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Uten Prominkam 2007: Design and Analysis of Suitable Fire Suppression System: Case
Study in Switchgear Room 22 kV. Master of Engineering (Safety Engineering), Major Field:
Safety Engineering, Interdisciplinary Graduate Program. Thesis Advisor: Assistant Professor

Thumrongrut Mungcharoen, Ph.D. 140 pages.

Switch gear room 22 kV is one of the significant distribution room of Provincial Electricity
Authority’s substation. In case of fire occurrence, the damage to PEA and customer is estimated to be
1,883,878 baht for the least case and 18,274,273 baht for the worst case. This research has studied the
design of three types of total flooding fire suppression system, according to NFPA standards, namely
halocarbon clean agent system: HFC-125, inert gas clean agent system: 1G-541 and high pressure
carbon dioxide system. Those 3 systems are appropriated for fire occurrence in switch gear room 22
kV which is the deep seat fire type. It is found that the design of halocarbon clean agent system: HFC-
125 with 8 % concentration, requires HFC-125 agent 267 kg with the discharge time of 10 seconds
and flow rate of 26.7 kg/s. For the design of inert gas clean agent system: 1G-541 with 34.2 %
concentration, the quantity of IG-541 of 264 m’ with the discharge time of 1 minute and flow rate of
234.68 m’/min are required. While the design of high pressure carbon dioxide system with 50 %
concentration, the quantity of CO, 810 kg with the discharge time of 7 minutes and flow rate of

115.71 kg/min are required.

The suitable fire suppression system is selected by comparing the performance of each
system according to the reliability and the cost effectiveness. It is found that the reliability of the
halocarbon clean agent system: HFC-125, the inert gas clean agent system: 1G-541 and the high
pressure carbon dioxide system are 0.298, 0.181, 0.149 respectively. The benefit to cost ratio for the
least case and the worst case damage of HFC-125 system are 0.59, 5.76 , of IG-541 system are 0.20,
1.90 and of CO, system are 0.23, 2.21. It can be concluded that the HFC-125 system is the most
suitable system for the switch gear room 22 kV due to the highest reliability and highest benefit to

cost ratio.

Student’s signature Thesis Advisor’s signature
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M13199 2 miﬂa;uaﬂam{mu (Halocarbon Agent)

Foas Fomaind GRIGEY
FC-2-1-8 Perfluoropropane C,F,
FC-2-1-10 Perfluorobutene CJF,
HCFC Blend A Dichlorodifluoromethane HCFC-123 (4.75%) CHC1,CF,

Chlorodifluoromethane HCFC-22 (82%) CHCIF,
Chlorotetrarfluoroethane HCFC-124 (9.5%) CHCIFCF,
Isopropenyl-1-methylcyclohexane (3.85%)
HCFC-124 Chlorotetrarfluoroethane CHCIFCF,
HFC-125 Petrarfluoroethane CHF,CF,
HFC-227ea Heptafluoropropane CF,CH,CF,
HFC-23 Trifluoromethane CHF,
HFC-236fa Hexafluoropropane CF,CH,CF,
FIC-13I1 Trifluorolodide CF.I
IR auauiiAvesaInguarlansuou (Halocarbon Agent)
AuANTa Porvun
Agent purity, mole%, minimum 99.00
Acidity, ppm (by weight HCI equivalent), maximum 3.00
Water content, % by weight, maximum 0.001
Novoiatile residues, grams/100 ml maximum 0.050
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M9 4 38AUAMUTNTU NOAEOL 11ag LOAEL vesa1snguenlaniuon

Agent NOAEL (%) LOAEL (%)
FC-3-10 40.0 >40.0
HCFC Blend A 10.0 >10.0
HCFC-124 1.0 2.5
HFC-125 7.5 10.0
HFC-227ea 9.0 >10.5
HFC-23 50.0 >5.0
HFC-236fa 10.0 15.0

1u7: NFPA 2001 (2000)
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(The United State Environmental Protection Agency (US.EPA) Tdasraeuanuiasant
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M0 5 aauAveIes HFC — 125 (NAF S125)

AuaNta Porrua
Agent purity, mole%, minimum 99.85
Acidity, ppm (by weight HCI equivalent), maximum 0.15
Water content, % by weight, maximum 0.001

]
=1

A1 usEN Hlou tnuaea 3109 (1.1).9.)

q' ~ 9 g Wd‘ [ Yy 9
M13519N 6 ‘J:::EJzL’Ja”mmgtymslwmgyﬂ@g”lﬂVl'imummmlmmmmmﬁ HFC-125

HFC-125 Concentration Maximum Permitted Human Exposure Time
% vIv ppm (minutes)

7.5 75000 5.00
8.0 80000 5.00
8.5 85000 5.00
9.0 90000 5.00
9.5 95000 5.00
10.0 100000 5.00
10.5 105000 5.00
11.0 110000 5.00
11.5 115000 5.00

12 120000 1.67
12.5 125000 0.59

13 130000 0.54

13.5 135000 0.49
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a \
M3 19N 6 (99)

MU 1. Data derived from the EPA-approved and peer-reviewed physiologically based
pharmacokinetic (PBPK) model or its equivalent.
2. Based on LOAEL of 10.0 percent in dogs.
fl1n: NFPA 2001 (2000)
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1. miﬁmammﬂimmﬁumﬁuﬁﬂmﬁ'u (Determine the Hazard Volume) WD

Y
v =

A Aa 2 o a =2 yy o &£ 4 o
NUNN 'Jﬂﬂ’ﬂgﬁ1ﬂ13ﬂﬂ§$ﬁ]1ﬂﬁ1ﬁﬂULWﬁQllﬂﬂQllﬂ NI NUNNNTIVIY

Hazard Volume = LxWx H M (1)
A
$V3}
& o
L unu ﬂ’JTZJfJ"ITJ"IJ@\‘IWU‘]SJi’NﬂH (m)
9 dy 1]
W U ﬂ'JﬁJﬂ'JNEU’t’)QWU‘]SJi’Nﬂu (m)

L o
H unu anvgavesiuilosiu (m)
o~ a Y Y Y A a o A 1
msnnsanlsnasenansoasvinala Sineluieiidsnasvesingoueg
Tagaaneausorinaalsuasvesvouanzilostu Ao Usasvesdanasaumaglu
1 9 9 ] g' [ A 1 ~ ) Y ) ~ [ 9
awnsounsndudn 118 5w e ensesesh lildilasenguinunilesiu sniu
A A A 9 a dy ~ @ 9
fanawnsognindeudieoon llnnusnuiuniewiuld
2. MIMUIUNIITUINTVI HEC- 125 (W)

W = (V/S)(C/(100-C)) i (2)

S =k +k(T) 3)



Tagfi

w = 15unases HFC- 125 (kg)

vV = ﬂ?mmﬁyuﬁﬂmﬁu (Hazard Volume) (m3)

T - gangimgaludesiitlostufingan (20°C)

s = U5umssumzuesdns HEC- 125 71 Tens (Superheat) (m/kg)

C = anududuvesss HEC- 125, Zovas (%) TaorSunsennuuud

ANUITUTUN 8 % (NFPA 2001 section 3-4.2.2, 3-4.2.4 1A% 3-4.2.5)

L da . o o
k.k, =  maandsnesdumng awnseylumsien 7

M519N 7 LaaImInlsuIaII NIz U0Ias HEC- 125
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a3l English Unit A3diiTu SI Unit
Agent
k1 k2 k1 k2
HFC- 125 2.7200 0.0064 0.1825 0.0007

11: NFPA 2001 (2000)

3. W1§1H3Hﬁﬂﬂiﬁgﬁ1’i HFC- 125 (Number of HFC -125 Agent Cylinders Require)

Number of IG -541 Agent Cylinders Require = 15uases HFC- 125 / Cylinder Capacity
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M319N 8 YUIAVBINILTIY HFC- 125 (Cylinder Capacity)

Cylinder Size (lit)  Fill Range Low (kg)  Minimum  Fill Range High (kg) Maximum

48 % 93 %

26.8 13.0 24.5
40.2 19.5 37.0
67.5 325 62.0
75 36.5 69.5

100 48.5 93.0
120 58.0 111.5

]
=1

N1 v5EN Hdeu iniinea $1ia (W.1.n.)
4. fwilSiasas HFC- 125 ineaseldnuszun (W,)
W, = Number of HFC- 125 Agent Cylinders Require x Cylinder Capacity ................. 5)

A

5. fuumANuduTUYeIEs HFC — 125 Nguugiigaga (C)

C = (100W,8)/(W,S+V) oo, 6)
S =k +k(T) )
Tagh
w, = 1USuasas HFC- 125 Aneaselnszuu (kg)
v = smasiunilesd (Hazard Volume) (m’)
T = guugigegaludesniesniu 37.5°C)
S = 1smesdumnzvesans HEC- 125 fi'lona (Superheat) (m'/kg)
c = anwduduigungiigegeuesats HEC-125, $ovaz (%) lavilu1as
k,k, =  a1nandsmasdumne awnseylumsien 7



6. Mnsandiumanududuvesans HFC — 125 Ngumgiigaga (
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c,) muiladsain

9
%

LLNﬁUUi’i‘c’nmﬂ (Atmospheric Correction Factor) Tﬂﬂﬁmﬁmmmmgmm @NG?;QES)IN?)WW
mmqqmﬁmzﬁuﬁymzm AT 9
C, = C x Atmospheric Correction Factor ~ ................ (8)
13 N‘ﬁ 9 LEAIA Atmospheric Correction Factors
Equivalent Altitude Enclosure Pressure Atmospheric
ft km psia mm Hg Correction
Factor
-3,000 -0.92 16.25 840 1.11
-2,000 -0.61 15.71 812 1.07
-1,000 -0.30 15.23 787 1.04
0 0.00 14.71 760 1.00
1,000 0.30 14.18 733 0.96
2,000 0.61 13.64 705 0.93
3,000 0.91 13.12 6789 0.89
4,000 1.22 12.58 650 0.86
5,000 1.52 12.04 622 0.82
6,000 1.83 11.53 596 0.78
7,000 2.13 11.03 570 0.75

