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A study on the risk assessment of contaminant

spreading by the ventilation system of ships

Young Hoon Sim

Department of Energy Plant Engineering

Graduate School of Korea Maritime and Ocean University

Abstract

With an improvement in the income levels of people in modern times,
their interest in environment and health related issues has also increased.
Therefore, the Korean government has endeavored to limit the amounts of
contaminants generated and manage the indoor air quality in multiple use
facilities and multi-unit dwellings in accordance with the “Indoor Air
Quality Standard Administration law for Public Facilities” . However, there
are no separate laws concerning such activity areas on ships and marine

structures.

In this study, we predicted the diffusion characteristics of the
contaminants released by a ship’ s ventilation system, and a risk
assessment was performed based on the assumptions that environmental
contamination occurred and that the contaminants contained fatal nerve
agents. In addition, this study used CONTAM 3.2, which is a multizone
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airflow and contaminant transport analysis software developed by the
National Institute of Standards and Technology of the US (NIST), and is an

internationally recognized program.

To evaluate the diffusion characteristics of the contaminants from the
ship’ s ventilation system, the contaminants, the location of occurrence of
contamination, and input rate of outside-air flow were used as the prime

variables.

The targeted contaminants were benzene and sarin gases, and the places
at which these contaminants were found were: the high deck, the middle
deck, and the lowest deck. The following five cases of input rate of
outside-air flow were considered: 0%, 25%, 50%, 75% and 100%.

Scenarios A, B and C evaluated the characteristics of contaminants
spreading on the entire deck, and scenarios D, E and F included the
amounts and times of spread of contaminants along with their fatal

amounts on each deck.

The time period within which the contaminants were removed was 20-70
minutes depending on the cabins where contamination occurred, and it was
affected the most by the change in the input rate of outside-air flow in
the Navi.&.Bri decks. The density of the contaminants was lower in the
higher decks than in the lower decks by 3 times; however, the number of
contaminated decks and places was more by over 1.5 times. The
contaminants in the higher decks spread faster than in the lower decks;

therefore, the higher decks were considered more dangerous.

The results of this study are expected to be used as base data for
heating, ventilation, air conditioning, and improvement of air quality in
ships.

KEY WORDS: Ship A1®}; Contaminant 2= 74; Diffusion characteristic $4F
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2.1.1.3 L43ek2(CO)
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% [ppm] EEAZE AA| | F
5 205 AZBA HEARAEE W 3L
100 3AIZE AU dF 10% 75 A
200 SAIZE 243 FF
300 8AIXE A, AR 7159 Aol
500 413k A g ael, sEt
2,000 2A1 7 N acs
3,000~4,000 30+ AHE 7hs

2.1.1.4 °]43}ekA(COy)

ojitstebAE B, R, RHO VAR dRtHow iyl Fol 0.04%(400

ppm) A= TP o] glom, F2 AWF/Y == BrYH A= A

T itk AWFRONA olutehe] wEsE F/EA EE] BAF i

Fo] RE:E HEE ANFeLYG WA T AU 2HED F9 =
S

=8 AHEE0] B
Uetde 22 B2 AAARE Qste A ojitgerad] w571 717 o
Folt}. a3y o]akstetA 1 AANEO 2= QA6 & IEE FAE ol F

o
58 YosAY AAFNE YoslAE Ptk

_15_



1°
o
03

—_—

0
L

3

Table 9 o]4ts}gtao &

Table 10 o] ;ts}

%o
<0 =
g
o o
T ¥ o
M. _ K No
I i)
H o < 0
T w_ <o B X
ﬂ ,At 1 =~n 1
UF < E_E ) N WW Cl =
Bz P o=|= A S
TlF P o MR g 5
ol IO I S
T " | b CRE =
o mK ol X o . Ne
K| T = No o 9
= T R + N oF
Ay R LR
.Nﬂ 1 EO _fo_H - 7U Of
N - B _E [ny ‘_ﬁo/l T
A DN = ™ o Tx
- »C ,OI Nluﬂ . . N S
T N M oI o B o S
nl- W | 50 T o o w5 L
i°
o T B
mw 5 o )
o o/ 3
ey

—L

Nlo

i

—_
0

ﬂfmu
oF

B
Y

N

3
;o?

