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Arroon Ketsakorn 2009: Quantitative Risk Assessment to Set Up Measures for
Proactive Prevention of Accident in Varnish Liquid Production Process. Master of
Engineering (Safety Engineering), Major Field: Safety Engineering, Interdisciplinary
Graduate Program. Thesis Advisor: Associate Professor Thumrongrut Mungcharoen,

Ph.D. 177 pages.

This research is to quantitative assess the risk in order to set up measures for proactive
prevention of accident in varnish liquid production process. “Check list and Hazard Operability
Study (HAZOP)” techniques were used together with the calculation of static electricity
occurred during the pumping of chemicals to storage tank in order to assess the risk of possible
fire and explosion. The result revealed that there were seventeen cases in the varnish production
process with unacceptable risk or high risk to life, health, community and public. For Methyl
Alcohol pump, the static electricity in the capacitor formed between the flanges at the nozzle
was 0.968 mJ. Comparing with the accepted values of 0.1 mlJ, it has high risk for fire and
explosion at the capacitor formed between the flanges at the nozzle. For Triethyl Amine pump,
the static electricity in the capacitor formed between the flanges at the nozzle was 1.59x10* mJ.
So, there is no risk for fire and explosion at the capacitor formed between the flanges at the
nozzle. As a result of this quantitative risk assessment, the safety proactive prevention plan for
varnish production process are 1) Install flame arrester at the Methyl Alcohol tank and safety
check this flame arrester 2) Install limit switch at the roll of grounding and set up a physical

grounding and bonding check list 3) Maintenance the level transmitter at the storage tank

4) Set up a physical storage tank check list 5) Install signal alarm in case of chemical spill at the
storage tank 6) Install safety instrument system 7) Set up a safety warning sign “Open valve
before Triethyl Amine pumping into the tank 8) Inspect bursting disc and control valve 9) Install
strainer and daily check in order to prevent the plug of cooling coils 10) Install two cooling
pumps and daily check 11) Inspect air pressure before the start of production process 12) Install

check valve in order to prevent the cooling water backflow.

Student’s signature Thesis Advisor’s signature
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3.1.6 HaABITUVHIIAINEN (Ecology impact)
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3.2.6 ANNEDEsHAzAINIBI 1A D38 (Stability and Reaction)
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Y
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3.3.2 Mnasgrusazaniluiiy (Standard and Toxicity)
LD,, (t1naaed): 5600 mg/kg
LC,, (MynAana): 83,840/4 1. mg/m?
TLV-TWA: 200 ppm
TLV-STEL: 250 ppm
3.3.3 OUNIIWADUNNOUINY (Health Effect)
dudamamele: msmelud lezneliinamsszaeafios a1 ayn dine uaz
maduriele naszuvlszamaiunans i lihefsye daueu hdudadsunaunezii

To1ms Tanuazaeldiinannszuuviieladumian

v
v @ a Y] [T a 7 o Y a
FUATNNHINUIL: MTTUNTYNIAINU Ul@iglﬂﬂﬂlﬂilﬂaﬂﬂlﬂﬂﬁ'liﬁ i]%‘l/l'li’ﬂlﬂﬂ

H @ Aa v o ya ) 9 a A
miqmula‘ﬂﬁlmulﬂmu"umwjﬂuﬂ EVI'](IWW’JWU\HLWQ LN Llaglﬂﬂﬁullﬂ\‘l

Aa A Ay A A a g ' Y a A A A
ﬂuﬂﬁ@ﬂaumﬂ]lﬂi miﬂau'ﬂi@ﬂulﬂn'lﬂﬂzﬂ@1ﬁLﬂﬂﬂ1ii$ﬂ1ﬂLﬂm LEYDLINDNUD

1hatazdine Mldinaeinsle 199323 UraNe ey nazdredy

o o v o ! Y a A o YA A
TURTYNAN: ﬂﬁ’dllNﬁ’gﬂ@ﬂ%%ﬂE)Glfl/iLﬂﬂﬂﬁ‘igﬂmlﬂﬂx‘um%ﬂﬂﬂlﬂ@mgﬂGﬂ

DALEAY INANLAY LA FIIATNT 13
3.3.4 ANNAAMAzM3NALH3e (Stability and Reaction)

ANUAIAINIUAL: ATHANUAD YT
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ashnduli1a: aseond ladediauss Tanzdamlant nsadaysauaznsa’lu

a Yy 9 = J
ALY Load 1o
annzimsnanaes: anwdeu Uszmel tazundsgada Tvdu o
3.3.5 msthaonnnauarnsszda (Fire and Explosion)

