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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 2
loMosiac, Understanding LNG Fire Hazards, 2007, p-24
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Table E5-1 Summary of FSRU Accident Consequences

Marine Cellision™ Intenticnal” Escalation™”
Braach siza 1300 mi* of araa Tm & Tm’ Tm*&1300 m* Tm*& 21300 m*
humbarof tanks 50% valuma af 1 ank 2 2 3

Ralaasa quantity [gal/ m:]i

13,000,000 /50,000

53,000,000/ 200,000

40,000,000/ 150,000

53,000,000/ 200,000

Pool Spread Distance

Cistanca downranga [NM/ milas / m) 0.40/045/ 730 0.35/040/ 850 0.33/0.38/810 0.43/0.50 /800
Pool Fire

Radiativa flux distanca » 5 KW/ (MK milas | m) 160/1.85/2870 1427184/ 2840 1.35/158/2510 174720173230

Radiative flux distanca = 12.5 KW/m* [NM/ miles / m) 088/1.14/1,830 0B7/1.01/1,6820 0.83/088/1,540 1.07/1.24 /11280

Fadiativa flux distanca = 37.5 KW/m* (MM miles / m) 0.43 057/ 810 0.44/050/810 0.42/048/770 0.54 /0.82 /1000

Vapor Cloud Dispersion (Mo Igniticn)

Avaraga flammabla haight (faat |/ m) B8/ 88 /30
Maximum distanca ta LFL [NM [ milag [ m) 285/329/5,280 B.03/895/11,175
Tima far maximum distanca (min)” 50 84

Mapor Cloud [Flash) Fire

Radiative flux distanca = § KW/m [(NMJ milas | m]'

57/4.11/8,810

8.31/7.27/11,700

Radiative flux distinca = 12.5 KW/m* (NM/ milas / m)

428/3.79/6,100

6.21/7.15/11,500

Fadiativa flux distanca = 37.5 KW/m* (NM/ miles / m)

4068/ 3.52/5,670

6.12/7.05/11,340

Immediate [gnition
No Vapor Cloud Hazard

SY MNYva U1
n7p 11.5 -3

Source: Rigknobogy 2008, Table 3.8 (sse Appendlx C1),
hates:

Fool finea and vapor
A radiate fux o
LFL = lower famma
o

mea Indudea Bould

“Wiz3a pelance fuxr

“The eace aton cags we nd

doud develona.

- PP, T S S S A P |
*Tank voluma of 100,000 m-la uasd for esas of calculstona; actus! tank volume i3 80 800 T,

'Bes Sacon 4,272 for cefinitiona of radlatve fux levela,

March 2007

ES-21

fary confainment cue 1o he elfecia of fire. Since Qnitkon I8 guaranisad, no ClEaperion

Cabnlia Port Ligusfisd Nafural Gas Despwatsr Port

A=

Fral EIS/EIR

D21 NN DI MRY IWNIRA NNARND "YURN NPYIV™ 127D 2NN DINNVA NITN DIPON
. D2 1pNNHN B”p 9-12 1P DYWITI MNA YPNINY DNYNNY WITA :DRINY

N”Pa MYAVN NNV - MR INHXN VRN NY2V”

16



MmN oTo
MIND*

17



: DNYAVYM DINVIAN DINYRA WININ — 2INVIN 'MNVIAN 120N Npos .4

,LDIRNN RYY JVP NIV RIN NP 2.4 HV N212IN2 VHIMN 1YY 120N NIV 2 YV N T Y 4.1

DYI1Y2 MINR MITN IWPYIV DITION DPITI DIPDI 1102 DDA HY RHY VHMM PIAPIY

, "127 MTMIRY MON NMINN DR D) 10, TPNITRD N0 NR INN PO 190N AT NIV .
DYPR MR NP2 12202 DA DMIPN DAPNN

NATAR PRIV MP'A NNN PINI Y 1HNN K3 ,RNNTH DY, 2”7IR1 2 (YON NITN NPY 4.2
931 34 33 [USCG] 'RprInkin 0'aImn 9nwn DWRI1Y 0727 D91 MYXNRI NINWIN N2
IYTINY MIVN MVNIN KV MITAP NIPA DY IMR MNIVNN NIYAD/NIADM , N1 1PN
Lloyd's Registe of ) o711 — D122 17'0°0 NNYIANN NIINN 7Y NTIANN YPNIN NR WIAP