% [ppm]

700
1,000
2,000~5,000
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2.1.1.5 o]2t3}E 2(NOy)
ojttetd s dEE B FRRXEC SeiEHe ASA HAE 7R A2
ZIAloltt. Aol Ao AAistES FHARE AlAo

1
Wakel, RN FUHE FE AT 24 B HFHAR Akl o @

—

T A Yo 52 HES FUs HFEF 95S o= SAo] A EF
o} w3l Hut zpFo] Fela WEFRIFEWS FJAsY 557

5 0§
Aol WAl A EE A, 53 AT, o

gostets | A @ov A3 A
ek by BA gEUch 9 olgsigast HE A Bo|

~8d g} w717ks B B ARe] da
rEdE TES T 7Y
c 35 A AWE 80~90%2] olitEtE ATt
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Table 12 o]4Fs}d 4 9]

e wZ= A7k VA B

0.08~0.1 7~8d obsol w4 57 A%t TAHE SV}
0.11 IA|3E 7= S7HAA A
1.0 - H 7% AAY #H &7 7157l

1.6~2.0 158 ARt B o G R e U] e o B o = )]
5.0 10& 7N|=AT 57t

100~150 40+ AR

2.1.2 33} 2H-gA|

3ot zrgAlg Aestd a3E st AlES AAATIAY, FE3E A7)
A HFAHOo=E HAAANA Algste JFEEEA FE =4 F3HA|(Chemical
agent)E =23ttt 19690 E7tE UNE A A= 38 ZLAESE AL
A AEANA AFAN 54 ZHE F7] A8 AAEHE 71A, A E=e A
BE o] FetEd’ ojgta AoJstar loew, 7] A eHCWC, Chemical

weapons convention)o| A+ ‘FAsS =Y O A5=E E At Ao

=

Table 13 thx2 <l 318t 284
53 A5 A A AE
2-8-A =4 HE-S- =4 HE-S-
w | 8% =5 ra | WEAE | 2% | sg
[mg - £/m’] A7} [mg - &/m’] | [3]] A7
AR 55 1~10% 12,000 100 2~15%
A A A Bty 25 1~10% 10,000 70 1~15&
VX 5 1~10% 1,000 36 4~10%
Al Qts}
g4 | - - - 5,000 | 1~15%
T4
AAA | =24 1,600 3~12A] 3t - 3,200 | 3~24A]%F
I A 74 =} 200 4~6 X7 10,000 1,500 | 4~24A]%F
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ARiH o 2= T G wet EFEEH A7E A& A(Nerve agent), EH2HE-
A (Blood agent), &2 2+&#)(Choking agent), 3ZZ8-A(Blister agent) S°|
T}, Table 132 o= 313 Z8AEe F53 45 9 XA A5 A

Aol .

0
T T
ole] F7] AA, & TR % 23T oHFH AT glol FEEol A
ToAA AT AES Wafist] AFAE vRIAZIERE S5 F F& Y
Abrell o] 2A] it} wl-¢- FAo] A, A7t kEE Afox: IR o R
o

st dlE=E2W19] dl(heme) ¥ vEF ol ANEAEF 4HslE
Agste] 22 Yo AFASHES AFstE R =27k AlgsA B
A= Altst4A(AC), F3FAISHCK), oF=41(SA) o] At

A2 LA E v TZAFTES TEAIL o FEAE 53] FHol sz,
HAZ 753 FEA st O o) AL 2tart FFHA RIES &
ot oL HA AAom A Sl ol2A st "gEFoz 527(CG),
tx27(DP)e] Ath.