117: NFPA 2001 (2000)

7. wnsalSeuifisuanududuvesans HEC - 125 Ngungigega (C,) Tudu

anuilaeaismumidigaveszauANUT NI IEI FalinanTENUADI MR B

o § [ ] 1 1 -4
(LOAEL) uazqqqﬂmmimumwm%’u%’ummmﬁqﬂzﬂq"luﬁNaﬂiz%maiwmamgyﬂ

(NOAEL) Tagens HFC — 125 doalimanududuoglugig 7.5% - 10.0 % a3 4
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8. M10ATIN5 IMavesszuy (System Flow Rate) “d]f\W]']iJJJWIi:ﬂ;Tu NFPA 2001

frualinardmsumsfanans (Discharge Time) 1301 10 3117
A A a Y v
System Flow Rate = USuasans HFC- 125 1918959 190 useuy

(W,) /Discharge Time (10 '3mﬁ)

MI22NUUUIZUUAUINWAIMBIN0¥ HATS IG-541

T A < @ a Aa J Y 1
A13NQUAEINDY (Inert Gas Agent) HUA Iz IMAUINAINTDIALTENOUHANDE
v & A ' o v A A aa ~ s
HosnilasnTenInnIvesmsiaIl fe @idey feou o1snou Tulasu Tagamso
o ¢ s W $ g ¢ T A A
T¥mamsvoulavenlemilumaway oilluaisesdlsznousedld ssnguilnieonlsy

Tuilszmealne Ao 1G-541 Foeiiyn1ansiife nergen Mgzl 13 lua1sed 10

d' 1Y A
MINN 10 TITNJUNIHIRDY

a3 Fomand gasnil
1G-01 Argon Ar
1G-100 Nitrogen N,
1G-541 Nitrogen (52%) 5
Argon (40%) Ar
Carbon Dioxide (8 %) CO,

1G-55 Nitrogen (50 %) N,
Argon (50%) Ar

111: NFPA 2001 (2000)
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nquansmanes Idsumsnaneenn IR linasifvuaAIIATIL NFPA 2001 o
wa Y a g 3| A o ¥ o a A a
aviiavessnsaumasdeuiluliaumasguguamindmuald esdum@signedanes
ponuuuLaaziunTth linaaeuuazSusosnmaulian q deslinuautidamidivua

Y A
14 awangnan 11

H o [ 4 . .
MmN 11 %’@mwuﬂﬂmmwmmmiﬂqummﬁﬂ&l (Inert Gas Agent Quality Requirement)

1G-01 1G-100 1G - 541 IG-55
Minimum
N, - 99.9% 52% + 4% 50% £ 5%
Composition, %
by volume Minimum
Ar 99.9% - 40% + 4% 50% £ 5%
Co, - - 8% + 1% -

Water content, Maximum Maximum Maximum Maximum

% by weight 0.005% 0.005% 0.005% 0.005%

7131: NFPA 2001 (2000)

U a Y N a A ' 4
MIDDALUUUIZAVNAIATMHN0IFUAAT IG-541 1AsITMIRANIN UIUADU

Y
M5RNLLL AN
o a dy A @
1. m'ﬁﬂmammﬂ‘immmmwuﬂﬂmﬂu (Determine the Hazard Volume)

Hazard Volume = LxWx H M (10)
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A
o
j’ U
L uny ﬂ'ﬂiJfJ']'JGU@QWHﬂ’[’)Qﬂu (m)
Y dy Y
W unu ﬂ'J'UJﬂ'J”NGlJf’NWH‘ﬂ@Qﬂu (m)

Ey o
H unu mmqwmwuﬂmﬂu (m)

Q a Y 9 Y A a o A '
m3nasandsuasenawnsaaaving la sineludedidsmesvesingoueg
Taesdanansorinanlsinasvesvouanzilostu Ao USuasvosdsnarsaumaa la
Y ] v
amnsounsniud 118 wu i venSevesn lilditlasenduinaunilesiu sniu

A Aa A 9 a A A v Y
dannawnsognindeudiesen livnnusnaununieaiuld

2. MUIUNIA Flooding factor (X)

X = 2303(Vy/S)Log(100/(100—=C))  ecoovrvrerrenn, (11)
S = k+k(M (12)

Tagn

X = Smesasmades (M 14.7 psia, 70°F) aeilsuiasiunileaiu

(ft3/ft3) (INERGEN agent flooding factor)

v, = 5wasiudilesiu (m’ke) 7121 °C (70°F) mwas i 12

T = guugidigeludesitlesiu (o)

s = Suassumzvesarsnguiasneoi loaa (Superheat) (m’/kg)

C =  anNuPuTuUUeIaNs IG-541, Tosaz (%) TasdTuias auasnan 13

1 A a ° = =
k = amandsunassumng Gﬂll‘]/li%Lﬂ‘LlGﬂiNTl 14
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M319n 12 waaaTinasiiunileadu (m'/ke)

Temperature ('C)  Specific Vapor Volume  Temperature ('C) Specific Vapor Volume

(m’/kg) (m’/kg)
-10 0.635 50 0.780
0 0.659 60 0.804
10 0.688 70 0.828
20 0.707 80 0.852
30 0.731 90 0.876
40 0.755 100 0.900

117 NFPA 2001 (2000)

M99 13 anudutudiganldlumseonuuuas 1G-541

Fuel Minimum design concentration
Class A Surface 34.2%
Class B Heptane 40.7%
Class C 34.2%

117 NFPA 2001 (2000)

M519N 14 uanan1nansuIassunsIzueaans 1G-541

A g A
N3ty English Unit A3ty SI Unit
Agent
k1 k2 k1 k2
1G-541
9.8579 0.02143 0.65799 0.00239

117 NFPA 2001 (2000)
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o a A ) do I 9 Y .. .
3. muamlsnamsmanes IG -541 UDYTANI unoely (Minimum Quantity

of IG -541 Agent Required)
Minimum Quantity of IG -541 Agent Required = Hazard Volume x Flooding factor
4. fnsansualSnamsmwney 1G -541 (Quantity of 1G -541 Agent Required)
VDULTIAUUT TN (Atmospheric Correction Factor) TagNITAININAUHUINA G?Q%N?N
Y v
MNANNFUH D TZAUINZA AT 9
Quantity of 1G -541 Agent Required = Minimum Quantity of IG -541 Agent

Required x Atmospheric Correction Factor

5. “riﬁﬂnuﬁ\‘lﬂiiigﬁﬁ%%ﬁﬂﬂ IG -541 (Number of IG -541 Agent Cylinders

Require)

Number of IG -541 Agent Cylinders Require = Quantity of 1G -541 Agent Required

/ Cylinder Capacity
..................... (15)
A15199 15 YUIAVDINN IG-541 (Cylinder Capacity)
Nominal Cylinder Size (cu.ft.) Actual 1G-541 Quantity (cu.ft.)
200 205
250 266
350 355
425 429
435 439

111: Ansul Inergen System (2002)
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6. fuInlIasaImaaee IG -541 N91893917AVTZVY (Actual Quantity of 1G

-541 Agent Required)
Actual Quantity of 1G -541 Agent Required = Number of 1G -541 Agent
Cylinders Require x Cylinder Capacity
o 1 a 4] A 1 a dy A [ a
7. ﬂ'lu')uﬂ'lﬂill'mi'ﬁ1iﬂ'lclflﬁ@EJG]@ﬂ5N1ﬁﬁwuﬂﬁﬂﬁﬂuﬂiﬁﬂlﬂﬂi3ﬂﬂ (Actual

Flooding factor)

Actual Flooding factor = Actual Quantity of IG -541 Agent Required /

(Hazard Volume x Atmospheric Correction Factor)

..................... 17)
] Yy 9 [9) A ~ a dy ~
8. MIAMANUINIUYIMITNBN0Y IG -541 NYUNYUFIGAVOINUN
C = 100 - (100/10 %32y (18)
S = k+k (M (19)
Taen
X = dsmasmsmadesselTunasiiuiileeiu (Actual Flooding factor)
(INERGEN agent flooding factor)
v, = d5wasiuiilesiu (m'ke) 7121 °C (70°F)
T = guugigegaludesiilesiu (o)
s = dfmestumnzvesainguianooii leas (Superheat) (m’/kg)
C = anududuvesss IG-541, Sevaz (%) lavdsashnguugligaga

1 A a ° = =
,k = MAINYsaTI NI mumzuiumﬂm 14
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9. asnasumIANUENiuMgaazgegalumseonuuy FIMstmuaaududy

A9 o [ dy

VDIH1T IG-541 UUBNIHUA ANU
v Y ¥ 5 A ' o &
9.1 GlGHﬂUTNLBIINQJUWWﬂ?W 43% @nllNﬂu“hJWWQ € PNU

= U 1 dy d‘ v
n. Hauoideegluiundleiu

v, szeznarlumsonsn lumu 5 w1
) Y Y e = A ' v
9.2 1H¥ANUANTUAINT 43% D4 52% udon Tuag o fail

