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a) Job Safety Analysis (JSA)

b) Fault Tree Analysis (FTA)
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AUAL Wdalunisimazid 891 |2 |3 |4 |5

1 ANHTUENNTUNALAL (Nature of injury)

2 douressenentFsuuiaay (Part  of
body)
$% Yo @

3 fuwmpaesnslifuuimAay  (Source  of
injury)

4 11ina84gLRLMe (Accident type)

5 annzifludumans (Hazardous condition)
e deeva o=

6 Fansnnliiinglimme  (Agency  of
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7 dauessansninliinngiifme (Agency
of accident part)

P »
8 AgngEyN lklannsie (Unsafe act)
9 daureatlade AaN UL AINNETAN

(Contributing factor

ANHUENNTUNALAL (Nature of Injury) Iﬁazqﬂixm‘mLmzﬁﬂwmzﬂwmmﬁuﬁLﬁm%uﬁ”‘u
$79N78 1 NIANANTNE BRIWINTL ansite (s
daueiamelFFuuady (Part body) Hiszydauaessanienléifuuiamdy uinsdinaw
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TnansaunuBauiaudayaluusiazlingld Students' T-Test Asviadie i4)

i.1) LF.R. (Injury Frequency Rate) \fusns1mnudaeinslA5LuImiay AMUamaINanauaey

AINUN IF LN AR LUAINNNINN9W LT A YINARNNT9U 1 dnudnTig

N
IFR. = ——x10° (2.1)

MH
e N = |a1usuAaeeniaingiidme (Number of Injured walkers)
MH = Fql8an13NIULBIANNUIGAY (Total walker's man-hours)

i.2) 1.S.R. (Injury Severity Rate) IHudRI1AYINIULINTBINITUIARL AN UTAnN AN

|
v A

ANANNARINEANUINE TN EIAIAUNTNATINE
DL
ISR = — x10° ..(2.2)
MH

DL

=)

Tnel uduinauidelyl (Day Lost)

MH = Tallan1sNI9I1IBAWINUWIaAY (Total walkers’ Man-Hours)

.3) AS. (Average Severity Index) luAnAgiiaaugulseataaenIsFFuLIAUAWINAIN

AR 199TUNGNEMLAY YTanAuselUNAAL 1 38

ISR DL
ASl. = ——= ..(2.3)

IFR N

1.4) nMsAusuNInFaLRLSAsI ANDIIeIN TN ARLIRaNN s sTENEUAT

Safe — T — Score : STS
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Wunsendanisnieatann llunismuauaninan (QC) &9 STS armnsaldlunng

A ' o Qll 3 a K o dl a
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o5 - _LFR(now)— I F.R(past) ey

|.F.R( past)
108 — Working hours (now)

o

T9finAn STS; -2 < STS < 2 uansinnalasuudasiiinlulidanuunnsnetredivadAny
STS>2 wanagndunselutiaqiiuunndneAniium
KX A 1 a a
winefedeylsunvaensinlng

v

STS < -2 ATNTINAL STS>2 WAasuulaeNATUTafsuAI e tiasAd

£
[ A =* e

et STS azdidsrlamiunnlunisdnsuuifiuiunngifuwsnuaznisulsuadayanaanaugunsnli
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atuayulpsanianistlesiugimivnesnglinados

Lﬂawrm’]mﬂmmiv‘mm OSHA Aa wiinauazineuldifiu 40 Falusradlnnef uaz 50
flansisiat] sisailszanns 200,000 FalusreTirasanuiivn Nyl R aitlanglEsuassunse
agnalsAinunisiuisAavaululzeueaa i uLAnaeteae la w1 saFauauanuau
qﬂﬁmril”lé”ﬂmﬂm‘qLm'mmﬁ?ﬂul,ﬁﬂw%ﬁLﬂmxﬁ@\u‘]ﬁﬂuLﬁﬂuﬁﬁmmﬁﬂuﬁu (Normalization) 1114

ANUIBATNIWINAULA T T TN TN U AN WFa s

ABEN9 2-2 1PNULMININTAWINUN 500 AL NUTlay 50 dlaviuazdilnniiay 48 daluge Hns
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:; Q’l o @ s di < 1 a ! o IS ' =
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HUNN N0 TR MmN ATWTaNNA 60 AT arldnsAdnNDaaegLiRwsTluminle

a q 3 q

Falaan19919ule 1 U = (500 A x 50 dlasi/anTl x 48 an/dUnns) = 1,200,000 Falna
FalaansliunNeu = (500 AL x 50 dUan3TAuTl x 48 13./41A9%) x 0.05 = 60,000 Falag

Faluan1snnenuasaly 11 MH = 1,200,000-60,000 = 1,140,000 G134

N o0 60

- 2 x10% = 5263 pfclugnudalienisvinen
MH 1140,000

agl159n Tuseu 1 Udaiimme 52.63 Avlududaluenisminanu



68 U 2 nsLAMIsuANtaeaitlulsugna Ny

' v 1%

Aaena 2-3 sieanded 1 Gufinguimwe 60 AR TuthiuAndunsgodedaiunisavgnauaes
WHINUW & 1,270 Fu azAnLuAImnBe e FEmeurinle

ISR, = &xloﬁ - 1270

_ 1210106 = 1,114 Suludrudaluenianey
MH 1140,000

agl159n Tuseu 1 Ydnegoyidedunineu 1,114 41 Tu Srudaluaniaineu

Fagsedanisld  LF.R  uar 1SR wulunsdlauanuwdedamnliatanaudinliniauwld 228 Susieil

NAIN1U 20 1)

Faluan1snnaunanuiultgnnaineuld = 20x228 = 4,560 T4

auiindn LF.R lwlaew wi 1.S.R aziasuilu = Mxﬂ)ﬁ: 5,114 Julugudqlna
1,140,000
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AaEN 2-4 fayaveslsanu Assialli
T3997% | dUandisia | daluenns | ARANew | 2nmenu U
1 NIUFD (A1) (A1) 1i516)
Adandf GES)
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19997 A, HF19N19MUITIUNA = (200-20) X 20 X 48 = 172,800 Gl
6
Twun LFR, = 6040”55 63
1,140,000
20x10°
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25x10°
T IFR, =———=144.67
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2-6 A large storage tank is filled manually by an operator. The operator first opens a valve on a supply
line and carefully watches the level on a level indicator until the tank is filled (a long time later).
Once the filling is complete, the operator closes the valve to stop the filling. Once a year the
operator is distracted and the tank is overfilled. To prevent this, an alarm was installed on the level
gauge to alert the operator to a high-level condition. With the installation of the alarm, the tank now
overfills twice per year. Can you explain?

2-7 A 50-gal drum with bulged ends is found in the storage yard of your plant. You are unable to
identify the contents of the drum. Develop a procedure to handle this hazard. There are many ways
to solve this problem. Please describe just one approach.

2-8 The plant has been down for extensive maintenance and repair. You are in charge of bringing the
plant up and on-line. There is considerable pressure from the sales department to deliver product.
At about 4 A.M. a problem develops. A slip plate or blind has accidentally been left in one of the
process lines. An experienced maintenance person suggests that she can remove the slip plate
without depressurizing the line. She said that she routinely performed this operation years ago.
Since you are in charge, what would you do?

2-9  What is the worst thing that could happen to you as a chemical engineer in industry?

2-10 An explosion has occurred in your plant and an employee has been killed. An investigation shows
that the accident was the fault of the dead employee, who manually charged the wrong ingredient
to a reactor vessel. What is the appropriate response from the following groups?

a. The other employees who work in the process area affected.
b. The other employees elsewhere in the plant site.

c. Middle management.
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d. Upper management.
e. The president of the company.
f. The union.

2-11 An explosion has occurred in your plant and an employee has been killed. An investigation You
have just begun work at a chemical plant. After several weeks on the job you determine that the
plant manager runs the plant with an iron fist. He is a few years away from retirement after working
his way up from the very bottom. Also, a number of unsafe practices are performed at the plant,
including some that could lead to catastrophic results. You bring up these problems to your
immediate supervisor, but he decides to do nothing for fear that the plant manager will be upset.
After all, he says, "We've operated this plant for 40 years without an accident." What would you do
in this situation?

2-12 Large storage tanks are designed to withstand low pressures and vacuums. Typically they are
constructed to withstand no more than 8 in of water gauge pressure and 2.5 in of water gauge
vacuum. A particular tank is 30 ft in diameter.

a. If a 200-Ib person stands in the middle of the tank roof, what is the resulting pressure (in
inches of water gauge) if the person's weight is distributed across the entire roof?

b. If the roof was flooded with 8 in of water (equivalent to the maximum pressure), what is the
total weight (in pounds) of the water?

c. A large storage tank was sucked in when the vent to the outside became plugged and the
operator turned on the pump to empty the tank. How did this happen?

Note: A person can easily blow to a pressure of greater than 20 in of water gauge.
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o dudaudrdnylunisdudielusemenyeed nasannlfifuasfividingsenisuyedlag 4 neian
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flugnseiilugssndnd  (Chemical agent) BNNUTNANIAAZ1INENITIINEN InLETRENN19 AL
winluananinngn 300 dwasandasatinndellilasugluesasielaensindfisen nisnsevin
1 d” o U a a o A 1 o

uTazn lfians el e uneananse i dun e

dan Auihdlunnsindnanssswelfdy  danezef wavmaelsvasy uweanaininisdasuudaanig
a a a Aﬁgl Y 1 1 1 o O Y a o ] ‘ﬂl ‘é ) [~
Foinenasfinauliudousg o dureiiianld Jowls ln uazdiudu v Teenaasifeuaiieudy
s2ULDAUNE (Detoxification) WULMTNUENAINTILEIUIRY Rontla w AN LATIAL fafluadenzndas

NIANUAZNNINARNINHTBINIAN 17 FU hazilandnfas

3.7.3 rsud U ludiume o aasRadidan

v
o a

naarnnsdinlllusaneaesansiieainsaagl1alunneen 3.12 Al

AN9197 3.12 HARBLAULIAINANI L LU ULLFNG | (Various responses to toxicants)

NARBDUAUA FUAUBINANALAUAS NAURIANTWE
wusFnEn e (Irreversible) Carcinogen 1139 (Cancer)
Mutagen naldeia DNA (Chromosome)
Reproductive hazard lunadi (Reproductive system)
Teratogen NamaLAN Ui (Birth defeat)
wunneEnld (Reversible) visa Dermatoxic ARV
a1aazldlé (Irreversible) Hemotoxic \A8n
Hepatoxic F1
Nephrotoxic (5
Neurotoxic seam
Pulmonotoxic an

#19849a7n Crowl and Louvar (1999)
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agifiudinaed 3.12 wandlidiufveiiavesuanenauewing < vesasiie gnimuslimuainresansis
Imﬂ%mﬁnmmumqmmwm‘ﬁ”ugm ﬁﬁlqmmmqmummmw"ﬂﬁ‘ﬂmmﬂ%Lﬂda:mﬁshumm‘gmuﬁﬁ@ﬁﬂ

L1
- lsavnaiAnmnela msaadeiAts Spirometer alisniunnanmneladinean sitaanaastiuiATes
Forced Vital Capacity ; FVC Lﬂdilm Force Expired Volume; FEV, Lﬂd"alm Force expiratory flow %‘\‘1%

UBNAINANNT8Y Vital Capacity (FEV 25-75%) visaldaiAsas FVC waz FEV adaiudesidus

(FEV/ FVC) % nuan1smsaa f1dn FVC vise FEV Heendinimsgau enaazagdlfiiiesdntend

]
ey

Use@nBninanas denaiiasnnain  Alveoli gniinane adnalafinnusiesandaunnedidangnnylu
nsdAIzaLETadaINIsuedtsasia Ll

- Isainenfuszuuszanineinluazlfirses Electroencephalogram (EEG) T4RTA@aLAALENES
Tneldudnnisees deyalsananiudullszamluanes (Cranial nerve function) szuuLlfjizen
fiaunausmluds (Motor system reflexes) LL@::i‘z‘Ll‘lew’jgﬂ (Sensory system)

- TspnennuRamivenaasgnitiade lnagnisifsuulasueliomisningi aie dwaen wa du
b4
Fiu

- el azgnasassulneniaeiinanisnmatiaann: Grladnanuunniedaannzasi

mawazilsAulluaanungos

3.7.4 N1SANELNAINURITNE

b4 o a

= A . \ o= =y P o o =
nsAnngadissiuasielasdoulugjazdnenanlfainasielasandodndlun svmasesis
Han1Inaseaiudndargnilszunn (Extrapolate) atnamsnzanineldinuau atnglsinuaniunazsias

o

NIUMEazIaan (Identify) 1981 TREAIN

FaUa981370e (Toxicant)

- dhungluaesnimegeuiu@alTan (Target)
- NANNTAALIAUDY (Response)

, e aea .
- 1992995 HN AN NANNTIR AT1N1905L (Dose)

FOUBUIANNINARDLNNT bFFUA 9N (Period)

ATLANTIRFNG] wianHiugnnfiemanuiigantAnIa UATAMANTANNNIBAN
FoatvduuiugaNnseg luanzaeaaiuarlels Aniuusazauanifnianianinsasansidinly

| ] 2 o @ A oy 0K P e
ELu?qQﬂquLLW@:VnQ’QQ@'WLﬂum@:mﬂﬂﬂﬂ‘]ﬂ’qmq\?ﬂu@@ﬂiﬂ

= @ A o Ao o o ada = . ) = o
nsAnAnuiuinresdslidnsusRelTinmadife  (Simple  single  cell) lifsszAug
(Animal) Anfusiendeninenaseuiiasaintadesine o duAldans Aanazanlungineusingeg
(Availability) 1iuifaqiiun1sAnELATR9WUENTIN (Genetic effect) arnnsanagauie1fimasiNeamils

o

Tuanateanunsndnasisienilfusen e agaluBesnisamu aglafinuilaqiugaingg
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nagavaeuninaeludaunimegaunssyadnzdausing o anaasiinonaniu wu du ln des uaz

o :
donaulunalnsing o

MdeFuNaun1uue (Dose unit) WunlaeALanaDeBunun1s5usnvisaasnendn i lusanne

A a

= o 3 N A o | ° : 1 =lo 2 o = o
gansfudnlileanaaslnanisanvidaiud szniu MHQE"]J@\TLE‘NWMH’]MHL’W@Q‘L&?LMQJWVII%HHQ@ NA[NTNIUBAN

argsiaumnyesinig [Alaniu) dmasesiudndiduny duiuauazgudadoulaatiimin (Weight

fraction) dn i lurninaandlEudng (ff’mﬁﬂmﬁmmﬁjmwﬂizmm 70 NIANTH wazEucleLlsvan 60
Alanfu) dvsuuiaazdaiilu ppm (Part per million) w3aaiaaz 3l MPPCF (Millions of particles
per cubic foot)

TutrananlunmageLasiuTLHaTeen s Anlusr L dusitesng N17ANATBIANHNLT UA LY

o o

FUNAU (Acute toxicity) azfnaulE i uununfuien (Single exposure) Wea il uuuUsEe s 7
%qnﬁqqmmm@%zﬁgw%mq (Series exposure) zﬁ'fmmi@mammLﬂuﬁmmuﬁ;ﬂ?\i (Chronic toxicity)
dunaresnisdudaanaiuszes o ludewaaneng felnaunlunisquauazaziuieund asan
ﬁum%zﬁmmmﬁq@q‘lwﬁqwﬁm@:ﬁN@m@umu@\ﬂmmmmmm agalsfimuansielnadanlug

dnazlinuguresnismsaaiiegua ussezdi
3.7.5 P uas N =N KA lun1sAauduas (Dose versus response)

$19N18989RINTINANIMaUAUBIA LN AN (Dose) WANANNAUIUAL 81t (Age) WA
(Sex) "mtin (Weight) 151i5TnA (Diet) 4200 (Health) uazifadadu | saetnadunnlnaaznusenis

9 v v = A %o Ao qu = ] | e ]
LLWE!‘LE"]J@QLﬂ@?ﬂ@\?ﬂ’ﬂﬂiuvlmmﬂqqﬂuﬂﬁiﬂ Mﬁ"ﬂﬂqi‘mﬂum’ﬂﬂﬂuiﬂﬁ‘u@’]ﬁ‘mmqiﬁﬁ‘zﬂ’]ﬂLﬂ'ﬂ\im’ﬂﬁ]’]LmrlﬂuLLﬂ

£
L4

ﬁuﬁﬁ\‘iﬁ‘zﬂqﬂﬁ@ﬂLﬁﬂﬁ@ﬂLL[ﬂI%ﬂﬂuﬁﬂLLﬁQLL@zLﬁ@[ﬂ’m’]'}@uﬂL@‘U aiudnAUNIae ] ALNINARDLNA

a o

NIRaLALaILeINIg liFuansinTiannsatiwnuanualudatnaagLa 3.10

Percent or
fraction of
individuals

effected

Low response 7] High response
(Average response)
gﬂﬁ 3.10 N3hANLAILLLLUNR (Gaussian or normal distribution) 184N13MBUAUBINT LT

a a aaa
AN UDIRANINTIR

Tugil# 3.10 uamstannsnszanaandlnsuansliiuiunisnsyaanesdiays (Distribution) @

gaun13rean il asulasnifluiuuin® (Normal distribution) 338 Gaussian distribution azl#isatl
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L)

e 2 ..(3.10)

1
f(/'ll)_ O'\/Z

Toed f(x) Ao Aedupasnisaauauss lngainnsu 3.10 AaA1AIND (Frequency)

_ VL:/ | d . ) _ Xi -X
Mi = aNLINUE 1178 Dimensionless response =

o

_1(x.—xf
visa@auludlfiilu f (%) = Le 2\ o ..(3.19)

n n
PRIORL 62

n

ix,—x (x) /> f(x) .(3.3)

i=1

e f(X) Ae Weduaeininaudueas

2 ' = . . X| —X
H = wanluag 1198 Dimensionless response =
o
o = ml,ﬁf;l\m_lummg’m (Standard deviation)
X = ANRRAT8IN1INALAWEY (Average)
n = ey

TeANTENUUNIATIIU (Standard deviation) azinWigtlisresnismeuaueaasulidagi 3.11 uaz

o . ) . o o
;989NN (Confidence interval) wmwﬂummmimmummgﬂw 3.12

133

2.0
c=0.25
f(x)

1.0 ——

|
1
1
1
[}
!
X

117 3.11 uansmaanAnDeuUUNAggIuAe 7 Tunisuanuauuulng
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flu)

al

ANANDELIUNIATFILNAE TunisuanuAsuuLng

77 3.12 wefiudreslAFunanisneuanedszndng 1 winaesr et uas 2 Wi LanINeg

AR89 3-1 AINNIINAFELNNTIRBLAUaIaNa1T R NRaulalae lEfaetinalszaing 75 Al NN lFAIA1319

F9szAuan 0 09 10 (Tneh 0 = Tl mavauswsiatngla uaz 1 19 10 = NARBLABDIFDNINIITULI

ANNATAL)

A19719% 3.13 AT NUANUAIAIND LFRaenNaf 3-1

STAUNNT Sl 185 umanenaos
ADUALDI (Number of individuals affected)
0 0
1 5
2 10
3 13
4 13
5 11
6 9
7 6
8 3
9 3
10 2
N =75

A9a319NNuTNIRaWIULsTIN N i unansenunazsyAUNaRaUANeIaINdays avaiaanng

f(x) wazWAaANIINNITULANUAIANKNDNIAIFIBLILLING (Normal distribution) Luns Wi lfandeyalu

A13799 3.13 (NFUANLAIANND)
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14 - X =451
12 — i
| 1
= 1
[ ]
< 1
| 8 - I
3o ]
RN 1
= g A |
= 1
lad 1
< :
o@ 4 - :
Ny : l
0 E
0 1 2 3 4 15 6 7 8 9 10
TALNARALAURY

U7 3.13 wanspudNiuiszndng Usvansnlifunansenuuassziunasnauauaslnenanums

@un13 Normal distribution Aag@nng (3.10) e dNn1T (3.12)

1( % -%)?

1 2 Yo o o Ao A

f(x)= ——e 2\ @ annmstianiunazfioaneneds (X ) uazAndesuuningiu (o)
o2

AINFNNIT (3.2) WAT ANNTT (3.3) ANAIAL

n n
X = in z f(Xi) ...(3.2)
i=1 i=1
= (0X0+1x5+2x10+3x13+4x13+5x11+6Xx9+7x6+8x3+9x3+10%2)/75

=338/75
=4.51
n 2 n
o = Z(Xi - )_() f(Xi) Z f(Xi) ..(3.3)
= ([(0-4.51)%(0)+ (1-4.51)°(5)+...+(10-4.51)*(2)] / 75)"?
= 224
1%
o 2 1 2l o o oy e
wuaunis (X)) = e Waunuaudaazld aunns Normal curve

o2

4512 o
f(x) = 0.178e 1% 45)% g4 apanisuanuasdigalumang 3.14
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AN9197 3.14 LAAY NANTTALATIZILLIL Normalization

2

o 1
. ol . o Normallization f(x)= 1 e 24
FLAUNT | pamauaLeg [z 27
= f(x)/75 .
ABUALA X, — X | HaRDUAUDT (Number F () n3I8
= = T4
X S of individuals o f(x.) = 0.178¢ 010004512
S NGREEN 4 .
affected) = f(x) Faifluaunng Normal curve
0 -2.0 0 0.0000 0.0224
1 -1.6 5 0.0667 0.0507
2 -1.1 10 0.1333 0.0937
3 -0.7 13 0.1733 0.1411
4 -0.2 13 0.1733 0.1734
5 0.2 11 0.1467 0.1738
6 0.7 9 0.1200 0.1420
7 1.1 6 0.0800 0.0946
8 1.6 3 0.0400 0.0514
9 2.0 3 0.0400 0.0228
10 2.5 2 0.0267 0.0082
MU= 75 AU 798 = 1.000 798 = 1.000

Wl TunisuBauiausn fx) AldandeyauaznisAaiunfiaaannis (3.2) uay 4unns (3.3)

a1ilusina Normalization

ANgL 3.13 azwivdiilandenandeyanisai 3.13 azlanuueilige (Left skrew) 1antiag d

v
Y o K

agwiulidatuiagarnnisnFauiausendnanaminlalussadrsuaznsmndaonadluilng (Normality) A9
U7 3.14 Asdudeulunisiiazinenan landludnuuenlidng (Non-Normality) iandemnuanisuanuas
AN 1 lun19un el e s uin1sneudued (% Response) @zaufiudiniain vue Inaendy

ANANTUEN AT RAazanAINgIW 3.15 guidewazduun i duwdulfedennsanisiue

.I: 26%
()

= AN

=t (5% - o

g * ° v

& . ADYA f(x)/75
<

< 100,

;| /o

3o

Y *

e . = aun7 (3.1n)
& 5%

p / * * Normal

*
distribution
+ T 8% T T
— sy U
-3.0 -2.0 -1.0 0.0 1.0 2.0 3.0
NAanIend (-)

= oAl o A o
qﬁj‘ﬂ“l/l 3.14 ﬂqi‘ﬂi‘zqqﬂN@?.Iﬂ\‘lﬂ;lj‘i/]iﬂﬁ“].lN@ﬂﬁ‘zﬂu%ﬁ‘xﬁumq\?ﬂ
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% Response

A
100 — - - - o o oo

50% | /

Dose

2119 3.15 NI N ANANRUSIEUI BT F LI NA R AL AU AZANLATAN LENIUAUA

al

o dl % U o dl ' dl o v o o & G a Y d’ ¥
ﬂ\‘l‘V]Lﬁ"W]ﬁ"]‘]_ILL@')')Wﬂ’]i“V]']‘LL’]EIVN’]E‘V]ZQ@WJ‘J‘@&”V]’]I‘M mmmuwumﬂummumﬂmm Tnafig

wasuliiunsnmnuduiusssnanaiunlfinanaesnanauaues  (Response)  wsansilesidusuas
NARBLAUBIAZANLAZAN Logarithm 18972ALIIadHNaNaLA1eeEe Logarithm of the Dose Adliiuannnsn

PNANTUETUT 3.16 Tailudnwnizaes Logistic function Tugtluuuaes Sigmoid curve Wsafiignandne

1
=

1 3| A o A dJ = 1 ° 1 | Y
anflumilausa S e S- curve IviARde Tun e lugasnansiludun s

% Toxic response

A
100 — - - - - oo

50% /

Log dose

317 3.16 nemlAudNRuiszudnalefiduiresnanauaueNaraANLAZ AT Log Dose
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S ALTBINN e AN L RN AT BeannslineLdued (Agent) Tm%”l.ﬂ”l.é’qnﬁmuﬂ Wl 3 svsupe
1. ED (Effective dose) flunaluszsutiaeiianansoundlaly iduszaaidnsmn seulunnasom
gunsnsnEn e 14
2. TD (Toxic dose) {lunansznuguuseust RsiUATIm 111 TWssaynniaunIag Auanisenn
WINAN99 Aunazleagniinanaunedau Tdaunsndne e 1fidulng

3. LD (Lethal dose) WhualusziudediudsTam

Adaanties lilunauean sneuaues 1w ED,, ED,, TD,, TD,, LD,, LD, %38 LD,, tlu

HANTENL AN % N9y sauanslugy 3.17 Tnauanslugl Iuduavseslsneuausssedddtnas

b4

wuineesanssatnming i 5uans (mg/kg of subject —body- weight)

al

% Toxic response

A
100%
50%
1 O% L - ///
ED;, LDs, D, LDy, Logarithm of the Dose
ED,, TD,, LD,

U7 3.17 uansdnsouznssauauedlutFunusing o) 2edaisnfienisiineuauas (Agent)

negUf 3.17 waasAnudiRusazudng Waiiuimesnananauaiazas (% Response) WATA
_ o " e L vay =
Logarithm of the Dose nBaLauay (Agent) Aas1eang L EuNuENen @ Curve ‘Emamiﬂmm‘lﬁjmmw

AdinasensoUaNeaLULSUNGY  (Acute toxicity) vnninsienldduansineuauestiasyinling

d‘ nﬂl =2 o dl v ¥ A 1 o = ° Yy !
ARNALAAD LN INAIDIAINITNTIARINTT IR LAUANMTE Agent m\muum@mﬂm@gamimmummq

1o
aa aa

Thanfuieswesnarasddnauauasian lfianudAgadidnen  Gatinaes@aldinsneiunaziuase

NN9RaLAURIANNTY  atnglafnnunisnasanadlludesidanudaiiniaeaiuiialnafani1snauANedFAeTY
v A a yvdbdl o” o o Yo [ % U a v v v
Fogfsanunsafansanlinetine wa a1g tin anwauznislfifuasasliinanmeaziBan inausiuug

v '
v & o

UANAINTLBIARLTUANNAITHUANNNAE NI UH LFAZ1 INHNRN1IMDUAUBIANTUANN TN INANTUASTIN N A
NNIABLAUBIFANIUGIE Fepnaaziiudnensdsugms ludnwuzsniuuuuuanilean sisvua i une
(Additive) 1dsunn uansasiuieinndatsGusiwisuneailune (Synergistic) nsidsnnms ludnwe

Duanslvaimiunsudansisesaldifuneusismuiuugaiiuie (Potential) sisasinugns (Antagonistic)
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3.7.6 uuusnaanldlun1syvinulanisnauduas (Models of Dose: Response curves)

v ° PPy ° P | o
neasuuLaaee i lunisinnenisneuanesliiuanaiunsnnimeuanesussiusng o
geatfsunuansuanseiullduanslufinaudaluinde 3.7.5 dans gl 3.16 Tuumilgnazuniansn

o a el o ° a a aa Ao | aal a )
LLUUW’]@@WINﬂmmmmm‘%%uﬂuﬂwlu’miummLﬂﬁ‘ﬁ:ﬁ“ﬂﬁﬂ']ﬁﬂf]ﬁ‘wLﬁ‘ﬂﬂ']’]')ﬁﬂ’]ﬂﬂiuw (PrObIt

[

Method) Taeidianlugiannislisadl

Y5 1,.2

P= ——_ I e 2 du ...(3.4)
2

—-a

ANn17 (3.4) Wluanuguwusszudnamannsiazily P Ausauils Probit Y Sadlasinluidsw

naazldifsgLn 3.18 uazuatesiinyalunisei 3.18

a

7
)%
7

s’ =i
a o
s ]

