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3. 1.1 BN E E TR

EE b E LR — NEZ RICAB L FMEZRFE L, BHNo2ToAHEL
FTWEEGOAREMEOH L b OEEM LT, LT, AFHMO X I ICHFEITFEL
TWVDHHOR, A MNELOFEFEY O X 5 2B MHREEC X0 #EiliE « LS o %t
WLBEI N B % B2 DB TERBAEL B X LN D L DIZHOWTI, & g4h & L,
fiFF-4 DB Z T EBEIT, F3 -1 KEPFE3 L 1-1 RO LBVEIRL, Ha{bFW
HOMEIR, IrE, I FESEN D RKTICE RIS S BEAR S 50, T,
PR & U CTHEAZEMIC T ARICERERH D O TR LT,

HHINEEROFEDORE R, 27 U —= Viia ME & 3 H 8N EERIZ 20
ZEERERR LT,

7E, MERBICH - TIE, B S I RT BV RMORE, EOFMELEREL,
B E BRI R D ST LIZBRIS, oA F b P ES L RIS L TRET S
HEHTAZONWTHEEE LT,

F7o, EBEEEHAICONTE, A6 IR T 7 r =26, ®E LT,
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REENZ LW

BRE 4-2 OBV, FHREMENZ
TEMD, AEHAELLTOEE
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i S LT,
BIHE 4-3,4-4 DL BV, KNEITE
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B ZE T AR | PR 4-6 LB, FHiHE & D
B A 5 2 5 | BN EAZEME TRV Ebd | N7 v b
PR Gl & &5
X1 BN E SR ST ERR OFERIE, B 4-7-1, 4-7-2 |ZR T,
2 AEXEN & LA L FEWE T DB E A~ ORI OV TR, B 4-8
W=,
K3 A%, FICENEAERT A, EBER - aTENROE 7 1 —5% % 5T,

A R~OEEMEZMER L, BHEIDS U THREREZ L2 2 & 2 RBEITOLEIZ
WD, EBHEHT LD LT D,




3. 1.2 BN AT EhJR

EE b E LM — FMEZRKICAR L PWE AR E L, N O2TOREL
FTWEEGOAREMEOH L b OEEM LT, LT, AFHMO X I ICHFEITFEL
TWVDHHOR, A MNELOFEFEY O X 5 2B MHREEC X0 #EiliE « LS o %t
WLBEI N B % B2 DB TERBAEL B X LN D L DIZHOWTI, & g4h & L,
fiFi-4 DB Z T EBEIT, HF312KEUFE 3 1L.1-1 RO LBVEIRL, Ha{bsW
HOMEIR, IrEE, IR TESEN D RKTICEEICKB S BENRH 50, T,
PR & U CTHEAZEMIC T ARICERERH D O TR LT,

N FTENR OFHE DR, 27 U —= o Vi A SEL & 3 A 8N aTEh R I 22 0
ZEERERR LT,

3. 1.3 HHuAkE E R

)R T IR BN 2 HA E EIROREEIC Y 7= - L, #iF AR E D
7 M 58 BE ) & MR 9 D fth, HEAICEES < Ja RO BIREERIC X 0 #hsh o By
faa% (Z AT SN TALFEWE 2 E L, ISR SNTALEE IR S HHH A
DRAENEZ BND GO ZEHHAEER E LT,

THERIR E T DEDL, ALFEWEOBGNARDIEED 9 B, {LFEWEOITHESIC
ROBHBHEOH DL TFOERLE Lz, (B 3 2R)