4 1
n. lifiauerdeegluiunilosiulunaning

¥, nsgilauegnalumsonew lumu 3 wii
D, Y Y g = A ' o &
9.3 lFanudududinit 52% 9 62% awiton lua1a o dail

Y v
n. hifinuerdeegluiuntlostulunanind

A [ " Aa a =1
9. ﬂimuﬂuagnaﬂumaawaw"lmnu 30 IUIN
v Y] ' Y ady 1o o 1 e
94 Gl“lfﬂﬂ']ill‘l]ll‘uuiﬂﬂﬂ’l'l 62% 'lﬂ“luﬂsmw'lumumﬁﬂagmmu
o Yy 9 1o A a Y o Voo
izﬂummmmmmmsﬂqumcﬁm@awmimwmummﬂaaﬂnamzummqmm

o 9 1 1 4 o
i%ﬂﬂﬂ’!?ﬂ!%ﬂ%uﬂlﬂﬂﬁ”ﬁé}?ﬂﬁWaﬂig‘ﬂ‘ﬂ@]ﬂiﬁﬂ”lﬂlllg'ﬂﬂ (LOAEL) HAZPIFAUDITEAY

9y 9 £ @ (=) 1 [ 4 ~
ﬂ')']lll"llllsllusllﬂ\iﬁ"liclﬁilgﬂﬂhlllllNﬁﬂﬁgﬂﬂﬁi’)ﬁTQﬂTﬂNHEﬂ (NOAEL) U815 19N 16
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M50 16 52AUANUTLYU NOAEL tag LOAEL ve3a1sngumsinog

Agent NOAEL(%) LOAEL(%)
1G-01 43 52
1G-100 43 52
1G-541 43 52
1G-55 43 52

117 NFPA 2001 (2000)

10. WszeznanlumInaaImMHAeY IG -541 (Discharge Time) 151184 95 %

WATUIANAT TN 1

7

9199 17 nanlumsdams 1G-541 (dm5u 1 class A)

% Concentration

Time (Seconds)

% Concentration

Time (Seconds)

342
345
35.0
355
36.0
36.5
37.0
375
38.0
38.5
39.0
39.5
40.0
40.5

40
43
48
55
61
64
67
70
74
77
80
83
87
90

48.5
49.0
49.5
50.0
50.5
51.0
51.5
52.0
52.5
53.0
53.5
54.0
54.5

55.0

142
145
148
151
154
157
160
160
160
160
160
160
160
160
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M3190 17 (919)

% Concentration  Time (Seconds) % Concentration Time (Seconds)
41.0 94 55.5 160
41.5 97 56.0 160
42.0 100 56.5 160
42.5 104 57.0 160
43.0 108 57.5 160
43.5 111 58.0 160
44.0 114 58.5 160
44.5 118 59.0 160
45.0 121 59.5 160
45.5 124 60.0 160
46.0 127 60.5 160
46.5 130 61.0 160
47.0 133 61.5 160
47.5 136 62.0 160
48.0 139

11: Ansul Inergen System (2002)
11. ¥1oas1mM3 IMavesszuy (System Flow Rate)

System Flow Rate = (Actual Quantity of IG -541 Agent Required x 0.95) / Discharge Time
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AUNINTFIU NFPA 12 (Standard on Carbon Dioxide Extinguishing Systems) Aail
° a dy A o
1. mssamlsuasvesnunieadiu (Determine the Hazard Volume)
Hazard Volume = LxWx H m oo 21

A
4o
A o
L unu ﬂ'J']NfJ"IT’IJ@QWUﬁ@Qﬂu (m)
Y dy @
W unu mmmnmmwuﬁmﬂu (m)

& o
H unu anvgevesiuiloaii (m)

o~ a Y Y Y A a o A 1
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M1519N 18 Flooding Factor disumas ndingegnielu

Design rn3/kg CO, kg COZ/m3 Specific Hazard
Concentration
50 0.62 1.60 Dry electrical hazards in general
(Spaces 0-56.6 m3)
50 0.75 1.33 (91 kg Min) Spaces greater than 56.6 m’
65 0.50 2 Record (bulk paper) storage, duct

and covered trenches

75 0.38 2.66 For storages vaults, dust collectors

11: NFPA 12 (2000)
3. mssavlSnavesmsuonlaeenled (Basic Quantity of CO,)
Basic Quantity of CO, = Hazard Volume x Volume Factor kg ......... (22)

a a Y J d o d‘ d‘
4. NnsanmIvasersinaeamaasusu laeen lsaowilsananminasuilas
vosganigiitesmivenlavenlad las NFPA 12 fiual3hdeamgidedimadsuulas

11NN21 200°F (93.33°C) Tiiﬁ)éhﬂﬂ 0°F Gl‘l’iLWiJ‘lJiiﬂﬂ!ﬁﬁﬂTﬁUf]ullﬂ’é)ﬂﬂulclfﬂ é’mummmﬂ

gl nIdiNguvgivesnInni1 200°F WinSinamsmivenlaoenladiu 1% veq
Ad A d? a9 ° J o Y a a 4 o’d
puMgIfuNNTLNN 5°F wSegumgiiteadindt o°F IdiudSuamsmsven laoon ladiy

1% mmqmwgﬁmﬂamﬂ 5°F

a a 4 Jd w 4‘ d' 1 af d‘

5. WasanmIvasslIinavesmsueu lasenlea ouileannmMInyoaullan

[ a o a 4 o [T} y
Tuensotla’ld lumsdnnamalsunamsasuoulasen lad azdeaniiuszezasnelii

A 9 = =& ] a\ zﬂy A 1 a\ a ~
f19 ﬁzﬂszﬂmﬁw panenaNvesreutle uaziunvesreuta Tagnorsanaiunng 9
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e
LY
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NN

2 3 4 5ETHBI0 20 30 405080 BO10D
Fool height of atmosphera abovea center of opening

—_

For Sl units, 1 =0.305 m; 1 Ib/miri? = 4 89 kg/min«m=,

MNA 9 uaasn1lunssEUIeANNANINMSAATIS (Carbon dioxide losses through

enclosable opening)
111: NFPA 12 (2000)
6. muamilsnadaveimasamsveulaoon leanldlumsaada (N)

N = W/w . (23)
A
1o
A o o s s a & o
N unu USnadsvesmaamsveu lasen leanldlunsaada (99)
a s S
wunu Usuavesnsueulasen leanld

[% 2] @ a 1
w o HNY YUIAVBIDIVITTYIN LU UANNAUGN IﬂﬂWﬁ]1iﬂHLﬁ@ﬂ%1ﬂ@ﬂﬁNﬁ 19
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(nlansy)
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117 NFPA 12 (2000)
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9

dwisugaiiuiitleadu e 0.688 Kg CO, /m’
Q,y, = (Hazard Volumex 0.688)/2 KgCO,/min ............... (24)
msfinsasasns navesmwarsueu lasenlad 7t 7 undi
Q, .., = Quantity CO, /7 KgCO,/min ............... (25)

Y v 1
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X = free venting area (in.z)
Q = calculated carbon dioxide flow rate (Ib/min)
P = allowable strength of enclosure (1b/ft2)

For SI units, the following equation applies:

239Q

1/2

P

X = free venting area (mm”)
Q = calculated carbon dioxide flow rate (kg/min)
P

= allowable strength of enclosure (kPa gauge) $113 NN 25

@15199 20 Determination of Pressure for Venting

Type Construction Windage Pressure in. Water psi  kPa-Gauge
Light Building 100 mph 25 Tb/ft2 5 0.175 1.2
Normal Building 140 mph 50 Ib/ft2 10 0.35 2.4
Vault Building 200 mph 100 ITb/ft2 20 0.7 4.8

17 NFPA 12 (2000)
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Failure Probability Reliability
AND GATE
P =P*P, R=1-(1-R)(-R)
n n
p- [Ipi R=1-E(1—Ri)
i=1 -

A15191 24 Llﬁ'ﬂ\iﬂ’J"IlIﬁuﬁuﬁﬁﬂﬂﬁ%ﬁﬂiﬁ@ﬂWﬁ@gﬂl@Q Or Gate

Failure Probability Reliability
OR GATE
P=1-(1-P)(1-P) R = R*R,
n n
p=1-]Ta-ri) R = [Iri
i=1 i=1

Tagh R = exp(-ut)

A 1 A A . ey
W9 R UNU AMANUUNYDDD ( Reliability )

o 1 4
wouny B IMsdenienollveginial ( Failure/year)

o = =
t uNu NANUINYVeIRNUTENY

31: Crowl and Louvar (2002)
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swm3gunTal Failures/year
Controller 0.29
Control valve 0.60
Flow Measurement (fluids) 1.14
Flow Measurement (solids) 3.75
Flow Switch 1.12
Gas-liquid Chromatograph 30.60
Hand Valve 0.13
Indicator lamp 0.044
Level Measurement (liquids) 1.70
Level Measurement (solids) 6.86
Oxygen Analysis 5.65
PH Meter 5.88
Pressure Measurement 1.41
Pressure Relief Valve 0.022
Pressure Switch 0.14
Solenoid Valve 0.42
Stepper Motor 0.044
Strip Chart Recorder 0.22
Thermocouple Measurement 0.52
Thermometer Measurement 0.027
Valve Positioner 0.44
Pump Failure 0.026
Valve Failure 0.026
Motor — operated 0.36
Solenoid 0.36
Air — operated 0.036
Check , failure to open 0.036
Relief, failure to open 0.0036
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swmigunTal Failures/year