= =
a g

4 = o

,/
31/
2
0O 10 20 30 4 50 60 70 80 90 100

Percentages

717 3.18 Anndnriusszudnalefidusiazistin (Crowl and Louvar, 1999)

A1314% 3.15 WamAIAn Transformation anniefiduduanauanes (% Response) lu

Probit Y 7if"#19 <] (Finney, 1971)

Yo a 1 2 3 4 5 6 7 8 9
0 — 267 2.95 312 3.25 336 345 352 358 3.606
10 372 anm 382 387 392 3.96 4.0 405 408 412
20 4.16 419 4.23 4.26 4.29 4.33 4.36 4.39 4.42 4.45
30 4.48 4.50 4.53 4.56 4.59 461 4.64 4.67 4.69 4.72
40 4.75 477 4.80 4.82 4.55 487 4.90 4.92 4.95 4.97
50 5.00 5.03 5.05 5.08 5.1 5.13 5.15 518 5.20 5.23
60 5.25 328 5.31 533 5.36 339 541 5.44 5.47 5.50

70 5.52 3.55 5.58 5.601 5.04 5.67 571 574 577 581
80 .84 5.88 3.92 5.95 5.949 6.04 6.08 6.13 6.18 6.23
90 6.28 6.34 6.41 6,48 6.55 6.64 6.75 6.88 745 7.33

Yo 0.0 1 02 0.3 0.4 05 0.6 0.7 0.8 0.9

Y 7.33 7.37 741 T.46 7.51 758 7.65 7.75 7.88 8.09
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aziiudngln - 3.18 aznReslefidus (unw X) Wauy Probit Y Geannsamanldann

13997 3.16 Teaziiudnansizaaens Wazaf1ena gl 3.16 visa nangn 3.17 drgnaduuny

713797 3.16 wansAnsauLsraaldsiinlunisliFudunse (Exposure) WuLsg *| (Magnitude of

exposure) (Lees, 1986)

Causative Probit parameters
Type of injury or damage variable ki k;
Fire:
Burn deaths from flash fire L 1;°0' ~149 2.56
Burn deaths from pool burning u*net ~149 256
Explosion:
Deaths from lung hemorrhage P -77.1 691
Eardrum ruptures 2 -156 1.93
Deaths from impact J -45.1 482
Injuries from impact J -39.1 445
Injuries from flying fragments J -27.1 4.26
Structural damage P’ -238 292
Glass breakage P’ ~18.1 2.79
Toxic release:
Chlorine deaths s & -17.1 1.69
Chlorine injuries c ~2.40 2.90
Ammonia deaths T -30.57 1.385

t, = effective time duration (s)

I, = effective radiation intensity (W/m’)

¢t = time duration of pool burning (sec)

I = radiation intensity from pool burning (W/m®)
pP° = peak overpressure (N/m)

J = impulse (N s/m’)

C = concentration (ppm)

T = time interval (min)

o

;13797 3.16 azgniwnAuen Probit Y daiulilaiuannisdunss Al
Y =k, + k,InV ...(3.5)

\Ha Y = Probit variable
k, waz K, = Probit parameters

V = r?iumﬁﬁﬁ’ﬂﬁﬁmﬁum’m (Causative variables)

Waneandayandndiiugszudng Probit Y uay InV azifisfluponuduiudiieduiiniu dansaw

31U 3.19
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Probit 7

- 7.5 99.38
Probit % W &3
100 20 Q7.7
6.28 90 | 6.5 93.3
2454 jg T 6.0 84.1
5.52 =
69.1
5.25 60 | 5.3
500 50 } 5.0 50.0
4.75 40 t 45 30.9
4.48 30 | 40 15.9
4.16 20 t =
372 10 3.5 :
0 - 4 : + 3.0 2.3

0.4 06 08 110 1.2 1.4 1.6
Log Dose

gﬂﬁ 3.19 ﬂ’]iLﬂﬁﬂugﬂ (Transformation) @10 S-curve 11L&unsa (Crowl and Louvar, 1999)

AAALNY 3-2 AIN31ENIULEY Eisenberg Fasnsseilinfdenarniiaousulugaesau 1ise A1 Peak

overpressures AALAAIENANT  A9MIAMNENNLS (Correlation) Taeldmnsnan 3.17

13997 3.17 9129UB84 Eisenberg n1ssuiiianidanarinliinnusiluyaesauy

Percentage affected 1 10 50 90

Peak overpressure ( P°:N/m?) | 16,500 19,300 43,500 84,300

ANNANINT 3.17 lunsdiues Explosion: Eardrum ruptures Failedleugunig (3.5) avléan
Y = Probit variable
k, uazr k,=-15.6 uax 1.93
V = P° viza AN (Peak overpressure)

v

WallRauen Percentage affected 1A Probit () Tneldn1s19% 3.15 azléinn319 3.18 Aail

A1379% 3.18 ANENAUTUAIA N ABUAT Percentage affected 1WA Probit (Y) a1nA13197 3.15

Percentage affected 1 10 50 90
Probit (Y) 2.67 3.72 5.00 6.28
InP° 9.71 9.87 10.68 11.34

Waz@IN1T0 Plot N3IWANANALS 521979 Probit (V) waz In P° s gy 3.20

141
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8
6 -
Y =-15.525+1.93 Inp°
>
5 4 4
o
o
2 -
0 | | | | |
9 9.5 10 10.5 11 11.5 12
Inp°

U7 3.20 narlAudNuSszndne Inpe uay Probit Y ivazlinandiiudiluiunssuazasnndesiualy
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3.7.8 aauaansuls (Threshold Limit Values)
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3-1 Derive Equation (3.6)

3-2 Finney reported the data of Martin (Crowl and louvor, 2002) involving the toxicity of
rotenone to the insect species Macrosiphoniella sanborni. The rotenone was applied in
a medium of 0.5% saponin, containing 5% alcohol. The insects were examined and
classified one day after spraying.The obtained data were:

Dose of Number

rotenone of Number
{mg/1) insects affected
10.2 S0 44
77 49 42
5.1 46 24
3.8 48 16
26 50 6
0 49 0

a. From the given data, plot the percentage of insects affected versus the natural
logarithm of the dose.

b. Convert the data to a probit variable, and plot the probit versus the natural logarithm
of the dose. If the result is linear, determine a straight line that fits the data. Compare
the probit and number of insects affected predicted by the straight-line fit to the
actual data.

3-3. A blast produces a peak overpressure of 47,000 N/m°. What fraction of structures will
be damaged by exposure to this overpressure? What fraction of people exposed will
die as a result of lung hemorrhage? What fraction will have eardrums ruptured? What
conclusions about the effects of this blast can be drawn?

3-4. The peak overpressure expected as a result of the explosion of a tank in a plant facility

is approximated by the equation
logP=4.2-1.8logr,

where P is the overpressure in psi and r is the distance from the blast in feet. The plant
employs 500 people who work in an area from 10 to 500 ft from the potential blast site.
Estimate the number of fatalities expected as a result of lung hemorrhage and the
number of eardrums ruptured as a result of this blast. Be sure to state any additional

assumptions.



3-5.

3-7.

3-8.
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A certain volatile substance evaporates from an open container into a room of volume
1000 ft. The evaporation rate is determined to be 100 mg/min. If the air in the room is
assumed to be well mixed, how many ft>/min of fresh air must be supplied to ensure
that the concentration of the volatile is maintained below its TLV of 100 ppm? The
temperature is 77°F and the pressure is 1 atm. Assume a volatile species molecular
weight of 100. Under most circumstances the air in a room cannot be assumed to be

well mixed. How would poor mixing affect the quantity of air required?

. In Example 3.1, the data were represented by the normal distribution function

f(x) = 0.178g010%x-4s)?
Use this distribution function to determine the fraction of individuals demonstrating a
response between the ranges of 2.5 to 7.5.
How much acetone liquid (in milliliters) is required to produce a vapor concentration of
200 pprn in a room of dimension 3 X 4 X 10 m? The temperature is 25°C and the
pressure is 1 atm. The following physical property data are for acetone: molecular
weight, 58.1; and specific gravity, 0.7899
Use a spreadsheet program (such as Excel) to solve Problem 3-4. Break the distance
from 10 ft to 500 ft into several intervals. Use a small enough distance increment so that
the results are essentially independent of the increment size. Your spreadsheet output
should have designated columns for the distance, pressure, probit values,
percentages, and the number of individuals affected for each increment. You should
also have two spreadsheet cells that provide the total number of individuals with
eardrum ruptures and lung hemorrhage deaths. For converting from probits to

percentages, use a lookup function or an equivalent function.

. Use the results of Problem 3-8 to establish the recommended distance between the

control room and the tank if the control room is designed to withstand overpressures of

(a) 1 psi and (b) 3 psi.

3-10. Using the data from 3-2, determine the probit constants and the LC,,

3-11. List the materials’ incompatibility problems you should be aware of in plants that

handle 1. Hydrogen peroxide; 2. Ethylene oxide; 3. Chlorine; 4. Ammonium nitrate; and 5.

Styrene.
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TuGenguuisfuauiuie felaqiiuelfuimnsgiu OSHA (Occupational Safety Health

v
o '

Administration) 9riafianieul A.A.1970 T9N1ATg U uLe9 NIOSH (Nations Institute for

o

Occupational Safety and Health) T4HNATFIUAILAAIIUANT19T 4.1 zﬁ'qwﬁwmmmﬂmmm

49

Uaansalng OSHA m13197 4.2 neziluuNdnAtyres OSHA uay AN9197 4.3 Tetlareengszie

|

Aulaandy at1elsfiannludauaesuniiioazyauiiunisasainiduing viiaifludunseasie
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Ufmanu

A3197 4.1 m’awﬁwmmma‘ﬁmmmﬂmmﬁﬂimﬂ OSHA (Crowl and Louvar, 1999)

NUNELAY VinBeq

1919.94 Ventilation

1919.95 Occupational noise exposures
1910.1000 Air contaminants

1910.1001 Asbestos

1910.1003 4-Nitrobiphenyl

1910.1008 bi-Chloromethyl ether
1910.1017 Vinyl chloride

1910.1028 Benzene

19w 4.2 nseidlauNd1Atyaee OSHA (Crowl and Louvar, 1999)
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(Crowl and Louvar, 1999)
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1397 4.3 Taeiarengsuidaunanuilaensitlulssugnaminasuiail (Crowl and Louvar, 1999)

. Date Abbreviation Act
1899 RHA River and Harbor Act
1906* FDCA Federal Food, Drug and Cosmetic Act
1947+ FIFRA Federal Insecticide, Fungicide, and Rodenticide Act
1952 - DCA Dangerous Cargo Act
1952* FWPCA Federal Water Pollution Control Act
1953* FFA Flammable Fabrics Act
1954 AEA Atomic Energy Act
1656* FWA Fish and Wildlife Act of 1956
1960* FHSA Federal Hazardous Substances Labeling Act
1965* SwDhA Solid Waste Disposal Act
1966 MNMSA Metal and Non-Metaltic Mine Safety Act
1969 NEPA National Environmental Policy Act
1969 CMHSA Federal Coal Mine Health and Safety Act
1970* CAA Clean Air Act
1970 PPPA Poison Prevention Packaging Act of 1970
1970 wQIl Water Quality Improvement Act of 1970
1970 RSA Federal Railroad Safety Act of 1970
1970 RRA Resource Recovery Act of 1970
1970 OSHA . Occupational Safety and Health Act
1972 NCA Noise Control Act of 1972
1972 FEPCA Federal Environmental Pollution Control Act
1972 HMTA Hazardous Materials Transportation Act
1972 CPSA Consumer Product Safety Act
1972 MPRSA Marine Protection, Research and Sanctuary Act of 1972
1972* CWA Clean Water Act
1972* CZMA Coastal Zone Management Act
1973 ESA Endangered Species Act of 1973
1974* SDWA Safe Drinking Water Act
1974 TSA Transportation Safety Act of 1974
1974* ESECA Energy Supply and Environmental Coordination Act
1976 TSCA Toxic Substances Control Act
1976* RCRA Resource Conservation and Recovery Act
1977 FMSHA Federal Mine Safety and Health Act
1977 SMCRA Surface Mine Control and Reclamation Act
1978 UMTCA Uranium Mill Tailings Control Act
1978 PTSA Port and Tanker Safety Act
1980 CERCLA Comprehensive Environmental Response, Compensation and

Liability Act of 1980 (Superfund)

antiindn lupn99n 4.3 taueniangsuiiauaauiasasie (Federal legislation) HNNANTUYN
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4.2 ngutlaym (Identification)

ANFURATaLSUUTTIaNga AN AR FaRAUN AR sIa s LAz TN andiasiu

dl a d’j a dl o a aa o v =X |
gqunmiietunelulssy  wmalulaginaadunisuanlugnaivnssueiiaoududeuninasiunig
gnagganeuthlunisaenuuun@ainegd n3AuANNIIINgIY  Asiunnsseanuaaaaiiugaunilines
nszuaunsnaaiedheRrnsuaziefivng eanaudas asdflunazfiedinmsiatnasyingeds
dupaunIsauunazsiesandenisanlunssuaunts an wnsUfuimen  auaunisdfimeun G
amsnuvasdieyaan AresunensTUsuNseentuy  nsUftiReunesdesiumTesiia A1esuNe
a v - o o A z ° 4 o @ o
ANPIENTIRUAT 1TRANEE  RYAUARRATLANLATEY  AMAIWUATTUREUNIIaILWN  Beailum

o ° P o v A A o = ' A
[EABNUTNINANTIUNLLASAAUDNANN QMﬂ’]WLL@:msﬂm%@xuﬂﬂ LLE‘EIULmﬂuﬂﬂ&m’ﬂmm@xﬂ?:m% Nkl

al

©

'
o

uunifoymlud 7 whensisguazesnisnazinfiazfingu - etelsfinunismndunediuiiasmnann

al

(2 1
o

guifwnnudouniisludureutifyuBeanmnaesiiym  (dentification)  lunisamiuindeniily
duassuazaidesluniiaziindunsaazliluduneunisnislssiiung (Evaluate) uaynisasLAN
KLY (Control) MazanAdML@e (Risk) WAZIANUIEANBAINIRNNUDENIANIZAN Aauandinya
. e < ¥ - < s a e o -
A ) MidulsrlamdsiensuAdoymlumisen 4.4 @senaazadneedsiuumi 3 lulsesnisdssilu

HURTLUDIZTLAN

M990 4.4 dayasine o Midulsslamisianisnanmsuesdunsng (Identification)

(Crowl and Louvar, 1999)

- apupvesdsasnseluenniefinugeniulE: TLV (Theshold Limit value)

- ﬂ’]’u\l@uLLT\ﬂJ’a\ma‘u ﬁﬂ’au%‘“ﬂﬁ (Odor theshold for vapors)

- ANBUZNILNIN (Physical state)

- anusularedreman (Vapor pressure of liquid)

- mwllhaesanneildegmnisitesienanssnuiiAinlusine | (Sensitivity of chemical to
temperature or impact)

- ﬁmmLmzwzﬁ”\amumm%@ummﬂﬁﬁ?ﬂﬁ (Rate and heats of reaction)

- wawaeylEannszuaunisnanenaaziilunaliiingunse (Hazardous by-products)

- mi‘Lﬁmﬂa?ﬁ‘mﬁumnﬂﬁéu (Reactivity of other chemicals)

- mmv’ﬁu%uﬁmmimﬁm:l,ﬁmmﬁiw,mﬂ@mﬁ (Explosive concentrations of chemical dusts
and vapor)

- i‘zﬁ‘J_IﬂfJ’mﬁw‘ﬂdqﬂm‘mﬁﬂdﬁl"ﬂﬂ:ﬁﬁhﬂ 7 luszndnanisldau (Noise levels of equipment)

al

- alauarseauanNindueIn1suiiNa (Type and degree of radiation)

wilslunmsmilymnneaiuaiseiinenisseuautlaeasitlag lidagaain MSDS (Material Safety

' ' 1
=2 o a

Data Sheets) duiludiayandrdnuian fantinans MSDS uandlugiit 4.2 daliedunauaazidanlu

o

o

v % 1 v ¥ ¥
118 3.1 LL@QQ’1ﬁ’)?@iﬂizﬂEUﬂQﬂﬂJ’BH@ﬂZT?U%‘l
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MATERIAL SAFETY DATA SHEET

S0
31:9203

Material Safety Data Sheet

25 CFR 1910.1200. Standard must be
consulted for specific requirements.

U.S. Department of Labor
Occupational Safety and Heslth Administration
(Non-Mandatory Form)

Form Approved

OMB No. 1218-0072

IDENTITY (As Used on Label and List)

Section |
Manutacturer § Name Emergency T L
Acaress (Number, Street. Ciy. Stase. and 2P Codej Tesepr for

Deie Prepared

Sigr of Preparer (oD
Section || — Hazardous ingredients/identity information

— Oher Limas
Comgor (Spechic Ch sl idenuty. C Nameis)) OSHA PEL ACGH TLV R =

Section il — Physical/Chemical Characteristics

Boskng Pont Speciic Graty (Hz0 = 1)
Vapor Pressure (mm Hg ) Meting Pont
Vapor Densaty (AR = 1) Evaporahon Rate

(Buty! Acetale = 1)
Solubeity 0 Waker
Appearance and Odor
Section IV — Fire and Explosion Hazard Data

Extnguesheng Mecia

Special Fire Fighting Procedures

Unusual Fre and Expioson Hazards

OSHA 174, Sep!. 1985

3171 4.2a Material Safety Data Sheet (MSDS) @4sainisluusiaziazlansizunnsinaiis (Crowl and

Louvar, 1990)
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31:b204

REFERENCE FILE

“Soction V — Resctivity Dsta
Unstable

Stabrity Conditons 10 Avoxd

Incompatiddity (Matenals 1o Avoid)

Hazarcous O Son or By

Hazardous May Occut Condtons 10 Avosd
Polymenzason

Will Not Occur

WVI—MMM

Route(s) of Entry inhalation? Sfm

Ingeston?

Health Hazards (Acute and Chronc)

Sgns and Symptomz oi Exposure

Mecical Conatons
Generaty Aggravaied by €

Emergency and First Ad Procedures

Section VIl — Precautions for Safe Mandling and Use

Steps 10 Be Taken n Case Matenal s Relsased or Spilled

Waste Dsposal Method

Precautions 10 Be Taken n Handing and Stonng

Other Precautons

Section Vil — Control Measures

Wﬂy Protection &V Type)

Ventilation Local Exhaust

- usGr0 el «5297a527y

{

1l

N
N

4.2b (fie) Material Safety Data Sheet (MSDS) $4518in15 lUuARE Nz NAN MUz LANFANIIW

(Crowl and Louvar, 1990)
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4.3 MsUsziiiului@aannin (Quality Evaluation)

nsdpnisauninesdesiuandaeadelufioudsne o AianAuEeguANAIRTAINNTILEN

o

panlutladanaasasAnu lEmatl

4.3.1 1TasENNNIEAIN HUAENAY AMNAUALTION ANNIAY 593 WAYATN9 ARNNAFULIIENNA
=S r_'ll =l -:‘ll [ N a dl o [ % d‘ o %
NDUATEINALATENANT gUNInlAne o uaztTomuan uImilusn - dedatanianianinenu

quenNbamsouLeenls 3 uNeAnan 9 Ae ANTEU UASATNN UARENTY AmsnuANUAlH

o

di/
U

o

n.@eeds gnandanimsgulnedaiuAadiua (do) Ty

db = —-10 logyg IL ..(4.7)
0

a

= 9 = o
79 | = AN YRIALNNAN

lo = AanuiinaaRealuseAuAN9a

BazNIINWAaecluTanal 7 FalNen1eu ANASIedIAENARdTiasniN1iee

WinAU 91 db HAYN13919UFRLee 1E991987 8 Falig N13NNIL ANHAITIANIAENFRITIaNTN

Ysawinfu 80 db

1. Avasen nsdndiannteusy lunuinsgwiTe lifiet 2 uwamnane

o a 1 b4 k7 1 = ¥ a b4 o v 1]
1. IAGUNANIDITNNILABIUDLNIT 38 BANLTALTEA ﬂ’WLﬂu[ﬂﬂ\iﬂi‘Uﬂ?Qﬂ'}ﬂﬂ%‘I@

aunsnfileaiuarinasnsiudauynna PPE (Personal Protective Equipment)
[ % a a’ % A d' o 2 v I = % a %

2. AU NIDIRILIARDNYTENNINNU Heatiaend 44 B9ANTAITYE DAUsY
diuilplnanisszunaansbawiseainginanilesiudunsedonynna

wazdunalidniinanseunniiuliagi@nmteaiiasaini@ateninuazunenisenain
ATATT

AL UAIEI9 nuNNE A IMUANIATTIuTIBUASAT AN U (AaNAzBEAluNNT I anemn)

e o A

dy =
NELESTRIEES
v [ a v v v 1 1 = 1 o % o
1. nngaufing us9q dngatavey WA udindulasadeninndnvisewindy 50 and
[~3 v [~3 o ¥l v 1 1 = 1 o o &
2. nuEuEn Wunsd WRANNENLAIRINS NINNTTRWINAY 200 AN
3. UFANUIANT REITUTELNTINADY ANINENILAIA9ININNINTRYINTL 1,000 AN

PINWAEIAIN9 lnavBakaaadanninullazinann linanisUaadsesvisefl udunse

Aam11ea g1 FUATNITALT AL
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12
o A

wana Rl Andasaianienian ey o
uI/ I dl IS dl o = A Qll ! dy Q’I IS a o v d’l
- AnndussiendsiinanaaiunisiaReuresden  Mldvaedesslaneficiisnndndesauuas
v de VYo & @ a &”
fvnniiafie lAFuAnufufiaziineanisguusauy
. 4 Ay e v e & oa ooy o o as
- AnunaAuussEnABsdulvninendasiudnaivisedniunfewinaunu o) a1aasinli

AnRzAY uazyuuants G ldfuanusunlasunlasatnemnid

'
o = v %

P - = o Ao a Yy A P
- faTunnlsuimeaniulsznaunislain1ananunsanaidasmaasfasininduenlu

A o ¥ P o a = ' < v 91&” o
299ANLaaA AR UTNANIN Lummm\imﬂummmLu@n”L‘V\I‘V\I’]mmmmqmm\ﬂmuﬂu

o

a al o o -:ll Yo o a G o ¥ a o ¥ | o a @ <
1ip109598 dviuAuRlFFuSaAillurcaznatunu ] g lfineeunmeld duiddnd

FeRef FeRpun e A3 4.3 s
Violet  Visible Red
Cosmic | Gramma | X-Rays . Visible | Infrared Micro | Radio
Ultraviolet |
Rays Rays light Waves | Waves
f T f t
103m Tom 107m 104m Wave length (m)
Vacuum Short Wave Middle Wave UV Long Wave
uv (UV-C) (UV-B) (UV-A)
f 1 T
100 185 254 300 315 400  (nm)
200 280

U7 4.3 PRuumAN i lugaganeaAaUsng < (Komvuschara, 2002)

o

4.3.2 faseuadl diuansiall (FgALYTRNANER) 1A Nenaaviiamnnsnl nM9sziin sxime

\{luilu (Dust) 9N (Fume) Adl (Smoke) avaes (Mist) ufia (Gas) la (Vapor) Gefindnaniaiuidinly

o a

azifludunseld wainisofiaanAising o) Hdei

- du (Dust) aymAvesudsiifenszatelueina Tasifinannnsun menszunn usauazaziia
t!umahf:mmmL%q”lﬂmmuiuﬂ@m Tnaaunnaesdulszannslidiin 100 Tulaswms iy Hiuus
Tavzuazanuiiu

- 9l (Fume) Waifpanneuniavesudsiigninlifeuaunanaidiule udafianisaruuiluennis
Unfrunresuazfisunadnngt 1 lulaswss dueswziaeenled wdneanlas lusm
deslazanlalbin

- Adu (Smoke) AduarHaumAnndn 1 lWlanwme adudnFaziluaeade (Airborne  solid)

waz wianifaannisunlnidinlldanysal 1eq

o

yaawaq (Liquid particles) NCUBTRBN

A9ALUTENAY 11U wPU T8 s
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] v o o 1 1 4 o °|/ U aa v U | =3 ‘ﬂl |
- w (Soot) azednaiuadulsinsnazidinladiuialld id@dinnan ueuniedn o Ay
299ud9 (Carbon black) NsxAnNNszanaet] visanuwiufnatUuaaqln
- azeead (Mist) iuaunipreamnadifzualaiviu 10 ulaswns Henszanaeglueinislaesialy
Hamisaaraaannainnisatuuianan nuiailuaeuvanisalaanisunndazeesmasly
agluanineianszangls 1w nsiiunes nnswuiule
(2] | all [ 23 nﬁgj o a = nl/ 2% d‘ n:ll
- uia (Gas) {luanmeniuufarunveseyniaazauivatinuesansedl TnevialURnafsymen
a Yy 1 | ¥
goannivied iy CO, H,S dlusiu
- 8 (vapor) inTuannnisnreamanizareudananisilasugausnanauuia
o =) ! a d’l ' ] o a a a dl o & 1 dl |
4.3.3 1A3EM TN 11U N19RAmese 7 1y Taid uwumiEe wend wazideandndsing o M
A a QI aAala ' ] o ' A J k7N 1 < A ' Yo
WIMY  ViTaNHLeAINTIRsNG ) i gin duaaniva duld duile duainwdadiasiag o neléisy
GMO (Genetic Modified Organics) A nNMIAUNLNINTUEAAMNITNNEAT Btalafinuadei

anaavduriationlulssnugaaiunssuiaiinavialyl

'
IS4

4.3.4 tfasem9amangndian (Ergonomics) NNIeNLLNeetnsifassafavsaudeduiungen nns
Aeduny  nnnnuluszezinanfenauny nnauuiniulyd nnsineuRaRgEin N9
o A Vo a A A P e pRi ' ' @l
i imanzanseanauazanla vzanaedeulmdieuaflimizansne o edelefin
nstdssiivlwindeiiaziiulilfasanuainaiuinieasarnidunisdssifiunanui@nuieaialy

AuadRReNNNluFLa L 19T R LR

a A A ' \ a & A ¥ o ) PRI
- AnusgavradaninaAeny Madwlesainaninuaienlunismieugunisdnasesil
P o o & o v ° A o ° Ay o = v a
Huyweduiuiaasiauiineu UssaInNIANISINNUARNATEA  N19MNURERIURANEANdN 3
doudanlunieinam wain Wiianisasunginssalunisminam
- . n o o mo ana
- 1AAAINANNNARUAINANTWITUN lmnzan nrsulaaunzuanwmiiaatninatnginliiilulse
nszinng ansinaneuduinen s Taadlszam
- mafagiiRwganiyuaninendiay wanainaziiieuiaudoazinliifanisineu

a

ﬂ” v 1 d‘ b% 1 o U Y o b4 v ° Vs
mmwmmmuim Lﬁuﬁfyﬁ’]Li@d?qﬂiﬂVLNW@ﬂUﬂqsl“ﬁ@qﬁ m@%mmLmﬂtymimmiwmumﬂmﬂ,m‘u

o

IV

oD

a @ == 4 a o =iy ' o vy Say wmy

- madanaduteangieun sisefiaannisinauiiviinzan iy nsiafinenllls

dndau (finagandntizviselfizgeandnfingnnn < ) w7 Twn1einenu visanistiunenumans
D D oy
dalag nstlsuiRauw 7 sy

'
a

=< -le, o a e dl % g % [ tdl a -dy [l o o
mma\mmmm‘mﬂ@%mimm‘umLwymvl,uimwmmmm%mmLﬂummmmuﬂmqmwau

wridumIeenaazAnt o) MATUALS
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4.4 msUszdiumslasuansie fu uas Jee ludalFan