% a a a =1 4 o
mgaumaslunsdinamas vl ld nauaiude msvou'laoonlesa Tvly
o A g’ = [~ d‘ [ I~} d‘ v o @
uoaneena ninthaailudeaieraswunsuzussandudanunlal v uazaamsis
Y
1 o I o o 1 a a
Aszevedloszme e lmimatludunsizazilinlar lWunsnszae nsalnamasnilld
1 Jd Aa Ao (% 1 = 1
awldgdnsaltemelastiaiioeludm leszmevesansaunsounsnszawoon ldwmnas
a a a Y o & o A a Y A 4

1aan Iluazerunamsaa lidounauin Feasduasieiinaninmswn luil Ae msueuuou

4 o 4
yonlsd msvuoulaosnluq
Y a Y [~ .
3.3.6 Yo RUAlumsldmsuazmsiune (Storage and Handling)

<] As a a <] a A< 9 <] ]
nulumruzussyntleiade, inulunsnaiduuazuis, nuvennas
a 4 1 a
p0N% lad uazuvasgaan vl

ISR

3.3.7 asmsiiedigifmenas+in3a1va (Leak and Spill)

Q

szueemaluninuiasvnia lna, aaeudreasnyedaliesn |y, aady
A o 9 4 <} 1 A o Aaf a a A
13iinni lvadeuviuids nae razmuduinnid lvalumauzssyitadagaie

lsda
d YY)
3.3.8 gilnsaliloanudunsisaauynna (Personal Protection Equipment)

Y 1 4 Y- 1 ] 9 [ a
@mmulaqﬂﬂimﬂamuaumwmuuﬂﬂa (YU wummﬂmﬂuizuumqmu

A [ = 9 @ 9 1 a o
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3.3.9 M3igumenina (First Aid)

i1 H 4
wielud'l: drmeladr ) Mdindeudediheoenduinauniomeauigns
mstgunennasidihengamellnsemelon deledadalieoendausesuas 11l
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puvewd 1l Indihetdudrathndsinaziidamng

Y
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vy 2y A v Y & a o 1 s
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€
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o v vy o Ay d A "y ~
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a A Yy 9 o [ J
Lﬂﬂ!ﬂa’f)ﬂﬂﬂﬁﬂ?N‘lJﬂ!le"lﬂWSﬁWQLLa%uWﬁQ%ﬂE‘LLWﬂEJ
3.3.10 NanIENUABAIINGDN (Environmental Impacts)
dy a ] = Y dy 1 [ Y a
ﬁ15u€f'lll'limﬂﬂﬂ'lifl@ﬂﬁﬁ'lﬂ‘]/l'l\i“]ﬂﬂ1wllﬂxﬂﬁl, t’f'liuﬂ'lﬂ’ﬂi]%lluﬂ@iﬁlﬂﬂﬂ'ﬁ
= I a 1 A AadAa oy I a 1 4 A o 1 ]
ALauN19FINN, Wunyaedaliaia luii Wunyasilal vazuneaney, maiﬂwamqgmm
g’ 1 Y a A a [} 9 a [ A A gl
U1 ﬂZﬂle‘VilﬂﬂﬂﬁNﬁNﬂlﬂuW‘H ”lummmmamﬁ"lﬂ HaZAUNANITNENUNUDINIALYTUBDNIUN
1 lovesensnszidiala
3.4 lnstensasziiu
(Y] dJ
3.4.1 anvamemamnuazesnlszneumanil (Physical and Chemical Properties)
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CAS No.
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ANADUINAY/YAITDNUAN
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Y
umiinTuana
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garigiinaa Tvlldieq
dasauluemeaninaszidia/éa lil (LEL, UEL)
anueule

J
anuasalumsazareiin
Dielectric constant

Y
CGEAGERLERN,

CH2CHZ
N

CH3CHy  MCHoCH,
MW 13 qas InseaieTuanavesas laslonsassiv

A2 o

Mn: guitoyaingdunsiouaziniiiua (2544)

121-44-8
89.5°C
-8.89 'C

-114.8 °C

0.72 y .
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101.19 Aol

248.89°C

1.2-8.0 Vol%

50 mmHg fi2°C
azaeild
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3.4.2 Mnasgruazaniluiy (Standard and Toxicity)
LD,, (1ynaaed): 460 mg/kg
LC,, (MynAan3): 600/2 3. mg/m?
TLV-TWA: 1 ppm
TLV-STEL: 15 ppm
3.4.3 SUNIIWADTYNNOUINY (Health Effect)

