalent, some of the LNG facilities began receiving 
natural gas supplies with heavier hydrocarbons.  In some cases, it approached or 
exceeded the pre-treatment design basis and additional pre-treatment was needed to 
prevent issues with freezing/plugging in the liquefaction process and maintaining a 
consistent sendout composition.  Note hydrogen blending could pose a different set 
of challenges that need to be mitigated through composition limits or design.

• Preferential boiloff (i.e., weathering) can exacerbate the density differences within 
the LNG tanks with nitrogen boiling off first and then methane.  The vaporization of 
the lighter components causes the top layer to become denser at the same time that 
the bottom layer can become less dense from heat input to the bottom.  

Presenter
Presentation Notes
One of largest inventories and potential consequences that can occur is from failure of the LNG storage tank.  Therefore there are more layers of protection and reliabilities thereof associated with it.  One potential failure mode that is more unique to LNG than other hydrocarbons is the potential for stratification and rollover.  This hazards can also change over time as conditions change as shown above in terms of both feed gas and weathering of LNG within the tank (or different sources/compositions/conditions of bulk transfers).



Example - Stratification and Rollover
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International Group of Liquefied Natural Gas Importers (GIIGNL), Rollover in LNG storage Tanks, 
https://giignl.org/sites/default/files/PUBLIC_AREA/Publications/rollover_in_lng_storage_tanks_public_document_low-res.pdf

Presenter
Presentation Notes
Rollover has a few different ways of occurring.  We will focus on the weathering of LNG, but bulk transfer of varying LNG compositions/conditions is another potential cause of rollover.  Above experiment for 500 cubic meter (~130,000 gal) vessel BOG rate at rollover would exceed 3% PRV criteria in NFPA 59A.  



Example - Stratification and Rollover
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• Low pressure tank design pressure and 
pressure relief valve set pressure and 
capacity typically lower than potential 
rollover vaporization and overpressure 
that can be generated (this may or may 
not be case for pressure vessels with 
smaller volumetric capacities and higher 
design pressures)

• Therefore, prevention of rollover 
for larger low-pressure tanks is 
essential through:

• level, temperature and density 
profile measurements

• inter-tank and intra-tank 
transfer capabilities and 
procedures upon detection 

• bulk transfer procedures that 
monitor and account for 
differences in temperatures 
and densities

• top and bottom fill capabilities 
and procedures National Fire Protection Association (NFPA) 59A, Standard for 

Production, Storage and Handling of LNG

Presenter
Presentation Notes
Shown NFPA 59A (2019 edition) 8.4.3, A.8.4.3, and 8.4.10.5.3

The consequences of rollover can exceed PRV design.  3% of (mass) capacity over 24 hour period is often driving scenario for LNG tank pressure relief design.  However, in previous experimental example shown that would equate to roughly 650 lb/hr or 250 (n)m^3/hr, which may not be sufficient for rollover BOG rates, which peaked at approximately 350 (n)m^3/hr.

Therefore, much emphasis is placed on stratification monitoring and rollover prevention given the potential consequences/risk of an event that could potentially impact the public.  The composition of the LNG and days in storage/weathering would impact this potential risk.  The effectiveness and reliability of the safeguards including but not limited to pressure relief valve capacity and insulation quality and inspections, such as vacuum insulated jackets should be considered as pressure monitoring alone may not be sufficient alone in detecting this potential risk. 
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Example - Emergency Response Review
• Safety layers of protection effectiveness and reliability based 

on risk to public and nearby infrastructure (e.g., three 
independent liquid level transmitters for LNG tanks vs two for 
refrigerant vessels vs one for process vessels, passive fire 
protection requirements, etc.)

• Security layers of protection effectiveness and reliability based 
on risk to public and nearby infrastructure (e.g., vehicle barrier 
rating vs risk of scenarios, security escorts, etc.) 

• Residual risks mitigated by last layer of protection emergency 
response capabilities and plans

• Based on onset of hazard to public based on risk to public 
from various safety and security scenarios (e.g., LFL, 5 
kW/m2, 31.5kW/m2), including:

• public and emergency responder education and 
training (e.g., shelter in place locations, visual 
condensation of flammable vapor cloud vs relative 
humidity and temperature, firewater for exposure 
cooling not suppression of LNG fires, etc.)

• time to notify public and emergency responders for 
action(s) and response (e.g., evacuation vs shelter in 
place)

Presenter
Presentation Notes
NFPA 59A is subjective on fire protection requirements and require a fire protection evaluation to determine requires based on sound engineering practices.  

Note visible cloud does not correspond to flammable cloud (this was commented on first round to DOT PHMSA).  It will depend on ambient temperature and relative humidity.  The potential consequences and risks from accidental and intentional events can inform ERP actions to take.



