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* 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;

e Overseestwo branches in Washington D.C. and one in Houston responsible for the safety,
reliability, and engineering reviews and inspections of LNG facilities throughoutthe 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 steeringcommittees 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 opinionsand 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 entiretyand individual Commissioners.

* Neithertheauthor, nor the United States Government, nor any
agency thereof, nor any of theiremployees, 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.

e Reference hereinto 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 theiremployees.
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* 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
relatesto pressure relief valve design capacity requirementsand
preventative measures.

« Example of Risk Informed Emergency Response Plan and Safety
and Security Measures along LNG marine vessel transit routes.
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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).  
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LNG Safety Regulatory Oversight (Recap)

FERC

FAA Engmgermg State Safety
Aeronautical .e\.new Advisory
Studies 1) Identifying Hazards Reports

2) Evaluating Risks
-consequences
-likelihood
3) Reducing Risks to
DoD MOU Tolerable/Acceptable, NRC
Correspondence ALARA/ALARP Levels Correspondence

OSHA and EPA
Regulations and Worst Case
and Alternative Scenarios

PHMSA USCG
Regulations (Letter of Regulations, Zones of Concern
Determination and Potential and Letter of Recommendation


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.
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Results (Recap)
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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).


FERC Safety, Reliability, and Engineering Review

(Recap)

FEDERAL ENERGY REGULATORY COMMISSION

Office of Energy Projects

GUIDANCE MANUAL
FOR
ENVIRONMENTAL REPORT

PREPARATION
For Applications Filed Under the
Natural Gas Act

Volume IT

Liquefied Natural Gas Project Resource Reports 11 & 13
Supplemental Guidance

February 2017

PLANT EMERGENCY RESPONSE

/ COMMUNITY EMERGENCY RESPONSE \

MITIGATION
Mechanical Mitigation Systems
Safety Instrumented Control Systems
Safety Instrumented Mitigation Systems

PREVENTION
Mechanical Protection Syste:
Process Alarms

Operator Supervision

Safety Instrumented Control Systems
Safety Instrumentad Prevention Systems

A\

Operator Supervision

Process Design

i
- 1

Basic Process Control Systems
Monitoring Systems (process alarms)

V)

https://www.ferc.gov/sites/default/files/2020-04/quidance-manual-volume-2.pdf
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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.
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Example - Stratification and Rollover

 When shale gas became more prevalent, some of the LNG facilities began receiving
natural gas supplies with heavier hydrocarbons. Insome cases, it approached or
exceeded the pre-treatment design basisand additional pre-treatmentwas 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.
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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).
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Example - Stratification and Rollover

/,_\ Figure 2.1 Free convective Circulation in LNG Tank =
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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 Ing storage tanks public document low-res.pdf
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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

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

differencesin temperatures

and densities

top and bottom fill capabilities

and procedures

B9 All LNC mnk systems shall be -:|.1'si|.',r|-:'|| for bath o

ABAY Opemiing requiremenis for prevention of stratifies-
ton are located in Section A Additonal details on rollover
and rollover prevention mn be found in the ACA publi=tion
Iniroducizon do ING for Persenmel Safety.

Bollover exists when the density of the upper layer inoreases
and/or the |||:rui|:y af the kwer level decreases such that the
maore dense upgeer layer sinks and/or the bess demse lower byer
rses, r.a.u:ing; the two l:yl:r: b mpill}' mix or roll over This
becomes probdemate when there abo exists a ssgmificant
temperature difference between the two layers a5 the mapid
m.i:lr.ing; will result in a npcid heat transfer and v:puri.ul.i-:m.
which can overwhelm pressure relief valves. This density stratifi-
cation cn oeour i a couple of ways.

Ohne mechanism & when the bottom h:prr cxpcdcnnc: relx-
weely higher heat transfer near the base of the mnk from e
foundation and becomes warmer and less dense compared 10
the upgeer layer but cannot evaporaie due the hydrostaoc head
exered 1:} the levp |n:f\cr.