Fudamamele: mameladn ldaznelinamsszaenos maduniale e

Y
013 'le Hune vieladada Uaadsue Mlkleauan uaziimuilen
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v @ a % [ a v 1 Y a
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qaauruAmielamImnaiues drauauiafoutazinauna Tnd
a A A 9 A A 9 1 Y a A a
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TUNTDNA: ﬂﬁﬁllNﬁgﬂ@ﬂ%%ﬂE)Glﬁllﬂﬂﬂﬁi%ﬂWﬂLﬁ@ﬁﬂWqﬁﬁﬂﬂﬁU1ﬂL%U an

u

o Y T W < (Y
uad M1 aIns 1 veariu luvamu
3.4.4 AU MAzMINAL D38 (Stability and Reaction)
% = = =
ANUAIAINIUAN: FITUANNEADYT
4 Y] ] a J 3
asmaniulild: nsa arseend lad Wudu

A =S A 9 ' a A
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3.4.5 mstaonnNatasn35xda (Fire and Explosion)

Y H
arstidluans T vazluvaziiha lW lwifzipayuagMadislunsdiduna
1 Y
mign s 1Flumsdumasie wanatiuts asuenlasenlad idailudos Trudw

MULLANDFDT
3.4.6 Vol fURlumsldarsuaziiusnen (Storage and Handling)

I Aal a a I a Ad Y I 1
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pon% lad uagurasgada il
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3.4.7 NasmsilodigiAmga151n311va (Leak and Spill)

Puduivni lnalumyuznssyitlaiaFaieri lidalasldiaTesiion la
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noldinalszme W uazdwiiumsgadudieTagaaduimes 151 nsw
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3.4.8 gilnsaliosnudunsisaIuynna (Personal Protection Equipment)

1 4 v o 1 1 [ a
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3.4.9 madgunwenuna (First Aid)
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a . S o A a A o £ A~ v Aa g
M352140A (Explosion) NNz NAAINAAUTY (Short wave) Badideds il
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“Domino effect”
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msszdialivatednyae 1aun MIszidauy Detonation AazMITEITALU Deflagration
a . A a d‘ L] 1Y d‘d Y =
1. M3321iAL Detonation A9 MIsziaNg luaNALNUANVANFIDT 200 WId
[V =1 < 9 = 1 Aa ~
Aa wazlinnusr Tumswn ludigads 2,000 - 3,000 wasAp N

Peak overpressure
Of order 10s of atm

—

|Reaction front ‘
| Shock front

MW 15 GNYUTNNNIEATINNIINA Detonation 115uUFATe M Tudluannzidla

f3: Crowl and Louvar (2002)

a . A a A A v ~
2. MIsgiuaLyY Deﬂagratlon o ﬂh‘i3L’Uﬂﬂﬂgiugﬂﬂ]GQ]lWTliJﬂ’ﬂuiﬁluq\i b\

< 1A @ a Y]
anus lumsienInddnszunm 1 wasaeIui nazanuiugega 70 - 80 nlavada

Peak Overpressure
Of order few atm

| Eeaction front ‘
| Shockifront

MW 16 ANBUZNNMENMNNITINA Deflagration A5z sen Tndluaniizidla

#31: Crowl and Louvar (2002)
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msflesiumsgaszidaninluihata lavhada (Static Electricity) niomsinaiizy
IW#hatda (Static Charge) L‘ﬂuﬂﬂgmﬁﬁwﬁ@!,%"”amfiﬂﬁww%’uﬁuﬁﬁﬁmﬂ%’w?eﬁmm’mi"la”lw
vndeyaluefnadunavesgidmamaiamas vfdumiluiannmsahsnveslssq ih
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suflugesinsanianuazdsmaudluilymnsahsnfiguusanniszy hadasndae
e IS lveraumsalfiezihIfidadsemelisunsienn llfhadarsdesfinsanilede
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ANNTINY AU

g

1. MIazauuea1lszy (Accumulation of Charge)

Y Y
anwensnlumsth lvhveniuiudomas Ansannnainnui
A £ A ] I . . Y ' [ :j o A = o
(Conductivity) vty picoSiemens/meter (ps/m) AIDYTUFUUINUALTANATIAIINU
4 Y

Uszana 25 ps/m dzaunsaazaulszy i 1dun duiumsamomiiuriune 99
o [ ° 4 o { ) a 4
suiludesldonsims Inaduietlostumamileninlsgy I lvnadsey lfhassdwau

1 ) a A a J % { o ) 4 {
vunevzoh linaanudsslumsinaaihin ludaTassadendudnir Iidhouindnm

% I 4 ad { % o { Q
Indgsmsazavuesszydunanininmsndoudievesdianasounnivi lUd@nnnil

9
Llagﬁ'l‘JJ"IiﬂWﬁ]"liﬂ!'ﬁﬂﬂﬁiJﬂﬁ@]’E)ll‘l]ﬁ

Q=It (1)
Tai

Q = USinalszafiazay

s = Streaming Current

t = 1391
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2. ﬂ1iﬁﬂ1§ﬂﬁ]1ﬂﬂi$ﬂ‘lWﬁ1?{aﬂ (Electrostatic Discharge : ESD)