- B & OB B ik

- VHBLE

© N E T AR

- HAEHEE

FERE R DGO E %, 13.1.1 BHNEEE] O& 2 H2HICEm L,
MHFFZZ | SN2 BENNH D0 E MR LT,

A EETR 2 U2 R A5 3. 1. 3-1 BIRT, £72, R /I38EFR & #
HAME ETR & ONLEBIR 255 3. 1. 3-2 RO 3. 1. 3-1 KR,

72F, RRGIEIED S LR 10k LN L ONERFIZIE, 2EBEOFFLFWEEZRET 5
BTN & 2R LT\ D,



% 3.1.3-1 & HUhHEEIR O AR R

SEHE INZ
— Hnn et
~ N i =JL M N N =] Th o i = N
BREIES | e | WS | R | W | WS | Zop®
; (wt%) (kg)
_ %2 1500 7&’””%4 _ X2 _ X2
%Eﬁ] 7 - 7 4 _ X2 1500 §DDX4 _ X2 _ %2
E= . : ” v
221k — 200 A — —
_ X2 200 Eﬂﬂﬁ@t _ X2 _%2
X1 BHAMEETROFEMIE, B 4-7T-1 1R

%2
%3

Bz, RO 7 o— 4%)

%4

75 3.1.3-2 & ATl & B AMEE PR & OALE IR

T AR IS < Bew

JE B R OBIRFEREAT o e MEBRPG DN Do T “—=7 LRC#
BIR, ANBRESEZHE TN, ARl ARRAEDOMEGIE DR BiAD % B

] § B3R N HR B
ST A HELEmE D”&) # B H s o
g m
1500 NW 6300
1500 NW 6700
Hh gl 2R Al
200 ESE 2400
200 NNW 6400
1500 NNW 5900
_ 1500 NW 6300
BRI SR AT FUE=T
200 ESE 3000
200 NNW 6000

2

D R B FE AR 2 BT L




#3.1.3-1 IWFF-7)FE BT & Bt A E E PR ONLE PR



3.2 A A A P W B YR O R E

EERE L TEETANESARMFMETH LTV E=TI2OWT, Al ABG#H)
W MEE 2 5E LT, Am A APREHIWIEAEE 2 56 3. 2-1 RITTT,

B APREHIM A, 56 3. 2-1 BNTRTE R FITEDERHRE Lz, BEERX
(THH N TN O A 75 7 A PRI VB ORBRE ST 25 X 5 25 3.2-2 RITR
B

55 3.2-1 8% A7 ARG W AL R

R A9 A BT A R E IR
TrE=T 300ppm IDLH fE
HHAEE
Yo IDLH fE 73 2 2% i GERNE Sil [ :
Yes I I
PRI B s Py DLH fi :
Yes : :
IDLH OB ERL E LT, s | ] I
BACHT D RBE S LT — 2 IDLH i |
2 HNTWD | 1
No : |
BRFRIED 5 ] BT |
No | |
S & I R : W B |
l |

5 3.2-1 X AN AYREHIE SR EDE 2T
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95 3. 272 % AmA AVGREAWRREERCOBER T (T rE=T)

AP

ML E L e — R
(N2 D )
(1CSC:0414, 10 A 2013)

ZOWENBRICKULT DL, WAL
W%, AMEITR, FEBIOXEICH LT, BE
PEZRd, BETDE. OEMEN, BEREZHEED
TZENDHD, MAT DL, IRRPRBIZE DB
BONTPOHIKEZS ST ZEnH D,

HLEfE

I (LC) T—4 |

LRI D LCs 8 (=7 R) 23 4, 230ppm 55
[Kapeghian et al. 1982]

IDLH
(1994)

MNEDF — 4

IDLH fi 300ppm X & k OEMER AFNET — Z IZHS0
ITW\éo

[Henderson and Haggard 1943; Silverman et al.
| 1946]

| BORELRF R ER FFAE I, 0. 5~1 HFRT 300~500ppm
| ThD L EESHT,

| [Henderson and Haggard 1943]

| 500ppm (Z 30 F3fHIREE S 7 NOPERE (BN T,

| MR DAL S OV FE 7> & B EE ORI AN i ST
| W5,

| [Silverman et al. 1946]

IDLH B2 & B 53, HARFRRRIZ %9 D RN R ST

l/‘fcﬁl/‘o

g

IDLH fi£ > 300ppm % A 7 A A PRI F G & 97 %

|7 T A R B I R R O [ BEAOAR AL
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4. MNBFBEFREDTZDD AT ) —=2 75

