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3-2. 1 25 G=UhZTh
>
30
50cm 1.5g cm 750kg m
10.5cm 029 cm 20kg m
- 1 870kg
30 35
mm kKN m mm
I ELgf_ﬂsm 7056 | 7056 | 517 | 259 | 3231 | 1616 | 046 | 023
SLor o™ 7056 | 7056 | 352 | 198 | 2202 | 1239 | 032 | 018
(N mm?) | (N mm?)
() 112.7 257.3
0.60
C ) 403 2554 KN N mm N _mm
() 157.6 2585 =L 13.67 0.295 1.06 0.28
T S1-1
() 44.9 195.9 E'-S§54-2°8 9.21 0.199 1.06 0.19
C ) 207.8 2585 0.81 =
) 1520 158.2 0.97 -115




3-2. 2 25 = hZ b
>
30
50cm 159 cm 750kg m
10.5cm 0.2g cm 20kg m 1 870kg
100kg/m
mm KN m mm
EL 40.65m| 635.0 | 6350 | 7.36 414 | 460.0 | 258.7 | 0.73 0.41
N N mm N mm
(N mm?) (N mm?) EL 40.65m 17.69 0.381 1.06 0.36
( ) 179.9 250.0
096 | oo >
( ) 59.9 258.0 :
( ) 55.2 152.0 L i
( ) 162.1 241.0 ' | (N__mm?) (N_mm?)
( ) 201.7 258.0 079 | ) 55.2 177.3 094
( ) 184.7 2120 088 | ) 162.1 2585 |
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>
30
50cm 159 cm 750kg m
10.5cm 0.2g cm 20kg m 1 870kg
o 100kg/m
k -

kN m N/mm N/mm
EL 29.20m 10.4 28.2 345 0.09

kN N mm N mm
EL 29.20m 25.7 0.0799 1.08 0.08

(N mmd) | (N mm?d (N _mm?) | (N mm?

2.2 235
( ) 10 219 0.24 ( ) 0.12

( ) 53.4 233 ( ) 24.5 230

62.8 93
( ) 96.7 235 054 C ) 0

( ) 28.6 233 ( ) 23.6 230
( ) 95.3 235 0.41 ( ) 89.2 98 0.92
( ) 90.2 227 0.40 ( ) 56.5 180 0.32
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231 229
0.61 240
2.74 184
1.75 184
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1707 16

36

moxow oo |G| Y [T
Pinatube 1991 (75 J E') 35 250, 000 g
Bezymianny 1956 (A5 wl) 36 230, 000 0.5
Santa Maria 1902 (75 <35) 34 17,000-38,000 | 24-36
xw;; ! (WEERRN) /1N Hekla 1947 (74 27 F) 24 17, 000 0.5
Seufriere 1979 (HA > FHS) 16 6, 200 9
8 Mt. St. Helens 1980 (7 2 U & %R0 18 12, 600 0.23
E . FrERE 1986 (FE) 16 1, 000 3
¥ Soufriere 1902 (B > FHiM) 14.5-16 | 11,000-15,000| 2.5-3.5
4 Hekla 1970 (FA 25 - F) 14 3,333 2
B & 1920 (dbin) 13.9 15, BT0 7
g el 1977-1 ( # ) 12 3,375 2
u-mm ” - Fuege 1971 (¥ 7F<=7) 10 640 10
R/R ot /% i o 1%& 1914 (L) ) -8 4,012 36
=& 1983A-E (FR) 6 570 1.5
1707 2002 Heimaey 1973 (Fof A5 ¥ H) 2-3 50 8.45
Ngauruhoe 1974 (== —3—F 2 F) 1.5-3. 7 10 14
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1 2
/ = /
v/ = /()
2CG=>(C /()
50 cm
4010 g m 50cm > (0.8g/cm )
24 h Carey and Sigurdsson(1989)
Tephra2
2
Suzuki(1983)
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2 2
@
3.50/m
2
-1 0 0 1 1 2 2 3 3 4
P(Hm) = (1414) (707) (354) (177) (88) 4
(Wt%) 0) 1.9 69 22 6.2 0.43 0) 100
4.0><10
— 7.60><10 2.76><10 8.80><10 248104 1.72><10 —
(9/m ) )
\J
(9/s m) — 0.088 3.2 1.02 0.29 0020 — _
(m/s) — 25 1.8 1.0 0.5 035 — _
(@/m ) — 0.04 1.78 1.02 0.58 006| — 35(=_)
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[ J
1 2 3 4 5 6 7
53 52 53 53 53 53 53
96 87 93 94 99 91 92 200
54 53 53 53 54 53 53
51 52 52 52 52 52 52 325
85 93 126 99 121 125 119 325
45 45 45 45 45 45 45 53
45 45 45 45 45 45 45 70
45 45 45 45 45 45 45 60
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1 2 3 4 5 6 7 "
17 15 17 17 18 16 17 267
17 15 17 17 18 16 17 37
17 15 17 17 18 16 17 221
12 14 20 15 19 20 19 266
12 14 20 15 19 20 19 41
18 21 28 22 28 28 27 267
17 19 27 21 26 27 26 242
14 16 23 18 23 23 22 242
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5. 1 36 = hZh
[ )
(1)
(1) 0.01MPa 10km
(2)
(2)
10km
(1)
(2) (3)
3) 245
(4)
X= 004N KW
X m X (=144 m kg~ 7))
K (=) W =) (4)
L = 90M 5m
L = 465M 5m
L M