ANTINNY, 1703 NYI2I0) NPNRY MYV NP RY NINRY , 3(Shipping

DYMTN, YR DIPNN YD DIPO INNY NVPA Y NRIPY 1P DT ITION PYHINN PHN 4.3
WNAY MTIYNY, DHTIN DDA HY 12NNV DMIPDA YT YAV 13 NI MHRIVN” 1pnnY
27782 DA DMIVHNT DIAIN LIHRITAN HVNND NAVY DMIPON NR

PPV PYY NTI MR NP NA0Y MNVIAN PNION NNV 0 YaPI YR DMpoa N 4.4
MINAN DNAVP NINN PTRNI 2”7IRL M ORIV NNI0INA DINIYPN DNNVIN
DYRPNIN DMOYN |, LNG 170 200,000 H» nnR 132902 “p7” 92170 TORI ,"IHRIWIN”
VITRI , NN 1% 239n5 1”p 5 -3 YV, NMNN 50% Y® axnb 1”p 3.7 -n DNYP RH

:36 1HYANN NN PN HRIVIN VPN NARD NAINN JOP NI DT YAV T3 NHINY

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 3
http://www.uscg.mil/hg/cg5/cq522/cg5225/dwp.asp >*

CRS Report for Congress, LNG Import Terminals: Siting ,safety and Regulation , October 7 2008, p-9 %
loMosaic, Understanding LNG Fire Hazards, 2007, p-24 3¢
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Figure 53 — Sandia Calculation of Pool Fire Hazards"
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e Zone 1 — high potential for major injuries or significant damage to structures (> 37.5 kw/m2)
®Zone 2 — potential for injuries and some property damage (> 5 kW/m?2)

e Zone 3 — outer limit where LNG vapor can be ignited (methane > 5%)
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From the Cabrillo port Revised EIR , Appendix C2, Sandia Review of IRA, p-126 ¥
LIPA, Broadwater LNG A Technical Assessment, July 2007, p. 139-150 %
LIPA, Broadwater LNG A Technical Assessment, July 2007, p. 139-140 %
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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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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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Figure 54 — View of FSRU from Roanoke Landing (Riverhead, NY)™"’
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Figure 27. U.5. LNG Regulators
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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/im? Pain (sec) degree Burns (sec)

300 L I15 663

600 2 45 187

1000 3 27 G2

1300 4 I8 57

1600 5 13 40

1900 & 11 30

2500 8 7 20

3200 1] 5 14

3800 12 4 11

¢s Heat Radiation Probit Parameters (taken from the THO Green B-:n:rhi]l3

Thermal Observed Effect
Radiation
Flux. kW/m?
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
95 Sufficient to cause pain in 8 seconds and 2nd degree bums in 20 seconds.
4.0 Sufficient to cause pain to personnel if unable to reach cover within 20 seconds.
However, blistering of skin (second degree bumns) is likely; 0% lethality
1.6 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 I3l m) 16 ft (5 m)
Initial spill rate 11,700 b/s (5,300 ke/s) | 290,000 Ib/s (130,000 kg/s)
Total spill duration 33 min 1.3 min

Heat transfer to LNG pool 11,700 BTU/hr/fi® (37 K'W/m?)
Maximum pool radius 430 ft (130 m) 550 ft (170 m)
Total evaporation duration 34 min 18 min
Downwind distance to LFL L1000 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 cloud 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 ¥3 LFL reaches 53 min 45 min
maximum distance

Time at which entire cloud 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 , 57
FERC, P-39
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Table 15: Dispersion Distances to LFL for Intentional Spills

HOLE POOL SPILL
SIZE TANKS DISTAMCE
! BREACHED | DIWAMETER DURATION TO LFL (m)
] () (min)
5 1 330 8.1 2450
5 3 572 8.1 3614

5Yn DN OV DI YITR NP 7D DM DHTINT NNINA, 1M M0 NRYp 1My .9
P 1N, TNAN YIDNY 703N PR P2 0PI DNINNA DIVA NRY , IR 37.5KW/m?
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Sandia Report , Guidness on Risk Analyssis and Safety implications of a large LNG spill over water, 2004, p-53 %8
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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 7
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This 30" (100 meter®) 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 6.23-2: Close-Up of Hole in Hull of Limburg
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The tops of LNG tanker holds are far more vulnarable 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 llkely 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
Hiroshima.

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