27 ) == TR, HA RICHE, F4-1E£D LB Eiid 5,

BHIANE WD D DOF BN A DORAEZE L, BhiE %5 B 71 Rl = &
OB RIS SR ATIZ 31T 2 A 5 A AR EE OF Ml 2 Ehid 2,

¥, A7V —= 2 A T e Bkl N [ E P OV AT BRI S AEAE L 72 o
o2 L, EEEREM IR 2 R OB A ATEEIC MR 2 7L R Th 5,

F4-1 R G, RMERERKL AT U —= 73/l O B2 B 2 ki

P b PN ] R TR 4[] E b PN AT BRI
JER- 47 il 0 =8 O A A
BRI SR P O A AN
BR AR g =8 O A A
SRR A X X

JLB O 2 A7 U —=2 7Rl B
AN A7 == T EITDY, MRFEARE L THIRZIT->Th L,
X 1 AV Y == FEH I

4.1 27 ) —=2 Vi S E opcE (U, Iy & ONEERE)
3.1 THE SNIZETOREEIRICHONT, IFfSh T 2 Am b WEOME, IT
ik B M OB &2 B E T D,

4,2 BEHT ADORAEELSOME
A O EEIFRIZ OV T, FIRHCA TORTMARNEE L, Y TORBIZHT
BENT-AHEFYWEOLERBICEVRETIAEET ADBEZBET 5,

4.3 HiEH ADORH O AR

EEI Z L, At P E OMER K OMREREN S B REZEE L, AEl A
D HALIRERE] Y 72 0 O RS ~O B & OV ORFGERER 2 33 5 .

A EEIR CTH DT =T IZOWTIE, BET AMERIEICE S REFOFERIC
RESINTEHEINTBY, NEEVNBFICEEKRHT5Z Li3EZ 282 L2k E
%, RFMETIE, BRI, BRI TR ORI 2 K8H458) 1R
ST SRR D 9 B b 1 IR CoOM A ET 5,

4. 4 REEGEH OV BE DR Aifh

Hh Rl =R N OV BRI SR ETIC 36 1T 2 A AR E 27 M %,
JE I AR S SRR AT R C O EE 2RI L, B oW ORRE 2Rl 5.
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< DB, J??kFﬁ?'ﬁﬂ”“M%nﬂﬂﬁ5T®/%f”®ﬁf¢7]273) A7 I 2 5 D A
AR i OO 18 7 EAR T — N TR E SIS A E N D ERET D,

et

4.4, 1 JE7-JP A = S A S TA A

JE A A s S AN A S & LT, R = N ONBR A e SR AT DAV BN A R E
T 5,

E, ATV —= TR L A DR HINE ETFIIEE LW LD, EEER
VER S OFMIIARETH 5,

4. 4. 2 JFFJP I AE = SEAN R R A AL T YR BEREAT
KEJERROFHMIL, T3E R b O 2N 2 R85 8 ) O KREIER D
PN TH B (4-1) KRN (4-2-1, 2) AZHEV, FARHEE 2B T 5,
ENTIZ W D RGRIE, IR JIRERHT OLZEMATIHEH L T ba54: (2012
E 1 A~2012 12 A) &T5, YEKRIE, YRKEEMEF L LT F OmEAR
LD, BERB AR BIE 104 (2010 41 H~20204F 12 H) ORRT—# &b
ix LT;E”% XN L EERLTWD, GERIERINE 7 %ﬂﬁﬁ)
T, KM CIIEERZIARICKDEENH H 55 ITENEZE LTS

x/Q ——Z 10/ Q@i+ a6 - (4-1)

(BREEEBELEZELRWVES)
x/Q); =

exp(~ =) (42

(X/Q)i = n-):yi-l):zi-Ui cexp(— ZHZZ) - (4-9-92)

x/Q ¢ FERNL AT R o O A RHEREE (s/m”)
T s FERN U AR (h)
(x/Q), : FAUZIB T DAL (s/m”)
Y RN B W TR A Y3 AL d I2dH D & X 4671
RFZEZ W TIRA A3 Y54 0L d 12720 & & 46,=0
e
'