Electrical Hardware Failures/year
Motor Failure 0.0086
Transformer , open / short 0.0086
Relay Failure to Energize 0.011
Circuit Breakers , Failure to Transfer 0.36
Limit Switch Failure 0.036
Torque Switch , Failure to Operate 0.036
Pressure Switch , Failure to Operate 0.036
Manual Switch , Failure to Operate 0.011
Battery Power Supply Failure 0.0026
Solid State Device failure 0.0086
Diesels , Failure to Start 10.8
Diesels , Failure to Run 8.6
Instrument , Failure to Operate 0.0086
Orifices 0.05
Fire detector 0.09

17: Louvar (1998); Bentley (1999)
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R, - Z R™ - XR™ (30)

1
R, = Consequence x Probability ... @31
Probability = 1 - Reliability (32)

A
1o
(% 1 1 1 Y a 09.:’
Benefit/ Cost = 0ATIAIUHANDULNUADAIFVIBIINNTAAAITZUL
1 Y
Aumas Fannsanluszes 17 enainsaans
v Y
R, = WaneULNUNAIAIL AT UINMIAARITZUUALINGY
Y
Project Cost = e l¥aalumsaadaszuudumad
beft 1A d' ' a d? ! a o’/’ [ a
R = AUFIHNIINAIANILNAVUNDUAAAITZUVALINAY
v A 4
R™ = AuFenIeNnIAIZINATUNAIAAAITZ VA DINGS
' = A a ‘i?’ a A a 9
Consequence = fIANNEsMIENAATUATHAANAL IHT
Probability = Teman lawnsotlessumsinamas lnsd
Reliability = AANNUIFRD0VBITTUUALINGS

a 1 a a 4
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v S 1
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Zone A

LOH

Indication

Sign “On”

Lock Out Switch |——— P

Valve Operate

Solenoid

:

Sign “ Off »

'

HFC-125 Agent

No Discharge

Pressure Switch
«—

Activate

HFC-125 Agent

Discharge

Operation
4
Detector (Smoke Detector
Activate)
By
Zone B
| Reset .
Electric Manual
¢ ¢ Manual Actuator
¢> Pull Release
Cross Zone Alarm Bell .
Station Operate
¢ | Valve
> Control Panel <
Count Down 0 — 60 Sec | €—— Press Abort Strobe/Horn :
i Switch Light/Sound
Off Indication

] 9
v o @ a 4 a
ﬂ'lWﬁ 11 TUAoUMIMNUTZUUAVINAIE lam s UeUuHAd1S HFC-125
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Operation
4
Detector ( Smoke Detector
Activate )
By
Zone A Zone B
| Reset -
Electric Manual
¢ ¢ Manual Actuator
Yes > Pull Release
Cross Zone Alarm Bell .
Station Operate
¢ | Valve
> Control Panel <
Count Down 0 — 60 Scc |——| Press Abort Strobe/Horn :
l Switch Light/Sound
] Off Indication
Lock Out Switch [——— P
Sign “ Off”
i On
Indication i
Sign “On” 1G-541 Agent
No Discharge
Solenoid
Valve Operate

Pressure Sw

Activate

itch

IG -541 Agent

Discharge

4 g o o a o 4 a
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R= 0.951

HFC-125 Agent Faultto fire suppression

| R= 0.298

R = 0.818

R = 0.364

Nozzle (orifice) Fail

Gas not enough to discharge
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R = 0.394 |

|R = 0.924

f ‘ Cylinder Valve Fail

No Operate to Cylinder Valve @
D

R= 0.974

R = 0.657

Solenoid

Valve Fail

R= 0.606 R= 0.989

No signal to Solenoid Valve

Manual Release

Valve Fail
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Control

Panel Fail
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Lock out

No signal to Control Panel

Switch fail

No signal to cross zone
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o Y a d
eﬁiiﬂﬁﬂ114’]&”1156i’)ﬂ!!‘]J']J38’,']JUﬂ‘].l!‘l/‘lﬁﬂ?lﬂﬁﬂ]i‘ﬂi’)u‘liﬁﬂﬁ1§ HFC-125

[ a 4 a A, J o (%
MIDONUVUIZVUAUINAIE Tams UBUSTIAANS HEC-125 1ag23nsnaniy d s

4

Y a 4 g
auasluiesginsaimuguszunTilihwsge 22 93 ensoeenuuy ladail
o a dy A @
1. mMsmuarlsuesvesiiunileaiy (Determine the Hazard Volume)

Hazard Volume = 215x7x 4 m

- 602 m

2. mymuunlsunasues HEC- 125 (W)

finan  USinassumzvesasnguimanilesiileas (s)
1N S =k, +k, (T)
Lf'lﬂ k, = 0.65799 , k, = 0.00239 , T =20 C
wld S = 0.1825+ (0.0007 x 20)
= 0.1965
wsan  USasves HEC- 125 (W)
MW = (V/S)(C/(100-C))
de S = 01965 , V=602m ,C=8
wld w

(602 /0.1965) (8/(100 — 8))
266.40 kg

3. “ri‘ﬁﬂnuﬁ\miiigﬁﬁ HFC- 125 (Number of HFC -125 Agent Cylinders)

91N Number of IG -541 Agent Cylinders Require = 151ases HFC- 125 /

Cylinder Capacity

1o USuasa1s HEC- 125 = 266.40 kg 1a81aanuinataussgaiua1s e 8
Y@ 100 it Nenansn U35y lagega 93 ke
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9218 Number of IG -541 Agent Cylinders Require = 266.41 /93

2.87 09

k4
aady doalddeussgens HFC -125 Tudsussguuia 100 lit $149u 3 69

TasUTIY090% 266.41 /3 = 88.81 kg WII1IUIUTIY M3 (Cylinder Capacity) 89 kg #1064

¢ a & Y o
@Qﬂﬂlﬂu@ﬁi’lﬂ’lﬁﬂﬁiﬂ 89/100 = 89 % UVDIVUIADIVTTY

4. swralFuasans HEC- 125 Measeldiuszuy (W)

Capacity

89 kg

911 W, = Number of HFC- 125 Agent Cylinders Require x Cylinder

1i§® Number of HFC- 125 Agent Cylinders Require = 3 0, Cylinder Capacity =
wld W, = 3x 89

= 267 kg
Auannududuvesss HEC - 125 iguiniigaga (C)

a a o 1o A A
WITUN ﬂimmmmwmmmsﬂquﬂwmasmllam (S

0 S= k +k,(T)

ek, 0.65799 , k, = 0.00239 , T = 37.5 °C
wld S = 0.1825+ (0.0007 x 37.5)
= 0.20875

s anududuvesas HEC — 125 Nguvgigaga (O)

10 = (100W,S)/(W,S+V)

C
We S = 020875, V=602m , W,= 279 kg
wld € = (100x267x0.20875) /(267 x 0.20875) + 602)

= 848 %
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6. Mnsandiumanududuvesans HFC — 125 Ngamgiigega (C,) awiladean
o o ] ! o’/’ 4
U UVT TN (Atmospheric Correction Factor) Tﬂﬂ@anuﬂﬁ@Nﬂlmﬁ)ﬂﬁ’qﬂﬂiﬂiﬂ?ﬂﬂu
a Jd I A |q§j !
seuv Iihusage 22 197 (@3adiRes) Ansanawiasesszmalng awaisieh 9 914

Atmospheric Correction Factor ~ 1

1N C, = C x Atmospheric Correction Factor %
wld  C, = 848 x 1%
C, = 848 %

7. wosanSeuieuanududuvesans HEC - 125 fgamgiiqega (€,) Tudw
anutlasaseamiimgavessziuanuuduvesssFainansznuaesunmeonyyd
(LOAEL) tazgagavesszduanududuvesas oz hifinansenudes umenynd
(NOAEL) Tagens HFC — 125 doalimanududuoglugig 7.5% - 10.0 % mnmsdiuim
Tumsaumasresginsainiuauszuulilihugege 22 103 @adifes) Aoaldannududn

v Y
YDIET HEC — 125 TU%29 8 % - 8.48 % &4 1uiAuA1 NOAEL aatiudsaungalslumsaumas
Tdedatlaoasie

8. ¥10A51M13 1Mauee3eUY (System Flow Rate)

910 System Flow Rate = YSmasans HFC- 125 saselvinuszuuy
(W,) /Discharge Time (10 UN)
awld System Flow Rate = 267/10 kg/sec

= 26.7 kg/sec



asa o U a (94 ‘ﬂ' a
AFNITIMUIUNTIDINUVUISVUAVINAINBINDEBUATT IG - 541

o a o g a as J a
ﬂﬁ’é)’f)ﬂll‘U‘Ui%ﬂULWﬁ\‘lﬂW%ﬁ@ﬂ%uﬂﬁﬁ 1G-541 Tag35NMsRANIN WIITUINTOON

4

Yo A
uuy Taeatl

v v
1. mssamlsuasvesnunieadiu (Determine the Hazard Volume)

Hazard Volume = 215x7x 4 m

= 602 m

2. AUIUNIA Flooding factor (X)

a a o T oY d’ d'
W70 ﬂiuwﬁs%uw1szQﬁ15ﬂquﬂwmnaﬂm16ﬂa(S)
NN S =k +k, (T

e k= 065799 ,k, = 000239 , T =20"°C

wld s

0.65799 + (0.00239 x 20)

0.706

NITU Flooding factor (X)

1Mn X = 2.303(V,/S)Log (100 /( 100 - C))
W V. =0709,S = 072013 ,C =342
R )

X = 2.303(0.709/0.706) Log ,, (100/ 100 — 34.2)
= 0419

o a o A A 9 Ao & 9 Y . .
3. Auamlsnamamessiaas 1G -541 uaﬂqwﬁnmumﬂ% (Minimum
Quantity of 1G -541 Agent Required) wld
Minimum Quantity of 1G -541 Agent Required = 602 x 0.419