] Y 1

ielagaesrudaiilsey MihyiaaseihuazauegidnnegIndnu wzina

Usingmsalmilounnhdiaes nande Uszy liihasidaiusggnuiaendlsres
{ a o v I
2109l (Air Gap) aww Irlihiimavinlszq ez ld Tuanavesoimauanduilu
1 a d ] ] 1 QgJJ : J
loou (lonization) wag lungaszq lWihatanvzamnsadwrugosnainld Fuseni
managthinanlszy ihatamsilaslasendsnuanuiouninmsathsneinga
H 1 4

isanenzyada I loszmevesans h linauegluomavwnamas lvudyu 14 wasam
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ninmsdathsnuaazaswzansngaan Mduegivriavesas liuazamnsoman

Y
wasnunnmiathsnnnysza Idhadaldanaumsdane lail

129y .Q 2
2C C

Tagfi

Jo= wdanunnmsathinveslvihada

c = Ysmaanug Idh

¥ P Y ~ 1
wazansaminszua lihmsindoudreusadianniou (Electron) 1nnNuRITLa 1)
Y 1
[} a =

A A A A A 9 ] 1 1 & g =} kY & A 1
JONWURINUUUDAITIANUNITIAADUIIYNIUNDANG FuilulanerIounIFUsonI
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Streaming Current 1A8W150191NANNITAO 111
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Taeh

u = AWIS)

d = duruguinatnveudune
L = ANUEIVOUFUND

T = Liquid Relaxation Time

. . = A a = a Y v
1182 Relaxation Time (7) Ain naMseynamyaare lidansanasanlaa

aumsdelalil
r="re )
Ve
Tagf
&, = Relative dielectric constant
& = Permittivity constant = 8.85x10% M —8.85x10°% S

Nm ohmcm

Ve = Specific conductivity



M990 3 Properties for Electrostatic Calculation

Specific conductivity Dielectric
Material
(mho/cm) constant

Liquid

Benzene 7.6x10%t0 <1x107" 2.3

Toluene <1x107™“ 24

Xylene <1x107* 24

Heptane <1x107'® 2.0

Hexane <1x1078 1.9

Methanol 4.4%x1077 33.7

Ethanol 1.5%x1077 25.7

Isopropanol 3.5%x107° 25.0

Water 55x10° 80.4
‘ﬁ%ﬂ: Crowl and Louvar (2002)
msnﬁ 4 Capacitance of Various Objects

Capacitance (C)
Object
(Farad)

Small scoop, Beer can, Tools 5x10712
Buckets, Small drum 20x10712
50-100 gallon containers 100 x10 %2
Person 200 x 10712
Automobile 500 x 102
Tank Truck 1000x 10712

#31: Crowl and Louvar (2002)
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Y
iduna Tagiasan ldannaumsasas 11l

V=I,R (5)
R {ﬂﬁ ©)
7c NA
Taeh
\% = usanaoun lWihada
9
R = AMUAIUNL
A = WuNveIegaa

5. msdsziiunnunasy

Y 1
MIFUIOUNITY (Hazard Identification) HUIEDQ NTZUIUMT TUMIAUMITUATIONT

9 E4
pguazeTUwANEAZIANIZY0I0 UAT 1Y InslHinatina 1 aail
5.1 Hazard and Operability Studies (HAZOP)

<3| a { o 4
HAZOP %30 Hazard and Operability Study (Jumaiiafiwauniulasgadiminssunil
] 2
iermsuaswtazlsziiiuanulasassvenszuiumimelulsniuazdunsiens
dunadeumugiuiymvesnszuiuminandelinaaolszdnsnmmsnan n13i1 HAZOP
9 99 = aa 1 199 o0 @ ' A o
apslyioyasneazideAaveINsoaniuy 35 HAZOP au vy lumiiuseninrionaims
' o v Yy v Ao o

POV 531319M3H HAZOP deatlsznou ldredtinnuinnmarsaniduilumszay

' <3| :JI dy ' a L&Y a wva { a
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9
o o 1 I
UIATIIUTUE (Guide words) mﬂizﬂa‘ummmmﬂmmﬂﬁzmumﬁ (Process Parameter) NY%

Y = .o Ay 0 a 4
ulﬂ ANUUYUUY (Deviation) NABINININITAUATIZH

A, I A 1 ng = 9}c.:,’ 1 o v
7% HAZOP iTuIBNAealdnawazanuaslaguuaismstingelddulednld