(Quantitative Evaluating Exposures to Volatile Toxicants, Dusts and Noise)

|

NI LN EIFIwALN? 3 ludiuaesnisdsuiiunngl@iuansfie (Toxicology) @aflunnsdn

o QI aaa 1 1 3 [~] o v | 1 dl [ 4 dl o v A
A7meLANeIiLANNTIn  Avwatsiudlulsslamilunnsiunlddluaseuanluizesssiunaensylfvise
A1 Threshold Limit value (TLV) lunwidfjifluanianisniaseisnisdnanunsnilélnenisinenaes
rnniansieialueiniretssaiiadlaaranudniy ¢ fvan ¢ 1o o vise CH) WemAn TWA
(Time-Weight Average Concentration) FafluruasanszAvANdinduninsgunliainnisnsadn

angn1nN17alasalun19919UeN9R e 8 Tale FadNnIg
1t
TWA = ng(t)dt . (4.2)
0

e C(t) = aoudindusssansluainie (ppm) visa Jaaniu/m’

t = FRANNITNIKIU 1 N (Falna)

A1 Budinfagnunssog 8 1. WwesniduAraslinmuninsgaunisineu taudidmineuazinnu

©

A1RQ=UINNG 8 N, Wsingim T WA %Vﬁ’]mmﬁ@L‘Lﬁ?ﬁuLﬁﬁuﬁummmgmma‘ﬁwm gan. TLV

Tunstinsiivdayailuuuylyise tesaunis (4.2) aziluaunig (4.3)

_ Cltl + C2t2 + C3t3 +...+ Cntn
- 8

TWA

...(4.3)

Naa = ) a Ao ad £ aa ] a = . v
NTEUNHRANTLANNINNAT 1 muml‘u@muwmmu AFUUINNANTUNNANINHHNNANTENUTIN (Additive) Q1

o IS a Ao . o o
AU Index AndnsiEvateTianiaAl TLV  sneiuannaunng sl

n Cl
Index = —_—
i:1TLVi
WAz aNN19 (4.4) Index fiastiaandn 1.0 asazilasnsit G1lunstiil Index 1nnda 1 anaagllfidnansiin

AuRuiuNnsgulueniA amnsaAtwan TLV,, 1sevesasinaaiunssunliann

n Ci
iz 1LV,

TLV,, = .G .(4.5)
i=1
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t’ﬁﬁmm‘qmmmmL%N"ﬁummma‘ﬁﬂummmmumnm'ﬁmma‘ﬂmmmelﬁLﬁudﬁﬁma‘iﬁiﬁ*uma‘ﬁwmmL‘ﬁu

nmsg uneeniuls (Over exposed)

s 1 1 'S o dl Yo = [ 3 d’l o = ]
AN 4-1 AUNAT AaNIwngsaasntineuin lasulawudusasaldilaasdevsely

svelzina1nIsisule (1. AN TURTRLE (ppm)
2 110
2 330
4 90

Tneumsgauzedloiwwdud TLV Wil 10 ppm 4w5LN1s9ineu 8 aa. uaz fieandn 25 ppm

o a1 le

ANENNT (4.2) Azl

TWA — 110X2+33;)X2+90X4 _ 155 porm

T9gandrnmegu (TLV =10 ppm) aguldmiinaweglusninnisainlitaends

ARLNN 4-2 HANTHAN 3 780 agfluanANanulsznaun suianiieAsil

Diethyl amine 5 ppm (TLV = 10 ppm)
Cyclohexanal 20 ppm (TLV =50 ppm)
Porylene Oxide 10 ppm (TLV = 20 ppm)

aedntEanuasaanvin nsluaniannguunesenlifliuazminaunniinuey luanmidaensds

YEGIRY

azifiud Index = 2 @Jrlo =1.4

10 50 20

74 Index NANAININNGT 1 wangdnfuaninnsainlulasnsie

A o Ao eal o o Wy o ] LA A
LW@Lﬂuﬂq?ﬂuﬂuqqﬂﬂWWﬂqﬁ‘mWﬂ@@ﬁﬂﬂ (El@llﬁ“].liﬁ) uuulﬁfu’]mmmmmLV]’]VLMW?QSIWMH’MVIH{]W\IW

anry6 WiszAUI89aNINaNYIN NG RIAINNTOUIAINANNIT (4.4)

TLV,

mix

5+20+10 (5+20+1OJ
10 50 20

25 ppm
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usl dsnanluen1AndaliAe 5+20+10 = 35 F9WINN91 25 ppm an1anisalluaniziulansialissme

agluanialussaunasnsailudunsesiaginieuls

ARt 4-3  Anaiusaedieaesdu 2 9lia eglueiniAlaniulsznaunisuieniienall e

wiineunaueg luanwilasadevie i uasiiunumesiulusneiuiuminls

THAIDIE ANNENgY (mppcf) TLV (mppcf )
Nonasbestiform tale 0.7 20
Quartz 0.3 2.7

* Million particle per cubic foot

avilaensievise 1 UuAUAN Index = £+E FeaziudniAtiesndn 1 WukansInUasnss
20 2.7
. . o 07 03)_ I
uwazen TLV aesdusinanzsiune TLV,;, = (0.7+0.3)/| = +—= | = 6.8 mppcf Fatioandn
20 2.7

°

NIRIFIUANMUARS 20+2.7 = 22.7 mppcf

AIREN 4-4 NaiUseteTendes  Tuan ulszneaunisuienileiall asunganiineuninaueslu

Adl o A 1 o a ng// < 1
anidaaasevizald uazsssuaeudesanziiuiuminle

s¥AULRN (dbA) TTEIZIAN (T3)
85 3.6
95 3.0
110 0.5

Tnenmsguneenivlivanalilunnsan 4.5

= = A = I~ o Yy . .
ANTNN 4.5 mmgmmﬂ\mmnm?mmmwmmuim (Permission noise exposure)

SYALLALN (dbA) svelzinaNeaNsuls (1)
80 no limit
90 8
92 6
95 4
97 3
100 2
102 1.5
105 1
110 0.5
115 0.25
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o = e 3.6 3.0 05
azilaaasieviie iuiua Index = — =2 4 22

nolimit 4 05

=1.75 F991NNI1 1 wanedn ldiannsie

IUNAUAAziAEiuReuT NI U MILNIATgIUNSINMNATTALIAENT2ININTTIIENG ]

o I~
NANTNN 4.6

19N 4.6 ITAUANEINIARIBINTNITINGIN

AN IDILALI s2ALANNEN (db)
Fealulssanuivnlinsuny (Painful) 120
miﬂ"yﬁmm (Riveting) 95
Beralulseanu (Factory) 20
\@eaaaualud1inanu (Noisy office) 80
RENL30NN9A9187 (Busy street traffic) 70
N198UNUN (Conversational speech) 65
dndnanudausn (Private office) 50
fiinanAe (Average residence) 40
Hiagtiufiniders (Recording studio) 30
\@ennssdu (Whisper) 20
Reannanwaluldd (Rustle of leave) 10
sAUE19B9189NT IEEY (Hearing threshold) 0

%H@mn P. 61 Crowl D. A.and Louvar J. F. (1990) Chemical Process Safety

4.5 N15UszNNUNSLASUAITHHUBINTINAY (Estimating Worker Exposures to Toxic Vapors)

o o v

o = ¢ @ o s @ w o a N
miwuﬂ’liifﬂummzﬁ’mmuiu‘lﬁawuqmmuniiuumﬂummmLﬂummmmiﬂizmummmm

o 1

NANINILEY NMINBLRATIANT9NI0RE <] ninauas liazaanlunisinauiasinAnandnsie

'
=

° =K o | dl v o K K ¥ ° a Y o
N19911971% asailunazfasAailanessuussunaa NI AN eI eu @NNWﬂW?@NQ@NQ@i@@\?TﬂV]

a

o

dﬁ-/
4.4a ANY

Air ventilation Rate = Qg——] —— Volatile Rate Out = KQ,C

T

Evaluation Rate of Volatile Qp,
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1U7 4.42 aunaNaaTeINITIzLNERINAlWieY

Total Source = Evaporation +
Displaced Air

\ ] -— Liquid Filling

Evaporation -

Drum or Vessel

= S a & e N e o o
;ij‘ﬂVl 4.4 b N9z MAAIUIUI LN RN AN/ NANA AR TUIIN 1T UL T LA NAL

(Crowl and Louvar, 1990)

< ¥ o o
NN 4.4a PEANYAFIUNIN

1 1
a A

v v @ 1 | 1 dl o aa ; Yo [~3 dl
- aonudndwiueeasRluA I nineui ans IEsuLENR
- Aegn1nzaesa asliinnssran viseluininasuwdasanudindienatlaswll
- A k1fluen Non-ideal mixing factor 3 Hendiaendnvisawiniu 1 TusgiuanHzNIINAN

o

Tan@lunieUfjim (Practical) azegse1dng 0.1-0.5

wansnasnanaalilaaliaunis i - ean = azan arlfinsaunns (4.6)

Qm —kQ,C = vac ..(4.6)
dt
e Qm = fmmnslandassdnsaanun (W0a/ian)
Qy = gmanisrrunae A (UsNImIaan)
K = dpadi )
C = mudnduwesans (Volatile vapor) ludinsiitle (WaaABumRT)
V = 1Bunmsiiesiitle (B3umsg)



fuedml avgn 163

v
v o

a i s d 1 v v
mﬂmwmﬂmﬁmmq:mm — =0 AYUUANNIT (4.6) ATUNANTAIANNITNTUIANAT (Volatile vapor)

dt
Tusiaslsiflu

Qm
kQy

WBANNALAINLINEINT TR MR NE WA (HaaARunng) WhTlumilelugudaw (Part per million:

C = (4.7)

ppm)%’mu
V) 6
7N C = Y x10
ppm
Vb
r . d s "™/ p, .n6
e Vy = 1Bu1msans (Volatile vapor) 39azld C = —=Yx10
v ppm Vp
Vp = Usrnmsviamsn

anannis wiageuei PV = nRT e py = PM/RT Taah M = unaluanazasans

(Volatile species) nanlfipe aunng (4.8)

m RqT
Coom = | % || —— [x10° (4.8)
PPM vy 1 PM
g my Vy A C Gty Qn/KQ, seaums (4.7) Asld
Qm ) RgT | .6
kQ, /| PM
RqT
175 Cppm = QmRoT 1,106 .(4.9)
kQ,PM

ANn7 (4.9) Winanudindweds lumiaevilaludnu (oppm) d1v5ulessweinsuanensnisvazes
o Yo o o Yar o A Il v
w8 Qp waz dhsnnsszung Q, Mslifuanspeantinauinuenalsizfulag wilnawiueelng

a A
UTLAUNNNNTTELNE

o & o a8 a 9y = S = = P
ARt 4-5 feussqingduiinedluiesdinadasuudawesininaunan ewindnissvivaiae
85191 0.1 NFNslaWN  AN9szunaBaadnn 100 gnuiArWpsian gruu)luanisiii 80 °F AYINAY

1 atm astlszanuannudiniuaeslangau e Bauieudn TLVAmMTUTngduwindy 100 ppm
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RqT
QmRyg %108

RMNFNNT (4.9) i Cppm - | 2
kQ,PM

Wa Q= 0.1 nFNANT viga = 2.2x107 daus_/und
Rg = 07302 #a’ atm/uaus-lua’R
T = 80°Fvia 540 R
k = ﬁ'mﬁﬂﬁ_jimdw 0.1-0.5 SurunsuanTnaadasig 7 Vi ax ANLTaY ﬁluj luane
Qy = 100 Wn/uwA
= Tatm

P
M = 92daus /leus-Tua

—4
aia Cppm: 2.2x10" 7 x0.7302x540 108 = 0.43/k
kxL00x1x92

i | . P ' . ’ @ oo o
wa k BETEUIN 0.1-0.5 AT IAIN C ppm BETEUIN 18.9 - 94.3 ppm agslsfinudstadilaanst

'
a '

ﬂl ' b4 b4 v v ! U
Lummﬂmmmmmuwimumuﬂﬂm’]m TLV

4.6 NM9UTzNUDNIINNTTLLULURIURILUAN (Estimating the vaporization rate of a liquid)

P o o = P ] A o
Liﬁnﬂﬂumi‘ﬂuu’] LL@'}]'}]’WJ@\?Lu@"l‘wg\lﬂ')’]llﬁuiﬂqqqzﬂtﬂﬂqﬁﬁ‘zLﬂﬂiﬁ LFINAUBIULURAINNAINUAU

o

Toan Ay Qp isanaaidan TeiipanduiufiluAannis (4.10) Asil

Qm « (psat —P) ..(4.10)

e PSA = TaBus19999911A21343 (Saturation vapor pressure of pure liquid)
P =lenanluann1Anilauueqimian (Partial vapor pressure in stagnant gas above the liquid)
o a MKA(PSat —p)
HATR9ENNNIN IFAD Qm = ...(4.11)
RoTL
g

Imeid Qm = ARTINNTILE (NIR/AN)

= WAlNANATBIANIILIE
& Aa | oA
WUNHITB9IUNHNTIME

= dudsr@ninistnamuag (Mass transfer coefficient)(AAINENI/AIAN) A1UFUNUN A

o X > Z
I

g = ANANTITB9UTAgANAR (Ideal gas constant)
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o

T = guuugiduysnivesreanan

U

v
o o

Sat) Anazunnnanauailanan (P ) A

TnevialUudaduiumnuausnfaresaemanisgns (P

A7 (4.11) Aqaeuld e Tl

MKAP $at
Qm = ..(4.12)
A3 (4.12) AN170tNN 1 N stinN9 99 AR LB N ITlRiTaRNNIN I LA LA

anseanll uazsnaunsoudasgilannig (4.12) Wiiluaaudindu ppm aelfannisi (4.9) axlé

sat
Copm = KATP ™ x10 .(4.13)
kQ,PTL
, 3 sat
Wa T = T aclfssil Cppm = % x10° .(4.14)

WaduilszAvanisanamuna (K) #131s0man lfannaanudunuisendnamndud ssananisundaas

WRa (D) uazenmed a a1k

K= aD2/3 ...(4.15)
Viraa30vAn K annasnuduriusaesanduilss@nenisuniaesuis (D) l@annaunis
2/3

— = | — ..(4.16)

e Ko waz Dg lusndudss@nsnistnamunag wazpndudss@nsnisunsaasufiaresansineds

v
v o

A o ] s a \ o o co g
\TuuLNT’]Lﬂﬂuﬂ'\ﬁﬂﬂ?:ﬁ@%ﬁﬂqﬁ‘LLW?ﬂ@\iLLﬂ@ﬁNW%ﬁﬂUNQ@IMLﬂq@rmﬂﬂ?gﬂqmmﬂu

Y2
D _ (%J (4.17)
M

Tnal Mg iflusnaluanazesansdnegs Wasuasnig (4.16) Windu (4.17) udaazléian

13
L — (%j ...(4.18)
M

Tnevinllaz AN dulsr@ananisanamunaresa4@nsdneaasinas Iungain i du s @nanisanemuna

=
ARUIZNN 0.83 cm/sec
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o o

Fatned 4.6 dalngauauiadiueiaudnats s W aalszanaudnsnisszmeann qﬁﬁqmmﬁ 77
aeAignlant Ay 1 ussennA uazfindnaanisszewinty 3,000 gnunAiHEsieu? A
Uszannanudinduresingauluiowinnu lnsius lunaluianasesngduvindu 92 uazlifld
duszAvsnstnemaan Ussanos 0.83 iuRinsAedund \Huqndneda waztuunlinusuledus

(Saturation vapor pressure) 1841ngaw Wiy 28.2 FadLunIsan

RINANNNT (4.18) LH@ LIMTILAN

Ko = funlsy@vannstnemaan Uszanns 0.83 cmisec
My, = 18

M = 92

K = 0.83 x (18/92)"° = 0.482 cm/sec or 0.949 W/

Fapusuledusmaadingdu P52 wihiy 26.2 mm Hg vite 0.0371 atm

2
& d 2
Wi (4) = — = 34157 19.6 Wm’

4 4

FRINNTILMBAINIDMN LFANENNT (4.12) ﬁfqmuqﬁ 77°F visawindu 537°R

o = MKAP®®' 92x0.949x19.6x0.0371
m RgTL 0.7302x537

= 0.162 daus /mn

AMEINGUAINTOMNIAINANNTT (4.14) WHanawAn K =0.949 Weyuil, A=19.6 e’ psat =0.0371,

t2
o o

Qy =3,000 Wa’/undi uaz P =1 atm lHnadniaail

0.949x19.6x0.0371) . ¢
C = x10° = 230/ k
ppm kx3,000x1 PP

'
a 1

P , ' o o =< ] N I A )
LNB k BETTUIN 0.1-0.5 ANUU Cppm ANANDETSNINT 460-2,300 ppm QQLMquLﬂuN@W@]QﬂQWﬂW

] v
a KX a

TLV 2esingauaadAnvintiy 100 ppm aAsiuasaiufiesinisszung a1n 2,300 ppm il 100 ppm

Tnaniaindnsnisluazedainiaan 2,300/100 win andndld isesawiu 23 x 3,000 Wa' N
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4.7 n15Uszurun1slASUAITLAN T DIV ULBINUNIN UL ULLANFISLAN (Estimating worker

exposure during vessel filling operations)

a = = a & o = A a P
naAnasARarinIsszmeiingu 2 Usznisudn < Ae nsszmaiiiaainansssme dauilunig
o - o - Eoo a4 . &
szwmafizesnatinisssmeiiiasaingung i luanistiugendnqainendenisseme luaneusiag
szitagnaanoaivudresnaainazeg i o athglsfinunisssmeasiiasasdaanaldnsinig

sewenilugudunninisaniaiun nssemaaneuziaruisomlfainaunis (4.4-4.14) daunns

] | ]
o o a

sTeANAAINNILAN (Displacement) d1115Un1sseweiiaannisszime luazninnsaaen g
WUATEN N9 e Wy nnsszwemiinannniainfiazfieslinisarulalneduiu By nsueada
WAZNNININLANATBITBINAIRNIINIZANLAIAINNTRANU (Splash) NHNITRANUTaEAZIAAAIN
= 1 1 1 v 1 1 ‘ﬂ” | a = ] 1 = [~3 )
suBey useviadinllquagludaresasBauuunisfianisaanuniniduasinisnssiumilan
091 v U dJ £ 1 1 1 o/ [ 1 % 1 1 1 v o
spnsuld Taazlfinaraarinissswe liwindu duluuunndiemsazuantd winnnwinludpasiaasnn

(2
o =

Audinlalpsannsadeniunasnaesnissymeniluannislisadl

Qm = (Qm)l+ ( m)z ..(4.19)

Waann (Qm )1 = NITMRLLLTR AL TN avnnsaldannish (4-12) lilaamsg

(Qm )2 = N3 TNARINNNTLRAN

f««nrm3434ﬁgﬁﬂuﬂﬁimmmmﬂumivﬁmqmmiiumLﬁmmﬂmalﬁummmmiﬁ@mmmzﬁ"mﬁuﬁ“ﬂjm

mautlsununausanun e sudsid Ay uazdresanisatuanlfassia i

Vo = 111a2090190399 %i3a Container (Volume)

re = ApsnzesniadnlugaemnnsgIunisinam 8 4919 (Filling rate; 19an")
sat 511, - . S

P = AANHAU ﬂﬁNgiMﬁJ@d“ﬂﬂﬂLﬁM (Saturation vapor pressure of volatile liquid)

o

T|_ = Qmugﬁmmyﬁfﬂm’awmmmhﬁd (Absolute temperature of the container and liquid)

gnxauNITeMeLiiagannngin Ingine A NN LELT e e A NN N eREaIRAIaNNNT (4.20)

(Qm )2 = Py (erc)

...(4.20)

e oy ABAHMUNLLLTETEIVE

waz oy @1N1IIMIANNURA TugANARN psaty — NRyTL

Mpsat

E—— ..(4.21)

Pv =
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WaunuAn @1nng (4.21) luannig (4.20) azld

Mpsat

Qm), = ﬁ(erc)-(é ..(4.22)

Ted ¢ luAmndmainliuansuzassinisfivansiaed
g = 1.0 uansianaFENLLLAANY (Splash filing)

¢ =0.5 uapsnmiainLuunssaviansllluaesiman (Sub-surface filling)

WNUANENNNT (4.12) WAZANNIT (4.22) adluannng (4.19) azld

vpsat
Qm = —(KA+¢erc) .(4.23)
Y ; RqT ;
sdupnudinduainaunis (4.9) fidr Cppy = QmRgl x10% e T =T,
kQ,PM
azld
sat
6
Cppm = kaP(KA+¢I’fVC>X10 ...(4.24)

'
a ea o

AMNANNIT (4.24) TuneUfumvia o Tdazwugn An KA {utladsaednisszingaedans JAntiesuiniie

Waudunsszmesuugniandailuauiuasumammaz ity

Aaa819 47 0lnussnnatsAl@silinasinaisingduuuuannu (Splash) Tnaviandauin
Wuraugnas 4 30 Tuguilaaassolnaiunsoussqngduld 10,000 unaasu H9azinnIsENnilans
Tugaaa1ninenu 8 dalus astlszunaianudiniuresingduianinualidnsinissyive 3,000

anunAvasiau? guanil 77 ssavsuladt uaziimouduussainig

ANENNT (4.24) 13@nNnsawnusaLslfsasialun

PSal  _ 40371 atm (/NNFBEIN 4.6)

P = 1atm

K = ANTEUIN 0.1-0.5

K = 0.949 WR/ANT (ANEIBENS 4.6)

Ve = 10,000 Gallon = 1,336.72 ¥n’ (AINAIANWIN A. 1 LA = 7481 UNARLY)
¢ = 1.0 AMFUNNANLLILRANY 158 Splashing

re  =1/8hr' vi%a (1/8)(1/60) = 0.00208 W17

Qy  =3,000 s’
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2
A = —— =0.0872%s°
4

LL‘V]‘L:W’]’WI\?MN@I“L&'NNW]? (3.24) azld

C..= M(1.0xo.00208x1,336.7+o.949xo.0872)x106

PP kx3,000x1.0

C 35.4/k

ppm

F9 A K HA9endne 0.1-0.5 Asiaanudinduasesszudng 69 T 344 athelsfinim TLV 2asingau Ae
A e dwya v s 4 & - P T o
100 AquuzindnA AR e laAY 100 T9e1aTuiuN1TAILANNIRANTAEAAINAT @ TINITANULLT

1311 Splash a1aazinliAANdindunlianas
4.8 ﬂﬁsﬂﬂaﬁuLLazﬂququ (Prevention and control)

nzatuANaTlufieanszinaIanfieIneuasnastuntsuloyun (Identify) uaznisawAsiei

v
v ar

oy (Evaluate) aAnflunazbinsdinisaauigu (Control) gl AIIUNIIAILIANNINATANAATANAINNIINA
suflugesldrnufidsinanssy nsimsuazmaiuladifiefiazunistlesiuimsnlunistlesfuuay
o A P = aal < o A o =
AILANTIAAEFNN 7] INA1INILAITIRNAAEHNANE ] f;ﬁmmunuﬂamumam“l,ummﬂmﬁmawmmmu
mm@‘l,ummmiﬂi”mmmmum@mma fusznaunisuazfuimn agldagl fail
4.8.1 namuAuuazlesTufiuvanitefiunsziaunis (Source)

4.8.2 nManauAnuazilesiuImeiuaesdunge (Path)

o

4.8.3 nsatuAnuazilaaiunmguiRnu (Receiver)
4.8.1 nMsAruANuAslaInuNLUaIUTaA R (Source)

4 o d‘ U A v :‘/, | a dl
nrmuANuarilesiunuvavisesiuveg  (Source)  WuamilunisatsnslatuiLag
a - o o = % A A PR
NITLIUNTNAR 178N HETTULITLNERINIA Dl 9ATIN9U WisanIALANNIT T s izaan sy

o

duaselitienss  Fadunistlesiunsiunenessunmeneunazinisnszanalilgdussainimisaly

o

amuwmmu@u mimmmmvﬂ@\mu \Tﬁ

(1) nsansMilusunnetiesuny wusaetinasasialll

" TeuliEalileneuliveanaiarnndedlidunsmeqeusilaqiulinaanafaunvise
= a o & . .
199 wAA T ke (Phosphorous sequisulphide)

" e ldduiugduienawld wialuslus (Methyl bromide) Tedlngnanin naaann
Tulasuilulen e salmndunsie unnnannisasuin g Weeew (Freon)

1 =3 o 1 =l a d‘ d‘ 1 o o

agslafimn Wieauluaduneudnisgnenidniiiasaintoyuingnnudiduazinane

ussenAluduussaniAauiinisFudgenniiu Freon-12 Tuifaqiii
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" gzazansununaziiansazane (Solvent) Nezwmeld watlagulyFeednnanuganin

A v vy A ¥ a a v = dl
wraldarsazany Supercritical Wranisldansazanalunisnandna’ld WwuTu o9

'
a K]

o ¥ dl G| A o v U ' e [ o
dunsald waswiu ngautedidunmedieadiusgnantis laisiaiuman
»  mstlesiunslimeinlunisndnduludssnadaingelugnavnssunisinniaus

A S uI/ 1
m@@mﬂumzmmamq

(2) MaAEuNITLIUNIINNSNNTU (Process)
nsulasunsziaunIneinu e nlasunsruaunsanlasdannszuaunI LY
fupsnatiasndn [MuaannsUauN s UATa4TaN INUNIINY NIENUILBNIAANENUNA
dl 021 a A [ % ' v o aa Oy v a =3
iR NNty ARAeAINIn uitfaqiuin simundensduya lid@eannas Aufiaz
naulEnnsgmyeitiasann ldfieandnyoymisesiuiseadurasians luane @an Taqiii
waluladiaveraiunuimdndrysanisnienululssnugnanunssy A9un19AnEn
anannisainldaendedaniunazsiesnaadallan lunssuaunisnisnaniieiaan
o 4 na S, 4 . s

nszUIUNImENzaNge iean s unananussiesnesluizennlaandadion

(3) NstlanquNIzLIBNMINRAWITaduANe UL luieaitinnge etlesiuniadn-
annvaslaans

(4) wennszuaunssumeeenilaini@Fnaiiiljifaueguin

(5) NN I enTu wwneandulunszuaunig

(6) NsldszuuszuneInA faeniseenuuunisszuiaana uiadie 4.5 viseanaaziilunis

wWasuszuuniInisgaduneuituukiunsaniug A i LW I8

4.8.2 NM3AUANLAsURINUNNIRNULRIBUATIE (Path)

'
o

D o o A \ = a . @ o §val =
ﬂ’]ﬁ‘ﬂ’a\iﬂu@umﬁ‘qﬂqu\‘iNquﬂﬁ\@‘ﬂqx‘iLﬂumjuﬂqﬁ‘ﬂ@\iﬂuiﬁﬂﬂﬂmﬂﬂmzﬂqeﬁﬂﬂq@Qz

o

A o A My ¢ = 3 = P o = g
V’]QUV’!NWLLM@QT]']L%@%JVL@LWNV] AYFANNTEULUTELNEDNNTIARAYEANTIEIAZ LA AR

(1) nadudneansdlussdeuFeuesnie luganiudssnaunis WuuasangsiEvwn (Spill
o o a 1 v
out) azgnyINANNAZeATiUR N 1sazan s
(2) naszunaenalaeialipanisineiniandnivisegaeinAd@aeansinlitiunn
ATNEAAR
(3) NNFINTZHIZUNNTEUINLNAIB LRI L°n'umi%ﬁmma‘wzmqmn%ﬁLﬁmmm?ﬁmi‘w
= a a | a % o | $%
WsaenalianssziinvsaianfIsunnse A NaugauAu

o

(4) NMapmadaL@sandanlunimauiesesidyinieust euenieeAUSUAE
° o = o A a 1Y A ea ) = : = ,
(Muuadtyyinaiewsie) Raziiaunfuimnig wunismsaaueniialuiiulnanedaeg)
Tugildu n1ednseaui@aslulaenu nmedaBunnuiaaiueulaeenlas luiinaminuugn

il Bauiisuiuninsguinivuals
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4.8.3 MspIuANLazilaIn AU IRY (Receiver)

1%
o e o

v o dl Y o1a = v =
ﬂ’]ﬁ‘ﬂQUﬂNLL@Zﬂ’ﬂ\muV}[ﬂQEﬂﬂQU JMUNVNNNTAVLANNINATILASN INDDNANU

(1) s l¥insAnHIaUININERTUANNL AaRSE

(2) nMaudnas s uiLfRY

v
o

(3) mslignsniilesiudunaadiuyana PPE (Personal protective Equipment)

(4) malddtyynaseudanaziiatuiuilfimam

(5) NM3ALANA NSNS un1sNlssnuiiadaRn1snsaganIneLNtLiyAnadininey

sl wdaiudszdRnismnanuninandesiunisfinglimie

a

= A a Yy = a =
'ﬂq@"ﬂgﬂﬂl‘i’qLWNLWNVLWSLHW'W']\TV] 4.7 LWﬂuﬂiuﬂqiﬂq?ﬂQUﬂN@q?LﬂN

13197 4.7 matlagldlunsacuanlssugnangsuail (Crowl and Louvar, 1990)

Type and explanation

Typical techniques

Substitution
Use chemicals and equipment which are less
hazardous.