0y s BRI Tézﬁr;:/\%w) y FIROHER Y /3T A= (m)
Oy D LB DIREAT D 2 TR OYENR Y DT A — 4 (m)
U; RN 2 B (m/s)

H IR O A B & ()
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1/2
2y : (ayiz + %)
/
Zzi . (O'Ziz +%)1 :
A s RS O AR 7 A O B R ()
c - FERAREL

4. 4.3 TEHR - XHLEL B OW R O FE R

(4-1) U L 0 B U7 2 D C, s - LB B OWR T OF 350 AR
ZRHli T 5, A Y 72 o T, IR AR T 5, SRR ORI (4-3) 2
EAWTHEET S, dHlSICRT DBER, ERERFL CTONTREEZ/NS WD
NEIZAG~, BFEHESEEE 97% (2% 7= i %2 W 5,

T

Copmeout) = o X 224 X ——x10° (ppm) - (4-3)
(R IARAT AL P O FHAM)
C=Ex§ (kg/m®) e (4-4-1)
(H 2 AR AL O FHAM)
C=qewx% (kg/m) - (4-4-2)

Q

a

ppm(out) - IMRIREE (ppm)

L ARSI (kg /) = (g/L)
: B D55 (g/mol)

: A (K)

: 7558 (kg/s)

GW D E B (kg/s)

D FHRHREE (s/m’)

MmN T O

=

QIR

F o, MBS UH e h e R VB AR ATICOW T, @-3) Uk v HEH L7
ZIREZFAWT, -5 RXRE2ANTENORBRELRET 5,

Cppm(in) = Cppm(out) X {1 - exp(—/’lt)} - (4-b)

Cppm(in) D BNIRE (ppm)

14



A : HASR (1/h)

t s k] (h)

X KR, TR SRIET 5,
R (1/h) =5 (0°/h) /= NAFE (n”)

(4-3) U L W FH L2V E ST (4-5) RS L v B L7 E 2 AW,
P EE R OB R R T O 3 0 AR A5 T 5,
_®k%,%ﬁﬁﬂ%ﬁf,ﬁﬁﬁklmﬁk%#ht EARNEENDE MO 1
ALK O OB AL AN O E E PR EE D D556, H 4 ORFE B H O HLLh
FOREOFHEMREEEHT D,

BEIZOWTIE, ZRTPICn BEOEHET AN D5E, G6)Ricky, K£HHY
AZADPRED, ENENOFFHN APEHE R EE IS T 2FEG0MmE R/ 5,

]=ﬁ+2+...+ﬂ+...+c_" -+ (4-6)
Ty, T T; T,

n

C; : BN AIDPEIE
T; : g0 AIDH 75 AP W BB (S

4. 4.3.1 HhahEETR
REILHEHM S 2 5 4. 4. 3. 1-1 KLU 4.4.3.1-2 RIZ, ZRIERFHMEEM % 5
4.4.3.1-2 RIT, REOFHMRERLE 4.4.3. 1-3 RITRT,
REAm ORGSR, i E = K VBB SR P DAV DS 2 A5 0 AR
WIS A BT AR EIC T ARG O 1 AR L v k%%
L7, 72, FRAEESONCTIA OB 50 30 A RE OB HIW R EEIC
RTDEEGORD 1 #2202 L, BREEZEE LI RGIEIEZENORE
M A ETH D,
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44,311 £ KRKIEHEHm SR

I H AL % P
o5 P B AP B 3 D22 A \
sty | | OWRPRRORER | o 2 ot i L
L IZBE9 ARS8 O KRKILE i (I4E 81 B R)
DI HEVVELHY -
LEFHRBINCHIT 5 14 | FHHR 5 & 4 % HERAORETH % 1%
K&EF—4 | HoRgeT—X KT BEECTHD I ENDLRE
(2012 42 1 H~2012 4 12 H) (BI#E 7)
S— 5 o P B G 2 0D 22 A R AT
%%ﬁﬁ 1 B BT BRS8N ORGIEE
PR D EAEE ] D 7= %
BB O | BEE S &Sl & OhER | B ]