A P ~ Y v HAq Yy & A o o
‘Wmsmmﬂiamawﬂszmumsmmsammmu“lﬂ maga‘n"lbmauﬂumay‘aaammummuﬁuEJ

9
1% P&IDs (Process and Instrument Diagrams) Tﬂﬂﬁmimmmﬂuwmﬂﬁ’u ] (Node)

M1519N 5 HAZOP Guide Words

HAZOP Guide Word ANNUANIBINIAALNAIHMINIU (Operating Deviation)
Tai (None) - lusims'lva (No Flow)

Tvadoundy (Reverse Flow)

ulijlﬁﬂ‘ﬂﬁﬁ?m (No Reaction)

11ANI1 (More)

o A 2
89513 IMa Y (Increase Flow)

' Y
ANUAUNLAL (Increase Pressure)

v Y
QUNA Twuau (Increase Temperature)

v Y
é’mmmﬂﬂﬂgﬂimmﬁu (Increase Reaction Rate)
F2AUINY (Increase Level)
4
pH 1NAY
y v A 2

AINMULVNUHUINNUU

v Y
SIS VST VETAY]

Y081 (Less)

99313 1aanad (Reduced Flow)
ANAUAanad (Reduced Pressure)
qmﬂgﬁaﬂm (Reduced Temperature)
H0131M131nA1lAT81aAa4 (Reduced Reaction Rate)
szaUanad (Less Level)
pH anaq
Y 9
ANWANTUANA

AIUNANANAY
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4
M1919N 5 (AD)

HAZOP Guide Word ANNUNNIBITTOAALNATHMIH19U (Operating Deviation)
Hadudun Mineatoq - manasunlasdrumauvedingAl (Change of Ratio of
(Part of, as well as) Material Present)

- mﬁlﬂéﬂuﬁjﬁqaﬂ (Different Material Present)
 MIAMATEISNT (Start Up)

- ﬂwﬁwgﬂgﬂé’eq%ﬂﬁ (Shut Down)

- mstaseasnil, ANNAY 484 (Relief)

- Mg Gl%’m?'mﬁa (Instrumentation)

- M3AUAIBE1 (Sampling)

- ﬂimmﬂwiawmawuﬁyw, T, $ud (Utility Failure)
- micﬁauﬁwqq (Maintenance)

- ihada (Static Electricity)

An: 28U wazaay (w.alal)
5.2 What If ... Analysis

[ a ' 4 yl [
What ... If Analysis L‘]Juﬂﬁgll'lluﬂ1§ﬁﬂy'] 3Lﬂ§1$ﬁlla$ﬂUﬂﬂulﬁﬂ%ﬂﬂﬂu@ﬁWﬂﬁluﬂWi
o a 1 Yo a d?’ kY o
AVUUIUAN 9 GluTswmq%ﬁmmm Iﬂﬂﬂ'ﬁﬁlsb'ﬂ'lﬂ'm “ﬂglf‘l@?)%]li‘lluﬂ'l” taz N3
a 4 o o 1 oaj A dy [ A a d?’ o A
31,9'513??14mmaﬂummummuu LW@%UQ@H@I?W&W@T%Lﬂﬂﬂluﬂluﬂ1§ﬂWLUHQ"IHGluISQQTu
k4

a 4 o a 4 y T W a
mumumiﬁﬂm 3Lﬂ§1$ﬂllﬁ$ﬂﬂﬂ3uﬂ1iﬂ”ILM‘LN"IuGluI'iN"IHLWd@%‘]N@u@iWEJST?]}’JEJ’J%

vAa o

What ... If Analysis Gl,ﬁ’ﬂﬁu fail

o a 4 o A 4 Y LY
1. 1/11ﬂ15ﬁﬂynmiwmmmumumi@1”u,uuqm"luiimmﬁa%maumwﬁaﬂ

sunufi0w What. .. 1If
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o a L4 4 J (Y QSJ‘
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5.4 Failure Modes and Effects Analysis (FMEA)
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M3137 6 (70)

Equipment Item Failure Mode
Transmitter Give erroneously high reading
Give erroneously low reading
Heat Exchanger Leaks from process to service side
Process leaks to atmosphere
@ Heat exchange surfaces fouled

fan: 52 (2547)
5.5 Fault Tree Analysis (FTA)
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5.6 Event Tree Analysis (ETA)
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_[10x10°amp 3 VT, (. 131
’ { (m/s)*(m)° }{(2'49)(1&3.28)} [1 eXp( 8.17x67.78x10" ﬂ
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(1) fail

V =(3.61x107 amp)(385.45x 10" ohm)

V =1391.47 Thad

a 1 9 Yo { 5 o ]
pazansailTinannug lihsgninaesmbulanlddmsed 4 Fndaed

msfuaaunsonsuaaug Iriuiiu1000x102 farad =1000x1072 coulomby/volt

'
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mwamuazaﬂum’Jmuﬂizqizmwwumﬂaumw
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2
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Taulseumsusuaneensy ldveandsnu Iiihadadiansan 13

MINHINT 01 Accepted Electrostatic Value for Calculation

Voltage to produce spark between needle point 1/2 in apart
Voltage to produce spark between plates 0.01 mm apart
Maximum charge density before corona discharge
Maximum ignition energies (mJ)

Vapor in air

Mists in air

Dusts in air

1400 V

350V

2.65x10~° coulomb/cm?