* Use mechanical pump seals vs. packing.

* Use welded pipe vs. flanged sections.

* Use solvents that are less toxic.

* Use mechanical gauges vs. mercury.

* Use chemicals with higher flash points,
boiling points, and other less hazardous
properties.

* Use water as a heat transfer fluid instead of
hot oil.

Attenuation
Use chemicals under conditions which make
them less hazardous

* Use vacuum to reduce boiling point.

* Reduce process temperature and pressures.

* Refrigerate storage vessels.

* Dissolve hazardous material in safe sol-
vent.

* Operate at conditions where reactor run-
away is not possible.

Isolation
Isolate equipment and/or sources of hazard.

* Place control rooms away from operations.

* Separate pump rooms from other rooms.

* Accoustically insulate noisy lines and
equipment.

* Barricade control rooms and tanks.

Intensification
Reduce quantity of chemical.

* Change from large batch reactor to smaller
continuous reactor.

* Reduce storage inventory of raw materials.

* Improve control to reduce inventory of
hazardous intermediate chemicals.

* Reduce process hold-up.

Enclosures
Enclose room or equipment and place under
negative pressure.

* Enclose hazardous operations like sample
points.

* Seal rooms, sewers, ventilation, and the
like.

* Use analyzers and instruments to observe
inside equipment.

* Shield high temperature surfaces.

* Pneumatically convey dusty material.
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13197 4.7 matladldlunsacuanlssugnanssuail (sia)

Type and explanation

Typical techniques

Local Ventilation
Contain and exhaust hazardous substances.

* Use properly designed hoods.

* Use hoods for charging and discharging.

* Use ventilation at drumming station.

* Use local exhaust at sample points.

* Keep exhaust systems under negative pres-
sure

Dilution Ventilation
Design ventilation systems to control low
level toxics

* Design locker rooms with good ventilation
and special areas or enclosures for contam-
inated clothing.

* Design ventilation to isolate operations
from rooms and offices.

* Design filter press rooms with directional
ventilation.

Wet Methods
Use wet methods to minimize contamination
with dusts,

* Clean vessels chemically vs. sand blasting.

* Use water sprays for cleaning.

* Clean areas frequently.

* Use water sprays to shield treaches or
pump seals.

Good Housekeeping
Keep toxics and dusts contained.

* Use dikes around tanks and pumps.

* Provide water and steam connections for
area washing.

* Provide lines for flushing and cleaning,.

* Provide well-designed sewer system with
emergency containment.

Personal Protection
As last line of defense.

* Use safety glasses and face shields.

* Use aprons, arm shields, and space suits.

* Wear appropriate respirators; airline res-
pirators are required when oxygen concen-
tration is less than 19.5%.

o

aziiuledunnlngsanudeazinisacununan < ag 2 atawiniume nsAILANTIsayARA (Personal
protective equipment; PPE) uaz@auandanlunnsninenu (Work place) a11funisaaunniisiayana
an9001AuRN9197 4.8 Tunisinansdinlawsazaiavesginsafilesiudunsadiuyanaluizesdy

\WasnianansiriaznissviaaatiienglnsninanlaeadanzandiiAsansesansiail (Respirator)

A b 1 1 ¥
WaanrrvianlsznaumIndinlanenetagui
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o o e : o o < _
13797 4.8 gunandilesiudunaadiuynna (isniAseansaaiianianie’la ise Respirators)

(Crowl! and Louvar, 2002)

Type Description
Hard hat Protects head from falling equipment and bumps.
Safety glasses Impact resistent lenses.
Chemical splash goggles gas tight Suitable for liguids and fumes.
Steel-toed safety shoes Protects against dropped equipment.
Wrap around face shield Fiberglass, resistant to most chemicals.
Vinyl apron Resists most chemicals.
Splash suit Viton or butyl rubber for nonflammable exposures.
Umbilical cord suit Used with external air supply.
Rubber overslesves Protects forearms.
PVC coated gloves Resists acids and bases.
PVC and nitrile knee boots Resists acids, oils, and greases.
Ear plugs Protects against high noise levels.

4.8.3.1 LAFRINTRINTUNE LA (Respirators)

< = @ S o o = o Saia o @
Lﬂﬁ“ﬂ\‘iﬂﬁ“ﬂ\‘iL‘W@ﬂ’]ﬁ‘ﬁ"lﬂsl@L‘]J‘LLV]E“]ﬂ‘ll‘ﬂﬂWuﬂﬂ’]uﬂﬂ’N’]uTu@ﬂ’iuWﬂNi@ﬁ‘?.:L‘MEIQQLL@ZNHWULMHELM

(2
=

HamnaaalaeiolllnevialiseansasrasazgnldludneusAsi
- Mdaraietlesinudunseesansisuneaani
- lunsdlanidu
- iledludsgading (Last resort) Tunisianlianunsnilesivadwauluaniulsznaunislé
1 =3 % a a U v v dl :/J dlo o O o
aeslafimuunanetaazidinlatinfndnazsiesldiAsesnsenaivluaneinidminnunaendu
TunszuaunIg (Process) UnfiAsaensassing o Uszmalnaarlduinsgiuzes OSHA vive
NIOSH @vazfiesiinisrauanluBesgmuninainsgulunislfauluenuiminzasiursenses
:: 14’ v < dl v = = da/v % = o
ue Geindanadiuiniiininazinisuanesasvidaaane wananidafiesinianivun

dl v U o % = o =K v dl '2“ U 1
wnsguluisesengnislierunieniuazsiesiinisiunnnisliauiensuannun lunsldluusas

' v
a @ o

afvlazaniznumaiuiuanunianndguuazarsiw i dudunmags dninuasaniuges

=

dinlalu wmsgau OSHA ¥se NIOSH Asanunsaldginsdeialan deliuandlslunnsan 4.9

& o o §u o ' = ° =
anilepeusunnnliiendalasing o luFesnisszmeainnisinauleelyfenis
paupnuazilesiulnanisnsuansne - nsldgunanilesiudunmediuypnatauiudoutonly
dupaugaiinanni ldannsatlesiuuaracuanainduanienlunisinuizanszuounis
\Wasannnszuaunisuetieldannsarauan s atnelsfinuimsatieuInesy N 1asiAng
Tugluuuniseanuuu@siiazinandunaalaedasandunsaluanunninulae sz uussune
o 4 s o . o 4
a1neAvizanIsiInengniazllaseteniadsesnuaztiietainiaadnlluanilaeu e

A a a 2 o @ A oy =& P S
ﬂqﬁ‘ﬂQUV’lN@ﬂ’]\?Nﬂﬁ%@WﬁﬂqWLi‘r]@\'quLﬂuqum@\?ﬁﬂ‘l‘_‘mLﬁ‘@\iﬂqﬁ‘ﬁ‘xuqﬂ@qﬂqﬂ (Ventilation)
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= = A A A =
A1 NN 4.9 Lﬂi‘@\mﬁ"ﬂ\‘i'&’ﬁm@ﬂ@ﬂL@?_I\‘iN@ﬂ’]')ﬁ’l’]\i@’]ﬂ’]ﬁlutﬁ‘\i\i’]uﬂﬁmqﬂﬂﬁ‘i‘mLmJ

(Crowl and Louvar, 1990)

Examples of
Type commerical brand Limitations
Mouth apd nose dust 3M 8710 Dust’ 0, > 19.5%
mask Single wse; PEL > 0.05 mg/m*
Mouth and nose with MSA Comfo I Cartridge® 0y = 19.5%;
chemical cartridge GMA Cartridge (black) for 1000
ppm of Organic vapors;
GMC Cartridge (yellow) for 10
ppm Clz; and 50 ppm of HCI or
50
Full face mask with MSA Industrial Gas 0, = 19.5%;
chemical canister Mazk® GMA Canister (black) for 2% or-
Eanics;
GMP Canister (olive) for 0.05%
pesticides.
Self-contained breath- Scott Air PAK 1T Good for toxic or noxious gases;
ing apparatus air tank laste approx. 20 min-
(SCBA} utes.

4.8.3.2 n1g9zugan1A (Ventilation)

'
o a ¥

n197TUEaINIATUAN AT NdeHesnianazinliian Al Al (Airborne toxic
. = | a Y o a [
material) aAa4 ¥3RUANAINANAI BN AnAILEATIa N8 lan g29n195 A T 16
(Flammable toxic material) l@#n¢ A91iUn1392U188 1N ANAABGAAIAINITDAAGI LA ELAY
ATAIN FINNIFIATNTDR NN AIIa9N139z LN e TR asing I n i wadeldeaasnisldszuunng
A o A A a4 v
szunganiApailunfsufitdloyuidaneins WesainaAuazendn §1eainnsnauANuLaY
v o QI/ '2"91 = o dlt:l 10 @ dl % a :/’
Yparunisiqluanfuse Inadszuunimiewing 1 ldaflunasfesinfassuunisszung
lﬂ‘ £ 1 ld‘ a oA 1 [~3 nl”v (=3 1
anaeie liimunzanseyaanandfifeu  atglsAnindoyuiidnnudivdes | uay
MU a A o A o 6 o
vafliatnisananiaesld eawnainnisamuaednszuaunigeaazgenan lunisvin i
| o a 2 @ ad £ A % \
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Negative Pressure Ventilation

917 4.5 ANHUEIBIN199TUNLTILLL Positive Wz Negative s Negative aziilunfiasninndiiiasann

aziinsatuanszuu i iiRans i lUgan unvinauisedeuanien (Crowl and Louvar, 1990)

FLULNITTZUNEBINARLUTENBU A8 2 AaUnaN y A8 Y18 (Duct) way JWATe (Fan or
Blower) tnaimadaulunluaiansinesnuuuiludmaasudosesion 1ATaenaTeazgafioensnu
anaesetinandn 0.1 psi 8IN1AAzAAEUAIAINANALEIlLgANALTAINI g Tnnjiensiy
L35gnanARweandeazimszndnisnnuzeainAEgrsdnlUAsuanslugly 4.5

1 | o A
nsszunguiveanidu 2 dszim wan - Ae
(1) n199zuneluA|/NAA (Local ventilation)

(2) n3szuneineinliiiinnns@aans (Dilution ventilation)

(1) msszunelunang (Local ventilation) tilunisszunedldiuily Hood visailuginsainandanis
° .:1' o a \ 4' o o o
NNRNNIEN IR AN U UBINTTLUNIRY Hood azluaneuuy v wuuden Miuinasialdly
#iaenaaad (Enclose hood) flullseanaunsnila-Ualfauagiuawanlitediesduiusiuniiasnis
dusan nsdlatlaazidevinaeusslneTuiuaNgeaaiig (Sash)  Auuanslugld 4.6 visauuy

By pass A431#1 4.7



176 UMYl 4 GUANARTEAATUNITH

a

U7 4.6 1M IUrEs Hood NElutiasmaaesdsnaurnnisinazesaniauazamdineAug

a a9 qQ

984811 (Sash) (Crowl and Louvar, 1990)

7N 4.7 1m3g1u Hood 7l luiieswnaesuuy Bypass 39AruANlneA1Ngeasiny (Sash)

(Crowl and Louvar, 1990)
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Waliifnlsraniningage dalfulsaureanislinisszuananinium (Local ventilation) A szu

o v

duargnuanasnanfuirnuleeduds ssuulifiesnisiidslunisduipdeuainiAnaniiiasann
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Awungnannia gunsaiigailuginaniiannsnAruANnIINNUIRLEINNIORENBBNITLLIAINLEIIN
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1 v '
a

nlalvviseszidnlilaense wazszuuanunsnacuanlflaanistlatindszniuas Geazaonsenns
o PPN , & y o Ay A Ja o = o 2 o
neuresufiifan egrslsfinnndiedenfociansanaessuniAesiuas i aTandnaminam

813azgnainlutiesnaasy (Bench scale) 1190 1399711441494 (Pilot plant)

NM9AIUINS 21849 Hood @unsnAtuanidnsnistua (Qy ) Inaldmanuduiusseudng

ANNEY () WAZNUANTINGAR (A) Fagunig

Q = AU ..(4.25)
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2 1
a 12

Inevialdn1seenuuuyie (Duct) asiNunuiindmiudwasy (Rectangular) G9lA2711na1a

o

(W) wazaaueng (L) faiu émsnisiuaannaunig (4.25) azlé

Q, = WLU ...(4.26)

<

fnaunis (4.26) uansnagla 4.8 Tnauanaliviuiilunasila (Simple box-type enclose) N3

o

ALANANNEY TuN ARz Iu AN s Tuy AuiusiuadnuEisesaniAnnieidaiinaes Hood

v = Ao o Y @ £ A gy a @ g o = ,
01 Hood mmmmum%mmmﬂLL‘uummng\mw,w'aslmﬂmmmuu%mmwwwgn@mmﬂiﬂh

b

HnisdnAslusiesizeniieuey Iaasinllaindszaunisniaanuane < 9 (Crowl and louvor,

al

1999) Wi ANEaN I ENgaldaviAaTlunis luantluilqw (Turbulent) wuuEnaziiunisluan

U

a v

lutlau (Eddy vi38 Swirl) 13mmn1edinniedesiny (Sash) A1uana TnasialdaauBanmunzanluy
nseanuuL (Control Velocity) Ag 100 4 125 Wasiawdl (fom) snaunsnldnnmsgiu OSHA @

Neaunisiiazesainialugdnand Tunisnsaseulé

5 — Exhaust
—

U7 4.8 nmamdnsnisiuazesainielu Hood aunansng (W) x 814 (L)

N1979ANLUUATTURLAININNES (W) Bazenq (L) 9894 Hood wargii9resvie (Duct)

v 1
v a o o 1 1 oaA

ginsniau < NdnAnsdaniuegAevientnvauarinli (Flexible) AR1e499%19 (Elephant trunk) 71
_ o o o < o Yy ¢ L v
AL (Canopies) Wazsanuddie (Plenums) Ten1seanuuudannisadfuldaunseisduladnlall

n1957 laTasaN N AN

(2) nsszunalaayinliiian1siaaan (Dilution ventilation) lunnsszunalananinlfian1s@eana
(Dilution ventilation) FIN9TELNELLLTIAZ AN TULEN Hood 1isedinsuanfinuanaunsofias fansfis
1%%’1ﬂvl,ll'ﬁﬂ’]ﬁ‘ﬁ‘:‘,‘i_l’]EIW_IV]LQVL‘]J@zi%é/ﬁlﬁ‘ﬁﬂﬁiiﬂﬂ@ﬁ@\iﬂ'ﬁﬁLL‘].I‘LIL'QW’]:‘?]I (Local ventilation) N19A11I4
azldaunng (4.9), (4.12) way (4.14) TnefiAn K 1ieAn Non ideal mixing factor 2894N192N15IA8

414 (Dilution condition) BtfluemanAuNlFanA137199 4.11
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A19197 4.11 Non ideal mixing factor PAIANIIENNTADANS (Crowl and Louvar, 1990)

Mixing factor K for various dilution
Vapor concentration Dust concentration
ventilation conditions
(ppm) (mppcf)
Poor Average | Good Excellent

Over 500 50 1/7 1/4 1/3 1/2
101-500 20 1/8 1/5 1/4 1/3

0-100 5 1/11 1/8 1/7 1/6

s Tunsmiivaeunad (Source) WiAnuamuuBunuaniAfifianig (luusazunasanaaziaon K sinarii) 16

v 1
PanAviannannanAluliununisszuntenAR e

s 1 = v @ o © a a = o 1 [

Aaatne 4.8 Lisugnfifludavinavanuaesd innissrisvesans laduludmsnisssmamindu 3

wNAAeUlY 8 F2ININTIN19NU AIATUIUUIERIIN1992 U1 (Dilution ventilation rate) @9aznn AN

Winduaansuld (TLV-TWA) winfu 100 ppm kazaruansmiainidnaiulunisszung (Air required)

4 oy o . . 4 da Fod e . o

WaaunA Winineuiieuetuan 39 Hood NHAWIANWNNTENGAR 50 A13199m LazA1NL3 (Face
=l

velocity) 100 Wasiaundadguugi luameiiu 77 asannusulad uashinoindu 1 ussaanie e

Amua i luiaaudasdannig 0.864 uaziunaluanawiniu 106

RyT
OmRgT x108

{MN4uN1g (4.9) C =
PPM | kQ, PM

3
0 - (3Gallon}( 1hr J 0.1337 ft° |[ 62.41by, (0.864) = 0.0450 sl pur

shr 60min /| 1Gallon || 3

Rg = 0.7302 vla’atm/i/ausi-Tua °R
T = 77°F vise 537°R
k = 1%AN288909019NAN AN 4.11 azlEwindy 1/8
P = 1atm
M = 106
Cppm =100 ppm
QmR T =
Qy = M9 1x10° = 13,300 e/

WanBaunsunisatuomlaned Hood Fedauraiunuiingn (A) = 50 Wn® uarAa1uids U (Face

velocity) 100 Wasiau# iivefiazindnsnisluagesainie (Air flow) IagAuraINANENAUE

Q, = 50 ft?.100ft/min = 5,000 Wn*runil
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=Q >3 a'l
wuLenin unn 4

4-1. A process plant inventories the following chemicals: vinyl chloride, methyl ethyl
ketone, ethylene oxide, styrene, and cyclohexane. Determine the hazards
associated with these chemicals. What additional information might you request to
perform an appropriate assessment of the risk associated with these chemicals?

4-2. The TLV-TWA for a substance is 150 ppm. A worker begins a work shift at 8 A.M.
and completes the shift at 5 P.M. A one-hour lunch break is included between 12
noon and 1 P.M., where it can be assumed that no exposure to the chemical
occurs. The data were taken in the work area at the times indicated. Has the worker

exceeded the TLV specification?

Concentration
Time {ppm)
810 AM. 110
9:035 AM. 130
10:07 am. 143
11:20 ALM. 162
12:12 pM. 142
1:17 pm. 157
2:03 BM. 159
313 pM. 165
401 pM. 153
500 pM. 130

4-3. Air contains 4 ppm of carbon tetrachloride and 25 ppm of 1,I-dichloroethane.
Compute the mixture TLV, and determine whether this value has been exceeded.
4-4. A substance has a TLV-TWA of 200 ppm, a TLV-STEL of 250 ppm, and a TLV-C of

300 ppm. The data in the following table were taken in a work area:

Concentration
Time (ppm)
8:01 A, 185
917 AM. 240
10:05 A, 270
11:22 aM. 230
12208 Bm. 1490
1:06 B 150
2:05 P 170
309 P 165
4:00 . 160
5405 pm. 130

A worker on an 8-hour shift is exposed to this toxic vapor. Is the exposure within
compliance? If not, what are the violations? Assume that the worker is at lunch
between the hours of 12 noon to 1 P.M. and is not exposed to the chemical during

that time.



4-5.

4-6.

4-8.
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Sax provided the following working equation for determining the dilution air
requirements resulting from evaporation of a solvent:

(3.87 x 105)(1b,,of liquid evaporated/min)

FM =
« (molecular weight  TLV (k)

where CFM is the ft3/min of dilution air required. Show that this equation is the same
as Equation (4.9). What assumptions are inherent in this equation?

Problems 4-6 through 4-11 apply to toluene and benzene. The following data are
available for these materials

Benzeng (C¢Hg) Toluene (C;H;)

Molecular weight 78.11 92.13
Specific gravity 0.8794 0.866
TLV (ppm) 10 50

Saturation vapor pressures:

B

aty — —
In(F) = A T

where P is the saturation vapor pressure in mm Hg, T is the temperature in K, and
A, B, and Care the constants, given in Appendix 4 (nMANYWIN 9.):

Compute the concentration (in ppm) of the saturated vapor with air above a solution
of pure toluene. Compute the concentration (inppm) of the equilibrium vapor with air
above a solution of 50 mol % toluene and benzene. The temperature is 80°F and the

total pressure is 1 atm.

. Compute the density of pure air and the density of air contaminated with 100 ppm

benzene. Do the densities of these two gases differ enough to ensure a higher
concentration on floors and other low spots? The temperature is 70°F and the
pressure is 1 atm.

Equations (4.12) and (4-14) represent the evaporation of a pure liquid. Modify these

equations to represent the evaporation of a mixture of ideal miscible liquids.
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4-9. Benzene and toluene form an ideal liquid mixture. A mixture composed of 50 mol %
benzene is used in a chemical plant. The temperature is 80°F, and the pressure is 1
atm.

a. Determine the mixture TLV

b. Determine the evaporation rate per unit area for this mixture.

c. A drum with a 2-in-diameter bung is used to contain the mixture. Determine
the ventilation rate required to maintain the vapor concentration below the
TLV. The ventilation quality within the vicinity of this operation is average.

4-10. A drum contains 42 gal of toluene. If the lid of the drum is left open (lid diameter =
3 ft), determine the time required to evaporate all the toluene in the drum. The
temperature is 85°F. Estimate the concentration of toluene (in ppm) near the drum if
the local ventilation rate is 1000 ft3/min. The pressure is 1 atm.

4-11. A certain plant operation evaporates 2 pint/hr of toluene and 1 pint/ 8 hr shift of
benzene. Determine the ventilation rate required to maintain the vapor concentration
below the TLV. The temperature is 80°F, and the pressure is 1 atm.

4-12. Equations 3-12 and 3-14 can be applied to non-enclosed exposures by using an
effective ventilation rate. The effective ventilation rate for outside exposures has
been estimated at 3,000 ft*/min.

A worker is standing near an open passageway of a tank containing 2-
butoxyethanol (molecular weight = 118). The passageway area is 7 ft’. Estimate the
concentration (in ppm) of the vapor near the passageway opening. The vapor
pressure of the 2-butoxyethanol is 0.6 mm Hg.

4-13. Fifty-five-gallon drums are being filled with 2-butoxyethanol. The drums are being
splash filled at the rate of 30 drums per hour. The bung opening through which the
drums are being filled has an area of 8 cm’. Estimate the ambient vapor
concentration if the ventilation rate is 3,000 ft’/min. The vapor pressure of 2-

butoxyethanol is 0.6 mm Hg under these conditions.
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(Spills of toxic) Wsaanaaziia W lndianuesmainanwli (Flammable) isaaaaziniafinsziinaoieg
en A A e e 4 da A - , e 2 o4
Muluiflasanniausudnunineadedurneiinamasudivesansial (Explosive material) Aaiiiiinay
wazlidinladeiaoudnilunazies@nsananniasiag o ietiIN4519uu141994 (Source Model)
uwuUAaeedlsrlamian1sAn s HeaIN AN TIEe A NANTWEIa AN ) N0l duFuiaunanig
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a s o

AagRwnainn1sialua enaazmauduiuilng liugunimeaaesdentinaiand (Empirical
. ! A e a < -] d: | d” Py o ¥ a 4 = r_'l” ' nq;
Equation) vieldwnnisalasaduunasdnsineiduiugiunazinliiniaaaudinlagewugiuman
a = I P a aa ~ v P a g a P
a3¢7] AamNdinlaluFesreensruaunmisal-Nandnen liaunuda e nugiunans < 317 1
A v o < = 4 ' r?/’ o 3| b4 o ¥ Adl dl
ANNNENINNTATIUL LA aBeiazilAdNgnABeNin uiueATusadusiasinlidengailesann
dseudniaan wizanisAwiniiinluizesaindasaduienaaslfauuigiusiag o ielilAuuusians
. @ = @ A = g o o = a o
Mesanduarianuiussanniige luunGautiazuaiianudinlaluGeaniaia gufueainnig
. o » Y . : 4o
Flvaresreamasuazufialuniausiuainudi neunazinlignisa$isuuusiaesie ez iuiun

anwniznisiaazesanslunauriuauAulugluuusing - Aagui 5.1

Relief Valve

Crask Hole
Crack
<
— Valve (Body and Seals)
-— Sevared or
Ruptured Pipe
i L P P
L Pump (Body and Seals)
Pipe Connection Flangea
Hela

717 5.1 nmsialvaniqasing <) 9890111EFUANAL (Crowl and Louvar, 1999)

dsngmswatisaisnsa ludnniserls Waiswivatsiaeenaasiinrananiazsiesidnla
Tuigeednanisinagestesnaisauia TRnTW 1 wa vize 2 g Aagtl 5.2 visaunsauenaazld

ABNNTuLUARTININg AR aFeen lUwin g (Total quantity release) WisadNLNNAUARANTIVLDE
=

a1aazanilunazfiaclideyaninauaiallfunauanifinianieninaesansiail (Physical state of

material) HusngelunnsAwI uwineunga lideazAnsaiueenlafipamilafiuidniemnnial

o <
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Gas / Vapor Leak

~

Y

Gas / Vapor

Vapor or Two—Phase Vapor/Liquid

Liqulid or Liquid Flashing into Vapor
gﬂﬁ 5.2 NM51e93a9matazladuiu (Two-phase Vapor/Liquid) (Crowl and Louvar, 1999)
IuUN 1260 INALAFuanvaanisuATymauaAsiunaluldaAanssuAeni s uann13viae
o9 o 1ndasluniseenuuuitesnuuuieliiiinAd NN zaNuaza NI aanLULINeTla iy

o '

giifig adelesfimumnifinglifmeuandianaaziiamenisnivenuiieainnisAnaIteeanuuy

.

£ '
al o

v o = @ ¥ = A py A o9 o A A a am A A
ﬂ\iuuﬂqﬁ‘ﬂﬂﬂLLUUWﬂ'ﬂqLﬂuﬁ]@\?Nﬂ']ﬁ‘l,ﬁ\l@vlﬂLW@IVI‘]JZ\]@ﬂﬂﬂ'ﬂﬁ‘@'ﬂ@ﬂL@ﬂqqqﬂﬂqﬁ‘Lﬂﬂ@qU[ﬂL'Vlﬁl NTANLTI
G‘ﬁlﬂdqﬂqﬁ‘@@ﬂLLUULﬁ@ﬂW?Lﬁﬂ@qﬂaﬁﬂ (Design on the safe side) Z‘ﬂlﬂﬁ‘ﬂLLEmLLﬂzﬁuﬁquT@\?ﬂqﬁ‘ﬁqqimq

LLUU’%’T@@\W’]?%‘/'JPLM@ (Source model) annilu 7 LL‘LI‘].I&T\?ﬁ

'
o

777 (Flow of liquids through a hole)

a

5.1 nefariugendn q luiaidawa ) WenReuieuiy
5.2 nne¥aruteddn 7 lunmuEFuANAY (Flow of liquids through a hole in the tank)
5.3 Ns3ENLTeEN | uvia (Flow of liquids through a hole pipes)

5.4 mi’a“'”qvl,ummLﬁmhug?fﬂummuﬁumméfu (Flow of vapor through holes)

55 mi’a“'”qvl,ummLﬁmhug?fﬂuvi@ (Flow of vapor through pipes)

5.6 NM9NANINIZANELAzIRanTaItadlua (Flashing liquids)

5.7 nMsiian1sauiiesNnaInnIsEmeviTanisiaen (Liquid pool evaporation or boiling)
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5.1 NS5aRNUTRILEN %) (Flow of liquids through a hole)

' v
o v o

lunsaifavidunsiinanufdnlunrusiuanduiauialininin o Weneuiugi fatu

al

annsn ki lunnsannanaduaastesluataedialinldae

=2
W
d—P+A u +i.Az+F = ——_S
Y 209: ) Oc m

.(6.1)

= @ANAU (Pressure); (Force/Area)

3D
&

ANNUNLUULDIIUAT (Density of fluid); (Mass/Volume)

= ANEeAs (Instantaneous Average velocity of fluid); (Length/time)

Q <Ix T
I

o
|

= AAsRaeusaliingae (Gravitational constant): (Length mass/force time?)

