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Figure 49 — Sandia Report Radiative Flux
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Figure 53 — Sandia Calculation of Pool Fire Hazards "
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Figure 8: Hazard Impact of a Terrorist Attack on a 200,000 m3 LNG Tanker Leading to Pool Fire or

Thermal Radiation Hazard Zones expressed using Probits in Percent Fatality.
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From the Cabrillo port Revised EIR , Appendix C2, Sandia Review of IRA, p-126 %
loMosiac, Understanding LNG Fire Hazards, 2007, p-24 %
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Table E5-1 Summary of FSRU Accident Consequences
Marine Collision® Intenticnal® Escalation®™
Braach siza 1300 m* of area Tm&7Tm’ Tm*&1300 m* Tm*& 21300 m*
Mumbaraftanks 50% valuma of 1 ank 2 2 3
Ralaasa quantity [;al.-'mE]* 13,000,000 /50,000 |53,000,000/200,000| 40,000,000/ 150,000 | 53,000,000/ 200,000

Pool Spread Distance

Distanca downranga (NMJ milas [ m) 0.40 /0457730 0.35/040/ 850 0.33/0.38/610 0.43/0.50 /800
Pocl Fire

Radiativa flux distanca » § KW/t (MM milas | m) 180/ 1.85/ 2870 142/ 1,684/ 2840 1.35/ 156/ 2510 1.74 /20173230

Radiativa flux distanca = 12.5 KW/m® [NM [/ milas | m) 088/ 1147 1,830 0A87/1.01/71,620 0837088/ 1,540 107 71,24 /18390

Radiative flux distanca = 37.5 kW/m" (NM/ milas / m) 0.48 /OAT /910 0.44 /050/ 810 0.42/048/770 0.54 /082 /1,000

Vapor Cloud Dispersion (Mo Igniticn)

Avaraga flammabla haight (fast / m) g8/ 21 88 /30
Waximum distanca ta LFL [NM/ milas [ m) 285/ 328/5,290 603/895/11,175
Tima far maximum distanca (min)” 5 L1

Vaper Cloud (Flash) Fire

Radiativa flux digtanca » 5 KW/t (MM [ milas | m]'

A577411/8,810

831/ 7.27/11,700

Radiative flux distanca = 12.5 kW/m* (NM/ milas | m)

A28/379/6,100

6.21/7.15/11,500

Immediata |gnition
Mo Vapor Cloud Hazard

YU MNPV T
n7p 11.5 -3

Fadiativa flux distanca > 37.5 KW/m® (NM/ milas [ m) A06/352/5670 | 612/7.05/11,340

A

Snurce: Riaknology 2008, Table 3.8 (ase Appendix 81)
hiates:
Fool firea and vapor cioud firea are mutually exclugive.

i
A raaiatve fux ogtances given mom release location,

LFL = lower fammanl ity Imi; N = nautical mieg; m = mater.
Wing apesa = & matera per ascong, lemperaiire = 8150,
"Time Iinchudea lquid diapar vEporation

“Maaa balance fux ra

“The gaca sfon cags wea modesc 23 2 oool fine reguitng from a bresch of asconcary conlainment due 10 the eflects of & finz, Since Qnitkon I8 guaranisad, no ClEaperion
GOWD DEVelDng.

- i B A o anan of raledafinng: sk ead tank wkama A et
"Tank volume of 100,000 m- I3 uasd for esas of calculstiona; actus! tenk volume fa 90,800 or,

" Bes Becfon 427 2 for definitiona of radiatve fux levela,

Warch 2007 E5-21 Cabnilis Port Liguefisd Nafural Gag Despwater Port

Fnal EIS/EIR

Cabrillo Port LNG Deepwater Port- Independent Risk Assessment, Risknology Inc, January 2006, £s-10 %
Cabrillo Port LNG Port, Final EIS/EIR march 2007, eis-21 3

www.slc.ca.gov/division _pages/DEPM/DEPM_Programs_and_Reports/ BHP_Final EIR.html 32
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Figure 8: Hazard Impact of a Terrorist Attack on a 200.000 m3 LNG Tanker Leading to Pool Fire or

Thermal Radiation Hazard Zones expressed using Probits in Percent Fatality.
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CRS Report for Congress, LNG Import Terminals: Siting,safety and Regulation , October 7 2008, p-17 ¥
http://www.uscg.mil/hg/cg5/cg522/cg5225/dwp.asp 34

CRS Report for Congress, LNG Import Terminals: Siting ,safety and Regulation , October 7 2008, p-9 *
loMosaic, Understanding LNG Fire Hazards, 2007, p-24 *
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Figure 53 — Sandia Calculation of Pool Fire Hazards"
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Figure 52 - Cabrillo Deepwater Port: Consequence Distances™
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Figure 2-1. Major Port Components and Moored EBRVs
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#1 Final Environmental Assessment of the Main Pass Energy Hub Deepwater Port Application (September 2006)
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Figure 52 — Cabrillo Deepwater Port: Consequence Distances™
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The USCG would respond to emergencies at the FSRU or an LNG carrier.