= 252238 m’



96

4. wosandSumlSnamaossias IG -541 YoIUTIAUVTIENAVD

9
Uszinelne 9m Atmospheric Correction Factor ~ 1 fau az'ld

3

Quantity of 1G -541 Agent Required = 252.238x1 m

3

252.238 m

5. WIUIUBILIIIMHN0eVIAAS IG -541 TaoNaId0NUUIABIDTIYNY

MOUHAMT IG -541 12m’ (425 ) azld
Number of IG -541 Agent Cylinders Require = 252238/ 12 09
= 21.02 o9
1% 09.:’ 9 Yy A a Y 3 z @
ANUU i]gﬂﬂ\ﬂ‘]f NYIRDYVUATT IG -541 GluGUUWQQQUiii] 12 m MIHuUA 22 99

o a %) A a A Aa Y o 14
6. ﬂ1u3mﬂ3ﬂ1ﬁiﬂ1%mﬂﬂﬂﬂmﬁﬁ' 1G -541 ﬂﬂ?ﬂﬂiﬂiﬁﬂﬂigﬂ‘ﬂ ﬂ%hlﬂ

Actual Quantity of IG -541 Agent Required = 22 x 12 m’

264 m

o 1 a [ zﬂl a 1 a zﬂy d‘ [ a
7. aumydsuasmesnosviacs @]’f)‘]JﬁlJWIiW‘H“VIﬂEJ\?ﬂu%'i\i‘ll@\‘]iz‘ﬂ‘ﬂ

Actual Flooding factor = 264 / (602 x 1)

= 0.439

' Y v o A A a A A
8. MIMANUAUNUHUDIFITNIYIRNDY IG -541 mamw{]uqqqmmwu%

Q

N S =k +k,(T)

2
(a0}
-
I

1 0.65799 , k, = 0.00239 , T = 37.5 °C

2
ee
>
2]
Il

0.65799 + (0.00239 x 37.5)
= 0.748 m'/kg
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finsan AnuudiuvesmwReetiams IG -541 Ngmuugiigaga (C)

(X S/2.303Vs)
N C = 100 - (100/10 ) %
1o V. = 0709 m/kg, S= 0748 m'/kg , X = 0439
awld

(0.439 x 0.748/2.303 x 0.709)
C = 100 - (100/10 )

= 37.06 %

9. ainvdoUMANTNTUMgALAzgIgAvRIMHEINooFIATTT IG -541

'
=) a

Tunmseenuuy 1218 manudududigavesimfossings 1G 541 34.2 % uaz
manududugagavesmfossings 1G-541 37.06 % Fannseiuvesrsanududy
asfmmden IG -541 ilefinsannnamgavesszduanududuvesimiosyiines 16 -541
Fafinansznudes amenyyd (LOAEL) nasAgagavesszduanududuvesimios
¥iiad1s IG -541 Fevzda hifinansznudes amenysd (NOAEL) 91na1319d 21 a1
aninfinueifvegluiesgnsaimuauszuyIiussge 22 193 18Tas1¥s5vezna

Tumsonen lunu 5 1A

%) 4 a a a !
10. ?ﬂi%EJ%L’mﬂuﬂ"liaﬂﬂmﬂﬁ’ﬂﬂsb'uﬂﬁ"li IG -541 15111 95 % NATUININAIT N

9 = Aa =
17 algnarlumsia 64.12 30
11. ¥19AI1ANT 1Mav095LUL

System Flow Rate = (264 x 0.95)/(64.12/ 60)
= 23468 m'/min
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ITMINTUIUNII0D ﬂ!!‘UUi%‘]J']Jﬂ‘]J!WﬁQﬂ1‘Uﬂ1§‘]J?)H"lﬂ?)E) ﬂ“l"lfﬂ

[ a 2] 4 o [Y] 1

MIPRALUUTTVUAUNAITIemMasUou lasen lad ﬁzuummﬂuqmu‘uﬁﬂmu
Y Y
f?m%’m%maqﬂagmﬂiu (Deep Seat Fire) W31541090N4LUU &

v A

AN

4 1
1. msanamilSnasvesiiundesdu (Determine the Hazard Volume)

Hazard Volume = 21.5x7x4 m’
602 m
2. MIAUIUN Volume Factor N913841910 1517 18 22 14
Specific Hazard Ao Dry electrical hazards in general Spaces greater than 56.6 m’
A91U Volume Factor = 1.33 kg COz/m3 1tag Design Concentration = 50 %
3.

o a 4 J . .
ﬂ"liﬂWll'Jﬂ!ﬁT]Jﬁiﬂm‘U@\?ﬂ'ﬁU@uulﬂ@’ﬂﬂllclfﬂ (Basic Quantity OfCOz)

Basic Quantity of CO, = 602 m" x 1.33 kg CO,/m’

800.66 kg CO,

a a () J L&Y di ~

4. NnsanmIvaesinaeamams usu laeen lsaowiisananminasunilas
a9 4 d A
YoIgurnNeInIsvon lnoon lad iin

A = a Y A
10 tieannmanlasuuilasgumngiivesrieslian 17.5
IR AT A

a a 4 Jd W 4 A a
5. WasanmMIrasslIuiavesnmsuou laoenled suilosuanmsnseuile
Aluenusatla’ld Ta1 0 tiieaan lutiveaila
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° Aa o o s sAq Y a o
6. ﬂ'll!')ﬂ!ﬁ'ﬁJﬁNTﬂ!ﬂ\isll@\‘]ﬂ']“l)'ﬂ']3Uﬂu1ﬂ@@ﬂ1“ﬁﬂﬂ1“ﬁ1uﬂ1§@ﬂ@ﬂ (N)

z
Il

(800.66 +0+0) /45

17.79 09

k4
Y Y

[ Yo [ @ Y a [+ Aq ¥ a
ANUU @@Qi%ﬂ1uﬁuﬂﬂiuﬂ1§ﬂiﬁﬂ 18 94 uazﬁlx"lﬂﬂimmm%ﬂmmmq

(Quantity CO,) = 18x45 kgCO,

810 kg CO,

a (Y] [ J 4
7. N59031M3 Iavesmaasuou laoon lua

a o o s s A ~
Wmﬁﬂﬂ@ﬁﬂﬂﬁvlﬂa"llﬂﬁﬂWGﬁﬂWﬁUfJuulﬂ@@ﬂul“D'ﬂ N 2 UINLTN

Q,p, = (602x0.688)/2 Kg CO, / min

207.09 Kg CO,/min

A o 1 s s A ~
Wmsmmmwmi"lwaﬁummmmauau”lﬂ@@ﬂ"lcm N7 UMN

Q,. = 810 /7 Kg CO, / min

115.71 Kg CO,/min

9 v
8. MIAIUNUNADITZUIBANUAU (Pressure Relief Venting Area)

239x 115.71

172

24

— 1,7851.03 mm’

[ 09.:’ { { o [ @ d o o a o
ANUU fg]}@\‘i@ﬂﬂllﬂﬂﬁuﬁﬁ'lcﬁiU33U'lﬁlﬂj'lllﬂu!ﬁ@ﬁﬂWﬁﬂ%ﬂu"Uﬂ\iiﬁ‘UUﬂULWﬁ\?ﬂT‘]ﬂ

¢ s A 4 0y 2
ﬂ’lﬁ‘l]'ﬁ)ullﬂ’f]@ﬂhlcﬁﬂ VUIANUNDYNNUBDY 1,7851.03 mm
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] Y
ASNUING Al miﬂizmusmmwméfﬂszuuﬁmwmaﬂaﬂﬁuau%uﬂmi HFC-125

(NAF S125)

Equipment Cost Unit Price
1 Cylinder 100 Lt filled with NAFS 125 89 kg 3 636,000.00
2 Discharge Nozzle 4 12,000.00
3 Cylinder Accessories 3 15,000.00
4 Solenoid Actuator 1 5,500.00
5 Pnuematic Actuator 2 9,000.00
6 Pnuematic Manual Actuator 1 4,800.00
7 Rigid Hose 1 1/2" 3 10,800.00
8 FSP Control Panel 1 30,000.00
9 Photoelectric Smoke Detector 6 9,600.00
10 Alarm Bell 1 1,000.00
11 Alarm Horn and Strobe Light 1 5,500.00
12 Manual Releasing Switch 1 3,000.00
13 Abort Switch 1 3,000.00
14 High Pressure Switch 1 4,500.00
Sub Total 749,700.00

Installation Cost

1 Piping Work 1 100,000.00
2 Electrical Work 1 70,000.00
3 Overhead Cost and Commissioning Cost 1 25,000.00
Total 944,700.00

=

N

11 U5EN Hieu indinea 910a (v.1.4).)
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Equipment Cost Unit Price
1 Cylinder 12 m’ filled with INERGEN 22 1,254,000.00
2 Discharge Nozzle 4 14,000.00
3 Cylinder Accessories 1 15,000.00
4 Pilot Cylinder HF Electric Actuator 1 15,000.00
5 Pilot Cylinder Booster 1 11,000.00
6 Discharge Lever and Hook up 2 16,000.00
7 Flexible Hose with check 22 88,000.00
8 2" Pressure Reducer 1 8,800.00
9 FSP Control Panel 1 30,000.00
10 Photoelectric Smoke Detector 6 9,600.00
11 Alarm Bell 1 1,000.00
12 Alarm Horn and Strobe Light 1 5,500.00
13 Manual Releasing Switch 1 3,000.00
14 Abort Switch 1 3,000.00
15 High Pressure Switch 1 7,000.00
16 Cylinder Rack 1 18,000.00
Sub Total 1,498,900.00