K
I

Correction factor = 0.5; Laminar flow
= 1.0; Plug flow
> 1.0; Turbulent flow
—  Smedaitesannusaliingag (Acceleration due to gravity); (Length/time?)
= 9zAUANNEIUTEnE19BY (Height above datum); (Length)
= LIRLANIUIIN (Net frictional loss term or Friction force); (Length force/Mass)

w39TUNIRAN 191 A9 (Shaft work): (Force.Length)

3 = TN @
Il

= dmnrvalasnng (Mass flow rate); (Mass/time)

' v
a o o

2 e ewme o I o da .
degnanin duiuaeamianndnsialals (Incompressible liquid) NFANUIILLL o AN Al

dap _ AP
p P

.(6.2)

1
o =

Tunsaininisiaangian <) reenTusiuANAUaTiinan 1Al 5.3 289aaENeeaNNIAINIaE

a
v ' |

n‘/ ¥ o o o c . . a K 2 & = P o al

mmmmmmua;ﬂum‘ﬂmwmmmau (Kinetic energy) AzLNAUULULBIAINNITLANBUNNIBNNLLIILAL A
o 2 a a o a )| o (% a = o v

N1 (Friction flow) TaiiaL3UIaaf Al unas IuAIINsau (Thermal energy) Na1aazinana’lii

o

& Aa < P a g
ﬁq']llLﬁ‘qﬂ@\im@\‘iiﬂ@@ﬂ@\ﬂmﬂ@ﬂqqz‘ﬂLﬂﬂ"ﬂuﬂqﬂimﬁﬂﬂmﬁquﬁqu

Assumptions

o N = o v o o =
ANsU AP =P — P Taaf Py Aaadiuduinaluds dely B = Py +1uax Pp =100

ANNNAULIITENNA (ANEUan) = 1 ulie wape AP = —Pg

o = % A o o aa \
- ﬁ‘z@‘].lﬂ]@\‘iLM@’]Lﬂ@ﬂuLLﬂ@\?u@ﬂN’]ﬂ Az =0 Lu@qqqﬂﬂqsﬁuzﬁ"]_lV’]'J']Nﬂungmuqﬂiufyﬂqﬂ

- lfiesesTwizadouiniinaasnu (Shaft work) viza W, = 0

- hiflaouBavesreamanEusiu b = 0 uddilenAnuEnauean U= U
- LLNLﬁﬂmmuﬁmmnqﬂﬁmatmﬁQfJm'&“mjsxaw‘%ﬂﬁsizuwﬁ@ﬂzﬁ@ﬂ@@n (Discharge coefficient)

o
1%

£ & o o N = L
TRAUNUANBTUSTRNGN 79/UAN Taaznanasald
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g lunmueFuANAY (Liquid NNYUUBNNITULTUANNAL (External
pressurized within process unit) surroundings)

PL=Pg +1 P> =1atm

uq=0 us =u

Az =0

Wg =0

/N L
7 §/umn

@ﬂw 5.3 NN95918998 AN LT BN 7l fanfaunaluguan °] (Flow of liquids through a hole)

(Crowl and Louvar, 1999)

TnaanuAlinsadaan unfisnduiioasin (Friction loss) gNUAAIRILIANNIT (5.3) WINANSIUNAWINAL
wsaiinann e liaInAIAIN AU IR AT N TWI LLLLAY A AN sz AN aesnisdaerean

(Discharge)

—A—P—F C AP ...(5.3)

P P

unuANnTg (5.3) wazianlasing o (Assumptions) asluaunas (5.1) azl

Uz__o = C? i
209 P
20.P
HARD u= Clx/; ey ...(5.4)
Yol

o

ImefiAn Discharge coefficient C, gnilanusganiiuAn Correction factor () 15ma

C, = C1\/E ...(5.5)

=

' 4
1%

A1 Cg Auatiiful Re (Reynolds number) uazanumnizaasgi suan muideuladail

nsiin O Cq = 0.61 dwFugfdaeuns (Sharp-edged orifices) A1 Re > 30,000

nsiin @ Cy =1.0  dwSumeudiau (Well-round nozzle) vsaiinldfioyaanunsnansi lHiviniumile

a

nsiin @ C, =081 nsminisiflanwuzilvieduRinagfunigus (Short section of pipe attatched to

a vessel) Ingdmnsdauninnenavia (L) ﬁméﬁum@uﬁﬂmq (@) Hhaeinan 3
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wsanaAn Coy ands 2- K (2- K Method) Seansnsngaaaziasnlélu nanuan o

'
o

azlfianniiareaesmaniieanAandNiZgeaaAYinAL

29.P,
— C
ug=C, |—> (5.6)
o
Mass flow rate 1qn39710439 (Leak area) NHAUNUINGAR A visa Tnafifianuaal
Q= pUuA
WnuaNns (5.6) azladnsnislnagegn
Qn = AC,\/209.P, ..(6.7)

o = , 2 |2 em 9y £ o L a o C = o
AIDENY 5-1 V]L'J@’]U’]?;IIENEﬂﬂ{\]'].lﬂﬂ"Ii‘luti\‘i\‘i’]uaﬂu\‘i’&\iLﬂWJ’]Lﬂmﬂ%ﬁﬂﬁuﬂﬂiu%’ﬂ@\‘imuﬁ]u AITHAU

uziueg? 100 psig nasaIniuaItnaaassss linuqnialuanvieauin 0.25 s ndsanniiuianlé

U

' v
o o

FaNTaLFIMANTUIUN A9ATUAIUNURTUTIUNANTIDANNT BIAIINTINANNILIANLLUTUWINAU

0.8794

v
o

anaNag lFdayanatl

al

_d? _ (314)(0.25)°

A = 0.04906 7° = 3.41x10* ln®
4 4
C = 0.61 (AuNATa ANl HILINNIALUUANAN (Sharp edged orifices))
0 bl
P = (0.8794) x 62.4 Yaus/mn’ = 54.9Ueusmm’
Jc = 3217 Wa/Auw’
Py = 100psi = 100 Uaua/ile® = 14,400 Uaus/mn’

WNUANATFNY ] aaluannng (5.7)

SoQm = (3.41x107)(0.61) \/2(54.9)(32.17)(14,400)

= 1.48 UausAun

'
o

sraIziaaN3aan (1 pm - 2.30 pm) Mwan 90 w1#

v '
[ al

S NoaTaunangoyAe = 1.48 Uaus/Aundl x 90x60 AU = 7,990 taus
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52 Ma5aEudaan 9 lunruzduaauau (Flow of liquid through a hole in a tank)

s o e i w i o o o S o
nrdilaziiluni9iENuTaLAn °'| (Orifice-type) ‘Lumﬂm:?ummmummmmmw@giuimmgq

= o . Yy o o o v o o ) P o o id
Lﬂu’ﬂ'ﬂﬂ%?ﬂiﬂﬂ@iﬂqﬂlﬁmﬂLﬂ‘L&W@Q\ﬂ%@@iﬂﬁﬂU‘ﬂﬂ\ﬂﬁ@LWﬂiﬂﬂmquﬂ'ﬂﬂN’]uﬂﬂgmﬂQﬂLLNWLW]LTJZ\\E‘H

ANNIZALITDNTIAIUAD

U 5.4 n1953eUTedLan 7 (Orifice-type) TunauziumIumu

Assumptions A1n31 5.4

- AN AP =Py péeialyluide 5.1

- swsuresaadeullannsyiy h aufiegeda, Az =h,
- Shaft work faginn Wg =0

- ponudaludu Gy =Ouas Uy =0

- Frictional loss gnignuAtgANdNRUsALAY Cp AsannIg (5.8)

_AP 9, F -2 (_A_P_iAzj ..(5.8)
£ U £ Oc
) 0
{71 @NN17 (5.1); A—P+A u +i.AZ+F =
P 209¢ ) 9c
wni @1nng (5.8) T aung (5.1) azld
P
0 = Cidar |2 29 1 gn, (59
Yo,
P
= Cy.l2 IcTy +ghp ...(5.10)
0
e Co = Cl\/g .(5.11)

a1n Mass flow rate; Qp = pUA



fiuadnil Twazqnm

P
Qy = pACO\/Z[gC g +gh|_] .(5.12)
Yol

o . o . Y
wesannszay hy Y G N R R T e T G A L e P

37N m=pA h_ ....(5.13)

¥
=

el A = Wuinihdnresnmueiunnusis (Cross sectional area)

h. = Anugeaesseiuveamnafiegnin

a¢lfgnsnisilasunlasuaaresresiman ludaas
dm dhL

b = — ....(5.14
a7 gt Qm 514

ANANMNENAUFANNT (5.12) waz (5.14) ALl

P
dh _ _COA\/Q(QC 9 +gth ...(5.15)
dt Ay p

ARFENANNTT (5.15) INHUABUANIAANTZALAINGITHEY ( hf_’ ) Dazeaule 1 (hp) ald

h, t
I - sh'- _ _CoA J'dt .(5.16)
hE\/ e +2gh Y
0
PAIRNAUNNIALAIAL LS

20.P 20.P
i\/ 9c7g +2gh, —1\/ 9c7g +2gh] __Coh - (517)
g p g p A

o CoA [29cPy 0 gCAt2

h. = h)-=9= +2gh) t+= =2 ..(5.18)
A P 2\ A

WNUANNANT (5.18) Al (5.12) Wiamsmnsiuaas i

P 272
Qn =pC0A\/2(gC g +ghEJ—pg COA{A t (5.19)
Jo,

189



190 Uv# 5 WuUANaeIn3iq uazesansal

nnsasBudiuansziu hY uazveslwaudsanniisziunaugaesteanas h =0 amnsauinan

Wanuanianisilfanannis (5.19) 1 Q=0 avld

P 2,72
0= pCoA.|2 ! +gh? —ng.t
At
P, 29.P,
te = 1 ﬁ 2 IcTy +ghE M ....(5.20)
Cog\ A

o

winesmaiaeenauiesziu h =0 uaz AroinaunavzeauAulunguziuAN AL AW

al

(Pg =0) aun1s (5.20) Az 1H a1 MINNAL89IN1959 18928 UNAIFIUATTALLBITBUNAIGIN L

h =hp aunszsis | = o winfu Aeldiaunis (5.21)

1 (A) | 0
te = ——| — [.4/20¢ch ...(5.21
° Cog(Aj ocL .

AREN9 5.2 NTUiUANAUgLNIINTTUan (Cylindrical tank) 2W1A49 20 WA uaziduenAugnana 8
Wa d19luussquuudy erindasnduiunduazgnagu (Padded) Aasufialulngsiau (Hasain
Tulnsauiuuianeavielufaln) Naondunawiniy 1 atm iellesiunisinliuaznisssida u

'
a e A

MaugiuANAuIzAUIe9Mage17 W Tralianagummstiesanauduiia-an (Folk lift) dusndae

< a aio 1% 1= o o ¥ a Y o o
mwmLﬂummigm‘wmuumiﬂu‘lﬁmmumﬂuummi:'N ‘1/]’11‘1)1?1Wi‘ﬂﬂﬂ@\?ﬁ‘ﬂiV\Iﬂ-@WﬂiZLmﬂL°1|’m‘]_|ﬂ\'i

4997N#L 5 WA HAgTauAuEALENAT9 1 9 A9un

v
o

o
n) U3HNUALLNTUNGIDANTIUNA

¥ doa 4 . B
2) NANWRUNANILUTUTIDBNNIAUDNIZAL 12 WA AN

A) BR3INNTINAIAATALUTUNT

Waruualiinnunoed iz reuuduingy 0.8794 Taadnedeangy 5.4

~ o dy
GaRNTEAUNY 5 WA
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- .
n. B ufiuwiuiieaniauuaaInNG
nnsreuuuiunazinlfazegmliassAusasianessazanngavinty 17-5 =12 Wa

1Bumg m’z.L

82
= 7{7} Wmn® (L7 —5) #»

603.2 \m’

v ' 2
o o o

Tnaid (7.48 unanau = 1 Wr’) AL BNIRIeLILTUNTIRRNTISMNAWNGL 4,506 UNaaDU

9. UUIANVBIUUTUSIAUNTTAITLALN I a1N13059 Hanaung (5.20)

We Co =0.61 annmdiilu Sharp-edged orifices)
g =32.17 WpAui’

A = a? - 50.26 Wp’

2
A = n(ij L - 5450 3y
12) "4

Oc = 3217 Wa-tous /laus, Aud’
in )’
Pg = 14.7 ausi/iia® x 144 (Ej = 2.12x10° Yous/mn’

p = 0.8794x62.4 taud Mn’ = 54.9 Uaus /mn’°

h = 124n
3
wnen . tg = L 0.26 | |5 3217x212X10°7 | 5\ 35 17)(12) — /2484
(0.61)(32.17) 5_45)(10—3 54.9

a A =
= 3,386 MWUIM N0 56.4 UIN

2l A 181 199N1959 BN UUTUAINNAWINTY 56.4 WA
A. 3R N5l (Mass flow rate) Qp, visadnsnisluageqnaes Benzene N3anansn

anaunns (5.19) A t = 0, hy =12 n azlé

9cPy

. 0
Qmax = pACO 2 +ghL
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3
= (54.9) (5.45x10°) (0.61) |2 32'17);';2)(10 +32.14(12)

“Qmax = 10.4 deud Audl  1iufe Mass flow rate g38a2890135991170 10.4 Uaussiadund

5.3 N95aiNuUgaLEN 9 luvia (Flow of liquid through pipe)

dd” < 1 1 dJ = = al 1 1
neadilaziflunislvaaesaasivacnue TeazlnifiarsanaAnui@aaniuseudneans vauasyie

o

e a o ) [ o 6 o 1 a % dd’l
HAAND ﬂ@LﬂﬁV’VJ’WN@LL@@Iﬁ?_l@'J‘L&FLMQ&IW@NTLH@HNHLNQHV’W]i"JNL@Wiqsluﬂﬁ‘mu

L = constant

o o
U7 5.5 nsluaresresinaiurie

nsluatiuviaangil .5 aziiausadsaniusendnsreslnauarniiviouaznlaauiundsnu
b’d] 1 o 2 =2 o A =% dl o o/ My ]
antfiveg/lugaasmatnupainteu awin liianudalunisiuasnas nsluazesresandasalailfid

11 (334 7 udnzesmannetneanunsndasialiustiuannsguiiesanieddmnduganiunisdn

o 09/ 1 A 2] d’ (2] o o Y @ Yo 1 a v
faaegtin lwieuniatuiaannsosnsa liiidureamanlddnendn) annig (5.22) aduneineldannns

(2
o

(5.1) A3

—2
AI:)+ u +i.Az+F :—Vk ...(6.22)

o 2a9c | 9¢ m

Assumptions

- e AP=P, - P

- prnudaiudi Up=0 wazanu Sty Up, =0

- svsuresmannldeullannsesi 2 W 7, ube Az=74 — 7,
- uwnaan1a¥u Wy (Shaft work) Hiaeidnn st Wg=0

- ANAEANIU (Frictional loss) AZANUINIAREENNNT (5.23)
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002 I T T T Tt pmam
1 Lominar tiow RTT i
ELA Lot + e, I by -
0.02 Y~ {1111+ —1h—++ Complete turbulence | —————=1
Bl %’, : 1 rouqlh el 005
L] L7 : 004
0015 1A a1 D
' HAN < : 003
ZAN ; ‘ 0025
N T 002
\ 17 - - 0015
\ N[ ’
Rt N S 00!
0.009 -+ ) ‘ |
i // 0.008 we
0.008 S 0.006 ;
0.007 - = 0.004 E
' : 0003
0.006 |-++ Uncertain/ g
région[] 0.002 %
H . : i Ay 0.00'5 &
0.005 = 000!
S 0.0008
% \ ‘ 0.0006
0.004 |+ 00004
N \
N 400002
0.003 | T 0.000!
e N 5x1073
0.0025 : <5 - 3“|°'5
Smooth pipe’ 2x107° -6
I (€20); 11 NS Hix10™5
o'mzﬁl 2 34 68 2 34 68 2 34 68 2 34 68 2 34 68
103 o4 103 o o7 108
dup
Re = -

U7 5.6 naAudNUSsEndne Re  wazAn Relative roughness (Crowl and Louvar, 1999)
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1/df

22

! | I ] /1A Ix10°3
[ il 1 I /AA
BE R i T 0 Hexo
. b
' Re /T L~ U} -5
i J; !l— = 4 |°q __e.-—. / - 5! IO
T 1.255 5
e g 0.0001
‘8 | O | 'l g . .
; ] | =]
- — At 1100002
| J ' I | /r‘" //r
6 e = 00004
. ; " a ¥ -~
T O i = 4 0.0006
BER R Z . 0.0008 vl
4 gt T4 000l .
Fe aA ) Z . 0005 §
IUncer_lo'm A 3 / 0.002 §
J regnon‘ ;r 0003 3
2 = e ¢
: 1 0006 2
7 L 0008
10 ‘//A’v 7 z 0.0l
I/ A
2 0.015
] % Z 34 002,
JiE Z : 8%
B ami—= 0.04
| | Y=+ 665
—zg=—- Complete furbulence
4 rough pipe
eH-H— e
Lominar oo Re \/f-_
flow f (33
i bl
4 L i1 1l | |y
68 2 34 68 2 34 68 2 34 68 2 M4 68
102 103 104 103 108

U7 5.7 newlponudniusazdng ]/,/f waz Re/f iedrelunisAiuon

(Crow!l and Louvar, 1999)
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...(56.23)

faresaeelua (Fanning friction factor) Turiu

Fi1 Reynolds number (Re) WATAIAINNITUIEUDIYIE ((Roughness of pipe; € )

—2
2fLu
F -2
gcd
e f = adeuealsadunniuiiedannnisuens
L = m2qugqaa9via (Length of pipe)
d = @uhAudnarenieluaesyia (Diameter
. o _ 16
A1%19U Laminar flow; f = =
Re
. . 1
A3 Turbulent flow; F = —4log

1199 - =
Re 1.255

of pipe)

...(5.24)
1 ¢ N 1.255 (5.25)
37 d Re|f o

3.7d

f _
L L[10 0'25\/T _if} ...(5.26)

Tnafidn & AaAtANE3sE A1N1sou AN laemselEaINAN3197 5.1

AINANNIT (5.26) anu17au N INaen Tl uns N Tneldmanudunusuesrn Re, f uazaAn

Relative roughness (&/d ) asgyl g‘ﬂﬁ 5.6

'
Al o

1397 5.1 ANAINTITLeTANTARN 7 (ATLETunstindanazenn; Clean pipes)

o

Jannlivinvie

ANAANTTITY (€ ,mm) UBITARATUAFN )

‘vi@mﬁﬂﬁi’iquué}’qﬁmﬁ@mnmm (Riveted steel)
ViaABUAIA (Concrete)

aanuaa (Cast iron)

viafdannlud (Galvanized iron)

viewdnnang ludfinsnanaviall (Commercial steel)
VelnanwTen (Wrought iron)
ewsnulluilFvinviatih (Drawn tubing)

7ouia (Glass)

yianagdsn (Plastic)

1.10
0.3-3
0.26
0.15
0.046
0.046
0.0015
0
0
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Tun9aif Re A7 17N 1 azlé 1 = —4log (3.7 9) ..(5.27)
£

\/?

wAg NSV RAEaY (Smooth pipe) € = 0 azldanns (5.27) luld Afedfuannsludiilu

1 _ 4lo _Re\/T

Ji - T

LAZANNANNIT (5.28) @1N1nt N NaamTuns N Inaldaanudunusaessn 1/,/f , Re /f uax

...(5.28)

g/d fagd g7 5.7

wiluN9EiN Re < 100,000 viaay (Smooth pipe) azliannnsilfannislszunaufiaeisues Blasius 4
Anlugaaes Ansnssinlthaau dszunaitl a.a. 1790-1800 azlfannisngnangdlitinauazazaansie

A5 MauAadNNNg (5.29)

f = 0079 (Re) ¢ .(5.29)

dwFuviendnandesia (Fittings) Tugluuusine < @ vieléainaan (Elbows) 9144 (Valves)
isa qANsagIn (Unions) 8% | AdnenazgnAaniluANeasuiieLwingianun (Total equivalent
length; Leg. ) tHeeandiestesing q mantidudaiiinliininguassasenislvalne ansnsnauaian

ANTNENTTIUIFINTNANENANLUWIN BAZAINNENIRTITIANNIN AAINAL

Legow = Lstraight* 2 Leg ...(5.30)
Tneih
Leqtotal = ANENRINTALWINYYNA (Total equivalent length)
Lstraight = A978819%18Ms3 (Pipe length)

NATINURIANNENUARLLYIN (Summation of equivalent length)

2 L

191ENHNTNMAN ATHARTUTTEY Leg /d lumns197 5.2 Inauansdn Leg /d aesdeauuusing
WuBNeNN1IFe1aNa9147 (Gate valve) wazillanandaing nisluacinuaesaesluaniaasinanu

54 a

= Ay I s =2 = o a4 I o o 1
LA ANTUNADINIUNUNUABILNAIIRND @QNN@‘V]"IIMNWW Leq /d Wl 7w ﬂqQﬂLﬂﬁfﬁ'Jﬂﬂquﬂqq\i Al

: P < = ' @ e ] ] P "o o
N ACHAN Leq /d A9UUON 900 LL[?WI’WﬂLﬂu@ﬂﬂmzmﬂﬂﬂ’]ﬁ‘m@mﬂLL‘LI‘LI\‘I@S:I‘N FIUHNTBIBNINU 90

Elbow standard aziinAduLdeanutiasnanlaeen Leq /d Wwinru 30 lusin
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A5197 5.2 ANANENARLYINTa9Yia (Equivalent lengths for various pipe fitting) taainnsluagiaailu

A9 wanuutThulng (Turbulent flow) Winu (Crowl and Louvar, 1999)

gunsnldmiu n-dlauazi@ansevie (Pipe fitting) Leq /d
Globe valve, wide open ~300
Gate valve, wide open ~7
- % open ~40
- Y2 0open ~200
- Yaopen ~900
90° elbow, standard 30
45° elbow, standard 15
Tees
- Use as elbow, entering the stem 90
- Use as elbow, entering one of two sides 60
- Straight through 20
Pipe connections to vessels
- Ordinary pipe flush with wall 16
- Borda, pipe protruding into vessel 30
- Rounded entrance, union, coupling ~0
Sudden enlargement from dto D
2
Re d?
- Laminar flow in d 5 - D2
2
. 2
- Turbulent flow in d find) L[ d
4 D2
Sudden contraction from D to d (Except choked gas flow)
2
Re 125 d?
- lamina flow in d 160| B D2
2
. 2
- Turbulent flow in d f(md) 1.25_ d
10 D2

wanaue:  lunstiilienansinegeres Crowl and Louvar (2002) Aaldds 2-K delfiuanimuaziann

Ty nARwIn 9 azfiaaaaunisaiuens uay 1979 5.2 azgnilasniiunige 9-1 lunianwan
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AN 5.3 AIUIANNENALWINIRviasasa LT

o o

- 5.3 N 719IUNAWINARARAINATIENU Gate valve TelanwausiilunisAeluufingssnm (Ordinary,

pipe flush with wall) fasi 5.8

al

o o

917 5.8 uanINssiavie.uazil Gate valve wWiLRAVIaTANAANAYES (Ordinary, Pipe flush with wall)

azifiudnviagnsia (Connection) g 2 AR2

A

1. apsievia Aflunuufsesatessua (Ordinary, pipe flush with wall)
AMNA99T 5.2 AN Legr /d =16 nadn Legy = 160
2.  gate valve NlmAnn

ANNATIN 5.2 AN Leg2/d =7 HAAD Leqz = 7d

AINANNTT (5.30) ANENIVINNAWINGL Leqtotal = ANNENNRIY + ZLeq

L1 + Legr+ Leg2
179 = Ly +16d+7d

% = dl
-5.31 mm?m@mmnwmxmgﬂw 5.9

Q
O
1

)

1

17 5.9 uannssievielnai AN HIEBLLLFN 7]
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I~ R, . . | =
An317 5.9 aziiudiviagnsie (Connection) Bt 2 AR

qafi1. qasevie Miunuudsuulasuuunziuiuiuuainvieauinianldveauinluag) (Sudden

enlarge from d to D)

AINAN3T 5.2 A1 Sudden enlarge AANNANRUTAR

d? ’
Re
L d = —|1-| —
eql/ 32 D2
92
2
s Legr = %1_ % d

qa® 2. qasievie Miunuudasuwlasunungiuiusuuannvesuia e llvieaunsén (Sudden

contraction from D to d)

, i 2
ANA99T 5.2 AN Legp /d = % 1.25- d—2
D
_ T
190 Legz = % 1.25- d—2 d
D

v
o

= ay J L _
uananildsiifesis Legz = 16d
uazdiose 90° FailAn Legg =30d

AINANNTT (5.30) ANENIIUMNAWNGL

= 139 +
Leqy,,, = AANENAN ZLeq

Li+Lo + Legit Leg2 + Lega+ Lega

2 2
L+L, +% 1.25- da- d +& 1.25- da- .d +16d +30d

D2 160 D2

=
3
|



200 UM 5 WULANA8dN1357 MaTeeansAl

AaLNY 5.4 trannN1e@siiludunse (Hazardous waste) gnilansaanainds (Storage) aangvia
AN (Commercial steel) 1AW ALTNAN9 100 HaAwWAs MiaBAAINLN9 100 WAT NHVieN gate
valve finag Indiunmusiuanuay velignaediniunausiuausiiuuvietiugi (Protruded) Tallu

MauzFuaNsu Fagnanelunuauen SslssAuaenan lunage 5.8 wag witlaviedl weialuiviandny

219 33 lNAT

, . i
AIATUIINERIINNT aN Haasuad laaan

Assumptions

- LiRenaseuaay] (ranaTutiasnn)

- BiRemsaasuudasrasaauduiise avuauan (AP ) winfususd

- 13if97% (Shaft work) finau Wg =0

]

5.8 m

Gate Valve

100 mm

___1'\_,

_.\2

4—33!‘1’1—*‘

ID Commercial
Steel Pipe

U7 5.10 uamsnssiavie.uazil Gate valve uuuviagiwdinlllunauziuaeusu (Protrude)

(Crowl and Louvar, 1999)

IpeENALAINaNNNT (5.1) warnsldeauladnefiuas 1@

0

0

%2’+§£+1AZ+F = _V7VZ
P £a9c ¢ m

angthily;

i.Az+F =0
Oc
g = 9.8mAwN’
m Kg,,
=1 —
Je kg, s?

...(5.31)



ANNANNITANNLALANIU (Frictional loss)

Lthot

al

F

)
2L B 2f(l—eq tom)u

gcd @(0.1)

= 33+ 30d+7d

33 + 30 (0.1)+ 7(0.1)

36.7m

W Leqtotal = 36.7 m M &Nn17 (5.23) azlé

ANENNIT (5.31) azld

(9.8) (-5.8) +706 f U2 =0

S0 = 028/,

e Qm = pUA

Tned p =

u =

7(0.1)°

10° kg/m®

0.284/f f

= 0.00785m’

WNUAN; ~.Qn = 785U

N Re =

pu

d

y7,

103x0.1

2.2294/ \/?