0.1
1.0
10.0



164

a \
AT NNUHINN N1 (§19)

Approximate capacitances: C (micro-microfarads)

Human 100 to 400
Automobiles 500
Tank truck (2000 gallon) 1000
Tank (12 ft diameter with insulation) 100,000
Capacitance between two 2-in flange (1/8 —in gap) 20
Contact zeta potentials 0.01t0 0.1V

v
= 1

1 [ a a0 & 1 9 A o Y a a
awasnu Iihadaindunvlszyszrinemiulauiiiaminy 0.968 adya
[ Y v
nsuieunumeonsuldvesndsnu liheatade 0.1 Hadga dutudwdsau Iihadan
v 1 9 A v A a VoA ) YR A ~ ~ a Y
annuiszysznnaniihulauiiianunnmneensu lavadinnudsansznansgn lud

A a Y
n3vIzla e

[
2. msmnamwasnulithaaaly nszurumsifuanslasiensasziiuain TEA Drum
Tilgasdaufiy (TEA Tank) e lslumsisal fisenmaniisznnsiluen fu viesiadladly

dalfnsal

& —T
N
TEA
Tank
__l_ Grounding
B
TEA
Drum
Grounding

v 2]
Aa 1o o &
meInil 92 nszuaumsiuaslasionfaoziunin TEA Drum ligdadiamy TEA Tank
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o a 'y o I 9 Y Y a 1
1. ﬂ'lﬁ“ﬂllﬁ1illﬁiL’f]‘ﬂ‘ﬁﬁ®$fluﬁ\1’(,:,fﬂ\‘]i]ﬂ!ﬂﬂﬂ’JEJE]G]i']ﬂ'Iiule‘VHﬂU 50 ammmﬁ

130 13 UNADUADUIN
2. AMVYIIVOIABA (Hose Length) : L AU 4 1UAT 450 13 ¥a
3. i@urugudna1aveIaods (Hose Diameter) : d 1WA 3.8 I5UAAT 1130 1.5 i
4. mannh i @slesensassiin) : y. M 4.7x10°° TeWuaeisudmns
ﬁm: Campbell, AN., and S.Y. Lam. (1972)

5. Dielectric constant (e13 laslonFaozliv) : &, 1A 2.42

2
0 coulorzlp _ 8.85x10 S

6. &, Ao Permittivity Constant IMN1 8.85x 10
Nm ohmcm

7. ANNHUILUY (Density):0.72y ,
cm

dy ~ Y o (] . _ 2 R 2 cm 2 _
8. Wun viAAveIdIwad (Hose): A=zr? =(3.14)0.75in) (2.54 A‘n) =11.40
MINUYUALIAT
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MYAUBIIA muumqmaau"I,W171mammwmmuﬂﬁmjzmwwumﬂaummmmmmm
4 Y o { Y .
mwsanaouna Wi Idaeaumsn (1) tazaNud I i (Resistance: R) 141950
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L = (13 ft )(12 %)(2.54 C%): 396 .24 IFUANAT

1 H 1 o [ 4 1 a
unum luaumsi @lunsaisanui i . iy 4.7x10° Tevudouaming

1 396.24cm
R= 4.7x10°% mho 11.40cm?
T x % o ML

396.24cm

R:(4.7><1050hmcm( Zj:163.36x1051@ﬁﬂ
11.40cm

2y Y] J 3

v o 1 4
Streaming Current ﬁ]gﬁ"lll15ﬂW"Iﬂ"I]’lgl}uu@]fN‘VliT]Jﬂ']"llf‘]\1ﬂ??ﬂli?!tﬁglﬁ}uw1uﬁuﬂﬂﬁ1ﬂ

wpane aauaNus ludunoauson laasae i
Uz [13gal/minj 1ft® ) 144in? (1minj
3.14in* )\ 7.48¢al ft? 60s

u=133 f% - 0.41m/

unua luaumsi (4) lunsgin1ved Dielectric constant: &, 111 2.42

cm
4.7x107° mho/cm

(2.42){8.85><10

12 Mho x sj

r=456x107° 2N

unua luaumsn (3)