Installation Cost Unit Price
1 Piping Work 1 150,000.00
2 Electrical Work 1 70,000.00
3 Overhead Cost and Commissioning Cost 1 25,000.00
Total 1,743,900.00

=

w1 U5En Houw tnuaea 31na (1.1).4.)
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Equipment Cost Unit Price
1 CO2 Cylinder 68Lt. filled with CO, 45 kg. 18 810,000.00
2 Discharge Nozzle 10 25,000.00
3 Solenoid with Manual Actuator 2 15,000.00
4  Flexible with Check Valve 18 81,000.00
5 FSP Control Panel 1 30,000.00
6 Photoelectric Smoke Detector 6 9,600.00
7 Alarm Bell 1 1,000.00
8 Alarm Horn and Strobe Light 1 5,500.00
9 Manual Releasing Switch 1 3,000.00
10 Abort Switch 1 3,000.00
11 High Pressure Switch 1 7,000.00
12 Cylinder Rack 1 18,000.00
Sub Total 1,008,100.00

Installation Cost Unit Price
1 Piping Work 1 130,000.00
2 Electrical Work 1 70,000.00
3 Overhead Cost and Commissioning Cost 1 25,000.00
Total 1,233,100.00

]
=1

w1 usEn Hlou tnuaea 31na (1.1).4].)
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A s m! A s
518021080 a1sanlansuou AITMBROY MImsuoula
(HFC-125) (1G-541) ponlad (CO,)
NANIZNUADTIUIAADY
fAnennlunms 0 0 0
E)
Rranesu To Ty
(Ozone Depletion
Potential: ODP)
fnenmmnililan 3,800 0 1
Foulu (Global
Warming Potential:
GWP)
myazanluru 28.2 1l 0 0
UFFMA
U
NANIENUADHY Toxicity, Acid Rain - -
UFFNMA
I A [
ANV UNEADAU
A5NNAN HF (Hydrogen aidi CO,
NMSAAIUA) Fluoride)
AGIGAVDITEAL 7.5 % 43 % -
Yy 9
ANVANVUUD
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sFa lutina
AILNUADI MY
o
uY¥ (NOAEL)
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4
(HFC-125) (IG-541) oon 3¢ (CO,)
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1. Cylinder Valve 2. Solenoid Valve {i; 11
10

5. Abort Switch 6. Electric Manual

3. Manual Lever Release 4. Fire Control Panel @
[}
[}
[}
[}
[}

Pull Station

7. Alarm bell 8. Strobe/Horn
9. Smoke Detector 10. Pressure switch -
11. Nozzle

<

IUIUKINA 4 1

FCP

HFC-125 agent 3 Cylinders

! @ a 4 a
<ﬂ1WN‘H'Jﬂﬁ 341 Diagram HEANTEUUALINGN81 Jams UousHAa1s HFC-125
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HFC-125 Agent Faultto fire suppression

Nozzle (orifice) Fail Gas not enough to discharge

@ f | Cylinder Valve Fail

No Operate to Cylinder Valve @
D

No signal to Solenoid Valve

Solenoid

Manual Release

Valve Fail
Valve Fail

No signal to Control Panel

Lock out

Control

Panel Fail Switch fail

No signal to cross zone

Electric Manual

Pull Station Fail

Smoke Detector Smoke Detector

Zone A Fail Zone B Fail

MWHLINT 92 LEAAUNATZUUAUWAIET HFC-125 UnWiod aeunugiidu'ld



MIMUIUAINNVUNFDDD VOITZVUALINAI Tan1s UoUsIAT1T HFC-125
11N R = exp (-ut)

A 1 A A
o R und 10U Y000

o 1 4
LUy eaImadeieaetlvesgilnaal

t  unu nauvvesanudse
1 1 d‘ = d' o 1
1. MANUUAYDDD NAKUI A (R,)

Smoke Detector A3 1MIITIH AN (1)

0.09 failure/year
R, ttag R, = 091

Y T A A Ao ]
w18 maniugede AdmMUe A (R) = R xR,

= 091x0.91
= 0.828
J 1 d‘ =) d‘o ]
2. MANUUNFDDD NAULMUI B (R,,)
Electric Manual Pull Station 9R351M5td@engael = 0.011 failures/year
R, = 0.989
Y 1 VA A A o ]
1218 menuiuiene Nd L B (Ry) = R,xR,
= 0.828 x0.989
= 0.819
1 1 4‘ A d'o ]
3. MANUUNYDDD NAWHUL C (R.)
Control Panel 9a31MSIAIHEAOY = 0.290 failures/year
R, = 0.748
Lock Out Switch 9A51Mst@e11ea0Yd () = 0.011 failures/year

R, = 0.989

118



Y 1 T A A Ao ]
2214 MU N MU C (R
] 1 d' A d‘ o ]
4. MANNUIFeN0 NAMHUID (R,)
Solenoid Valve 90351051& 8418901

Manual Lever Release 9013510151&8¥ 199101

=)

YR A Ao '
1214 Amenuin¥ene AU D (R,) =

1 1 d‘ = d' o 1
5. MANUUUFDDD NAUHUNE (R)
Cylinder Valve 99351M151d0vi1gn01)

R, ,R, ,R,

Y 1 T A A Aol ]
%3‘1@ AMANUUUEDND NANULHUI E (RE)

=

1 A Ao 1
6. MANVUUFDND NAWNUIF (RF)

Y A A A o ]
2214 A1NUUFIND NAWNUS F Ry =

R, xR, x R,

0.819x 0.748 x 0.989

0.606

= 0.420 failures/year
= 0.657
= 0.011 (failures/year
= 0.989

R.xR, x R,

= 0.606 x 0.657 x0.989

= 0394

0.026 failure/year

0.974

= R xR,xR,

0.974x0.974 x 0.974

0.924

R, x R;
0.394 x 0.924
0.364
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1 1 4‘ A d‘ o ]
7. AMANVUULDDD NAWNUL G (RG)

U = 1T A
Nozzle (orifice) ’t’]ﬂiTﬂﬁ!ﬂ'ﬂﬁ?ﬂ@]i’)ﬂ

0.05 failure/year

R,R,R,R, = 0951
R = (0.951)(0.951)(0.951)(0.951)
= 0.818
w18 Meanuingede idumia G R) - R, xR
= 0.364 x 0.818
= 0.298

[ 3 J 1 4 [ a J a
ANUU ﬂ1ﬂ?WNUWL%@ﬁﬂWJ@Qi%UU@ULW@Q‘élﬂﬂﬂﬁ‘ﬂ’ﬂu“]fuﬂﬁﬁ HFC-125 ﬁ@ 0.298

'
v I

HAZLAAIAIANUU TN OVOITZUVAUNAY HFC-125 muuwugiau 1i dsnmpuini a3
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HFC-125 Agent Faultto fire suppression

R = 0.298

R= 0.818

R = 0.364

Nozzle (orifice) Fail

Gas not enough to discharge

R = 0.951

® O

R = 0.394 |

|R = 0.924

Cylinder Valve Fail

No Operate to Cylinder Valve

R = 0.657

XX

= 0.974

R= 0.606 R= 0.989

Solenoid

No signal to Solenoid Valve

Valve Fail

Manual Release

Valve Fail

R= 0.748

Control

Panel Fail

R = 0.828 |

Lock out

Switch fail

| R = 0.819

No signal to Control Panel

No signal to cross zone

R=0.91 [ J R= 091

Smoke Detector

Zone A Fail

MAHWINT 93 1anImnNuIFoN0UeTZUURUINGS HFC-125 amnwugiau 13

Smoke Detector

Zone B Fail

R = 0.989

Electric Manual

Pull Station Fail

y



1. Cylinder Valve 2. Solenoid Valve
3. Manual Lever Release 4. Fire Control Panel
5. Abort Switch 6. Electric Manual

Pull Station

7. Alarm bell 8. Strobe/Horn
9. Smoke Detector 10. Pressure switch —
11. Nozzle

Py 193195
allalla

Inert gas IG -541 22 Cylinders

MNEUINT 94 Diagram LAAITEVUAUINGS IG-541
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IG-541 Agent Faultto fire suppression

Nozzle (orifice) Fail

Gas not enough to discharge

=

No Operate to Cylinder Valve

Cylinder Valve Fail

X

Solenoid

Valve Fail

No signal to Solenoid Valve

Manual Release

Valve Fail

Control

Panel Fail

Lock out

Switch fail

No signal to Control Panel

No signal to cross zone

Smoke Detector

Zone A Fail

Smoke Detector

Zone B Fail

Electric Manual

Pull Station Fail

MWHUINT 95 LAAUNATTUVAUINGS IG-541 UNNTDI Areumunian 1



13 d' A Y a d' a
fﬂﬁﬂ1‘14'Jmﬂ'1ﬂ31Nﬁ“‘ﬁ]ﬁlﬂﬂli’)x‘ﬁ%‘ﬂﬂﬂﬂ!‘lﬁlﬂﬂﬁ1‘ﬁ!ﬂi’)ﬂ‘vuﬂﬁ1§ 1G-541

nn R = exp (-ut)

A J VA A
o R UNu ANV UUYDDD

[ 1 L4
nounu easImadeniensivegingal

t  unu nauvvesanudee
1 1 4‘ A d‘ o ]
1. AaNuUuFene NAWHUI A (R,)