Tefl 1= 10" kg/m.s

o =10

1073

wnis (5.32) aalu (5.34) azlé

. Re

Re

f

10° (0.284/4/ f )
2.8x10% [

2.84x10*

F =706 f U’

fiuadnil Twazqnm

...(5.23)

...(6.32)

...(5.33)

...(5.34)

...(5.35)

201
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AN AN9797 5.1 Commercial steel AN & = 0.046 via &/d = 0.00046

AN 5.6 fig/d =0.00046 azlé > 0.004 i o/ f > 0.0632

ANENNIT (5.35) Re #adiinenan 2.84x10% /0.0632 visatiasnin 4.5x10°

v
o o

31U g/d =0.00046 uaz Re = 2.45x10° arli ZI/\/T =15.81 (T9ANNATUAIAFatiaenIT)

yanaIntnIun AN 1/,/ f @aru19091a7N aNnng (5.26)

1 Jf 10028/F _ 1 f}

— ...(5.35)
Re  1.255| 3.7d

Re 370000

=
unupaz A 1 L 10_0'25\/T 46
1.255

NANNTT (5.35) ANnAiAgegn189 Re = 2.84x10°, 4/ f = 0.0632 uaz 1/,/f =15.81
W (5.34) azld U = 4.5 m/s TaA1ANEn e lunstiilazuinndnauiiluas
NIIANUBANAINIUAAT (KE) AauEusiuaziilugued (ANANNFF W) agliflumnnase A9daq
ilUfansanfastaudinaunagiudndsnuaatliiniadasuwdasienasuulasdisaninseudng
AEUGENAUIEAUAL A9R1aNANDININANNEIgRTIneazgiTaaInd AWl adslef
aan v =) a dl A o s QI % [~ e < al v
ANNIIAINNIDANNR LTI AN o uAsNgnAe WAL Iuan (KE) aouBniuliiflugud uazaanubaBubiu

winiu o Taeag 1

v
o

wrannaNNAT U T auuuTTulau (Turbulent) A9 @ = 1 (W30 173) uaY u=0,g9, =1

—2
w5 9.8(-5.8)+ “2— +706f T =0

(9.8)(5.8)

(1+706fj
2

Wagsanen T ofluiedduaes Re way U aum\amm“l%ﬁ%mmmﬁmmgn (Trial and error)

dgzannuen f 0 Re aunng (5.34) f anaunns (5.35)
0.004 4.13 4.13x10° 0.00439
0.00439 3.97 3.97x10° 0.00438
0.00438

NaUNILe A Awunzan 810 f He10.004304Lld O = 3.97 m/s

. Q, =pUA
—103(3.97)(0.00785)= 31.16 kgis
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54 nﬁ‘i%‘ﬂﬂﬂmﬂﬂLLﬁ'm:l’lug%/ﬂuﬁh (Flow of vapor through holes)

w

Tunsaitiflunisiansainnisiiresuidlne@dssuuy Isentropic (Tadsufainisvenesaasd

= = o s v o = =
mmﬂmuuﬂmgmmu AITNAL LL@‘L’WJWNLﬁ"J@Qﬂ’ﬂﬁlﬁ‘qﬂﬁﬁ‘Lﬂ@ﬂuLLﬂ@\‘iﬂ\W})

N\
e lun1gusiuAnuay (Gas NNYUUBNNITULTUAINNALY (External
pressurized within process unit) surroundings)
Po o
P N
T, > 7
u, =0
Az =0 T
Wy =0 .
Uanauhas (Throat)
~

317 5.11 nskwesufialaedasy

Assumptions

- ponusuteiy P, wdewiy P

- Az =171 —175 = 0viseldindanudng

- e lu (Shaft work) fassan Wg =0

- ARANNEREANIY (Frictional loss)

- WAwUaail (Kinetic energy) Suudnene Discharge (81991 Thottling release 1158

Free expansion release)

AINFNNT
2
d—P+A -
p 200,
2
Angthily Id—P+A u +F =0 ...(5.36)
P 209,

anilgnuipaaiuannng (5.3) N3 discharge 1aaadmai lauiUsEALAINgII89T09 1A

_'[%P_F = C? _I%P ..(5.3)
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SANANNNT (5.3) WAz @1n9 (5.36) Azl

P 2
C/ L ..(5.37)
b P 2020,

amiuufialugaunf (Ideal gas) T9HN198NLAIULIL Isentropic process

P
PV” = — = Constant

...(5.38)
o7

Taedl y = C,/C, vi7e dndanaednrInNqANgaussndaiauiuaiuazniunnspei (Heat
capacity ratio)

%

]

1
’ ( )
p pO P

LAZANNANANTLET AN I ANV IIULAZ ANKAUEAEAN Ratio of heat capacities (1) a¥l

—2
CfJ. ap - = - - ...(5.40)
Py P ; 2agc
Po P,

anenduilsrAnbnisscunanisatlaasaan (Discharge) C,

C, =C,Ja ..(5.41)
Taa?  C, = Discharge coefficient

o = Correction factor

WnuAn aunng (5.41) luiindreaesannis (5.40) uarangtlusiazls

P 2
a1n ij ap ¢
P

1 .
X P ; apo A
Po E (P)}/

0

I
(@)
—~~
O'U
N
R [
Ue——T
o
o
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=2 2
unu (5.40) axls: — uw_ So Py Y
2 1

. 0% = 29,C? (L](ij 1—(3J ' - (5.42)
1_7 Po Po

AN o = = ...(5.43
p VM o
M
\Y
WA (5.43) 11 (5.42) azlé
71
0 = 2g,c2—oe| 7 || P )7
M 1_7/ po
y-1
. _ RT.( » P (TJ
I8 u==¢C, 20— | —||1-| =— ...(5.44)
M (1-7y P

wn (5.44) luaumsfivndnsnisluasite Q. = pU A= py (0/ 00 ) T A acld
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1 y-1
P\ R,T 7 P)7
=p| —|.AC, |29, 22| L |l1-| —
Qn p"(Poj 01129 (l_yj (Poj
1 y-1
1 - r-1
[ Lodc ap,| PV Jag | S99 | 2| P | 7
P, P, M J1-y P,
71
R.T
- M cap| B fag | Do || 2|l 2]
R,T, P, M 1-y P,
= 2
2 R.T
- C,AP, “fzzgc( j[ 4 jl_[i]y (EJ
RZT, M 1-7 P P
2 r+1
2¢.M
© Qm = CoAP, |23¢ (Lj (iy —(3] g ..(5.45)
RgTo \1-7)| (P P,

v
o o

Wasannnisiaesniaillu Isotropic AuiuasiansnsasedadIANAY (SENINANAUTLE LA

o v A oA = A A o all d
aanuazLAALn) Asnzalauingl (Entropy) AP vitadmsn1ailasuLlas L =0
d(P/P,)
. P . 2 “
WASANNE 131 — = X AdUUANN"T (5.45) auiilu
(o]
1
d [ 2 7=
S x” X7 =0
dx
+1Y) +1
1 7 e 227—1 yi1) o, L
= x/7 —x 7 LRV S Vi N -
2 Y 4

v
o v

Tunatdusniiulaifilanaduaued wanaindn x=1vsern P/Py =1 asluifnnatitl dsiuaamaenatii 2
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al

o o doas - 2 oo o 4 <
P = Peioaed Y92 AOAUNIN 109 MadiAm3agagavindesluzneninisinaaunainqavils

—

A
fia
Tevanqauiladanadniunainidagegaluanieiiis (Maximum downstream pressure) #4311 5.12

e
< P y-1
Un (5.46) e x = P _ Fchoked _ 2 /
P I:)o Y +1

0

...(6.47)

mﬂslumbﬁu:?wmuﬁu ANAUBNANTUSTUANNAL
(Gas pressurized within process unit) (External surroundings)
- —’ ~ ~
~
~
~
P P - I:)Chocked
[0] — < a . .
T U = AuLI9LAEN (Sonic velocity)
o] {
_ Tnef U =331+0.61T mis
u,=0
T = aounnd (c)
AZ=0 e
al a g [~
Fananiaziianglu Chocked,
- A .
Critical 178 Sonic flow
Uaaauiada (Throat)
A
<
AU
T 5TUSNN
A
ANUAU
\J
JTYTNI

117 5.12 uanspudNRusreannzsielainnisiveuiagusenia
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A1 Pepocked AUAUERIAIUAIINGANEDY (Heat capacity ratio) ¥ 284 gas wsazadalaagnuLie

aeniilu 3 Uszinnuan Asuansliunisei 5.3 fe

F1137°9% 5.3 uandAn AdNqmannssau (7 ) Taawisuiaesnidu 3 dszim

Gas 4 ﬂmég‘“’ﬁﬁ I:)Chocked
Monotonic ~167 0.487 P,
Diatomic and air ~ 140 0.528 P,
Triatomic ~ 132 0.542 P,

e luNTUE L ANAY ‘\/ NNAUBNNITULTUAINAL
P —> P
0
Uaagungasa (Throat)
/\
A
ANAL P,
IDChocked
1
1
P,= P o528
:
P \ | a =
» __ 3ifim Choked \lia P, <P
> Sygzng

U7 5.13 uanspudNRnsresan e lafianisiaeedufiasne guasennie
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anguil 5.13 wassliimiudntinufiaeendiauiinnisionnudes (Throat)lilgussannia n1siim Choked
| nll (2] dlolz % [~3 1 [ (-3 al dl o‘dy a d” % dl o

flow visan1snufanialuasanfaamnuEaminduannuEades auwsnisaiaziiaauld Weaausuly

t4 (P)) snnndamanusuniauen ( P) ensatnadu 81 porusuntsuen P Aamausuussanni

fauANNAuIaIwR aaandaudaly diatomic aziim Choked flow ltHaRAadswludanInngn

P /0.528 vita 14.7/0.528 Psi asazyin liiammnisaliduil

\HaunuAaNNg (5.47) Tuannng (5.45) e P = Pyoreg Hem Q,, Al

2gm( 7 [ 2 Al 2 Al
SURVATTTEN) EN L NEY Ly

R, T, -1 y+1 y+1

—C,AP

0 0

) 2 [ 2 ) 2 [
Sl

y-1)

g o

e (2 Jh) 2l

(-1)|\y+1 y+1

P g
ANAL

2 y+1

s Rl EE

BRI
EREIED

wn (5.49) adlu (5.48)

741
;/gCMI[ 2 J[;flj (5.50)
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Aaaea 5.5 uialulnsauiteaninainqauantesniausiuau A adudnAugnate 0.1 s Aax
AuluN1TUEFUANNALEINN 200 psig gaunni 80 asA W LIulan asndnanisiuazesuag (Mass flow

rate) WATA991ALANNANTUEIE9N131NA Choked Tusraznandasullsaniusunazaanmisg

AMNANNNIBAIINNTINATRINIA ANNT (5.50)

Tl C, = 1.0@Amallidnsnisivagagn; Conservative valve)
2
2 3.14x\0.
A oo ( %2) ft* = 5.45x10° ft’
4 4
Po = 200+14.7 = 214.7 psia = 214.7/144 Ibf/ft2
4 = 1.4 (N, is diatomic air) => Py eq = 0.528 P, = 113.4 psia
M = 14x2 = 28
R, = 1,545 ft Io/lo-mole °R aumsiidrayiansg
T, = 80°F =540°R C _F-32 R
wFTasaluaNNAS (5.50) 100 180 2025
TERG
79 2 i
—C,AP, [/ 20| 2
(Qm )Choked o 0 RgTO (7/_'_1)
24
_ (1)(5_ 45)(10_5)(214.7) (1.4)(32.14)(28)( 2 Yoa
144 (1545)(540) \1.4+1
=3.79x107% b /s
ATNAU 4
214.7
Pehokea=113.4
I
I
I
14.7 '
meluda AYTHULNUD nauANg
B FLULNN
959

U7 5.14 UWARIANNANRUEIT NI NANNAUTTZEEN 1A

J b4 v v Y o K (24 o [ U < dl 1
ﬂfaumuiﬂmm@ 5.5 THINANEABINRAAANNENWUS LU 351909 V’]Q’]NLT'JLL@Z?%HZW’]\W@Q@JW 5.14 91

auifluatingls
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5.5 ms%’q'lummLtﬁmi'mg%'ﬂuvi'a (Flow of vapor through pipes)

Tulanuspnnuiiluasanisaziansnnislnai A sauu A s uaz IndLAsaiuAaINa s

N1IA5NULLRNAIMNARIAAIAR T AN TaLNaNNR g ueenly 2 agendne Ae Adiabatic

1
a =

(Rapid vapor flow HNuriaNHauIuAIN3eu) WAz Isothermal (vapor flow HIUAGUUNRNAIT) NBAIIN

AAINadaInIma18130 WiAIATaA INYe HAtTNued (Mach number; Ma) Gaifludnsndau
FLUINANNNEIIRLAE (T ) FUANNESIRUALN () AagNnig (5.51)

Ma = .(551)

o |

v
o

Tnafiaanndaaadeaduisaiduldlang 2 nedl Aagunng (5.52) was 4817 (5.53) W3R4T

tszanasldlneannig (5.59)

p
5
9| == ...(5.52)
op ),
a = 4 }/gCRg(T/M); for Ideal gas ...(5.53)
\ ~331.1+0617 m/s; T=guu)d (C) ...(5.54)

5.5.1 lunsainauuansivatlunuuaziAgwusia (Adiabatic Flows)

P, anudeu (Q) =0 Py <P, <P,
T, N T

ja— I

u,=o0 b k2o U <u,<a

Ma -0 | L / Ma, < Ma, <1

Fi:hoked
Mono

v

ITYSNN

317 5.15 AoudNRufazuineAnNAuLarssaznsaasuian inannwlurie
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Assumptions d1u5unnsluauuL Adiabatic

- AnNeu AP =P, — P, anaq
- Az=0
- Shaftwork Hiaaxin Wg = 0 71 Re 1707

- \fin Frictional loss AL Temp WAYAYNNENILR9YIE

- kinetic energy \iANN9ULNLA2TA9LAS (Energy balance require)

- Temp 2 1A RNYTRAATUALILI (F) AT NANIUARL

NANNT

—2

P A %F/M

P 2 f m

d_P+2udu +dF =0

p 209

] 2_ ]
e dF = Zf—ljjd" Tunstinan Re >>

gc

pry = A P
Lum@ﬂﬂuﬂﬁiLﬂ@ﬂuLLﬂ@ﬁQMqu Fusunisluauuy Steady state flow

0 0 0
ATl Ah + naseuaaid + nasugdd =  Hea + Work done
fpe is no meghanical
adiabatic linkage
anARNgenlun13a319 Model agil1éidn
T Y 2 —
2=t 9 Y; =1+ r-t Mai2 ..(5.55)
T, Y, 2
P. Ma, |Y.
2 =11 ...(5.56)
P, Ma, \'Y,
Ma, Y
Po _ "4 |12 ..(6.57)
P Ma, |V
M
G = plU = Ma,P, 79V Ma,P, ...(5.58)
R,T,

Tnef G = Mass flux with units of Mass/(Area.Time)
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2
Mas Y
(7/+1jln 22 1] 12_ 12 +7/[ﬂ}=0 ...(5.59)
2 Mal Y2 Mal Maz d
Kinetic Compressibility Pipe
energy friction

agldn MafpouduWusiy Frictional loss TeluiUNsansaLazNIs e AIaaeLia

angd s lidnasionisin i ldeu

7+ PP 7RI -RTONO1 1) AL 560
PT, 2 T,-T PT, PT,) d o
v 211 V4 2~ Iy 112 2 11

29.M V4 T,-T,
G= ...(5.61)
\/ Rg (7_]}[(1-1”31)2 _(Tz/P2)2:|

ywdaulun) 151azun Mass flux (G ) Taefliemaiuaaiuanavie (L) WurAugnaneniely

(d), goungiandn (T,), Avuaudi —een (P, P,)

dumeuaslsall 1) w1 € aInNA19799 5.1 e & /d
2)u1 f ann aunig (5.27) Tag ansan A1 Re ﬁﬂ'n@m
3)m T, anaunng (5.60)
4 n1 G angung (5.61)

wsitin L &9, AP ga7 aziilaniainliifianandanviniudesi luveseulany fsgili 5.16

A
HaAD

Tehoked _ 2Y, ...(5.62)
T y+1

I:)Choked — Mal 2Y1 ...(5.63)
P, \\ 7 +

Pchoked _ Ma1 Y+ ...(5.64)
P 27,

[N

-

M M
e Pehoked - | =S --(5.65)

Rng RgTChoked

]/+1In 2Y1 _ 1 1 +7/(ﬂ
2 | (y+pMaf | | Maf d

Gchoked = PU= May .P

=0 ...(5.66)

N—
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Toymndaulugy i9nazin G edivmeau L,d, R, T,

(2
o

:/1 2K a =
WURNBDUAINNANL

N

2) w Ma, aangunns (5.66)
3) M Ggpopeq AMNENNNT (5.65)

4) M Poreq AN @8N17 (5.61)

o)

ANTaL (Q)

) w1 f aInaunis (5.27) InafiaunmdnAn Re HANNANT

Ch

Gl

oked

Penokes <P <P
T,

, =4

Ma, =1

<l

FLALANMNAUNEIUANES

»

A
FLAUANNBIALN ( A)

» JTYTNN

WM Choked flow

- — = l3iiim Choked flow

> FTYTN

317 5.16 ANdNRLSIzUINNANAULAT ST NTasUR AR Inarnwlurie
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o~ ol a @ ¢
5.5.2 lunsainannanislualunuulaldinasuaa Isothermal Flows

1NNﬂW?@ﬂM@ﬂﬂQWN?ﬂu

@%fﬁ

Pehokes = P2 <P
=a/\fy
=1y

qABHRA Choked 7

Uanava

FLALAMNAUNILUANDS

\

TEHUSNI

917 517 Annduriusszudnsanniunazsraznsaesufian inannuluriauuy Isothermal

Assumptions

Ml AP =P, — P, anas
Az =0
Shaft work ; W, =0

NAAHLAE AN (Frictional loss) A9

\HasangunniAsnasiARWAIINUY (Energy balance is not required)

T, =T,

Py _ Ma

Fi hﬂaz
P2 _ May

P Ma

G = pU = MaR

79.M

R, T

9

4f L

Ma, 1( 1 1
21In - =
Ma, y\ Ma/ Ma

Kinetic
energy

Compressibility

Pipe
friction

=0

...(6.67)

...(5.68)

...(5.69)

...(5.70)

..(6.71)
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AngU e

Ph__gM

2In =T
P, G?R,T

#1i94@ 8 Levenspiel, Engineering flow Wud1A1 T, 184 Isothermal azldivinduanEadaaniien

Adiabatic Aatiua1 Ma azinniu

(Fr-P

...(6.72)

Ma = 2 = 1 (5.73)
a 4
dP  2fG?
_aPk _ (5.74)
. g.pd|1-(U p/g P)
21G? [ }
= ...(5.75)
gopd|[1-(Ma®)
; C
i Ma—2> % HARD d—P:>—a ) ;/:C—p #lanaifin Choked
4 v
QUNYNAIN
Pl - I:)Choked < I:)2 < I:)l
0,-0 — { 0, <0, <a
Ma, =0 / Ma, <Ma, <1
L =/
A
I:)l
Tt Tomendia
P \ Choked &
2
I:)Choked >
FTOINN

g‘ﬂ 5.18 ﬁ’l’]ll@NW‘L&ﬁﬁ“”Wﬂ’Nﬂ']’]NﬁuLL@“‘ﬁ“”EI"’V]’NﬂI@QLLﬂ@V]VLﬂ@N’TLﬂuVlﬂLLUU Isothermal
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TChoked = T1 ...(5.76)
P
—Choked _ Mal\/; (5.77)
Pl
Pchoked _
Feholed. — Ma, [y ..(5.78)
P1
ucioked — l .”(5.79)
Uy Mal\/;
_ _ 7 9cM gc.M
Gchoked = 2U = piUp = MRy /ﬁ = Pchoked -WIRC—T ..(5.80)
g g
oR In ! 5 |~ 1 2—1 +ﬂ =0 ...(5.81)
yMai ) | Maf d

flyndanluegisnagien L,d,P,T,

v
o o

= d’j

Flunausail

1) w f anaunns (5.27) Inafiaunmdnan Re HANAN
2) m Ma, aanaun1s (5.81)

3) M Ggpopeq ANENNNT (5.80)

AABE19 5-6 019 Ethylene oxide (EO) azgn'la (Purged) wigeandiau Inanislduialulnsiaudinldunui
(Padded) NirNuAt 81 psig wieilesiunissuida delulnsiaugnussadiaaaannsis 200 psig
saviaidinlluds EO Faeviafivinanningn (Steel) 1unmduengudnanawindy 1.049 fa uas

ANENY 33 WA TBnyifiapanuianaiafiglnniniuAn (Regulator) navinliufialulnsiau

Tnadinld ludsFaemanusu 200 psig TaiusnsAnuaAungs EO az5uls Aelune

v

aenunig

WANABEY EO anadailssiel (Safety relief valve) R4NNNG...

*

Safety relief valve M Regulator
" failure
81-> 200 $=1049" _
=33
> N2
EO
200 psig

917 5.19 nmilsenausietingi 5-6
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1N318RINTTIMalaLNaA (Mass flow rate) 109uAgTIIsaeaann1 9ndafiasa Arsflatnatianyinla
IneanNG liansuzyiaile
a) Orifice Gafinanan (Throat) WinfiuauNAYIa
b) il Adiabatic pipe

c) \ilu Isothermal pipe

dilli = U | o‘d‘ | a lﬂl % o
{11 3 aquummiwmiszmmmvl,uw,ﬂummumimmLﬂmiqmm Tudupanutanasie

a) ngal Orifice Tmeld@nNS (5.50)

y+1
WM 2y
(Q)choked = CoAPy R;To (y—ﬂj
e Co = 1.0 (Assume)
A m® _ x(1.049/12)° P
4 4
Po = 200+14.7 = 214.7 psia = 3.09x10° Ib/ft*
y = 1.4 (&1L Diatomic air)
Oc = 32171tlb /lbs’®
M = 28 1b,/Ib-mole,
Rg = 1545 ftlb/lb-mole.’R
To = 540°R

2.4

— 5 .« .8)E2.17)28)( 2 Yos
LNWAN = (1.0)(6x107)(3.09x107). =
Om = (1.0(6:107)8.09:10) (1,545)(540) (2.4)

= 4.161b,/s

a1nm97971 5.3 a1 Diatomic and air => Pchoked = 0.528PF,

0.528x214.7

113.4 psia

1.63x10" Ib/ft’



fiuadnil Twazqnm

ana [ . . o
b) ﬂNNWJ’]Lﬂ‘u Adiabatic NFUNAAINNENQ L
- 4 €
® w1 ga1nA13199 (5-1) e T

@ v f anaunng (5-27)
® m Tohoked ANENNNS (5-62) UAZMN Ma anaunns (5-66)
@ 11 G anaNng (5-65)

@ viewdnieAn & = 0.046 mm (Table 5-1)

d =1.049inx25.4 MM - 266 min
in
0.046

&
— = —— = 0.00173
d 26.6

@ v f anauns (5-27) ;i = 4log [3.79]
£

G

f = 0.00564

Tchoked _ 2V1

® 1 Tenoked

Tl }/+1
+1
AINANNIT (5.55) Y, = 1+(7/2 jMal2 ...(5.55)
y = 14

2(1.4)]

azli Yy = 1+1.2Ma12 wee  Tcohoked = T1(14+1

Ty = 80°F = (80+460)°R = 455°R

TChoked = 455R

%1 Ma; ANNANN17 (5.66)

y+1 2Y, 1 4L
In 5 |~ 5 —1ll+y|— | = ...(5.66)
2 | (y+DMaf | | Maf d
24, 12+04Maf | [ 1 ), 4(4x0.00564x33j 0
2 2 4Ma? Ma? L 1.049/12

2
1.21In 2+0'4M§1 - 12 ~1]+11.92=0
2.4 Mal Mal

219
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Waﬁﬂm‘ﬁmﬂmqn (Trial and error)

May A lFannannisfinugeiie
0.20 -8.43
0.25 0.043

x—0.2 0.25-0.2

0—(-843)  0.043—(-8.43)

X = 02.843[ 925-08
0.042 +8.43
. Ma, = 025
oY = 1402 (Ma)® = 1.012
2Y;
Check anann17 (5.63) Ponoked = RMa_ |— ...(5.63)
1+y
2x1.012
= 214.7 (0.25)
2.4
= 49.4 psia
= 7.11x10° Ib/ft’
@ w1 Gepoked ANANNNT (5.65)
7 9.M
Gchoked = Fehoked RT ...(5.65)
g ' Choked
, [1.4x32.17x28
= 7.11x10° [ —————
1545x455

301 Ib, /ft’.s

"o Qm = Gchoked A

301 Ib, /ft".s x 6 x 10°ft°

= 1.811lb /s



C) ANNAILTIY Isothermal

@ w f anauns (5-27) il Adiabatic
@ Ma anauns (5-81) uazm Popoked AINENNTS (5.77)

® w1 G a1nannng (5-80)

D w1 f =0.00564

@ w1 Ma anauns (5.55)

1 1 4fL
In 5 |~ 5 -1+ =0
1.4Ma 1.4Ma d

L s o
1.4Ma 1.4Ma

Trial and error

Ma A lEanaunsinuiinadle
0.245 0.097

0.005
0.24 -0.362

Check AMN&uN1T (5.77)

Pehoked = RiMagy/y ainaunis
(214.7)(0.244) /1.4

= 62.0 psia
= 8.93x10° Ib/ft’

® w1 G anauns (5.80)

g.M
Gchoked = Pchoked RT
g
. [32.17x28
= 8.93x10° |[———mmm
(1545)(540)
= 293 1b /ft’s
" Qm = Gchoked - A

(293 Ib_/ft’.s ) (6x107 ft")

1.76 Ib_/s

fiuadnil Twazqnm

...(6.81)

(5.77)

...(5.80)

221
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HaggLlreanIs Relief 13 3 uunlidsi

v
¥ o

dnwuzn1sh Pchoked (psia) Qm (b, /s)
Orifice 113.4 4.16
Adiabatic 49.4 1.81
Isothermal 62.0 1.76

- Orifice

- Adiabatic

- Isothermal
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isothermal uanmasnandiuasaniseenuuuiiasiiunaie
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|
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faeAtlaneizas n1raramanFaudaiundauitsfuden deanaazlidnalunis

3
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Azliudn 401y Adiabatic WA Isothermal un1sanuFAan19N1IaINAaudn i anasalunig

81.0

113.4

49.7
14.7

AUITY T9UMANNIRIAIUL Choked 219 3finTL Weasainuanliaes Downstream
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a1ngii 5.20 Tuisesresniseenuuuginsninautasasitetiandiniseanuuugineni Safety
relief valve tvaAnLaaniaiusilufiasmenainiazeanuuuiveliiufsagnianaeseanlylfiGangs
nM3ATUanLLY Orifice Tadnduntsannsliawinduningudnaraiaaranviniuauinsesviese A
A o A : D T 4 0y
wwuieie liiiinaulasaiagangn vinueduidiAssgAaniisnisiiazreuina@uilandeas e ld
WRANAT8IN1IANUIUNLLARY Popoked = 113.4 psia T9AaudinegaiiniiauiuidznisAiumdu
P - o ao > o o . ¥ A o A
uwazilaiFaunauaNAunA e lFiLANAULsIENNIA (Atmosheric pressure) kiapaazlfiA7Ige
I:)Choked 1134

Annfly —choked _ X~ 8w
14.7 14.7
a oa X o [ 2 a 1 o dl ' o 14-7X
lunsdfiantseenuiuuasaniufiesAnAAuaUn Down stream WL ————— ———
2 r(y=1)
y+1

dl A o 1 o dl o % a v 1 o 1
Wa X A9[UIUYINT89ANAUANTULIaeFU LR aunAdlRvingu 10 win (Safety factor) waz y =
8m91ANAINNAAINTRU (Heat capacity ratio) L¥inriL O NARD ABIA519N1TUETUANNAUNAINTON1

pNARlARe W 147 WheesraNAuussaInIATINad149NIN 7

o [ . . .
5.6 Ns5auuunszaailulsenevaslawazuaauad (Flashing liquid)

nisfauuunszatsrestesmaa AL ludafiumanuiugs f1remaiuligungiigand, qn

WRaATBsIadaasiinnisnsranalulsnng (Flash) aramnszidalé

Assumptions
- auNAiflugniaz Adiabatic eaziinizanan (lWnsanemeeInNEaLw)
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Q = me(To _Tb) ...(5-82)
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.l (Fraction) 1099991189172 IUEl

-T
fv =ﬂ — Cp (TO b)
m AH

v

...(5.84)

aun1g (5-84) arwnsn b lunsdinaeswadliinaaenudasgmantifnianisnwileguangidasu

an T, feT,
mCp
AH,,

Tnsaivialy ; dm = dT

AINaNNIg (5.85) auiingmann T, fe T, uaza1n m e m—m,

m—m\,d_m ) Cp deT
J m AHVTI
0

_ c c
In(m mV]= Hp (Tp-To) = ———.(To - Tp)

m A AH,
Cop = ﬁﬁmaﬂﬂfa’mﬂimmgﬂ‘@u (Mean heat capacity)
AH = Aedgresasseutialunimnanedlule (Average of latent heat)

UWNUANNIT (5-84) Al (5-87) azlé

m Cc
Inf1-— | = ——P (1, -7
( mj AHV(TO b)

C .
In(l- f,) = —AHp (To —Ty) Ioeil m, /m= f,
Vv

fvzl—exp(—c_:p(l'o —Tb)/mv)

...(5.85)

...(5.86)

...(6.87)

...(5.88)
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AARLNY 5.7 SUAUANNALLI 1 Uausd 1esaesmadusagnmni 350 Wisulas udsaindaiauen

(Rupture) Anuaulutsanailu 1 usseannia assunmdauaedleans Tnalinadeyauazaunis

a) Steam tables  b) auN17 (5-84) LAz c) ANN17 (5.88)

' v

a) fiqniusiuguugiivesleindndane 350°F a1unsallanidl Hijguig 9nnnaamesi
lawnfing (steam tables) luniawuan @ uaziiqagaiineiiraimai 1 atm azli Hyapor uas

Hiquid Teeansmliszunily Adiabatic

H final = Hiiquid + fv(Hvapor — Hiiquid)
3216 = 180.04+ f, (1,150.4-180.07)

fy = 0.1459 vi3a 14.59%

-

aglinluresmaanausiuileat] 14.59 wadidus
b) M luannng
Cp(To —Th)
—~pro b/ ..(5.89)

AH,,
lnet  Cp = 1.01Buwib °F

fy =

AHy = 9703 Btu/lb |

1.01 (350-212)
ww fy, = 970.3 = 0.1436

c) Waun1s (5.88)

() = relCollaTo)/AH,)

s Cp = 1.01Buib,°F

AH = 970.3BTU/b,

LN fv = 1. e(71.01(35w212)/9703)

= 1-0.8557
= 0.1443

N15LAA Choked lunsaid Flashing

- pealNilauun > 10 cm

- nIelviaAINENg > 10 cm



226 UMY 5 WULANA84N1352 MaTR9aNsAR

3 [ Y 3 A
ANULTANINUANNETAUTYN

D Gas Pgat
o )<
>

Equilibrium PChoked = PSat

3171 5.22 n19ifim Choked lunsl Flashing (Crowl and Louvar, 1999)

NANTUNANNT (5-7)

Qn = AC,\209:P, ..(5.7)
et P = annauludepusiu
Psat = AvwsAule@nsn (Saturation vapor pressure) guanaRLissad < via (Ambient

temperature)

AaaEN9 5.8 LN tuiama luiiguund 24 seAgadaa  ANAU 1.4x10° Unanna ingiaauin
0.0945 m \Amiily Flashing 1A Pggy = 0.468x10° 1aA1a ANMUILLL 603 kg/m’. A1 Qp 7

AN1cANAA (Equilibrium)

AMNANNIT (5-7)

Qn = AC,\/209.F,

o

auuidn Cy = 061 Haglansue Sharp edged orifices

md?  3.14x(0.0945)2
4 4

p = 603Kgm’

A = = 0.00701 m?