. ) HA RIEREREEBYRE
WO S | 195 208 L e ARSI 2B D R
BREHBUERE | /S50 B LT 97% HA RICRSNE LBV BE

F AR B FA A D BERR 23 14>
XA B L7
SR e 5Tt (I 8-2 BR)
PR DA | TR OB AR | U RISRSR LB B

16




H4.4.3.1-23% (1/2)

ARIEREIMZRAT - REILRGEHI R (h il =2)

FRIE AN S
FOANE EPR | KSR J i HE ifE - FRIERH? | il Ao B T
VA
(wt%) (ke) (m?) (kg/s) (h)
100 1500 — NW 4,2X10" 1.0X107°
100 1500 — NW 4.2%X107" 1.0X107°
TUE=T
100 200 — ESE 5.6X1072 1.0X107°
100 200 — NNW 5.6X102 1.0X107°
KEIEEEEAM S
A1 [E TE PR TR I S BEXIABEET D o FHE TR R
(m) RERE S (s/m)
6300 HEZEET — 1.7X107
6700 HEZEET — 1.6X107
TUE=T
2400 HEEESET — 2.7X10°°
6400 HEEEET — 4.1X10°

K1 BEWMBAELNRS T2 e D 100% & L TR,

X2 BHANEE IR OZRIERIT 1 R TRED R L7l

H4.4.3.1-2% (2/2)

ARFERGHM R« RAPEBEHI SR (BRI R T

FRAE AN S 1
FOANE EPR | KSR J i e - FRIERA? | il Ao B T
A
(wt%) (kg) (m?) (kg/s) (h)
100 1500 — NNW 4,2%10" 1.0X107°
100 1500 — NW 4,2%10" 1.0X107°
T =T
100 200 — ESE 5.6X1072 1.0X107°
100 200 — NNW 5.6X107% 1.0X107°
KEAEEGGEAL SR
A1 [ TE TR JAfE e BXIABEET D ke FH TR R
(m) frar o (s/n)
5900 HBEEEET — 4.6X10°
6300 HEEEET — 1.7X 1075
TUE=T :
3000 HEZEET — 1.5X10°
6000 HEZEET — 4.5X10°
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(a) immediately after spill....... effect of gravity flow is large.
entrainment of ambient air is effective.
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(b) a few time later after ........ very flat heavy gas cloud
the spill very strong stratification
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ground is large.
turbulence dasping is important.
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the spill trace gas dispersion
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Fig. 3. Dispersion of vapor cloud of the eryogenic liquefied gas
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AH =L WK | 7 Ak 500 ml 1 o e e ) — —
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WALATI A A 400 kg O — O — — _ _
WALATI A A 500 kg O — O — — _ _
WALATI A A 980 kg O — O — — _ _
WALATIA A 300 kg O — O — — _ _
WALATM AT A 300 kg O — O — — _ _
WALAT AT A 300 kg O — O — — _ _
WALA AT A 980 kg O — O — — _ _
WALAT AT A 950 kg O — O — — _ _
WALA AT A 300 kg O — O — — _ _
WALA AT A 400 kg O — O — — _ _
WRALAT I AT A 300 kg O — O — — _ _
WALAT AT A 500 kg O — O — — _ _
WRALAT I AT A 500 kg O — O — — _ _
AL A AT 2 300 kg O — O — - _ _
AL A AT 2 400 kg O — O — - _ _
HACAT I AT 2 400 kg O — O - — _ _
RALAM AT A 400 kg O — O - — _ _
AL A 300 kg O — O - — _ _
RALAM AT A 300 kg O — O - — _ _
TRALAM AT A 1000 kg O — O - — _ _
RALAM AT A 980 kg O — O - — _ _
RALAM AT A 800 kg O — O - — _ _
WAbA T A 980 kg O — O — — _ _
WAbA T A 900 kg O — O — — _ _
WAbA T A 1700 kg O — O — — _ _
HACAT AT A 800 kg @) — O - — — _
WAbA T A 600 kg O — O — — _ _
WAbA T A 950 kg O — O — — _ _
WALATI A A 800 kg O — O — — _ _
WALATIA A 800 kg O — O — — _ _
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WALATI A A 950 kg O — O — — _ _
HALATH AT A 950 kg O — O — - _ _
WALA AT A 600 kg O — O — — _ _
WALAT AT A 500 kg O — O — — _ _
WALA AT A 500 kg O — O — — _ _
WALA AT A 700 kg O — O — — _ _
WALA AT A 600 kg O — O — — _ _
WALA AT A 700 kg O — O — — _ _
WRALAT I AT A 400 kg O — O — — _ _
HALATH AT A 498 kg O — O — - _ _
HACAT I AT 2 1000 kg @) — O - — _ _
ACAT AT A 1000 kg O — O - — _ _
HACAT I AT 2 1500 kg O — O - — _ _
HACAT I AT 2 400 kg O — O - — _ _