2 36 p
(1)
[ J
10km
20
10km
373m
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373m 400m
900m )
x& MEVOZAKAAIEEEOFFMER
CHERS T & . *':ﬂl:- " mREa
10km & A 5
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0.01MPa

X=00413 K x W

o fEPRIEAEEEEIm] , A PRGERERE 14. 4[me kg™ 7], K LpHEIOER[-],

36

W: el A (]

<G=UhTh

LNG 373m 410m
1500m
t
m m
LNG 1 97,704 LNG
373
LPG 1 31,000
1,500m
LNG 2 195,408
410
LPG 1 31,000
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® LNG

LNG LPG

Vi m/s Eav J Mv kg

2 x Ake X Eav ke 0.2
Vi = M 0.6 0.2 BLEVE 0.04
v Methods for the Calculation of Physical Effects (TNO Yellow Book,
CPR14E(Part 1),3rd edn), van den Bosch, C. J. H. & Weterings
Methods for the Calculation of Physical Effects (TNO Yellow Book, CPR14E(Part 1),3rd edn
(P1P)) : )
\V4 Pl 0.19808MPa LNG <12 P2 0.1013MPa
m Yy
957m 1,500m
m kg J m s m m
LNG 253,000 1.3 7.6><10 8.2>10 66 HNG
1 ' ' ' ' LPG
* 1,500m
LPG * 557
1 55,000 1.1 2.7><10 5.3><10 89
244
*1 13mx>< Im 5t * 13m><  22m>< lcm 22t
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162

LNG

LPG

Boiling Liquid Expanding Vapor Explosion

Environmental Assessment for the Sabine Pass Liquefaction Project

LPG

LNG

0.2MPa

=<1.2

2014 1 1
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® LNG

A dellngration may propagaie back 1o the spill site if the vapor concentration along this path is

Environmental Assessment for L D Ao il ko b ot ks o bk o e
the Sabine Pass Liquefaction Project R
Cameron Parish, Louisiana The extent of the affected area and the severity of the impacts on ohjeets. cither within an ignited

clond or in the vicinity of & poal fire would primarily be dependent on the quantity snd duration of the
December 2011 imitinl release, the surrounding termln, and the enviromnents] conditions present doring the dEspersion of
fhe clouwd. Radinnt heat and dispersion modeling ane discossed in Section 2.8.5,

Sabine Pass Liquetscion, LLC Fires may also cmme failures of ncarby stomge vesscls, piping, snd equipment. The fhilure of &
and Sabine Pass LNG, L.P pressurized vessel could couse fragenents of malorial to fly through the air of kigh vebocitien, posing
Docket Mo. CP11.72-000 damage 1o surrounding strsclures and 8 hawsrd for operaling stafl, cmergency personnel, or other
inafividuals in pronimity to the event, In addition, filure of & pressurized vessel when (he liqoid is af @
tempernture significantly above it nomzl bolling podnt coald resull in o boiling-Hguid-expanding-vapod
explosion (RLEVE)L BLEVEs of flammable lquids can produce overpressures and a subsequent finchall
when ihe superheated liquid mpidiy changes from a liguid to n ynpor upon the rekesse from the vessel
Atmsospleric storage tanks are unlikely fo BLEVE duz to the smaller difference between their design
pressure mngl smbienl pressure.