Jc= 98 kg /N.s* Taail N =kg,
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P = 1.4x10°N/m’
Psat =  0.98x10° N/m’
Wi Qm = 97.6kgss
dwsunsdiii P =Poy aiflunsdlfiflu Two-phase mass flow rate filan sfiaziin Choked #as

Fefaaldannis (5.90)

A |- Yc

Q ...(5-90)
m dv/dP
TqV = Specific volume (volume/mass)
Two phase specific volume aziflu
v = vy fy +vg ...(5-91)
GR ' fg = NAFINY specific volume 284 vapor Wag liquid
V¢ = Specific volume 183189t1187
fy = Mass fraction of vapor
AINANNIT (5-91) AxnsameyRusmeuiuANAuaz s
dv df,,
— = Vig —— ...(5-92)
dp dp
g Cp(To—-Ty)
naung (5.89) v f, = —m— ...(5.89)
ansnneiuiineuiugMni A
CodT
AH
/1N Clausius — Clapyron equation, at saturation
dpP AH
- = v ...(5.94)

WU ANNNT (5.94) waz (5.93) Tu @aunnsg (5.92)

df, C,
7N @4xNN19 (5.93) = — ®

dT AH
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P AH,
AN @41N19 (5.94) = @)
dT TV,
df CpT
0 o= ——— Vg ®
dP (AHV)
unie @ T annng (5.92)
2
Vv
av —( o) -C,T ...(5-95)
dP (AH,)

WNUENNIT (5-95) T (5-90) azld amsnistualaguag (Mass flow rate) winfiu

AH, A Jc

- . ...(5-96)
Qm Vig CpT

naiianen (Droplets) 284 liquid 16N 9 @1N1304AA Flashing @mLﬂuﬁqiunqiﬁmwwﬂnmn@;mﬁ?ﬂm

Aatne 5-9 uialwlwaw (Propylene) gnussqat ludenouan TavnduANAUBNE? 71 25 B30
waiiea H33runduingudnans 1 wuRung

AH
[IN@NN"3 (5-99); Qm v e
Tned AH, = 3.34x10° J/kg
Vig = 0.042m’kg
Psat = 1.15x10° Pa
Cp = 2.18x10° J/kg.K
2
A = — = 785%x10°m’
Oc = 1.0kgm/N.§°
T = 25+273 = 298k

“Qm = 0.774kgss
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5.7 MSNANNTARLLAINNIAINNNFIEIUaNTaNT5LAan (Liquid pool evaporation or Boiling)

n1s5a luaneueild luina1ee Hanna and Dricas (1987) Wluwuanialuansaie vapor cloud

dispersion models

7N Qm o P—Pgyt

MKA(Psgt — P)

Qm =

v
o

AWiunane | anun1sin Poy >> P dniu

o = MKA Pga¢
moR,T
g'L
e Qm = dmnsszmalnenia (Mass evaporation rate)
M = w3aluana (Molecular weight)
A = Auindudanuaeamian (Area of exposure)

PSat = ledusar99199a7 (The saturation vapor of the liquid)

2
1l

g mmﬁﬁu@\uﬁmluqmmﬁ (Ideal gas constant)

T = guu)i1e9299mad (Temperature of liquid)

2
o
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5-1.

5-3.

5-5.

5-7.

A 0.20-in hole develops in a pipeline containing toluene. The pressure in the pipeline at the point

of the leak is 100 psig. Determine the leakage rate. The specific gravity of toluene is 0.866.

. A 100-ft-long horizontal pipeline transporting benzene develops a leak 43 ft from the high-

pressure end. The diameter of the leak is estimated to be 0.1 in. At the time, the upstream
pressure in the pipeline is 50 psig and the downstream pressure is 40 psig. Estimate the mass
flow rate of benzene through the leak. The specific gravity of benzene is 0.8794.

The TLV-TWA for hydrogen sulfide gas is 10 ppm. Hydrogen sulfide gas is stored in a tank at 100
psig and 80°F. Estimate the diameter of a hole in the tank leading to a local hydrogen sulfide
concentration equal to the TLV. The local ventilation rate is 2000 ft3/min and is deemed average.

The ambient pressure is 1 atm.

. A tank contains pressurized gas. Develop an equation describing the gas pressure as a function

of time if the tank develops a leak. Assume choked flow and a constant tank gas temperature of
TW

For incompressible flow in a horizontal pipe of constant diameter and without fittings or valves
show that the pressure is a linear function of pipe length. What other assumptions are required for
this result? Is this result valid for nonhorizontal pipes? How will the presence of fittings, valves,

and other hardware affect this result?

. A storage tank is 10 m high. At a particular time the liquid level is 5 m high within the tank. The

tank is pressurized with nitrogen to 0.1 bar gauge to prevent a flammable atmosphere within the

tank. The liquid in the tank has a density of 490 kg/m3.

a. If a 10-mm hole forms 3 m above the ground, what is the initial mass discharge rate of liquid (in
kg/s)?

b. Estimate the distance from the tank the stream of liquid will hit the ground. Determine whether
this stream will be contained by a 1-m-high dike located 1 m from the tank wall.

Hint: For a freely falling body the time to reach the ground is given by
[2h
t= “-,.'|I_g—’
where t is the time, h is the initial height above the ground, and g is the acceleration due to
gravity.
Water is pumped through a 1-in schedule 40 pipe (internal diameter = 1.049 in) at 400 gal/hr. If

the pressure at one point in the pipe is 103 psig and a small leak develops 22 ft downstream,



Aueiml wazqm 231

compute the fluid pressure at the leak. The pipe section is horizontal and without fittings or valves.
For water at these conditions the viscosity is 1.0 centipoise and the density is 62.4 Ibm/ft3.

5-8. If a globe valve is added to the pipe section of Problem 5-7 (Holasut, 2002), compute the

pressure assuming that the valve is wide open.

5-9. A 31.5% hydrochloric acid solution is pumped from one storage tank to another. The power input

to the pump is 2 kW and is 50% efficient. The pipe is plastic PVC pipe with an internal diameter of
50 mm. At a certain time the liquid level in the first tank is 4.1 m above the pipe outlet. Because of
an accident, the pipe is severed between the pump and the second tank, at a point 2.1 m below
the pipe outlet of the first tank. This point is 27 m in equivalent pipe length from the first tank.
Compute the flow rate (in kg/s) from the leak. The viscosity of the solution is 1.8 X lo”® kg/m s, and
the density is 1,600 kg/m".

5-10. The morning inspection of the tank farm finds a leak in the turpentine tank. The leak is repaired.
An investigation finds that the leak was 0.1 in diameter and 7 ft above the tank bottom. Records
show that the turpentine level in the tank was 17.3 ft before the leak occurred and 13.0ft after
the leak was repaired. The tank diameter is 15 ft. Determine (a) the total amount of turpentine
spilled, (b) the maximum spill rate, and (c) the total time the leak was active. The density of
turpentine at these conditions is 55 [%is

5-11. Compute the pressure in the pipe at the location shown on Figure 5-17. The flow rate through the
pipe is 10,000 L/hr. The pipe is commercial steel pipe with an internal diameter of 50 mm. The
liquid in the pipe is crude oil with a density of 928 kg/m3 and a viscosity of 0.004 kg/m's. The

tank is vented to the atmosphere.

Vent
T m (“*‘
— == WY
N
3
Y
_— - I E————
10,000 _L | @\“x 3m
liters ) lr' _3/
per ;:
Hour \
“— Leak QOccurs Here

Figure 5-17 Process configuration for Problem 5-11
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5-12. A tank with a drain pipe is shown in Figure 5-18. The tank contains crude oil, and there is

5-13.

5-14.

5-15.

concern that the drain pipe might shear off below the tank, allowing the tank contents to leak

out.

l“’“m pO mm ID Pipe

Figure 5-18 Tank draining process for Problem 5-12

a. If the drain pipe shears 2 meters below the tank, and the oil level is 7 m at the time,
estimate the initial mass flow rate of material out of the drain pipe.
b. If the pipe shears off at the tank bottom, leaving a 50-mm hole, estimate the initial mass
flow rate.
The crude oil has a density of 928 kg/m3 and a viscosity of 0.004 kg/m s.
A cylinder in the laboratory contains nitrogen at 2200 psia. If the cylinder falls and the valve is
sheared off, estimate the initial mass flow rate of nitrogen from the tank. Assume a hole diameter
of 0.5 in. What is the force created by the jet of nitrogen?
A laboratory apparatus uses nitrogen at 250 psig. The nitrogen is supplied from a cylinder,
through a regulator, to the apparatus through 15 ft of 0.25-in (internal diameter) drawn copper
tubing. If the tubing separates from the apparatus, estimate the flow of nitrogen from the tubing.
The nitrogen in the tank is at 75°F.
Steam is supplied to the heating coils of a reactor vessel at 125 psig, saturated. The coils are
0.5-in schedule 80 pipe (internal diameter = 0.546 in). The steam is supplied from a main
header through similar pipe with an equivalent length of 53 ft. The heating coils consist of 20 ft
of the pipe wound in a coil within the reactor.
If the heating coil pipe shears accidently, the reactor vessel will be exposed to the full 125-psig
pressure of the steam, exceeding the vessel's pressure rating. As a result, the reactor must be
equipped with a relief system to discharge the steam in the event of a coil shear. Compute the

maximum mass flow rate of steam from the sheared coils using two approaches:
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a. Assuming the leak in the coil is represented by an orifice.
b. Assuming adiabatic flow through the pipe.

5-16. A home hot water heater contains 40 gal of water. Because of a failure of the heat control, heat is
continuously applied to the water in the tank, increasing the temperature and pressure.
Unfortunately, the relief valve is clogged and the pressure rises past the maximum pressure of
the vessel. At 250 psig the tank ruptures. Estimate the quantity of water flashed.

5-17. Calculate the mass flux (kg/mzs) for the following tank leaks given that the storage pressure is

equal to the vapor pressure at 25°C:

Heat of Heat
Toxic Pressure vaporization Vig capacity
material (Pa) (J/kg) (m*/kg) (J/kg K)
a. Propane 0.95 x 108 333 X 10° 0.048 223 X 10°
b. Ammonia 1 x 10 1.17 x 10° 0.127 449 x 10°
¢. Methyl chloride 0.56 x 10¢ 3.75 x 10° 0.077 1.5 x 10*
d. Sulfur dioxide 0.39 x 10° 3.56 % 10° 0.09 1.36 X 10°

5-18. Large storage tanks need a breather vent (technically called a conservation vent) to allow air to
move into and out of the tank as a result of temperature and pressure changes and a change in
the tank liquid level. Unfortunately, these vents also allow volatile materials to escape, resulting
in potential worker exposures.

An expression that can be used to estimate the volatile emission rate in a storage

tank resulting from a single change in temperature is given by

MP“‘VD(TH )
m=—— —°(-H_q1})
RT. \T,

where r is the total mass of volatile released, M is the molecular weight of the volatile, P is the

saturation vapor pressure of the liquid, V,, is the vapor volume of the tank, R, is the ideal gas constant,
T, is the initial low absolute temperature, and T, is the final absolute temperature. A storage tank is 15
m in diameter and 10 m tall. It is currently half full of toluene (M = 92, P 36.4 mm Hg). If the
temperature changes from 4°C to 30°C over a period of 12 hr,

a. Derive the equation form.

b. Estimate the rate of emission of toluene (in kg/s).

c. If a worker is standing near the vent, estimate the concentration (in ppm) of toluene in the air.

Use an average temperature and an effective ventilation rate of 3000 ft*/min.

Is the worker overexposed?
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5-19. Atank 100 ft in diameter and 20 ft tall is filled with crude oil to within 2 ft of the top of the tank.
One accident scenario is that a 6-in-diameter line connected to the bottom of the tank might
break loose from the tank, allowing crude oil to drain out. If a 30-min emergency response time
is required to stop the leak, estimate the maximum amount of crude oil (in gallons) leaked. The
tank is vented to the atmosphere, and the specific gravity of crude oil is 0.9.

5-20. One accident mitigation procedure is called emergency material transfer, in which the material is
transported away from the accident site before it becomes involved. We plan on mitigating a
crude oil tank fire scenario by pumping the tank empty in 1 hr total time. The crude oil storage
tank is 30 m in diameter, and the crude oil is typically at a level of 9 m. The transfer will be
accomplished by pumping the crude oil through a 200-mm (internal diameter) commercial steel
pipe to another tank 40 m in diameter and 10 m high. The pipeline represents 50 m of
equivalent pipe.

a. Estimate the minimum pump size (in HP) required to pump the entire tank empty in 1 hr.
Assume a pump efficiency of 80%.

b. If a 100-HP pump (80% efficient) is available, how long will it take to empty the tank?

c. What conclusions can be drawn about the viability of this approach? The density of the
crude oil is 928 kg/m® with a viscosity of 0.004 kg/m s.

5-21. A storage tank contains water contaminated with a small quantity of a soluble hazardous waste
material. The tank is 3 m in diameter and 6 m high. At the current time the liquid height is within
1 m of the top of the tank.

a. If a 3-cm (internal diameter) feed pipe at the bottom of the tank breaks off, how much
liquid (in m3) is spilled if an emergency response procedure requires 30 min to stop the
flow?

b. What is the final liquid level (in m)?

c¢. What is the maximum spill rate of liquid (in kg/s)?

Assume that the tank is vented.

5-22. A 3-cm (internal diameter) pipe has broken off of a 1-ton pig (or tank) of nitrogen. Estimate the
maximum mass flow rate (in kg/s) of the gas if the initial pressure in the tank is 800 kPa gauge.
The temperature is 25"C, and the ambient pressure is 1 atm.

5-23. A storage tank is vented to the atmosphere. If a hole develops in the tank, the liquid level h, is

given by the following differential equation:

dt

dh C,A
Fm o Vagh,



where hL is the liquid level height above the leak, C,, is the constant discharge coefficient
(= 0.61), A is the cross-sectional area of the leak, At is the cross-sectional area of the tank, and
g is the acceleration due to gravity.

a. Integrate the equation to determine an expression for the liquid level height as a function
of time. Assume an initial liquid level above the leak of h/,

b. What is the driving force that pushes the water out of the hole in the tank?

c. If the cross-sectional area of the tank is increased, does the liquid level change faster,
slower, or the same?

d. If the liquid level is increased, does the liquid level change faster, slower, or the same?

e. A cylindrical tank 10 ft high and 20 ft in diameter is used to store water. The liquid level in
the tank is initially at 7 ft. If a 1-in puncture occurs 2 ft off the bottom of the tank, how long
will it take for the water to drain down to the leak? What is the total amount of liquid (in
gallons) discharged?

f. What would be the significance of the leak if the liquid were flammable? toxic?

5-24. Use a mechanical energy balance to show that the pump work required to pump a liquid

through a pipe from one tank to another is given by

2L’ 3L’

W= —— = -,
g.dpA* mg.dpt

3

where W, is the work input to the pump, f is the Fanning friction factor, L is the length of the pipe,
m is the mass flow rate, d is the diameter of the pipe, p is the density of the liquid, and A is the

cross-sectional area of the pipe. Be sure to list clearly your assumptions!

5-25. In Example 5-6 (Holasut, 2002) the maximum flow through the nitrogen line was determined in
order to size the relief device. An important concept in process safety is inherent safety. This
means that the process is designed in such a fashion as to prevent hazards from resulting in an
accident. Suppose that the reactor of Example 5-6 is equipped with a relief device capable of
relieving nitrogen from the reactor vessel at the rate of 0.5 Ib_/s. This is not enough to prevent
overpressuring of the reactor in the event of a regulator failure. One inherently safer design
method is to install an orifice in the nitrogen supply line to limit the flow of nitrogen.

a. Calculate the orifice diameter required to reduce the flow from the nitrogen line to 0.5

lb,/s.

b. What new safety or operational problems might arise as a result of installing the orifice?
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5-26. A 10-m-diameter round tank sits on the ground within a 20-m-square diked area. The tank

5-27.

5-28.

5-29.

5-30.

contains a hazardous material dissolved in mostly water. The tank is vented to the atmosphere.
A leak occurred in the tank because a 0.1-m-diameter pipe located 1 m above the bottom of the
tank was accidentally disconnected. By the time the liquid flow was stopped, the liquid level in
the diked area had reached a height of 0.79 m.

a. Estimate the total amount of liquid spilled (in m® and in kg).

b. If the liquid level in the tank at the end of the spill was 8.5 m above the tank bottom,

estimate the length of time for the leak.

c. What was the original liquid level in the tank?

a. Show that for any pump the maximum liquid discharge velocity is given by

. g W

3 ety
I 1“,-' oA
where u is the maximum liquid discharge velocity, W, is the pump shaft work, p is the
density of the liquid, and A is the pump outlet discharge area. Make sure you list your
assumptions in your solution.

b. A 1-kW pump discharges water through a 50-mm (internal diameter) pump outlet. What is
the maximum velocity of the liquid from this pump? What is the maximum discharge rate (in
kg/s)?

Consider an oil well drilled to a depth of 1000 ft and connected to the surface with 5-in (internal
diameter) commercial steel pipe. If the pressure in the well reservoir is a constant 500 psig,
what is the expected flow rate of liquid oil (in barrels per day) at the surface if the surface pipe is
open to the atmosphere? Assume 1000 ft of equivalent pipe and no gas flow with the oil. The
specific gravity of the oil is 0.93, and its viscosity is 0.4 centipoise. Make sure that you clearly
state and justify any assumptions! Remember, an oil barrel is 42 gal.

Pumps can be blocked in by closing valves on the inlet and outlet sides of the pump. This can
lead to a rapid increase in the temperature of the liquid blocked inside the pump. A pump
contains 4 kg of water. If the pump is rated at 1 HP, what is the maximum temperature increase
expected in the water in "C /hr? Assume a constant heat capacity for the water of 1 kcal/kg°C.
What will happen if the pump continues to operate?

Calculate the number of liters per year of liquid that can be transported through the following

pipe sizes, assuming a constant liquid velocity of 1 m/s:



a. 3 cm internal diameter.
b. 5 cm internal diameter.
c. 25 cm internal diameter.
d. 50 cm internal diameter.
Comment on the magnitude of the result and the necessity for large pipe sizes in a chemical

plant.

5-31. Calculate the number of kilograms per year of ideal gas that can be transported through the

5-32.

following pipe sizes, assuming a gas velocity of 3 m/s, a pressure of 689 kPa gauge, a
temperature of 25"C, and a molecular weight of 44:

a. 3 cm internal diameter.

b. 5 cm internal diameter.

c. 25 cm internal diameter.

d. 50 cm internal diameter.

Comment on the magnitude of the result and the necessity for large pipe sizes in a chemical
plant.

The strip chart in Figure 5-19 displays the history of a leak in a storage tank. No other pumping
or filling operations occur during this time. The tank is 10 m high and 10 m in diameter, and it
contains a liquid with a specific gravity of 0.9.

a. When did the leak start, and about how long did it last?

b. At what height is the leak?

c. What is the total quantity (in kg) leaked?

d. Estimate the maximum discharge rate of the fluid (in kg/s).

e. Estimate the leak hole diameter (in cm).

5-33. A storage vessel containing carbon tetrachloride (CCl,) is contained within a diked area with

dimensions of 10 m x 10 m. The storage tank is in a horizontal bullet configuration with legs to

raise the vessel well above the dike floor. The temperature of the liquid is 35"C, and the ambient

pressure is 1 atm. The atomic weight of chlorine is 35.4.

a. What spill rate (in kg/s) from the storage vessel is required to completely fill the floor of the
dike with liquid?

b. If one of the accident scenarios for this vessel results in a leak with a discharge rate of 1 kg/s,
estimate the CCl, vapor concentration near the vessel (in ppm), assuming an effective

ventilation rate for the outdoors of 3000 ft*/min.
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Figure 5-19 Strip chart data for Problem 5-32

5-34. Show that for a spherical storage vessel containing liquid at an initial height h, the time
for the liquid to drain from a hole in the bottom of the sphere is given by

:— '\.ﬁ’ﬂ'{hc}yz(ﬂ - %h)

3ACVE '

where D is the inside diameter of the sphere, A is the area of the hole, C_ , is the discharge
coefficient, and g is the acceleration due to gravity.

5-35. Estimate the vaporization rate resulting from heating from the ground at 10 s after the
instantaneous spill of 1,500 m3 of liquefied natural gas (LNG) into a rectangular concrete dike of
dimensions 7 m by 10 m. You will need the following data:

Thermal diffusivity of soil: 4.16 X 10" m?/s
Thermal conductivity of soil: 0.92 Wi m K
Temperature of liquid pool: 109 K
Temperature of soil: 293 K

Heat of vaporization of pool: 498 kd/kg at 109 K
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Tnef C = anudndwesas

C' = AN Stochastic fluctuation ¥84ANENGUIHBIA NA NI T

WNUANNIT (6.2) way (6.3) Tuaunns (6.1) azlé

oC o (_ (= ,
E-FK(UJ--FU])(C-FC) =0

]

0 0
& ouiC ouiC’ au'ig?' ou
£+ ] + ] + + /d=0 ...(6.4)
ot oXj X 5xj OX |

v
o o

3 ocC 8Uj6 GUJ‘C'
WU (6.4) aziilu — 4 +

ot 8Xj 8ij

an1un190dasa ] anaaziiluuA Eddy diffusion Atiusnaunsaiiansasnannen

=0 ...(6.5)

cr oC
U ujC = —Kj— (6.6)
(3Xj
Tael k; = Eday diffusion si#e diffusivity
oC ouiC o oC
uni (6.6) i (6.5); — k .(6.7)

R LY R
ot axj axj axJ

Wanin Wsiudneuslaigniiesninaanmiiuase Aavaundbivssanaamdureduavuudndaldls

(Incompressible fluid) wazdAuMUILLLAT Tasarsumaraian luussan Al AR IT0 s TsTA

o

(Mach number; Ma) Gaiflupnmei (FannanslBluunii 5 1nTinauwdn)

8UjC _oC 4 O
= 0, e — =0 ...(6.8)
OX; OX; OX;
Farfugunig (6.7) nanendls
oC oC ) oC
— k ...(6.9)

HUj—— = —— | Kj——
ot axJ 6XJ 8xJ

anng (6.9) uhnnresdnuane o TmaluivannAgiuieimuald leasag o wanitlignuseq

w18l Pasquill-Gifford Model adulunasssindesialyl
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6.4 Tutnaaas widtAwazidwasn (Pasquill-Gifford Model)

nraawaznnasdn (Pasquill-Gifford Model) %ﬁmzmzi”ﬂ*i:rmzﬂﬁﬁwmmmﬂmﬁjmimmﬁﬁq
10 natil (Crawl and Louvar, 1999) @vazutiaaniilunstisng - Al
nsdin 1 lunsiuuunguisesuufdlaifansia (T = 0) (Steady state continuous point release

with no wind) ﬁ\‘igﬂﬁ 6.7
ANNAFIU
a9

- dmsnislualaasng (Q,,) AW

YRS o P aC
- Anndindunlaeseanuniidngai —=0
ot
- lddflaouiEoan Asiuen K, = K AslAwindiunniianieiauny x, y uay z

ANANNAFIUANNT (6.9) ?Nqnﬂmgmﬂu

8 oC «82C 8#%C o°C
—|Kj——| = K >t ot
an GXJ' OX oy oz

82C a°C #%C
LAY > + > + > =0 ...(6.10)
OX oy 0z

Z
A

Continuous Release of Material

at Rate Qm Occurs Here

!