GEAgAC wEHW FA Falsh aBol WAL Ao AW Aol
)8 F= Ytk EF Fo] FEHo] FrHAL W, Y} Lol FEY B
Aol WA BFHAAY ol AP O AR ARIFAMHD), Wi

7 A xAgA ol Ty,

AP (Sarin gas)& 7113t E = AR 7R ADe] dFolal, AA 22+ o
A F Fdo] dF Ador ATt A dAe 7A dHE EA5E
=40 m$ AT IFdER TFAAAS E4ANH. T, 7, Frjo]al H
SAol 1TC o YA xRt Fr|te] wa Y At Ty FVIEG 74
7] W&ol 371 Fol AFsr] doh A= 19949 6€3 19953 30
HEZ v A-AFEAL B AsHo R Z £AE 4ozl Aol U

THOkumura, et al., 2005).

AN
>

[
o
I
T
=
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3571, = JFE Sl dA FFH FEe == A e Bo] EH1
SEEE AEAS WA, TE, 2544, FF5 Y A B 4
Lol WM2a, Z|=HH, SFIFT] o] BAE B¢ ABS B T Ao
A ZIAlolt Azl AFEASHTE AlZbET. o] % A= mHHIAIZIH A
& Ao o2} & WE(F2mg)Wt A HAE F& HAEE FXHo] F

om

ot Im’e] ti7] Foll 100mge] Atdo] &= Jow 3027 AUx 95%7}
58 oo AME Axo ZA4S 7FA 2 YHDisraelly, et al., 201D).

kU
i

At A BAseE Aee L 471 ey YEF 2 d3e
< WAA Azxsts Aoz At ARRZF27E st A
AL A= A4s 7H Ageld #4o] rhestttdelt. 9 %}
271l g=2iE ofg el do] w4 BBC-TVeRe] 37 o A “AW
Zbae AR A e 12 olUATE Shetel is) ofzkel A 4ol g
=

& el olgA oks 3 s

rlo

o

H

)
o Ho o

22 LEER g4t o8

7)o EA5tE L FEHDEL Fick's lawol w2t & %E‘r. Fick’s laws A1
M2 A2er FA4H] T ATHA S Fatk 7 AR ‘?4_59]
sleFate] AAE 7les WAook A9 Eort dAsitE =1 ohd,
Z(diffusion flux) J= F=Fuiel wlgsid, 7 v A4 DS g/&ﬁ
(diffusion coefficient)ztal k. F4F HAH L2 AlZbol] F&55 = HAoln, &
Lo 4 FEFol Y Feld = Aok AR A ARt wet g7t
3HA &S wlo] AAaEIY sto g A st FEE(driving force)S &=

vl (concentration of diffusing)e]™ Fig.13 2t}

o $ 40 a3

_20_



9 ¢ s9joads Buisnyip Jo UoIeUaIUOD

Position, x

CBRES=

I

»AO
»AO

+

Fig. 1 v 4

ez (D3 2ol ddT

SETalol v s

=
T

g, J= grtA gl

B

o

)]

_21_



/s

Xp

Fig. 2 &

[Ztell @A AH S Au= 24 (mas) 22 HE 4{(2)0l A

=R

2)

Ax o Ao AC = AJe At s A

3

dc

ac
dt

dx?

9

el A 0]

=G °laL, ko]

7] A, 0<x < 0o, C

)

svo] A%

AN F

-
) Y

C, z=wdlX Cc=C, 7} B}k C

, =004 C

= o]t}

A2

2}(4)

2 g3}l

A 2¥H 2] of]

o
Y

he

ol# gt A=

(Porter, 2014).
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Gaussian error

-
) Y

)

X

2Dt

2 F=THE ulstaL, erf(

o] zol w

e

A

C =

functiono. 2 <}

2.3 714

CER D

ol

AR ol B, Aol o

3
pul

o] 7+ 9

4 AL Aol ATl FA Aol M FH 7] B o

i)

N
Ho

4

9} A<

|
L

sl

] AAS 24 %k7|(natural ventilation)gk &

L=

)

o} =, 377}

<]
il

7](mechanical or forced ventilation)2};

we} AA S 7)(general ventilation) L F4A%7)

[R=AR]
(local exhaust ventilation)2 W= 4 JTH

S

2.31 A4 &7] By

shofof .