In this case, the buoyancy force eventually cuses the lower
warmer and ks dense fluid o nse and heat up and vapore
the upger colder |:5H.'r anal any residual mpcrhn:ah:d. ||-r\c|-||ur.l
Hashes as the hydrosiate head i hberated on s ascent. The
relatioe lemperiune: difference of the ]i}tn and m1::|0||ucnl
heat transfer can be n:-mpuunﬂcﬂ if E.“:in;; LN with different
densities than what 15 stored such that heavier product s
bottom filked or Eghl.cr prudur.t is iop flled because the heaw
1er denser product wall need more heat o cose the density 1o
lessen toa |m\int where it becomes Inu:tyznl. rnuu;;h o s,

Another mechanism is when the upper layer expenences
prrf-:n.'nl:i:] besil-ol ol ]ighl:r enad flasds (i, Idlrugl:rl] and
the liquid m the upper layer becomes warmer and more dense
compared to the bouom layer untl the density difference
becomes large enough that the gravitational force cuses the
upper wanmer layer o sink and heat and vaponze the lower

colder fhaid.

Both of these phenomena ke tme o develop and are
dependent on a number of fcors. Worse heat keak at the
bottom of the tank will increase the differenbal w:rmu'ng; and
potential for this event. Increased stormge tme and less cycling
will also merese the weathenng of the upper layer and warm-
ing; af the bottom la\_n.'r amd pul.l:nl.i:l for this event. Increased
sworage volume will also increase the wponzaton of the soa-
fed |.:\-|:r: and RSO R from such an event. Flat bottom
storage tanks with less uniform heating and higher head are
olten specthied with level/temperare/ densie (LT ganges,
bop and botiom hll Enc:. amad inter andSor ntra-tank transfers
to monior and mix the contents of the ank and prevent stao-
fcation. Pressure vessels are not I.:fpi::]ly r_pcr.iﬁnl with the
same fratures because pressure vessels have more uniform insu-
lation around the entre @nk, shorer cycle umes, less head,
and smaller volumes that decreases the p-cn.cnlial For |arg|:
density and temperatore smbfiaisons o ooour and  alse
decreases the aponmtion from a rollover.

H.4.10.5 Presare Relief Device Simmg.

&4'“5.' .I.h':' ||]Im':'||.'| 1:’" presuare Jl'lii" |I':"|'i':"'> !-hu" |H'

based on the following:

L I ) ]-ll't' CxXposure

(2 Operstional wpset, such as filure of 2 control device

! '{-.l ':)lh':l |'iﬂ'l|l|ulul1¢1'! rl'>|:|||jr|i_" rﬂ:'lll ':'l]l.l‘lFll"':'l'“ ruil“.l‘('!
and operating ermors

(4} Vapor displacement duning Rlling

(3)  Flash wponztion durng filling, as a result of Alling or as
i CONSCqUEnor 1:l|.|||.lx.i“.‘§|' (PIIIHTHI.”I'U' ('I.Cli"':'l'\('r” caanpo-
sitions

i6)  Lossof |t'r|"||.(r:|'ul'|--:u

(7} Heat inpaut from pump recrculation

'-:Ll I]n?p i” hu.ltlln-:'Lri-:' pressurc

840052 Presure relief devices shall be smeed o reliove the

Mo capaciy determined For the largest single reliced low or

any ﬂ'-].‘illrlﬁhll' a"i] I)lfllnhll' or -I|1|Jir|:1IJ.(In (I|'r|'|i('|- J]II'{L'!.

&4'“5.5. Il-ll. nli]lilll“.lll FI]l'.“Illl‘:"n'li('\'il'll{ |'u|:-u-:'il:| irl
pounds per hour (kilograms per hour) shall not be less than
3 percent of the full tank system contents in 24 howrs.

B 4106 Vacuum Rebief Sixing.