Smoke Detector dA51A5IAENI10AD1 () = 0.09 failure/year

R, HazR, = 091

Y ] d‘ A A o ]
1214 menuindene AduWUIA (R) = R xR,

= 091x0.91
= 0.828
1 1 d‘ =) d‘o 1
2. MANUUNFDDD NAULKUI B (R,)
Electric Manual Pull Station 8R51M5td@evgael = 0.011 failures/year
R, = 0989
Y 1 T A A Ao ]
1218 Annuln¥eds Adune B (R,) = R, xR,
= 0.828 x0.989
= 0.819
] ] d' A d‘o ]
3. MANVUHUYDDD NALKUI C (RC)
Control Panel 8A31NSIHONEADL) = 0.290 failures/year
R, = 0.748
Lock Out Switch 835131 @8H10001) (W = 0.011 failures/year

R, = 0.989

2
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Y 1 T A A Ao ]
w18 mauiugede Aidumuac R) = R, xR x R,

0.819x 0.748 x 0.989

= 0.606
] 1 d' A d‘ o ]
4. MANUUUFDDD N UI D (RD)

Solenoid Valve 931051718001 = 0.420 failures/year
R, = 0.657

Manual Lever Release @315 10001 = 0.011 failures/year
R, = 0989

Y A A A, ]
1214 menuiugene fduWleD (R, = R.xR, x R,

= 0.606 x 0.657 x0.989

= 0394

1 1 d‘ = d' o 1
5. MANUUFDD NAUHUNE (R,)

Cylinder Valve 99351051d0vi1gn01) 0.026 failure/year

R,,R, R, = 0974

2218 mamniudede IRUMIME  R) = R)ER)R,)..(R,)
= 0974
= 0.560

=

1 1A Ao 1
6. AANVUUYDDD NAUYUI F (RF)

Y 1 A A Ao ]
1218 manuiuede Nd WL F (R) = Ryx R,
0.394 x 0.560

0.221
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1 1 4‘ A d‘ o ]
7. MANUUUBDND NAUNUI G (RG)

Nozzle (orifice) BATIMILTINI10ADL) 0.05 failure/year

0.951
(0.951) (0.951)(0.951)(0.951)

RI ’R2 1{4

= 0.818

1214 Anuliugee Adwmue G (R,) R, xR
= 0221 x 0.818

= 0.181

[ 3 1 1 4 [ a o 4 a
AU AU UYDDD YDITTUUAUNAINWN0EYIATT IG-541 A 0.181 LAY

Y]

HAAIANIANUU T NOVOITTUUAUINGY 1G-541 mmuwuiau 18 danmwuIni 6
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IG-541 Agent Faultto fire suppression

R= 0.181

R = 0.818

R=0.221

Nozzle (orifice) Fail

R = 0.951 | R= 0.560
@ e 0 Cylinder Valve Fail

No Operate to Cylinder Valve
R

= 0.974

Gas not enough to discharge

R = 0.394 |

R = 0.657 R= 0.606 R=0.989

Solenoid No signal to Solenoid Valve

Manual Release

Valve Fail
Valve Fail

_ R= 0.819
R= 0.748 R=0.989 |
Lock out

Control No signal to Control Panel

R = 0.989

Panel Fail Switch fail

R = 0.828 |

No signal to cross zone

R=0.91 [ } R= 091

Smoke Detector

Electric Manual

Pull Station Fail

Smoke Detector

Zone A Fail Zone B Fail

MWALINT 96 LAAIAININUTDOVOITZUDAINGS 1G-541 auunugiidu 13
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1. Cylinder Valve 2. Solenoid Valve {; 11 {i}

3. Manual Lever Release 4. Fire Control Panel ° o A o
10 UIUNINA 10 1)
5. Abort Switch 6. Electric Manual E
I

Pull Station

7. Alarm bell 8. Strobe/Horn
9. Smoke Detector 10. Pressure switch ==
11. Nozzle

|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
|
L

FCP |- i

Py 197195
a
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Y .
Carbon Dioxide 18 Cylinders
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CO, Agent Faultto fire suppression

Nozzle (orifice) Fail Gas not enough to discharge

5d &

No Operate to Cylinder Valve @
D

No signal to Solenoid Valve

Cylinder Valve Fail

Solenoid

Manual Release

Valve Fail
Valve Fail

No signal to Control Panel

Lock out

Control

Panel Fail Switch fail

No signal to cross zone

Electric Manual

Pull Station Fail

Smoke Detector Smoke Detector

Zone A Fail Zone B Fail

d’ o a [ J o ] 9 a Yy 9
MNAUINN I8 LUFAAUHATSUUAULINA ﬂ1°]5ﬂ1§ﬂﬂul1@®®ﬂb1°]fﬂ VYNNI mauwugmullu



o 1 |l d‘ A [y a o d J
MIAOUMANNL TN YosszULAIINAIMBMsUU Aeen lea
A R = exp (-ut)

A 1 A A
¥\)3) R und 10U UYD00

[ 1 L4
noounu easmadeniensivesgilngal

t  unu naIvvssaNudene
1 1 4‘ A d‘ o ]
1. AaNuUuFene NAWHUI A (R,)

Smoke Detector dA51A5IAENI10AD1 (w) = 0.09 failure/year

R MazR, = 091

Y ] d‘ A A o ]
1214 manuiugene NduKWUNA  (R) = R xR,

0.91x0.91

0.828
1 ] d‘ A A o 1
2. MANUUUFDDD NAULUI B (RB)

Electric Manual Pull Station 9A51M5td@evgael = 0.011 failures/year
R, = 0.989
Y 1 T A A Ao ]
1218 AnnuLn¥ede Adunie B (R,) = R, xR,
= 0.828x0.989

= 0.819

v

] ] d' A A o ]
3. MANVUUEDDD NAULHUN C (RC )

Control Panel 9A31NMIIHONEADL = 0.290 failures/year

R, = 0.748

Lock Out Switch 8a351M31@8M10001) (W 0.011 failures/year

R, = 0989
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Y 1 T A A Ao ]
w8 maniugede Aidumuac  R) = R, xR x R,

= 0.819x 0.748 x 0.989

= 0.606
] 1 d' A d‘ o ]
4. MANUUUBDND NAUUUI D (RD)

Solenoid Valve 931317818001 = 0.420 failures/year
R, = 0.657

Manual Lever Release @315 10001 = 0.011 failures/year
R, = 0989

Y A A A, ]
1214 Amenuin¥ene AU D (R,) = R.xR, x R,

= 0.606 x 0.657 x0.989
= 0394

1 1 d‘ = d' o 1
5. MANUUUFDDD NAWHUIE (R))

Cylinder Valve 99351M51d0vi19n01) 0.026 failure/year

R, ,R, Ry = 0974
w2 1@ Aannindete AMWMINE R) = R®)R,)R,)...(R,)
= 0974 "
= 0.623
] ] d' A d' o ]
6. MANNUTDD NAMNUUIF (R,)
1218 Manuduede Adumus F (R) = R, x R,
= 0.394 x 0.632

0.24
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1 1 4‘ A d‘ o ]
7. MANUUUBDND NAUNUI G (RG)

U = 1T A
Nozzle (orifice) ’t’]ﬂiTﬂﬁ!ﬂ'ﬂﬁ?ﬂ@]i’)ﬂ

0.05 failure/year
Rl ’R2 ..WRIO

0.951
R, = (0.951)(0.951)....(0.951),,
= 0.605

1218 Manniugede Adwmius G (R

R, xR,
= 0.246 x 0.605
= 0.149

v o A A o a o 2 s A
PNUU AMNNUUUTDDD "U@\‘]i$Uﬂﬂﬂlwaﬂﬂ1°ﬂﬂ1§ﬂ@uqﬂ@@ﬂ”lclfﬂ 19 0.149 1ag

1 1 A A [ a o 4 4 a gy 9
LLEW’NﬂTﬂ’NﬂJu1L“1$f]ﬂf)"llf]\33$‘]J‘Uﬂ°ULWﬁ\1ﬂWGIfﬂTTU@uUlﬂ’E)’E]ﬂhlclfﬂﬁnJLmuﬂllﬁullﬂ

U

AININHUINT 99
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CO2 Agent Faultto fire suppression

| R= 0.149

R = 0.605

R = 0.246

Nozzle (orifice) Fail

Gas not enough to discharge

R= 0951 R = 0.394 |

|R = 0.623

@ @ Cylinder Valve Fail

No Operate to Cylinder Valve

R= 0.974

R = 0.657 R = 0.606

Solenoid No signal to Solenoid Valve

Manual Release

Valve Fail
Valve Fail

= R= 0.819
R = 0.748 R= 0989 |

Lock out

Control No signal to Control Panel

R = 0.989

Panel Fail Switch fail

R = 0.828 |

No signal to cross zone

R=0.91 [ J R= 091

Smoke Detector

Electric Manual

Pull Station Fail

Smoke Detector

Zone A Fail Zone B Fail

= ' A A o a o I % Ay 9
MNAUINN 39 l!ﬁﬂ\‘1ﬂW]’JWNHH“M)E‘I@%@Q?%U‘UW}JLWQQﬂ1‘]5ﬂ15ﬂf]uulﬂ@’f]ﬂhlcb'ﬂ mmmugmu”lu
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ad a d kY a o [y a
AFTMIAATSHANHANNHUBINIIAAAIISVUAVINA

a 4 a 3 @ a 3 a $ a [
mizum1314mm?junummmimmazummwmmmwu@ Gdﬁawmmwmﬂamw

Y
arumansuunuaom 19918 luMIAAAITZUUF VNG (Benefit/Cost) D1NEUAT

Benefit / Cost R, / Project Cost

R _ z Ribefore _ Z Riaﬁer
1 i

R, Consequence x Probability
Probability 1 - Reliability
4
1
(% 1 1 1 Y1 a as.l‘
Benefit / Cost PATITIUHAAD VLN UADAT IFT1BDINNIIAAAITL LY
AUINAS Fanasanluszey 11 aenainsaada
v 9
R, HanaULNUNNIAI1E IATUINMIAAAITLIUALING S
9
Project Cost mlenelumsandeszuuaumas
v 4 Y
R ANFIN1BNAIATZINATUNDUAAAITZ DUAUINA
1 Ed 4
R ANFOHIBNAIATINATUNAIAAAITLUUAINAY
! =) A a z:? S A a 9
Consequence maNnudeeiinaTunsalnamag lugd
. Ay o a A v
Probability Tomai hignnsotlosiumsinamas Tnsd