1S 3

9

M= 2717F A", AW 37 257 971 =

3

A - 99 e e
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ojgstE® I ATV|FH Aot o Dol Aoy FHH

% Ao BYE Fruy Fz dldegolE Sol ol&
shal St 7[EA o ® Holuy &, &V]T T ol&ste Aor T A
oF =A7)el wet &3 2Ekdn Aduele] 2=A7F 5T ol delH, 27) <49

dH o7 AAGT o] B2 Z|AZ7] o sl Hk Hod 5 Stk 1A
e eTHE WS Ads] AT ¢ A AFAL} L= Fske Tl
st S9E ¢ don, 7158 #Ete t-8shr|7F diH s 5

< #ste] 153 8 7|dEtE dASsolA wle a3
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N
©
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ol
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E
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FE71° o5t AAHo=Z Qr|E EYsta
MFE] EAA AAHoZ &t W o] y
Ao g HEE HII} dAstE el A 8}% AE el H717F gt g
FA5kA] &k 28y & AdoAY edd FUY FIYEs HAE F Ao
44 B4, F9E, 4 5o OEO}E}
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A Al Aigtel BYOE HuE 2 Foh e Aol TEE A

— HY 7| HY 7| (= HY 7|

9
=
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27 @ =7

(@) 15 7134 (b) 2F 7144 © 3F 7144

Fig. 3 71A 71829 T/

2.3.3 £&3 #7] W2 (hybrid ventilation system)

3 A8 S AFAFE AR ohe uiA WekHSw
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Al 37 AlE# A

3.1 sty s

3.1.1 Auke] e

o] AFollA= a7IA AE Y FHES FHOE 2005 12€4 d=xd 4
oz ATE 33t Figdol Hol= niel o] el 4
CEZo 2 FA49 Navigation and Bridge deck, 113 $%99 £4¢ A
RE $XAAo] = Boat deck, %9, A&, gL
2 A Shelter deck, AFA <49} *—1‘%} Adg Arud, 713
AE Main deck, A5A 49 7134 9 7#3A AN, HF

A= 2nd deck 7Rl & 6709 deckZ A o] Th

««*

Nav.Bri. Deck
Boat Deck
Shelter Deck

Upper Deck
Main Deck
Second Deck
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AFdE& do] 117.2m, & 17.8m, FETE 6,686F°]2 wg U T3 42
I FHA 2049 F F 2469o] AT F At o] AFAHY A 8
Table 149} 2t}

Table 14 AFA9 8 ALY
Length 117.20m Width 17.80m
Gross Ton 6,686GT DLWL 5.9m
People Total 246 (Crew 42 , Trainee 204)
Speed Max.19, Av. 17.5 kts
AFAe BN AuEs Aw 23, 7#4d@ls 7134 =3, 4
T HAATY, Y 7Y, HATHeE FEHAZL

Table 15 ol =8 F Q4] X

7+ Fowa A u A | vl =
of Ut B2 Ao dFH3 TS Aste HExe & 1400mm=z AA =
93, ZF Deck® FQu]x]= Table 158 2t}

R

Navi.&Bri. Deck

X1, Multimedia Room

Auud, A-Z4d, 71834, VIPE, usd (A)-H),

Boat Deck
Doctor Room
AFEA T, Ship” s Office, AF#3 o)A, &sjAbd, 7] 3A}
Shelter Deck
A a5 w4y
NO. 1 Lecture Room, No. 1 Reading Room, @&z}
Upper Deck ) _
e, AN A (D-(6)
_ NO. 2 Lecture Room, No. 2 Reading Room, &HAdw2]4
Main Deck .
sk A (10)-(36)
2nd Deck st A (37)-(52), 7184, WAL, Agadsd
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Chilled Plant 2 sets 2 AHU(Air

l’g : ]T]_’Ho]' Ho]'é}‘% /‘}%'5}31 9}114

Hol Jlew 1 &%

Handling Unit) 5th& A& FAEPN

Chilled Water Tank”} Double Bottomel X

e

£ 19.2m? oltHx43] %, 2007).