&4'“&.' .I.h(' 12|nl'l||" "[ Yacuuoy |‘:'I.I|.'I.||("|'i("} }hu“ be |m('||

on the following:

! I ) 1I4|-I|.h|]m“'ul ':l‘ I.ql.l.lll Or vapeirat |]I|.' nluxillll:nl rale

(2 Bise in barometne pressure

"{.l R.C'll.li'l](nl. In VIPOT Space prossers as oa ﬂ'l“.ll 1:" Illll"‘i"
with subconoled liguad

&4'“6\.2 .I.h':' VACLINLTY II.'I.II." |I':"|'i':"'h hhu" be :ii-'x'll (T ﬂ'li':"l'\"

the How capacty determined for the largest single contmgency

or any reasonable and probable combination of contngenaes,

less the vapsrraiion rate that is Fu--(lm'rd from the minimum

normal heat gain to the container contents.

41063 No wounm rebel capacty credst shall be allowed

for gas-repressuring systems or vapor makeugs systems.

B4.10.7 Fire Exposure.
B4.10.7.1 The |:-r\|':ciu:|r-rr|i-:".‘i:ll|.( ('aFIiM'iIT :II.'I|I:IiI‘:'I| for fire
EXPHISUTE shall be |'--I|1|:-|:|I.1'c|. l‘lp the r--”-:ming formulas:

For U5 customiry units:

[8.4.10.7.1a]
1 =54.500 £ + 11

For 51 units:

[8.4.10.7.1h]
H =710 FA™ + H,

'I'l'hl.'l'\(':

H = wotal heat influx [ Bio/he (wait) ]

II". = ':'"'l"'l‘(”'"l'“.' “li.ll Iil.l'l.": [J"r“ [ahh H'{lﬂ?'

A = exposed wetied surface area of the contauner [B* (m?) ]
H, = normal heat leak in refrigerated tanks [Boo/hr (ware) |

National Fire Protection Association (NFPA) 59A, Standard for

Production. Storacge and Handlina of LNG
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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.)

o Security layers of protection effectiveness and reliability based
on riskto 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

 Basedon onset of hazard to public based on risk to public
fromvarious safety and security scenarios (e.g., LFL, 5
kW/m?, 31.5kW/m?), 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)
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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.
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Example Emergency Response Review

FERC responsible under Energy Policy Act of 2005 to review and approve emergency response plansfor
LNG terminals and associated LNG shipping activities.

e 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

e 85% of LNG carrier capacities 125,000-185,000 m3, and up to 267,000 m3
e Very large gas carriers (VLGCs) for LPG 70,000-85,000 m3and up to 101,000 m3

* Sandia2004/2008 LNG and 2018 LPG reports indicate LNG vessels have larger radiant heat impacts than
LPG vessel release scenarios (below)

Marine Vessel Release Pool Radius |Hazard Zone 1l Zone 2
Scenario v v \ Duration Rl (37.5 kW/mBEd (5 kW/m2) ke v

2004 Nearshore LNG  11-43ft° 180-590ft 20-40min  490-820ft 1600-2500ft 4900-5600ft
Accidental (<43ft}) (340ft) (20min) (820ft) (2500ft) (5200ft)
2004* Nearshore LNG 43-130ft’ 300-1000ft 3-20min 820-2100ft 2600-6900ft 8200-12000ft
Intentional (50-75ft%) (500ft) (8min) (1600ft) (5200ft) (11000ft)
2008 Offshore LNG 50-170ft> 560-2300ft 7-20min 1300-3600ft  4300-10000ft 13000-17000ft
Intentional (130ft2) (900ft) (10min) (2300ft) (6500ft) (16000ft)
2018 LPG Accidental  3pft? NR NR NR NR NR

(30ft")

2018 LPG Intentional 75.170ft 360-770ft  3-46min  360-770ft 980-2400ft  8500-15000ft
(75ft) (510-640ft) (6-46min) (510-640ft)  (1750ft) (NR)


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
consequencesfor 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 partof its review process has also evaluated potential cascading (BLEVE) failuresand
consequencesfor LNG, LPG, and Ethylene, as shown below, with general agreement with ERPG.