_[10x10°amp 15 VT, . ( 13
N { (m/s)*(m)’ }{(0'41)(12x3.28ﬂ {1 eXp( 1.33x4.56x10°° ﬂ

| = 2.44x10°° wouLls
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(1) fiall
V =(2.44x10°amp (163.36 x 10°ohm)
V =398.60x10 T7ad
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! 1Y A
MSNUINT N2 T1NMITNTNITUVDI 199U

o d 4 [y a
e gunsal nsesile/ Tngau 3101 (UN)
1 mslasenfasziiu 60 VINADANT
2 ASuNSaUeanoson 13 11NA0aAS5
Jdou A 4 1T A
3 msvlesiad laa 11 UINADaAS5
=) ] a
4  @msiuoa 60 VINADANT

a aaa ' 1% a J v v d g} a
5 53‘]J‘]Jﬂ”|§mﬂﬂ§]ﬂ§fl”ﬁ/nﬁmfl LYY ﬂ\iﬂgﬂﬁﬂl, NIAUNVUIIINUY  83.6 x 106

v @ < a
6  fevafumsumiaueanosed 2.9x10°
v v Jo A 4 6
7 Warnuasnesiiaa lad 2.9% 10
v o < = 6
8 Wwanua1siuea 2.9x% 10

Wanee): Toyadouiiod) 2541

d‘ =) v Ia = o a 9y A a
A1 NNUINN A3 ﬁ18@18!@‘c’Jﬂ“Vl'iWﬂﬁuﬂlﬂ\iiﬁx‘lx‘]"lu!ﬁﬂﬁwmﬂm{ﬂﬂ"liﬂ!LWﬁQllﬂ‘JJﬂi’f)im‘Uﬂ

o d
8101 IHANS! S1aZPYAN NN Han(UIn)

a < a o 2
1 mmauaaﬂaaaﬁmu 1. mimmauaaﬂaaaﬁmmu 100,000 ae15 1.3 x 106

13171, W5 iTad 2. a5 uLad I 100,000 ART 6x10°
laauaziluea’lalu 3. esnesiaa lads1uau 100,000 ang 1.1x10°
1unang 4. fadafumsaneanosed, Wuea, Wos  8.7x 10°
= J
a0 laa

53 17.1x10°

4 o o a Jdo a
2 L%uimi‘umﬁiﬂﬂa 1. astunsaudanodoaa1diIu 100,000 ans 1.3 x 106

voda sl lanse 2. esiueadiviu 100,000 ans 6x10°
[ o J o A o a 6
s095UMI lvaves 3. asvlesiian laAsuau 100,000 ans 1.1x 10
Ay Yo v o g a ¢ a s 6
asadl lanavua 4. pvanUNTateanodea, uea, Wes  8.7x 10
7ad lad

593 17.1x10°



M519NUINT A3 (719)