AFAHAAAE B dde] 43t s - AdFS MIPsof st AAE &
Ao Wity FFo] Jhssty W - G AxE 9 FIFAIAEY )8 Table 16
o} 2t}

Table 16 Wyul Al 2"l 9 EZX)AMHo 7 Q
T Z2ES|
<< fAT4 Air Conditioning | AF79, 3879, =84, F3dsd =
&) A8 Package Air Con. 7184, AF7184, AE334
Aa, dFAn, ARy, Saloon, EEHH
5748 Package Air Con. o]4, No. 1 & 2 Lecture Room, F2,

HAM, No. 2 Lecture Room

A A, AT, 91874, Bow Thruster

B Room 95714, WA =714d, 8714, 7+
1A% &% -
x4, Saloon, FAAT, AlEuAd, o4,
HJE FHil 5
X714, 71&xS4, ¥ERTY, Za,
A2 &%
CO2 Room, Fire Control Station &
o] AHAdel FrIxst AlxHle Ao F7ISupply ainFAle] &t
(Positive  pressure)S, H% T2 J7IReturn ainTAHY S<U4(Negative

pressure)e] TFREH A2 L)<

s MEEte

[¢)

A7 = A

A2 AHU(AIr Handling Unit)e.2 317]

Gl o) HAW F/F BE 2 A

Rt BHH =R

T

) Y
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Navi.Bri. deck

Boat deck

OO
==
=

Ld A h 1q i
22 nm

-l AR
(S| A

I F%r@‘ﬁn
Vi) 197 SN I Y SN Y I A

]

Al Al

0
F
ﬂ%_

| R——

| S}
% T
I
Y
7
P
=

| Y

ST ST 99T I @ \Jlu|—ﬁ Y/ I 1%
AN

. —
. @
P P P PO PO P

N D In In In In In In KYa

£h o LT il

N O

2nd deck

| =G

N
L
i} =

| @®: upward ) : downward

Fig. 5 AHU %9 3545 MY =
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AL Ao A= 5ol AHU(AIr Handling Unit) 2.2 67 = Ao thalk |
Wk dabo] tigk 1S £33t 2 AHUE Fig5o] IAE A3 Zo] 270
o]l wlZol AALZIE FFetH, 4 Hae ool wet AHUEEHE &

7l ¥ J5718 B3 28 H S AFHerh Table 172 2 AHUY 44497 &=

91 2-2F(0A, Outdoor air volume)d} ul7] & 2HEA, Exhaust air volume)& ERA
Aoty ESE o] AFAHY St HAZd= AU F713FE AAS HFHoE da

]
Atole] &7](Air circulation) Al 2Elo] % FHoJQ=Hl 1 &FS Table 183}

Table 17 AHU®] 214917 =4-8FOA)F vl 7] & HEA)

No. of AHU Outdoor air volume (OA) | Exhaust air volume (EA)
[m®h] [m/h]
1 6,865 2,965
2 5,080 3.895
3 6,145 3.050
4 6,895 3
> 6.735 4,485
Surm 31,720 14,395

Table 18 ©=o] A wi7]|d& Al=H &8

Direction Air volume
From To [m?/h]
Navi.&Bri. deck Boat deck 8,830
Main deck 2nd deck 6,235
Sum 15,065
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32 314 &3 =dF

3.2.1 CONTAM 3.2

o] =wolAeE AW F71E 2 &7l el fiMte o2 PaaHEEA
TANIST7F /dksle] MAIFHCZ 1 A5 AT )= CONTAM 3.28 Ab
239t CONTAMS 01351 AT AtEle 124804 Adud AHRE oA
AT &, 2005, o]AF &, 2009, XH & FHALL, 2007, F, 201D
of AFEHIL o, FodA = thre] Aq-(Lorenzetti, 2002, 2013; Ng, et al.,
2012; Persily, et al,, ,2006; Yu, et al., 20159 AF&-= At CONTAM 3.2+ X
E4HBE, AP FVISITE, datstes, olktsEAa 5 Ugd SHEA
gk A RES AFstm, 333 33 Abole] FE At o3 fEo] WA
g3 7Rt HEE A4S s ti(Walton & Dols, 2013).