T 3340 kg X K2 X — — — _ _
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L3 20000 L X 2 X — — — _ _
L3 2592 L X 2 X — — — _ _
I 3000 L X K2 X — - — _ _
PSRRIl 15000 L X 2 X — — — _ _
HY 28500 L @) — X X O _ _
L3 29500 L X 2 X — — — _ _
PSRRIl 19500 L X 2 X — — — _ _
JFE 2000 L X 2 X — - — _ _
1B 19200 L X #2 X — — — _ _
A4 9600 L O — X X @) — _
L] 19695 L X #2 X — — — _ _
N4 576 L O — X X @) — _
KT 576 L X 2 X — — — _ _
N4 576 L O — X X @) — _
PSRRIt 20000 L X 2 X — — - _ _
KT 9800 L X 2 X — — — _ _
I 200000 L X 2 X — — . _ _
HIH 200000 L X 2 X — — . _ _
I 200000 L X 2 X — — . _ _
2 20000 L X 2 X — - — _ _
& 4000 L X 2 X — - — _ _
T 10000 L X #2 X — — — _ _
& 20000 L X 2 X — - — _ _
T 300000 L X #2 X — — — _ _
T 5000 L X #2 X — — — _ _
& 8000 L X 2 X — - — _ _
& 9900 L X 2 X — - — _ _
& 3288 L X 2 X — - — _ _
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TUE=T 1500 kg O - X X X X FoE
TUE=T 1500 kg O - X X X X FoE
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T UEST HREEIT A 200 kg O — X X X X S
R—22 1500 kg O — @) - — _ _
R—22 1500 kg O — @) - — _ _
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R—22 1500 kg O — @) - — _ _
R—22 1500 kg O — @) - — _ _
R—22 50 kg O — @) - — _ _
R—22 50 kg O - @) — — — _
R—22 50 kg O - O - - — —
R—22 50 kg O -~ @) - — — _
R—22 50 kg O -~ @) - — — _
R—22 50 kg O - O — — — —
R—22 50 kg O -~ @) - — — _
R—22 50 kg O — @) - — _ _
R—22 50 kg O — @) - — _ _
R—22 50 kg O — @) - — _ _
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R—404A 1500 kg O - O — — — -
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R—404A 275 kg O - O — — — -
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R—404A 275 kg O - O - - - -
R—404A 275 kg O - O - - - -
R—404A 275 kg O - O - - - -
R—404A 275 kg O - O - — - -
R—404A 275 kg O - O - — - -
R—404A 275 kg O - O - — - -
R—404A 275 kg O - O - — - -
R—404A 275 kg O - O - — - -
R—404A 275 kg O - O - — - -
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R—404A 275 kg O - O - — - -
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