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Study on Safety of Liquefied Gas Tankers
(Part 1 : Potential Hazards and Risk Assessment of the Products)

by Hirohiko Emi, Mewmber

Summary

The paper briefly describes a study on potential hazards of thirty products listed in the IGC
code? and risk assessment of the products. They are one of problems which should be solved
for safety assessment of liquefied gas tankers.

Some of knowledges gained are as follows ; a) All of the potential hazards could be pre-
sumably pointed out, b) State and phenomenon of the products involved can be assumed and
some of simple assumption methods are proposed, ¢) Some of simple assumption methods are
also proposed for the risk assessment, such as dangerous distance of vapour cloud, fire-ex-
plosion etc.

The study is mainly based on data available for LNG, Propane and Oil products. It is
desirable to be experimentally studied on Ammonia, Butane and Ethylene as typical substances,
since it seems that their characteristics at dispersion into atmosphere, and evaporation and
spreading onto water are different from those of LNG, Propane and OQil products.
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Fig.5 Out flow of pressurized LPG (A: hole, m?)
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Fig. 7 Gas distribution into open space
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Table 2 Symbol for Fig. 9

Out Flow Atm.Cond. Wind Vel.
Time (m/s)
[LNG]
O inst. F
[ 10min. F
inst. D 2.23
” 3 4.5
2.23
A » D 4.5
A\ 4 8.5min. D 5
v 2.15min. b 5
g D
abt D
{Lra]
® | abtémin. D 7.3
E 8
D
—— 1000 = T
E o> -0
N - Wind -5
£ - /' -
” I~ Xe -1 %
P Nwe
E F out Flow -7 (o] %e
Point A= ]
100 |- s e
P &
— BT o
£
2
>
|
u=7m/s
LPG(Butane) u=3m/s
Ao (SRR L1 1 Illll{ l' 1Lty
10000
(200) )(2000) {20000)
Cargo Weight{Volume) of Out F1 Wa
tons (m3)
Fig.9 Distance of vapour cloud from spill point
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SOMBEIROWTIIE S DRGNS S, Fig.9 1@
FOFED Ry RARESR LEL L LTw50
1 1.5 f£1C LEL/2 wi#i— L1, Nrh, ELITEE
3m/s, KK&HHL (D), RHEHSHEEL LF
WET 2,=107 V0 TEi¥D, x (IEFEEE m,
Vi BEERRER m® Tho, v 1%, —EiT

Vi23ewg n <VL2/3'WE n
:ccoc< TG‘“'GC> =4 TG"“'GC> 18

LEF D, we, 76, #, G, (16) BIO A7) REF
Co T2°C, Vi BHERERERZNAET 2, nix
0.43=2n/3 7 5 0.645 & 7c 5, LNG C wy=0.185
kg/m2.s, 7¢=0.667 kg/m3, G,=0.025 & LT A %5
BT2E 46 LWOREREL, e A vEDEEER
17 2% LNG S IER T W R E R 5D T,

A=46 LT %, B EEHO K » BREET (2) T

R LIC X SIEBRD 2555 Th D, FRERDOENRD 2
DD T LK (R, Ry) »OLREEE S s EEH (x,
xy) DENT 1/Ri=a,/Ry WAL T B EFET Do =
N EREAEHOSE, A=90 LT 5, bR
ThHE, kRETD,

_ wp 0.645 043
xc_A(TG'“'Q) Vi
Fig. 9 f‘i”:g'f%‘:gﬂ%;ﬁ?o Yiax 1 3BETH B

5 RYmHEEO X KBEREEREFMESE

(19
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DFEED K SIEFE W LT b fab 7 ABEHEE T FHE3
%o
5.2 RAHRESR
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HEBREDRB T AR S5 L HEREE X %o
BEOBR = x 1 ¥ — LRABRAEDRMRE, TNT
(P =trbr=y) BEFRCTEREIL, Fig Al
R LS TR TR ST b, FHEDIER &
LRI EY Wk) OBRISESL IS
AxRBEDY, hi TINT 48 Wrep(ke) CBEETS,
Ihbv il EEY »bRAZE S,
Wrp=6.4X10"¢ W.f+H, (20)
H, \ZEFEE kcallkg, f1375 v RTEMLEIK
ok i 1, BREREY lkg/om? &35 L4481
HORAER x.(m) OBERE L TKRA2ET %,
%,=3. 2 Wrg=0.0594 ¥ W.f H, (21
5.3 7747 &K=
7 5 4T A =L B KEREDRESI DO F AR
LERREBED 7 5 v v 2 BED L 5 BRI 2RI
KERHAAEBHEREN L EEE L D, TR0
FRAIEEE xc(m) DBERYET 5, HROZERIZTT,
03 {V_V Fa+ S_ZL/M)_}B
VE;,
XTI (20 REFAM UL, Wil E D& ke,
Mty niEREBRE mol, Ef 17 - A7 R
— VS BPRFE (keal/m?-H),
5.4 T—LKK
T KB O BT, HEEE D 5 b
CEKRETLBAYELD, ZOMHEE E,p (kcal/m?
‘H) 1% Ry ZIRHREKE, ¢ 2HRERLE LTKRAT
KE Do

r,=1.19x%1 (22)

Ep=R;-¢ (23)
R;=0.02w,H, : kcal/m?-H 24
wp (RBERE) =wp+wg : kg/m*H (25
Ry 3B L2 ThD, He BREE keal/kg,
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1

Burning Vel.
100 0.185kg/m2.s T\ /
_ onto sea
1=
/{//

O Burning Vgl.
. 0.056kg/mc.s

T 1T 1TT1THTH

T

10 | in dry vessel
-
5 (T REIET] L Lyt
1 5 10 50 100
D=2R(m)

Fig. 10 Flame shape of pool fire (O : actual

measurements?® )
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