SYFERE AMPY S Axleyel o3 =RY Hojgon, s Ade
AAA Y BE odBAe] AFe REHTDE AFRENHS BE3
L A A AFEe CONTAMS] Al Ae Ao A2 jol A A o)A %

WE o9 Aztel WE AFASE) HF Aoz joA iZ oF
=9 AY, & 2dd poke] A& o) AAA i

o] A, 4 il Jd S@E9 A ol oA j= o]F

A s Balolth. CONTAMS] HE|E mdoA & {0 A]

Z7] ANZE tell gk 7] A g A2 A6)2F 2.

dm,,
dt __RozzCozz E %] ozz E 1 noz]z a,j+mi§ka,ﬁcﬁ,i+Ga,i (6)

melA, Akt A AtARE o] e o e bz AN 2T



pi‘/iqa|t+At pZVCQ| +At az az E i, ozz

(7)
+2Fj,z'(1_77a,]z +m2k C +G t+At
j

71 A,

m, = AlojAA i) 7] A%

m; = AoA A We| FA=Ee] A7

Ci o = AojA AU e FAHERA o

R; = AAA o] 7] Z1A

R;, = AoAA R FAEA=EE oo TAGT

C, = AljAA i) 7] Adn<d

G, ., = AojAA e eH=d BAH

K, =%93%3 28&8& (Kinetic reaction coefficient)

o = dE 9 58

Pi =<9 2=

V = < i F9

F_, = ZiA j2 =+ [kgl

F,, =Z2ZjdA iz s2+ , [kgl
322 2945

CONTAM 3.25 o]&3te HAH5de e daE Fig6d ol mAdysiyn

Z 5709l AHU(Air handling unit)ellA &w3te w571, 7], ¥i7] 9E 2 ¥Hx
o |71, #i7], vl=Azt @718 HE F AAEH A9 BE 7] Al2HS b
¥ sttt Fig6oll A a&bAl & AHUE S8 &5stes 57|9E, Bae HE
o] 719E, st AHUE &3 SVHE, 2542 Hx9 SV|HE, 3
A2 AHUE Bl 3715 WiEsts Ai7I9E, &842 Ad B350 wiZ7|"9E
A zdlo s YERY AT
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Supply of AHU R btk

Supply of extra - [T
Return of AHU " I

Return of extra 1 . I { o

== Exhaustof AHU (A) Navi.&Bri. deck
= Exhaust of extra

-
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Table 19 Ayl =31

Scenario

Contaminant

Deck

OA [%]

VOC

(Benzene)

Navi.&Bri.

0

25

o0

75

100

Upper

25

o0

75

100

2nd

25

o0

75

100

Sarin

Navi.&Bri.

25

o0

75

100

Upper

25

o0

75

100

2nd

25

o0

75

100
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A= el edd BAAHAA L A7 =d 7 w}% AT s = WE=
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Navi.&Bri. g2+ 1the AHUE SsiAT 715 AAI8H7] wiol & Ay
YesSHTE= RdE4o] AAHE ARte] 28 Z2Ye Ae & T do 24
=4& B T utE ol o Boat HlZet AAE U= SVIHEC o i
T gk RE wEHE ol W A7 "o BT LAEAE g
= oHRY HaE FAHERT EI & Ay s HE ALY EdE
o] Y Bol e ASE & F I