(hverpressures

BLEVE

- T

¥ L
faame travel distance.
The potential for anconfined LNG vapor cloud delonations was investigated by the Coast Chuard
i the late 19708 at the Naval Weapans Center af China Lake, Califomin. Using methaoe, the primary
companent of natural gas, severnl experiments were conducted 1o determine whether unconfined LNG
vapor clouds would detonate, Uncoafimed methane vapor clouds ignited with low-energy ignition sounces
(13.5 J), produced fiame speeds ranging from 12 10 20 mph, These flame speeds are much lower than the
M specds sssociated with a dofllagation with dasging overpressures or 8 detonstion
To esiamine the potentia] for defoaation of an unconfined nomml pas cloud contnining heavier
bydrocarbons that sre more resclive, such ss cthane and propane, I.'Ir:Cu-ult Chaard conducted further tests
on ambient-lempemture fscl mixiwes of methane-cihans and metl spane, The lests indicated that
the addition of heavier hydrocarbons influencad the tendency of an mnrmnl nadiaral gas vapos clowd 1o
dolonaie, Less procested natimnl ges with gresier amounts of heavier hydrocarboms would be more
senditive to detonathon.

Although it has been possible o produce damaging overpressines and detonations of uncon(ined
NG vapar eloods, the natoml gos delivered by pipeline for lguefaction and export would have lower
ethane and propane concentrations than those that resulied in damaging overpressures and detoastions
The substantisl apount of initisting cxplosives peeded to crente the shock mitiation during the Hmited
range of vapor-air copcenimations abso renders the possibility of detonation of these vapors i nn LNG
plant as ynrealistic. Conseguently, the primary lazards to the public from aa LNG spill, either an land ar
waler, would be from dispersion of the flammable vapors or from meiant heat generated by a pocl fre,

u.t nq-mu-i LS. Ay )
Federal Energy v-l'l:rﬁnnl:l.‘_I In cosmpamrison with LNG vapor clowd, there is o higher potential for apconfined propane clouds
o provhuce damaging overpressures, snd sn even higher polential for unconfined cthylons vapor clods io
Hﬂw W produce damaging overpressares, Unconfined efbylene vapar clouds also have the polentisl o tansition
Wirskirgham, DG 0470 lH!
ncw nn'l-uln P IS-a -LeE
wctwsd w1 FFALANLT) 1T

Environmental Assessment tor the Sabine Pass Liquefaction Project
Federal Energy Regulatory Commission
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LNG

LNG

12

36

LNG LNG LPG 1.2km
! L 120m 3
? L 80m 4
1
2
3 4
N ) - — . .
X 0= X<10,000 | 10,000= X <52, 500 52, 500= X < 990, 000 990, 000= X
[ %
Ly 12¢ (2) 0,12y (X+10,000) Bo (IEEHFAEFWOACIB0 (IRH:H T AP EELL 400
LRIz 8 - T, 0. IJPGiiFRiC - Tk, 120)
VW UX 10,0000 )
| 9. 64 (2) 0, 096y (X 4+ 10, 000) a4 74
L 4 8.4y (2) 0. 084y (X 410, 000) 71 9
Lo [ 87 @  [0.087 (X410,0000 Po (UErEHTARFHIEAA IR0 (MEIESY F oI ML 0)
CELEF - & -~ Tk, 0. oS ic &~ Tit, 80)
L (X 410, 000) )
L. 5 6.44 (2) 0, 064y (X 10, 000) 16 16
L, 6.6y (2) (0. 0566y (X -+ 10, 000) 14 11
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LNG
LNG 2 LPG
1
TL-1/2 LNG 218m
TP-1 LPG 180m
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L
C 0576 0.24
K
W
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LNG 1 6
FBIILNGE 28ILNGY 7] ORBTERFICOVT

FROABAAT
TAE30F4H38
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FROARAAE (HE : NE &P, T #5501 ) 3. 4818, SE0BELIEXTAMBEOENICHET S, [HIILNG
Bih) (REBEIREA, LT B8] ) (CHES 2BINGF2] (BT [F9240] ) ORETEICRFLEUL,
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