169

o d
aau MOS0 SeazPyAN NNV yan(UIn)
P
[ a o a <o a
3 luwumsaads 1. M5 NnFaueaneadeas1uiu 100,000 aas 1.3 x 10°
Flame arrester 194 2. @15 UeaTIUIN 100,000 AT 6x10°
v & a d o A Jo a 6
IAUNVINTA 3. a13Wesan laas1uIu 100,000 a9s 1.1x10
4 v v a3 a d J 6
(10aN0aoa 4. AN UINTaLeanodea, uea, Wes  8.7x 10
Tan laa
593 17.1x10°
4 meauegludann 1. ASIUNTAUDANDIDE LI 100,000 395 1.3 x 10°
F130, Winwauae 2. @157ueasIuIU 100,000 B3 6x10°
A Jo A Jo a 6
AU 3. a3Wesad 1aas11Iu 100,000 295 1.1x 10
v @ < a Jd A 4 6
4. AN aLeanodoa, uea, Wes  8.7x 10
o o
ad laa
53 17.1x10°
5 asediassduasal 1 asNaueandodsuay 100,000 895 1.3 x 10°
v A A 1 = o a 6
melududenso l 2. @15 UeaT I 100,000 A5 6x 10
o J v A L) a 6
MU 3. a13Wesan 1aas11Iu 100,000 95 1.1x 10
v v Aa Jd 4 6
4. NN aLeanodod, uea, Wes  8.7x 10
Tan lag
53 17.1x10°
' A <o Aa
6  luiimsesieesums 1. a1sunsaueanesdeasiuIy 100,000 ans 1.3 x 10°
= ) [ ) [ a 6
F1, 57 1Mavad 2. @15 UeATIUIN 100,000 AR5 6x 10
v & = d o A Jdo a 6
IANUEIIAI 3. e13Wes1aa laas1uIu 100,000 95 1.1x10
YY) < a Jd 2 4 6
4. AN aLeanodea, uea, Wes  8.7x 10
% 4
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fau 1wgnsal eaZRAN NI Han(uIn)
7 luwumsAedeszuunds 1L answunaueanodaasiuag 100,000 ans 1.3 x 10°
wouasais lva 2. @15 ueas 11U 100,000 895 6x10°
o A ) a 6
3. ms¥lesiad lads1uau 100,000 aas 1.1x 10
v o I a J J 6
4. panunFateanodea, uea, Wes 8.7x 10
ad laa
3 17.1x10°
§  dandmuny 1. 15N ueas 1IN 2,358.50 AT 141,510
CVO01,CV02,CV03,cv04 2. ensvlesiiad ladsimuau 2,297.80 aas 25,275
Hauanainiungu 3. AIIUNTAUDANDIDAIIUIY 633 ANT 8,229
dumadilindmuae 4. a5 lasienFaszinduau 27.78 a3 1,666
datla 5. szuumanalnsemani 5 69 83.6x 10°
Ugnsal, dadanuiheonnias
571 83.7x10°
9 dimdnuny 1. AINTaL0ansaesas LI 100,000 305 1.3 x 10°
CVO01,CV02,CV03,CV04 2. 151 ueas1uiu 100,000 ans 6x10°
A 1 4 J o A o a 6
augnainiugy 3. a1snesiian laasuiu 100,000 a9 1.1x 10
Y o 9 J v o a J J 6
aumarilinainuan 4. ddanumwniateanssea, Wuea, Wos 8.7x 10
Faila Tad lad
33 17.1x 10°
10 F2UUANUAUANEINEY 1. aSIuNTaueansdeds1uIu 100,000 395 1.3 x 10°
AR 2. @15 uea9 1IN 100,000 aA5 6x10°
CV01,CV02,CV03,CV04 3. m3nlesiiad ladi11au 100,000 803 1.1x 10°
= 1 J v v d a Jd J 6
augnainiugy 4. panunFateanodea, uea, Wes 8.7x 10
kY ) Y s v A g
aumraihldndniugu  dad led
daila 53 17.1x10°
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1 1 a a o a
11 Huvasnel¥iina 1. gsunTaueanedoas uIu 100,000 aas 1.3 x 10°
szmelnlndda 2. A5 HoaT1IU 100,000 A5 6x 10°
v I A Ju A Jo A Jdo a 6
Jamnuilueaesiaa 3. a1svlesiad ladsiuau 100,000 aag 1.1x 10
4 a 4 YR <3 a A= 4 6
lad umTaueansaea 4. dadaNuwNTaueanaaea, uea, Wes 8.7x 10
a =] = 4
waz ' laslonFass i 1ad laa
5. szvumanalnsemani 5 69 83.6 x 10°
A ¢ v v d g} a
Ufnsal, dedaniihernily
33 100.7 x 10°
Ly A a 4 = o a
12 wipanvaudaad 1. 15N Uas U 2,358.50 AT 141,510
dou A 7o a
“G04” 2. aslesiiad ladsiuiu 2,297.80 aas 25,275
3. MSUNTALPANDIDATIUIU 633 AN 8,229
4. 3 lastonTaes U IUIU 27.78 893 1,666
5. szvumanalnsemani 15 69 83.6x 10°
Aa ¢ v v d g} a
Ufnsal, dedaniihenily
571 83.7x10°
3 Q.'l = o a
13 Ju“P07” 57 1. a15Wueav 1IN 2,358.50 AR g 141,510
= oo a
2. mslesiad ladsiuiu 2,297.80 ang 25,275
a oo a
3. @15UNFaLeanogeasIuIU 633 ans 8,229
4. 13 lasensassius Iy 27.78 ans 1,666
5. szvumanalnsemani s 69 83.6x 10°
a ¢ v oo oy a
Ufnsal, devanihe Ny
53 83.7x10°
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14 TeAUGIIA 1. @151 uea9 1IN 2,358.50 a5 141,510
2. m15¥lesiad leas1uau 2,297.80 dns 25,275
3. MSUNTALPANDIDATIUIU 633 AN 8,229
4. 13 lastonTaoz U 1UIU 27.78 893 1,666
5. szvumanalnsemani s 69 83.6x 10°
Ufnsal, Sesaduhe iy
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15 fJunasnesuia 1. @150 ueatIUIU 2,358.50 AT 141,510
Uszmelnlndsalas 2. asvesiiad laasiuam 2,297.80 ang 25275
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4. 13 lasensassius vy 27.78 ans 1,666
5. szvumanalnsemani 15 69 83.6 x 10°
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Aa ¢ v o oy a
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