Table 20 Alug] 2-Ae] 23}
(=29 AA HAYH 298+ A, %]
L OA Deck
Criteria , .
ratio Navi. _
(%] _ Boat | Shelter | Upper Main 2nd
(%] Bri
0 83.5 97.4 65.1 56.1 43.3 21.8
25 83.5 97.4 25.1 56.1 43.3 21.8
1 50 83.5 97.4 21.6 55.7 43.0 21.4
75 83.5 95.1 21.6 54.3 43.0 12.2
100 83.5 88.9 3 - - -
0 83.5 97.4 65.1 59.4 43.3 21.8
25 83.5 97.4 35.6 57.7 43.3 21.8
0.1 50 83.5 97.4 21.6 55.7 43.0 21.4
75 83.5 97.4 21.6 54.3 43.0 21.4
100 83.5 94.0 21.6 36.3 1.2 4.3
0 83.5 97.4 65.1 62.5 79.6 21.4
25 83.5 97.4 66.3 57.7 79.6 21.8
0.01 50 83.5 97.4 21.6 55.7 58.9 21.8
75 83.5 97.4 21.6 55.7 43.3 21.8
100 83.5 94.0 21.6 54.3 1.2 4.3
0 83.5 97.4 65.1 62.5 90.0 41.1
25 83.5 97.4 86.7 62.3 87.8 33.8
0.001 50 83.5 97.4 58.7 55.7 59.2 21.8
75 83.5 97.4 42.0 54.3 58.9 21.8
100 83.5 94.0 21.6 54.3 1.2 5.2
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o] dFlAE A AWE ez Addrel 7] AlxHlo wel eHd=4Z
shat 542 detstr] sl AluEl 2-A, AluE 2-B, AldEl2-CY edd &
e 47 BeE Frksidt. 29" 33t HlEes H@riskr] fs ddrlE
< 1%, 0.1%, 0.01%, 0.001%= A3tx ZAzE Table 200 B AT LFE
o] AT Navi&Bri. Hl= 2 Boat tl=Zol= 80% ©]de thid AHo &
d=dol 1%°17d AT, o] Hazs des edd AH2 ZasARt
H=zt 8718 B2z A" S7|H9EE Fof 7HE okl vlazkA 20%°1%
LHd AS 3 & F Aok 2d=Ho]l AR dHAddA EAIH LG
S7E &g FHoR dAH IAV|HEE T3 W= B2 Fo] 379 b

Gl =
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Fig. 9 AlUel2-Be] A3 (29 A A=A U-Source)
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AYg L Be 6719 Hl32 5 535 Upper dl=9] U-Sourceoll A L&
A(iA)o] g Afola, I Ay Fig9sh 2o Ay 2-Ag A
Hl3] AlAe)7] =& el SH9EHe] AAFHE 59 zol7t dudo
2 0 At AYg -BolA s A7 =&l wet LE=de] AAHE
ANZFE 20804 30RCE H oF 108 AX9 xo]S Kt AALY] =
AEo] 75%, 100%d w LHd=do] AAR= Aol ALY dA 3R, 0%,

25%, 50% Wol A% AAE Ao Fol7h 37 ol HEH T,

Table 21 Alte] ©-Be] 23}

[tl=e] A A 9= AY, %]

L OA Deck
Criteria _ ;
ratio Navi. _
(%] , Boat | Shelter | Upper Main 2nd
(%] Bri
0 83.5 81.6 42.5 54.3 43.0 214
25 83.5 81.6 Pk, 1 54.3 43.0 214
1 50 83.5 70.1 21.6 41.0 43.0 13.7
75 83.5 58.5 21.6 41.0 42.7 12.2
100 - - - 15.5 0.8 -
0 83.5 97.4 42.5 59.4 43.3 214
25 83.5 97.4 31.7 59.4 43.3 214
0.1 50 83.5 97.4 21.6 54.3 43.0 214
75 83.5 66.4 21.6 54.3 43.0 214
100 - 30.6 21.6 31.9 0.8 -
0 83.5 97.4 66.3 63.5 73.8 21.8
25 83.5 97.4 42.5 63.5 59.2 21.8
0.01 50 83.5 97.4 42.0 56.4 58.9 21.8
75 83.5 66.4 42.0 56.4 58.9 21.8
100 83.5 30.6 42.0 42.7 1.2 19.9
0 83.5 97.4 86.7 63.5 84.8 38.5
25 83.5 97.4 58.7 63.5 63.7 30.2
0.001 50 83.5 97.4 42.5 59.3 59.2 21.8
75 83.5 66.4 42.0 57.9 58.9 21.8
100 83.5 31.7 42.0 56.4 1.2 21.8
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T3 Upper dllZoA HAg Ayl e-Bel AS Alugle ART Ho 408
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Table 21 A7 stFT FA3 2 dUL AR Y AHUR) S Vg E=R g4
Tlo] W= A Boat "2 E FAE 1, AHU@S 379 EE &3 st% Haz <