14

Example - Emergency Response Review
• FERC responsible under Energy Policy Act of 2005 to review and approve emergency response plans for 

LNG terminals and associated LNG shipping activities.
• LNG spills can emit more radiant heat than most flammable fluids (i.e. higher surface emissive power with 

less smoke shielding)
• LNG plants have tanks that hold more total flammable liquid than most other hydrocarbon storage and LNG 

carriers may hold more total flammable liquid than most other bulk flammable carriers
• 85% of LNG carrier capacities 125,000-185,000 m3, and up to 267,000 m3

• Very large gas carriers (VLGCs) for LPG 70,000-85,000 m3 and up to 101,000 m3

• Sandia 2004/2008 LNG and 2018 LPG reports indicate LNG vessels have larger radiant heat impacts than 
LPG vessel release scenarios (below)

Presenter
Presentation Notes
Sandia hazard modeling results largely similar to ABSG hazard modeling methodology developed under contract by FERC.  These are essentially unmitigated releases without accounting for terrain, etc.  CFD may be used to define more site specific results.  Note LNG pool fires and radiant heat impacts would be about 3x higher than LPG pool fires in these scenarios.  This is mostly driven by the larger surface emissive power of LNG fires, however this is also partly driven by the difference in ship capacities and designs that results in larger pools.
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Example - Emergency Response Review
• FERC staff as part of its review process has evaluated 30,000 gal and 10,000 gal pressure vessel failure 

consequences for LNG, LPG, and Ethylene under various scenarios, representative of conditions that may be 
found in rail and tanker trucks, some of which are shown below, with general agreement with ERPG.

• FERC staff as part of its review process has also evaluated potential cascading (BLEVE) failures and 
consequences for LNG, LPG, and Ethylene, as shown below, with general agreement with ERPG.

The Zone 1 and 2 cases for the conditions shown were commonly bounded by jet 
fires, for which the hazard model used does not have the same level of formal 
evaluation, but validation studies indicate the flame length is generally 
overpredicted, the surface emissive power is generally underpredicted, and the 
resultant radiant heats at different locations are overpredicted on average for 
natural gas, propane, butane, and other jet fires.  While Zone 3 impacts for 
smaller LNG releases could exceed 330 ft, we do not expect Zone 1 and 2 jet fire 
radiant heat impacts to exceed the 330 ft for smaller LNG releases or Zone 3 
dispersion distances to exceed the ½ mi for larger LNG releases or Projectile 
distances to exceed the 1 mi distances for projectiles used in the DOT ERG. 

Presenter
Presentation Notes
Results based on DNV PHAST modeling that has been evaluated for scientific phenomena modeled, verification, and validation.  Results also largely in agreement with EPA RMPComp online tool that indicates 0.4 mi ( or 2100ft) for distance to 1 psi for methane and propane for worst case scenario.  Note 10,000 gal results in 0.3 mi (1600ft) in EPA RMPComp for methane (liquid by refrigeration) and propane (liquid by pressure) for worst case scenario.

These are essentially unmitigated releases without accounting for terrain, etc.  CFD may be used to define more site specific results, which is commonly done for certain scenarios.



LNG Hazard Onset and Duration for Zones 1 & 2
• FERC staff uses the information from these consequence models to inform its review and 

approval of Emergency Response Plans as each potential consequence may have different 
emergency response preparedness, planning, and response procedures in order to be effective.

• Zone 3 outer most portions near LFL; innermost portions near 5kW/m
• Evacuation feasible to mitigate impacts as time for onset of hazard is order of several minutes or longer to further 

distance from hazard. Preparedness, pre-planning and response needs should still be evaluated.  Higher or sensitive 
population impacts or compromised or limited evacuation routes may warrant additional preparedness, pre-planning 
and response needs;

• Shelter in place may not be advisable to protect from flammable vapors because larger overpressures would exist if 
ignited within a confined volume (e.g., inside a home); however, shelter in place may be advisable in this zone if the 
flammable vapors are ignited as the inner most portion of zone is below critical heat flux for common building 
materials. 

• Zone 2 outermost portions near 5kW/m2; innermost portions near 37.5kW/m2

• Shelter in place feasible in outermost portion of zone where below critical heat flux for common building materials and 
failure of process equipment, but near innermost portion of zone it may be more difficult without special pre-planning 
and infrastructure in place (e.g., special construction);

• Evacuation can be more difficult because second degree (irreversible) burns can occur for those with skin directly 
exposed to radiant heats in 2 seconds to 40 seconds, 1% fatalities in 10 seconds to 2 minutes; 100% fatalities in 30 
seconds to 7 minutes.  May be desirable to have public education outreach and pre-planned prompt actions (e.g., sirens 
or other quick acting public notification devices) to facilitate evacuation to maximize effectiveness. Higher or  sensitive 
population impacts or compromised or limited evacuation routes may warrant additional preparedness, pre-planning 
and response needs and/or preventative measures.

• Zone 1 outermost portions near 37.5kW/m2; innermost center within incident location of release or fire
• Shelter in place and evacuation can be very difficult without special pre-planning and infrastructure in place (e.g., 

specially designed shelters in place, etc.). Preparedness, pre-planning, and response may not be effective in mitigating 
impacts and may warrant additional preventative measures. Higher or sensitive population impacts may warrant 
additional preventative measures (e.g., exclusion zones for LNG plants from single accidental sources, positive control 
measures for LNG ship transits, higher wall thickness and maintenance requirements for pipelines, etc.).

Presenter
Presentation Notes
Approach similar to additional planning requirement for transportation by rail for UN1972 (refrigerated methane) under 49 CFR 172.820(a) and 27 rail transportation route risk analysis factors for Hazmat Routing under 49 CFR 172 Appendix D Rail Risk Analysis Factors required by 49 CFR 178.820(c). 



Questions?
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