Reliability

ANV UFDDDUDITZUUA WA
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a 1 a a t4
Tagmsnasanamnnudeiensditnamac 11 (Consequence) Mo luriosginsal

9
v A

amuguszun Iihusege 22 197 AlimslFlumsdatienszualai S 10 g dail

1 1 L4 a 4 J 1T Aa
1. mldgevesgaginsainuguszunIihusge 22 197 (@3adifes) nieumian

Y
o ISUA

A9 a%ianlszann 1,400,000 1IN / g

1 = [ a [ =\

2. audelemalumsviendsnuliihwes nila. Taswarsananndasianudenie
aevtelSinandsnu i ineldities91n 11éY (Interrupted Energy Rate : IER) #alimn
60.165 1W/kWh Taogagunsainruguszuy liihusege 22 1973 (@lafiies) Srewdearu il
ihl¥ungndwes niln. Yszunar 7,000 kW /2995 (39)

1 1 9Jq Y a [ = 1 09.:} d' a U
3. mwansznuaed 19 1l Taeinsanan dasanudemeaonssina luihay

(Interruption Cost Per Event : ICPE) G 62,723 1N / A5

9
a L4 a o o a 1 ] a J
ﬂ"li')iﬂﬁ'lgﬂﬂ'JﬁJf‘a]:‘JJT].HGluﬂ']'iﬁﬂ@Ni3‘1J‘1J§°‘I‘1JLW§\1!WIZ1$§$‘]J‘]JUI,%LL‘]J\1ﬂ1§Wﬂ1§ﬂ!1ﬂ1

=y A A a 9 I S A A A Y
ﬂ?1NLﬁﬂﬁ18ﬂiﬂlLﬂﬂLWﬁﬂ1ﬁN (Consequence) Wi 2 nsal Ao NIUFINIYUBDYGA (Least Case)

be

[

a A A a 9
HAZNITULTIVIININNEA (Worst Case) ?10130NTUN hlﬂﬂ\iu

U = A A a 9 A A Y 4
1. wai:mﬂ1m1maamﬂﬂsmmmwaﬂm NIULFINIWUDYYA (“];ﬂ@‘ﬂﬂ'imﬂ’f]llﬂ.ll

9
szunIrlihwsege 22 197 130 1 99 ) Al

1 1 L4 a 4 J
1.1 aldevesyaglnsainiuguszuy Ifhusege 22 1073 (@3adiies ) wiow

Y 1
MANAY 1 A F9Ta115z0091 1,400,000 N

12 awdsTomalumsvendsnu Inihves nwa a1 60.165x 7,000 =

421,155 17/ ¥ 134

1.3 mwansznuasd 14 e Tvldhau 1 a5e Tia1 62,723 vn
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Y
%

1 =S A A a 9 S A Y
JUU Nﬁi’JiJﬂWIﬂiJLﬁEJ‘H'IEJﬂﬁmlﬂﬂlwaﬂqﬁu NIULTIVIIUDYYA

[

um 1,400,000 + 421,155 +62,723 = 1,883,878 UM

U = A A a 9 A A L4
2. Nﬁi’JllﬂTﬂ’JuJLﬁEJWWfJﬂSmLﬂmwaﬂﬁiJ NIULFIWIWNINGA (Glgﬂ@‘ﬂﬂimﬂimf’]ll

9
o %

9
sz IWfhusage 22 1973 drgananua 10 ga) Al

Q

A
1 J 4 1 Aa o
2.1 mlFnevesyaglnsainiuquizuy luihusege 22 1973 wioumaans

3191 10 A VATV 14,000,000 1IN

22 awdsTomalumsvendsnu liihves nwa. a1 60.165 x (7,000 x10)

= 4,211,550 UM
1 1 9q 9 a1
23 awansznuaef1d W I 62,723 1m

[ Qg)/ 1 =S A A a 9 S A =
ANUU Nﬁi’JiJﬂWIﬂiJLﬁEJ‘H'IEJﬂﬁmlﬂﬂlwaﬂq‘ﬁu NIULFTIVININTANAN

14,000,000 + 4,211,550 + 62,723 = 18,274,273 UM

9 1
MIAIBMANUANYUIUMTAAAITTUUAUINAIUAAZTZY FINDITDAT

9

a A a A Y A A ] A a A Yo A
ﬂ’ﬂllLﬁﬂﬁ?ﬂﬂﬁmlﬂﬂlWﬁQ"lWNGlUﬂﬁmlﬁﬂﬂ’]ﬂu@ﬂf‘!ﬂ LLﬁSﬂimLﬁﬂﬁTﬂNTﬂmq@ Llﬁﬂﬂllﬂﬂﬂu

1 2
1. szuudumasensa lanmsueusila HFC-125 Faiian lda1elumsands 944,700 11

AMANVUNYDDDUDITLUY 0.298

#915911 Benefit/ Cost nsditdovieiioonga (1,883,878 11M)

e R = 1,883,878 x(1-0)
= 1,883,878
R™ = 1,883,878 x (1 -0.298)

1,322,482.36
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R, = 1,883,878 - 1,322,482.36
= 561,395.64
Benefit / Cost = 561,395.64 / 944,700
= 059

Y
59174 Benefit/ Cost U993z UUAUINAIETa lamsUsUsIA HFC-125 N3l

'
=1

= 9 =
Idymguagnga Ua1 0.59

W39 Benefit/ Cost N3QIABHIINNGA (18,274,273 VIN)

1o R™™ = 18274273 x (1-0)
= 18274273
R™ = 18274273 x (1 —0.298)

= 12,828,539.65

R, = 18,274,273 - 12,828,539.65
= 5,445733.35
Benefit / Cost = 5,445733.35 / 944,700

= 5.6

Y
[ Y [ a

J a
A9U  Benefit/ Cost VOITZUUAVINAIENTE lamsuoUyHa HFC-125 N5l

= < A
IyYrIguINNga Ua1 5.76

L)

) 1 Y
2. STUUALINAIMHIRBYTA 1G-541 Fada 1Fa1elumsanada 1,743,900 11

AMANVUNYDDOUDITLUY 0.181

a A A Y A
W15 Benefit / Cost NIMFIMIIUDINGA

e R = 1,883,878 x(1-0)
= 1,883,878
R™ = 1,883,878 x(I1-0.181)

= 1,542,896.08

R, = 1,883,878 - 1,542,896.08
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340,981.92

Benefit / Cost

340,981.92/ 1,743,900
= 0.20

Y
v o

JUY  Benefit / Cost "Uﬂ\1iS‘U‘]Jﬁ‘]JLW’SQﬁ'ﬁﬁv”l‘f]ﬂ,ﬁﬂﬂ%ﬁﬂﬁﬁ IG-541 NRUTY

ISP

Y A
WTEJH@EJVI?!@M 1 0.20

W59 Benefit/ Cost N3QlIABHIBNNNGA (18,274,273 VIN)

de  R™™ = 18274273 x(1-0)

= 18,274,273

R™ = 18,274,273 x (1 -0.181)
= 14,966,629.59

R, = 18274273 - 14,966,629.59
= 3,307,643.41

Benefit / Cost = 3,307,643.41 / 1,743,900

= 1.90

Y )
G911 Benefit / Cost U932 VUAUINAIDIBABIFHANT 1G-541 NIDITOTY

WInAga WA 1.90

Y] a o 4 SR A 9 a qﬂ//
3. i%‘]J‘]Jﬂ‘]JL‘WﬁQﬂ”lclfﬂ"li‘]JfJullﬂi’)ﬂﬂhl“h’ﬂ gaum lgvelunmsaaas 1,233,100 U

AMANVUNFDDOUDITLUY 0.149

#915041 Benefit / Cost nNsditdevetioonga (1,883,878 11M)

e R™™ = 1,883,878 x(1-0)
= 1,883,878
R™ = 1,883,878 x(1-0.149)
= 1,603,180.18

R = 1,883,878 - 1,603,180.18
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= 280,697.82
Benefit / Cost = 280,697.82 / 1,233,100
= 023

Y
v o

[ a o 4 4 A A 9
dUU  Benefit / Cost 611'mszummwmm%mimu%aaﬂ‘l«m ATUNYVIYUDY

Nga WA 0.23

W59 Benefit/ Cost N3QIABHIINNGA (18,274,273 VIN)

1o R™™ = 18274273 x (1-0)
= 18,274,273
R™ = 18,274,273 x (1 —0.149)

= 15,551,406.32
R, = 18,274,273 - 15,551,406.32
= 2,722,866.68

Benefit / Cost

2,722,866.68 / 1,233,100
= 221

[ 3 % a o 4 J A A P
ANUU Benefit / Cost "’UENi%‘U‘Uﬂ‘ULWﬁQﬂ1%ﬂ1§ﬂ®uulﬂ@ﬂﬂul“ﬂﬂ NIUTYWIIUINN

ga N 221
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