AE4do] g4kET. Upperdl Zol& FE &5« o] AU 2-Ad Hl&)
B7] wol wEA F4kstHA, =S MEA AAEHE A & -’F Th AL
g -BAlAE HAETF the] AAHL7] =dE0] 75% °ol4Yd W 2Lds=7 A2
Al #H3kA T

4.3 Ag 2-Co| A3
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Fig. 10 Alygl 2-Co A3} (9 A A H-: 2nd-Source)
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Fig.102 A<54d9 H3el5<l 2nd dtl=2] 2nd-Sourceol A
Ay 2-Col Aoty AAHe7] =deol @t 0%,
Rolal, 50%, 75%, 100%<] 7

Aol ks A A=

=
=
o5

o=

Table 22 Ayg]2-Ce A3}

Ld=4

o] WA
250% & W W% Az
35 AASE Azl M@ ARe BT ©
AL o 108 o He AolE BT

(el=29] AA HAHY] 2F=+= AY, %]
OA Deck
Criteria _ :
ratio Navi _
(%] _ Boat Shelter | Upper Main 2nd
(%] Bri
0 16.5 31.7 78.4 87.1 70.4 45.8
25 - 3.4 25.1 56.1 43.3 26.5
1 50 - - - 36.2 41.9 214
75 - N z - 33.6 214
100 - - - - 334 214
0 100.0 97.4 78.4 89.3 70.4 45.8
25 83.5 81.6 25.1 56.1 43.3 21.8
0.1 50 - = - 49.8 57.8 21.8
75 - - - 44.5 54.4 21.8
100 - N - - 54.1 21.8
0 100.0 97.4 98.8 89.3 86.3 45.8
25 83.5 97.4 31.7 59.4 59.2 21.8
0.01 50 - - - 49.8 57.8 21.8
75 - - - 44.5 54.4 21.8
100 - - - - 54.1 21.8
0 100.0 97.4 98.8 89.3 86.3 45.8
25 83.5 97.4 86.7 63.5 59.2 21.8
0.001 50 - - - 49.8 58.1 21.8
75 - - - 44.5 54.4 21.8
100 - - - - 54.1 21.8
AgE 2-A, Auele-B Boks Jojdes o @Ede] e AAHYE),
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Fig. 13 Alyg]2-Do] 23 (9 A AH: N-Source, OA: 50%)
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Fig. 14 Alygl2-Do] 23 (9 A A N-Source, OA: 75%)
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Fig. 15 Alygl2-Do] 23 (9 A A A: N-Source, OA: 100%)
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Scenario-D

OA - 50%

OA - 75%
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Fig. 17 Alyg] 2-Ee] A3} (29 A A F: U-Source, OA: 0%)
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Fig. 18 Alygl2-E°] A3} (29 A A 4. U-Source, OA: 25%)
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Fig. 26 AlUg] 2-F2] A3 (L9 &4 AH™: 2nd-Source, OA: 75%)
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OA - 100%

Fig. 28 Aygl2-Fo] 29AxY (L9 A X-: 2nd-Source)
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Table 23 X|AFEF o]0 2 9 dxE= Al WAler 9 A7)

Scenarios OA [%] Sarin gas [kg] Time [min]
0 2.9 31
25 3.2 32
D 50 4.3 39
75 4.8 42
100 5.7 51
0 4.1 35
25 5.3 38
E 50 7.3 41
75 8.0 45
100 9.4 o8
0 9.0 54
25 10.2 72
F 50 12.4 80
75 14.9 93
100 17.5 101
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