Two tug vessels

would be on continuous standby in the vicinity of the 300 m Safety Zone surrounding the FSRU.
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loMosaic, Understanding LNG Fire Hazards, 2007, p-8
LIPA, Broadwater LNG A Technical Assessment, July 2007, p. 135
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Figure 47 — Radiation Effects on Naked Skin'™
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ANEI Bear Head LNG Terminal Environmental Assessment , figure 4.9 (may , 2004) *
LIPA, Broadwater LNG A Technical Assessment, July 2007, p. 105
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Table 2.2 Thermal Radiation Burn Injury Criteria from FEMA (1990)

Thermal Radiation Intensity Time for Severe Time for Second-
BTU/hr/ft* kW/m? Pain (sec) degree Burns (sec)

300 I 115 663

a00 2 45 187

1000 3 27 92

1300 4 18 57

1600 5 13 40

1900 B 11 30

2500 2 7 20

3200 0] 5 14

3800 12 4 11

65 Heat Radiation Probit Parameters (taken from the TNO Green Eook}s

Thermal Observed Effect
Radiation
Flux. kWim?
375 Sufficient to cause damage to process equipment
250 The minimum energy required to ignite wood at indefinitely long exposure (nonpiloted)
125 The minimum energy required for piloted ignition of wood, and melting of plastic tubing.
This value is typically used as a fatality number
9.5 Sufficient to cause pain in 8 seconds and 2nd degree burns in 20 seconds.
40 Sufficient to cause pain to personnel  unable to reach cover within 20 seconds.
However, blistering of skin (second degree bumns) is likely; 0% lethality
16 Will cause no discomfort for long exposure

! CPR-16E. “Methods for the determination of possible damage to people ad objects resulting from releases of
hazardous materials”, First Edition, 1992, published by TNO. 65
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Table 3.2 Summary of Results for Example Dispersion Calculations

Hole diameter 33ftil m) l6 ft (5 m)
Initial spill rate L1700 Ib/s (5,300 kg/s) | 290,000 Ib/s (130,000 ka/s)
Total spill duration 33 min 1.3 min

Heat transfer to LNG pool 11,700 BTU/hr/f™ (37 KW/m?)
Maximum pool radius 430 £t (130 m) 550 ft (170 m)
Total evaporation duration 34 min 18 min
Downwind distance to LFL 11,000 ft (3,300 m) 13,000 ft (3,900 m)
Time at which LFL reaches maximum distance 44 min 35 min

Time at which entire clond 48 min 38 min

drops below LFL

Downwind distance to ¥2 LFL 16,000 ft (4.800 m) 18,000 ft (5,500 m)
Time at which 2 LFL reaches 33 min 45 min
maximum distance

Time at which entire clond 58 min 48 min

drops below 2 LFL

39

Sandia Report , Guidness on Risk Analyssis and Safety implications of a large LNG spill over water, 2004, p-38 *
ABS Consulting, Consequence Assessment Methods for Incidents Involving Releases from LNG Carrier, 2004 , ®
FERC, P-39
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Table 15: Dispersion Distances to LFL for Intentional Spills

HOLE POOL SPILL
SIZE TAMNKS DISTAMNCE
! BREACHED | DPWMETER DURATION TO LFL (m)
(=) (m) {min}
5 1 330 5.1 2450
5 a 57z 8.1 3614
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Sandia Report , Guidness on Risk Analyssis and Safety implications of a large LNG spill over water, 2004, p-53 ®
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Figure 6.2.4: Close-Up of Hole in Hull of Cole

M. Brooking , Maritime Security , LIoyd's Register Americas Inc, P-8 69

R.A. Clarke , Battery Rock LNG : A Risk Assessment , March 2006 , p-16
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This 30" (100 meater®) hole blasted by terrorists through the double hull of the French oil
tanker Limburg indicates that LNG can be spilled far more rapidly than by the 5 meter®
opening used in government safety studies.

CH-VI International, AES Sparrows Point — The Fact about LNG , May 2007 , p- 23 ™
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Figure 6.2.3-1: Damage to Hull of Limburg Figure 6.2.3-2: Close-Up of Hole in Hull of Limburg
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The tops of LNG tanker holds are far more vulnerable to terrorist actions than the lower
parts, which are protected by double hulls and greater amounts of insulation.
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ENERGY IN
LNG TANKER

_a— ENERGY IN
HIROSHIMA BOMB

LNG Is less likely to be as "explosive” as a nuclear weapon, but the far greater amount of
energy, and drifting fireballs of burning gas could be even more destructive than
Hiroahima.

T. Bender , LNG Imports : Neither Safe Nor Wise , HipFish , January 2005 , p- 3 "
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