Rail Car Release Pool Radius |Hazard Zone 1 Zone 2 Zone 3 Projectiles
Scenario - - M Duration B4 (37.5 kamZ) M (5 kw,’mz) = (LFL) = (90-99.9% K%

LNG Accidental 0.8-3in? none 60-65min  90-150ft 150-180ft  200-800ft 0.62-1.8mi
(-220F @ 50psig) (3in?) (60min) (120ft) (180ft) (800ft) (1.2 mi)

LNG Catastrophic Catastrophic none-130ft 4-14min 270-480ft 420-530ft 940-1900ft 0.62-1.8mi
(-220F @ 50psig) (none) (11min) (290ft) (440ft) (1100ft) (1.2 mi)

LPG Accidental 0.8-3in? none 45-60 min  40-110ft 70-140ft 130-170ft 0.66-1.9mi
(100F @ 175psig) (3in?) (60 min) (100ft) (140ft) (150ft) (1.3 mi)

LPG Catastrophic Catastrophic none-110ft 10-30min  260-370ft 460-780ft 800-1900ft 0.66-1.9mi
(100F @ 175psig) (none) (11min) (300ft) (470ft) (960ft) (1.3 mi) |

*range taken as min and max across hole sizes and 2/F, 5/D, and 9/D results; nominal range taken as 5/D of entire contents
from 2 inch hole and as 5/D of entire contents released over 10 min in line with EPA RMP worst case scenario and 99%

N EVACUATION
prDjECtl'ES Immediate precautionary measure _ _
The Zone 1 and 2 cases for the conditions shownwere commonly bounded by jet 'Lal;‘;'?:if,"‘" R e e ot 1R achive k20 o ool rfbncans.
fires, for which the hazard model used does not have the same level of formal z Consider inilial downwind evacuation for at least 800 meters (1/2 mile).
- - - - . - . ire
evaluation, butvalidationstudies indicate the flame length is generally It tank, rail car or tank truck is involved in a fire, ISOLATE for 1600 meters (1 mile) in all directions; also,
1 1eQ] i H consider initial evacuation for 1600 meters (1 mile) in all directions.
overpredlcteq, the surface (_em|SS|ve pow_er isgenerally un(_je rpredicted, and the + In fires involving Liquefied Petroleum Gases (LPG) (UN1075), Butane (UN1011), Butylene (UN1012),
resultant radiant heats at different locations are overpredicted onaverage for Isobutylene (UN1055), Propylene (UN1077), Isobutane (UN1969), and Propane (UN1978), also refer to
. . . . BLEVE — SAFETY PRECAUTIONS (Page 366)
natural gas, propane, butane, and other jet fires. While Zone 3 impacts for
smaller LNG releases could exceed 330 ft, we do notexpect Zone 1 and 2 jetfire I* I In Canada, an Emergency Response Assistance Plan (ERAP) may be required for this product
Please consult the shipping paper and/or the ERAP Program Section (page 390)

radiant heat impactsto exceed the 330 ft for smaller LNG releasesor Zone 3
dispersiondistancesto exceed the ¥2 mi for larger LNG releasesor Projectile
distancesto exceed the 1 mi distances for projectilesused inthe DOT ERG. Page 166 ERG 2020


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 5SkW/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.

e Zone 2 outermost portions near 5kW/m?2; innermost portions near 37.5kW/m?2

e Shelter in place feasible in outermost portion of zone where below critical heat flux for common building materialsand
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);

e Evacuation can be more difficult because second degree (irreversible) burns can occur for those with skin directly
exposed to radiant heatsin 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.

e Zoneloutermost portions near 37.5kW/m?; 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). 
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Questions?
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