Wind Direction \
with

Wind Speed, u X

317 6.7 TmaiifianisFediesaitieus laidiaanuizaan (Nt 1) (Crowl and Louvar, 1999)
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1um\1ﬂgumm 7 1 (unsaindrengaitiasannifinnuiianuazatsiniieenuiidnanisinalag

[

m@m‘wnﬂ 7 A0 WAANEINATUAYIUALAN19EAN | [ugUH uaz/MvTaAINAu W
di Yo 1 [ % v . . = 1 a .
Wwalitdnasansuigaunisie b Sperical coordinate iralnanlaanmiue (Polar coordinate) r
waz @ N1AAWNY Catesian coordinate 1158 Rectangular coordinate WAY x, y LAY z ANUUANNIT

(6.10) Azl

d(,.dC

=0 ..(6.11
dr dr 6.1

1
a

A = ! = | o = = S Ao
LN@‘W@’]?QAWH%“U@’ﬂﬂ@’]ﬁ‘W‘H@E’NWﬂLu’ﬂ\‘m"ﬂﬂ r (sAN r)Tmﬂmaﬁwﬂummzuummwmﬂmimma

Q,, azliAudunusAm

. dC
- kA%
Q dr
. dC
1199 = —k'4ar?)— ..(6.12
J ” (am®) 612
IWaNAzUANRaL (6.12) A9l
jdé - J'd—z .(6.13)
c

fiFNreum (Boundary condition) I' =0, Aauidindu = C uaziile r=o00, C =0

AuNnNInaNNIT (6.13) ALl

C, = Q”L .(6.14)
47K r
wlaguann Sperical coordinate r laz @ ufli Catesian coordinate
Qn ..(6.15)

C(x,y,z)=
( ) Ak \X? +y? +2°

v
v o

Tuma naauazilnaia nedii 1 Basuddnazgdrausan K Tunedfiidnanunn daiuaeiigily

N

o o A

MANNANNUSALAENLs@nEn7Uns (Dispersion coefficient) 43a o InglfAnNduNLERaT

c? = 4kt
k = o?/4t ..(6.16)
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nsain 2 dunaisuuubisediesdedluuuuinliianudaas (U = 0) (Puff with no wind)
ANNAFIU
a9
- dmnsialaaing (Q, = Q. ) viserlaeasanuiilu W

dl 1= o o qg// R A ' o a
- Wasannldfanwa sy kj =k ANAUNINUNNNANI

wnuRevluianualuannig (6.9) azld

— =k + + -..(6.17)

fideulaaGuiui C(x,y,z)=0 o t=0 ...(6.18)

a1n Carslaw waz Jaeger, 1959 114 esunalaaldannns 6.17) wazldRenlaArEufinain aunis

(6.18) lugilaaa Spherical coordinate

C(rt) = Q—:‘exp( r j ..(6.19)

8(7zk*t)3/2 o Akt

wasuann1g (6.19) il Catesian coordinate Al

- Q. X2 +y?+12°
C(xyz) = —m _ 2Ty *e 6.
bey.2) 8kt exp( At (6.20)

79 k lumefimmainasnis (6.16)
nsdin 3 \funsfauulidedlesdedluuunngulidemGean (T =0)

ANNAFIU
- dmsnnslualaanng (Q,, ) visedaesaanunilu wan uuuliseiias

v
v

o P o *2 A o a
- Lu@ﬂ@qﬂimmf‘]mwmm\?uu kJ = k @QNﬁqLﬂqﬂunnVlﬁV]q\‘i

wnRaulaianualuannig (6.9) azldannng (6.17) lunsoii 2

AReulupENFAuAe We =0, Audindu = C wauile r=o0, C =0 uay
e C(X, y,z):O Wat=0



fiuainid uazgm
rnamalfiannisnietflugl Spherical coordinate Aa

*

_ Q r
C(rt) = m_ erfc ..(6.21)
4(7zk I’) 2kt
wlasuannne (6.21) il Catesian coordinate ¢l
* [y 2 2 2
C(x,y,2t) = - il erfe| Y% +y*+z .(6.22)
Ak \X* +y? +2° 2kt

Felungl t =o0aun17 (6.21) waz (6.22) aznaullifluannnsg (6.15) Wiesann

YL | =erfe(0) =1
2Jk’t

erfc

251

nsdin 4 unnafauuuseiswaziiaoaiaan (T # 0) (Steady state, continuous point source

release with wind (U # 0)

ANNAFIU
- dmsnislualaanns (Q,,) A
4 a e e e
- eeannlannafeanEa AR lullawAY X

-k =k ddwindunniianig
wnuRevluiannaluannig (6.9) a<ld

T oC  92C 8°C o%C
—— = > + 5 + > ...(6.23)
kK~ ot x: oyt @

AdauluABEufude r=0, Anudindu = C wazilea r =00, C =04azls

C(x,y,z) = Qn exp(—z%*(\/x2 +y? 472 —x)j ..(6.24)

Ank”\[X? +y® +2°

1
=

~ g & o P o v a ] o
Nﬂuiﬂu@:ﬂﬁm@uiugﬂm 6.8 WAIANNANINENNTUENLFAITIANIN RN UanUaasuenasatias

1% '
o o o o ool

(Slender long plume) AiANNENAUEN IHAD

x> >> y?+7° ..(6.25)
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Wind Direction i

Wind Speed. u Initial Puff at + = O
/ Puff Moves Downwind at

Valocity u

¥

Instantanecus Release of \

Material G: .

Hare at + = 0 \1 /

¥

Occurs Puff at t = t

x
Concentrations Are Equal on Both “"Rough” Surfaces

< . T . < o , )
gﬂw 6.8 Nranlaauat1NAaLUBNNANNIEIANUTINNENIIZALRY (Continuous point source release

with wind at steady state) (Carslaw Was Jaeger, 1959)

#nn91lazanns (Approximate) 1+a = (1+a/2) e a <1 faiuauns (6.24) azgnangilaansn

14

C(x,y,z) = Q—mexp __4u (y2+zz) ..(6.26)

*

47zk*x 2k X

'
=

a v 4 d’ o :// ¥
AAAITHLINTUNATNNAN WRN UUUNU X ANUY y = 0,z=0 azl§

_ Qn
C(x) = L ...(6.27)
( ) 4izzk xi

nsdiN 5 Adnansiln 2 4 WunsAsuuylddedlesiedhunuinlaifaouGeay (T = 0) usid

dutlse@nsnnsunslalvindu (Puff with no wind; Eddy diffusivity a function of direction)

ANNAFIU
- dnsnnslualaanea (Q,, ) A
= i o
- flssannlifaninluuiounu X

- kj Henliwiniuluusiasianieise ky = ky =k,
wnuRauleviaunaluaunig (6.9) avls

oC 02C . 8°C . o°C
ot ox oy oz
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auN"T (6.28) @Nnsauiannislag Carslaw and Jaeger (1959) azli

Qn 1(x2 y? 2

exp — ...(6.29)
8(nt)*' 2 fkekyk,

C(x,y,zt) = “wlic et
aa @ . LA A @ = @ g g = o Al '
nNgUN 6 L‘]Jumi‘ﬂ@mﬂ@@mmum@mmmmﬂquw HAHNLIIAN (NTRUUAZLVHAUNLNTIUN 4) LATAN

dudszansnnsunsllintu (At steady state, Plume/continuous point source release with wind; Eddy

diffusivity a function of direction)

AUNRAFIY
. 4
- dmsnislualaasns (Q,,) AW

. oC
- dannzAsn — = 0
ot

~ IS o Y < A
AR INHANNARIEAINETIAIN IULUILNY X

k ; Henldwindulunsaznaniaise ky = ky #k
J X y z
wnuRevluianualuannig (6.9) azld

_aC aC 2 aC 2 ac 2
X ox2 o2 o2

o

Lee (1986) ANN1TDUAGNNNT (6.30) Aatd

= 2 2
Q—mexp —i y—+Z— ...(6.31)

C(x,y,z) =
bya) = on ™ mlky

\HaAANAANINANTDY WaN LUUNUY x; y=0,2=0

C(x) = B .(6.32)

4nx,[kyk,

nsain 7 Wunsdaslaesuuylisediesvisedluin (nstilasuileuiunsiin 5) wARANEIAN

(@ # 0) (Puff with wind)

ANNAFIU
a9

o * o
fnsnsivalaeung (Qm ) AN

a9 nHaN NS08 nI15 AN ILMUILAY X

k j iFnliwiniuluusasfianiaize Ky # Ky #k;

a (% P A @ —
ﬂ’]i‘ﬂﬂLL']_l']_IEI’]F;ILLﬂ‘LLT]J[?]’]Nﬂ']ﬁ‘LV’]@@LLV]@’]ﬂ X flu x—ut



Wind direction with

wind speed, U
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¥ z Y
wnuRevluianun agld

*

Qn 1 (x=-ut)* y* 2z°
€ -+ —+— ...(6.33
8(nt)*'? [k, k k P 4t K, k., k, (633)

XNy Nz

C(x,y,z,t) =

£
' o

nsdif & unvsdandaeeuuylise fienitedluindaiuiean (I #0) Aszduiuiu (Puff with no

wind with source on the ground) ﬁdg‘ﬂﬁ 6.9

ANNAFIU
a9

. * A
amanisvalaanags (Qp ) AN

< = o ¥ o @ =
WasanRaNNAAaamaIEIAN LWL X

k j e ldwiniluusaziianiaize ky #ky 2k,

a v Y A 1 o 1 a o ad‘ A dtﬂl
mmmmmmmummlm "'] Windugasingeanising Wi wuulnAzsaeannislunsin 5

(WIDAPNADIYINENNT (6.28))

4 2 Y
wnuRaulaianun azls

SN O Al |
At )" [k kK 4\ ke k,o K, o

Xytz y

C(x,y,z,t) =

Continuous release of material Qpy, at origin

v
<

Py a o dl” a o . =1 1w
qﬁ]"ﬂ'ﬂ 6.9 LAAINITLNA WQN Iuﬁ?muwumﬂu@mq:mmmmmeu%mu@mwnmmma (6.34)

(Crowl and Louvar, 1999)
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'
A A

nsdifl o Wunvsdandaeeuuusieifisnibeflunguipnmdaan (T = 0) fAsziufiufiu (Steady state

plume with source on the ground) ﬁ\‘igﬂ 6.9

ANNAgIU - dRsnsnalagnag (Qp ) A
&9
4 D e e e
- HeaRnHANTAF8ERGIAN lWAWAY X

- kj fAbiviniuluusasianiaize ky #ky #k;
" 2 3 d e : - st -
- nsAnandiniuianle o windusesvinaesnaifin wan wuudnffeReasnnislunsdl

q

7 6 (1IDAANABIVINENNT (6.31))

4 2 Y
wndeulaianun azl

(2 2
C(x,y,2) = Q—mexp _uyy Lz ...(6.35)
27K K ax| ky K,

nsdifl 10 Wunsdandaesuuuseifisnibe flunguipnudoan (T #0) fszsugeainiiubu H

(Steady state plume with source at high; H above the ground)

ANNAFIU
a9

dmsnislualaanag (Qp ) A

= = o v o o I~
HaaNNRaNNAAaaRIEIA TulWILNY X

k j fiFnliviniuluusasfianiaize ky =Ky #k;

Stack gneialiilszAugeaniumu H

4 2 Y
uwnudaulaianun azlé

- o oy’ - 2 u 2
C(x,y,z)= ex 4 ex z—H +exp| — z+H ...(6.36)
(x,y.2) i oks p ik, p 4ka( ) p 4sz( )

AzdnAdinannIs (6.36) QNWnuAIAIY H =0 YRITAUNUAY ANNT (6.36) aznai liflu

ANNT (6.35) WS

v
=3 ' o o

aufiudnn WU I anaduTinaisazan i 1A dud sz @ninnsunsilua A dannaeg
anlunedfimsaninaaudaluannis (6.16) 1918181301120 Standard deviation 1a3ANLENAY
298N ENgNUanUaee WA EauAUANNAT 89N INTBILITHINIA (Atmospheric stability) lnein)

1Hanmngeit 6.2 iawiandeaauuluuuauny y uay z drufungulinagld 6.10 lunsdineslu
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Wunmuun uaz gU7 6.1 netinedluflasans dawinliine iz 6.12 viseanaazmanlfiainanes

b

6.3 Tunst wau uay 713199 6.4 Tunstlin 16

A519% 6.2 TnresANatasn W luussannAinelEd1vFu Pasquill-Gifford dispersion model'?

A B uay C annAliiades we D E uay F azia@fes (Crowl and Louvar, 1999)

ANNLEIAN nan9du (Daytime Isolation) na19AU (Night time)*
(Surface LAR&aY (Radiation intensity) Lumﬂﬂﬂquﬁ@QWﬁ (Cloud cover)
wind speed:; n 1unang U9 ] Huwilas Fwann
m/s) (Strong) | (Moderate) (Slight) (Low Cloudy) (Cloudiness)
<2 A A-B B F° F°
2-3 A-B B C E° F
3-5 B B-C C D° E
5-6 C cD D D° D°
>6 C D° D° D° D°
MNP :

Stability classes:
A, extremely unstable
B, moderately unstable
C, slightly unstable
D, neutrally stable
E, slightly stable
F, moderately stable
'F. A. Gifford, “Use of Routine Meteorological Observations for Estimating Atmospheric Dispersion,” Nuclear
Safety (1961), 2(4): 47.
’F. A. Gifford, “Turbulent Diffusion-Typing Schemes: A Review,” Nuclear Safety (1976), 17(1): 68.
3Strong insolation corresponds to a sunny midday in midsummer in England. Slight insolation to similar condi-
tions in midwinter.
Night refers to the period 1 hour before sunset and 1 hour after dawn.
$These values are filled in to complete the table.’
fThe neutral category D should be used, regardless of wind speed, for overcast conditions during day or night and
for any sky conditions during the hour before or after sunset or sunrise, respectively.
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qd A
10° e 2
,’ 4 D
= £
S 7 F
§, 102 ’F/',"/{'/
g =
;/}}
10" el
10°
0.1 1 10

Distance downwind, km

gﬂﬁ 6.10 WAAIANANLIIZANTNITNIZANAINLIINDLY (Horizontal dispersion coefficient) d1115U

milﬁm‘wqm WU Pasquill-Gifford plume modeliuﬁuﬁ‘ﬁuuw (Crowl and Louvar, 2002)

10*
| A-B
10° 1 ¢
— = D
= — E-F
~ //,//1’
b>\ ’:! /:'/
107 -
~ /,/
; /’//’
gy
10’
0.1 1 10

Distance downwind, km
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10*
A
103 Ll
= c
i
E 102 ] "{Z Banil E
N
b 2z |\ Z LA = = F
e sl
10! Q ;’ I
<
r/
10°
0.1 1 10
Distance downwind, km
4
10 A_B
A
1 c
108 AL
I’ - = D
,I/ P
—_ a i E-F
é 102 Paria T
N = —
B 7
el
[
. P
10 =
10°
0.1 1 10

317 6.11 wansAdNLlszAvEnianszanamNLWIES (Vertical dispersion coefficient) dul

Distance downwind, km

NINANGN WU Pasquill-Gifford plume model TuLRa91an9 (Crowl and Louvar, 2002)
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10? 10%
10° A 10° .
= EF C 4B
£ izt o i ©
< 102 . E =l
bx I; I/ b /I = il E
10" Al 10! =L A _A L F
I A /, — —
= =t
10° 10° =
0.1 1 10 0.1 1 10

Distance downwind, km Distance downwind, km

g‘ﬂﬁ 6.12 WAANAANLIZANEN1TNIZane (Y-Dispersion coefficient) AMNLUINAUANUFTLNNTAA W

(Crowl and Louvar, 2002)

13197 6.3 ANNNINANNITIMANANLsEANBNNINITANETRINgH (Plume dispersion coefficient)

fszalz x (WM9) (Crowl and Louvar, 2002)

a6
neiiily waw

Pasquill-Gifford
stability class

oy (m)

o, (m)

Rural conditions

TmogOw e

Urban conditions

0.22x(1 + 0.0001x) '
0.16x(1 + 0.0001x)" "2
0.11x(1 + 0.0001x) "2
0.08x(1 + 0.0001x)
0.06x(1 + 0.0001x) '
0.04x(1 + 0.0001x) """

0.20x

0.12x

0.08x(1 + 0.0002x) '
0.06x(1 + 0.0015x)" '
0.03x(1 + 0.0003x) !
0.016x(1 + 0.0003x)™'

A-B 0.32x(1 + 0.0004x) 2 0.24x(1 + 0.0001x)*"2
C 0.22x(1 + 0.0004x) " 0.20x

D 0.16x(1 + 0.0004x)" 2 0.14x(1 + 0.0003x) 2
E-F 0.11x(1 + 0.0004x) ' 0.08x(1 + 0.0015x)" 12

A-F are defined in Table 5-1.

'R. F. Griffiths, “Errors in the Use of the Briggs Parameterization for Atmospheric Dispersion Coefficients.” Atmo-
spheric Fnvironment (1994), 28(17): 2861-2865.

2G. A. Briggs, Diffusion Estimation for Small Emissions, Report ATDL-106 (Washington, DC: Air Resources, Atmo-
spheric Turbulence, and Diffusion Laboratory, Environmental Research Laboratories, 1974).
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A3197 6.4 ANN13NANTDMNANENLsZANEN1INTTaaaeswil (Puff dispersion coefficient)

fgzely x (\WM9) (Crowl and Louvar, 2002)

nsaily W

Pasquill-Gifford o, (m)

stability class or o, (m) o,{m)
A 0.18x"* 0.60x"7
B 0.14x"7 0.53x"7
C 0.10x"" 0.34x"7!
D 0.06‘\_1),‘)2 O.ISX(””
E 0.04x"92 0.10x"%%°
F 0.02x"% 0.05x"6!

A-F are defined in Table 5-1.

'R, F. Griffiths, “Errors in the Use of the Briggs Parameterization for At-
mospheric Dispersion Coefficients,” Atmospheric Environment (1994),
28(17): 2861-2865.

*G. A. Briggs, Diffusion Estimation for Small Emissions, Report
ATDL-106 (Washington, DC: Air Resources, Atmospheric Turbulence,
and Diffusion Laboratory, Environmental Research Laboratories, 1974).

o

Tumedfuialuunenstizelnaainisnin iU g S naus ERgnmn Tunae i IFeauiaaiien
st 7, 9 waz10 wn e lF I duaussaniigalaetinannns (6.16) o = 4kt unlilae

unuk = o? 1 4t luannis

~ [ o o [ ~a |
nsain 11 Wunsdiudgsuuusnaasuuunnlunsain 7 lnanisunuanluannis (6.33) #as

k=0c?/4t a<l§

* 2

Qm 1| x—ut y2 22

(32 Y R
2(r) OxOy0, 2|\ ox oy 03

C(x,y,z,t) =

AnANENdIuNTTAUNLAL (Ground level) ¥i5a z = 0 azlé

* 2
- Q 1| ( x—at y?
C(x,y,0,t) = T exp| —= +— ...(6.39)
(x,y.0.t) om0 2o ) T

v
o

a v v = A o & a & = a %
AAAINNIANAUAADALUAILNU X UTANINTEALNUAL (Ground level) 1158 z=0 LAZAATNNANN Y =0 WZVLW

C(x,00,t) = m exp| —= ..(6.40)

AnaNindunandudnans Tnafirauwny X lusmuniswnaeunaes Wi visen X, = X4 —0t,y =0

QA

way z=0 azlé
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*

Qn
\/E(ﬂ)mo-xa o,

y

C(0t,0,0,t) =

...(6.41)

=K A k4

wan1sasunelugiaasnisliifuansinaslitianuadnfiumniivun (Dose) D dRsaudindum

1850 lut9na19ie AsiunIsAnBNIUNTuARIR9INBN R UATIauN AR T uaNni g

D(x,y,z)=[C(x,y,zt)dt .(6.42)

ot—38

£
¥

= A o s Ay o I TN I~ TR~ N
NWANTUINTEALNUAU (mmmﬂ\mummﬂmmmmQﬂumuﬂﬂ“uuwumu) azl§

D(x,y,0) = —M _exp| —=| L ...(6.43)

a o dl
AR UTNIUAIMUA NN X

*

Qm

B(X’O’O) B 7oy o U
yoz

...(6.44)

msAualnedgemunguanglagazantn Wuianiue w113 dusanser luglreusnaeniuld

(Threshold limit value; TLV) 191fiaznsiudnqn nuintiustjiasnsauaslilasnadaiiesle

y=o. [21n| S(x00.1)
y C(x,y,0,t)

...(6.45)
aa a ° = s & a P [
N3N 12 ﬂ’]‘iﬂiﬂﬂ‘{\iLLﬂUQﬂ‘a'ﬂﬂﬂl'ﬂﬂWQN NszAUNIANUAU (Ground level) uaziANNLFIaN

wuawnu x nanstazilunistiulgeannig (6.35) lunsal 9 waliiirasianisldeulagunuen fios
k=014t a<l§

C(x,y,z) = —"—exp| —=| 5+ ...(6.46)

AnPNdNTuNTTAUNUAY (Ground level) ¥iga z=0 Al

2
—Qm —exp —iy— ..(6.47)

2
7o o, U 20,

C(x,y,0) =
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v £
o o

= P = N & o ~ < =~
AAANLINLUAADALUILNY X UTAMNNTLALNWUAY (Ground level) 1198 z=0 LASAATNNANN Yy =0 A2
16

C(x,0,0) = _ O ..(6.48)

7o o, U

nsain 13 nsdudgeunudnaaiuuungy NszAuge H annsain 10 weliiiasanisldauiag

unuAn fne k = o2 14t azlE

2 2 2
C(X,y,z):Qimfexp Ly exp _Lpz=H +exp _1fz+H ...(6.49)
270 yo, U 2\ oy 2\ o, 2\ o,
AmAuidiufissFURUAL (Ground level) 1se z=0 azl#
1{yY 1(HY
C(x, y,O):Q—m_exp S 0 A A ...(6.50)
7o ,o,U 2\ o, 2\ o,

v £
o o A a

a 9y 9 = A = = A
ARAAMNLANTURADALUILNL X UTRYNNTEALUNUAL (Ground level) 1158 z=0 LAZAANNNAWN y =01
Q 1(HY
C(X,0,0):—m_exp —E(—j ...(6.51)
(o2

anaznauANdinduggpafiaannan Derivative 19981013 (6.50) Tnafisuduanlsyannimes X

Azl
= 2 o
Crnax =—Qm2 = .(6.52)
enuH = Oy
=<, = H
AN o, gaanlnenislszannl Ae o, :E ...(6.53)

nsaiN 14 nsdiudgauuudranauuy W NSSAUEY H aINNSa 7 {eeain wuuRNaewuui

gNnsRANsanNsAdeun il uszey 199 W AedsunasnlllfAsaunsniliullseasnis (6.38)

D,

Nszdupuge Hifluqadnede azldl z,,, =2, — H Geaunisgnimun1Faai

* 2 2
= Q 1( y 1(z-H 1(z+H
C(x,y,z,t)= u e —=| =] lKexp|—= +exp| —=
(3.2, (27)"*0,0,0, P12 o, P72 o, P72 o,
...(6.54)

AnPNNENTUNEAUNAL (Ground level) ¥isa Z =0 aZl@
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* 2 2
C = Qm 1y 1 H 6.55
C(X’y’o’t)_\/ﬁﬁ?’/za oyOo P 2loy ] 2lo, (659
: xCyCz y z

12 2
o o A a

a P = N ~ = N
ARANLUNTUARDALUILNY X UTAMNNTEALNUALY (Ground level) 198 Z =0 LAaCAATNNANN Y =0

x 2
C(x,0,0,t)= Qm exp —l(iJ ...(6.56)

2

* 2
D(x, y,O,):%exp iy _l(iJ ..(6.57)

s ad - o4 d z
nsan 15 Tunsiiiienianson Wil edeunldmuuwnuinganisiv X, = X,,q — Ut

_ 2
C(xy,z,t) =Reulaanannis (6.54) Ta (6.56)] xexp| — %[X - Ut] ..(6.58)

O

X

Tutnenstlitl wgugninuuaduilu Continuous steady state uay wgnAtuualiifluanmue
nsiaezeanunatemadiudaunsaangussannia uwsetelafimasaiinsoiunli iidunig

Uaazaanatvsiaiie flnesAndinguaainingaaanuivang <) 8 n A%

t
n= — ...(6.59)
p
o
e
t = naiannanlanilaat
t, = aasislapaeanusAenis (@ MN90AMIAINTENE T Stack/AaaEn)
FNENNNT (6.60)
n = paaasansignilaasaanun
H, = szdumnugeaasisansilaatesnun

t,=Hy /U ...(6.60)

dl .. dlal a a = o o & o o d‘ A 1
TIRMNANNIT Empirical ﬂ@QﬂQWNQQVINﬂﬁ‘SQV}ﬁﬂ’ﬁ/‘lNﬂQWN@NWNﬁﬂ‘ULLWﬂL[ﬂﬂ? 1.5 (’Q:ﬁlﬂ]@ﬂﬁ‘ﬂiﬂﬂ

P o ma Ny 4 Y o =
WWNLLWNQUVHQQH"Lmﬂqlﬂ@LﬂEl\'lﬂ'Ll 1.5 Iﬂﬂlfﬂ@ﬂ)

Hy =H, x1.5 ...(6.61)



Aueiml azqn 263

1% v
v ar o & o

2 o A P e o =
slunafeirsaieslElaewinduanuduiusael

(Q;I )Total = thp ...(6.62)

aeislafimuilanls Q, NAuniaeitremguasannsnaman Q. Hlasaunis (6.63)

Qn = (Qm )mau/ n ...(6.63)
atinglanmuazaninl3dnnsaiilld 5 Aieaansfmiuaaaman ldldle

6.5 uan1sinAlNNUAN luaeNUanilaas (Effect of release momentum and buoyancy)

NIARALANITNLLEY INLUANLATLIN e tFAsIuUg MR i Rsuanumuutuaestadlvg
aiunaialumwinasinalfiveslnanseanluszAumaiugeanniseanaesasy H, Aaiuaau

49AINNIIATUINARRIRNNILF L REURNANNS (6.64)

AH = %4151 268x10 %Pl T Te (6:64)

u S
Tnef

AH = Lﬂuquqﬁ'L‘W'ﬁyummzﬁummqwmﬂ@'m Stack= H (lum9)

u, = AuGafeanatnland Stack (lA3/A1N)

U = anudan (Was/Aund)

d = Wudaugnananiglu (wn9)

P = eowsuduysol (Hadund)

T, = snumgivesddaes Stack (1AAIW)

T, = Qmuqﬁmmmmﬂ’lummmfu(Lmﬁu)

QUiUINgNNg (6.64) luannisiliannnismaaes (Empirical) ¥3eann1sNiAN1aInn1IMaaes @

Taquindalaiflannai@einsedt (Analytical) 434 ]
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inamsaveaa (Neutral buoyancy)

f

AH

NAN19aN
>

msilanilassadianeiins

A 4

117 6.13 danwoiznistaesnilumudiianisasasianeusananlaesanseiuangainag AH

AR 6-1
Junilsviasinuanla (Overcast) Hufiadaaslnaanlad gnilaesasnundaadnsinisinalaauas 80

nFuFaduT ANEIaN UL 6 WAgEETUIT Dl ANNEITEIADY Stack 60 AITIFaE lLTULY

(Rural area) a9%n

o

n. wanNdinduadsres SO, NgniallniunszuaanszAuiuay (on the ground) Yeaingiu

al

Stack 500 Lum9

2, wAHdindueaaes SO AR lUANNIZIAANNIZAURLAY 500 WWATLAYIZEZT919 (Crosswind)

50 WAT

- , v v o NN S ,
A. MqAYTaTTEY (Location) WATANITNTWLAEIdANTLALNUAY NReutlarean (Downwind)

. AnanNNAgIunAd1eiunsiin 10 warlignimmntlunsiin 13 vse auntg (6.49) uaziisziu

NuAUaNn1sasnanefluannig (6.51)

2

= 1( H
C(X,O,O):Q—m_exp -=|— ..(6.51)
7o o ,U 2\ o,
e X = 500 LT
Q, =  80nFusiadud
H = 60wn3
U = 6wWase’un

UATNAMNITIANT 6 LAIAeAUT LHaaua N9 6.2 Afiesilnuanla (Overcast) azl#en D
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> o o o My A 2 =
A1 ANUTEANTNINTZAL BN Uy WA O qzﬂ’]ﬂ'ﬂ,ﬂqqﬂ ﬂ’;?’]‘V\lg‘JJ‘V] 6.11 (SLLLLN@\']VQQQ) TR NN

z
v

= ~ Y o o
A919% 6.3 Nezele X = 500 m Az lHmall

oy =0.08x(L+0.0001x) /2
=39m

&, = 0.06x(L+0.0015x) 1/ 2
=22.7m

UnUANFRLLT o, 0, wazsaLlsiannm luannis (6.51) azlé

_ 80 1( 60 )
Cl800.0.0)=—s 776 °® (_ E(E) J

= 1.45x10" nfuslegnuAiiumg

1. pd1eny de n. uANszez y = 50 wng Inaldannis (6.50)

2 2
C(x, y,0)=Q—m_eXp Ly —l(ij ...(6.50)
7o ,o,U 2|\ o, 2\ o,
2
viée € (500,50,0)=C (500,0,0).exp -l[i}
2|\ o,

1(50\
—1.45x10“ exp| — =| =
Xp[ 2(39]]

= 6.37x10” NFN/QNUANLIURINAT

A. A1 Location uay A Lindiugegansziununulagliannis (6.52)

Tnedl A o, gegalaalinisiszunns (Approximate) a1naunIs (6.53) An

H
O, =—F— ...(6.53)

2
60

wuen o, = —= = 42.4 wm9

J2

a1ngu#i 6.10 &1wFL Class D Stability vise # annazainiauanla war o, = 42.4 ufa azli

X =1,200 tumg Downwind



266 UN¥ 6 N33 AT TRHUATULILIAIABINTUNTERNGLITENA
uazaIngLl 6.10 vide m91eii 6.3 axldl oy =88 wims

AnuLNUAN LN A TuaNN1T AnNindueAs aNn13 (6.52)

— 2
Cmax :& 2 ...(6.52)

eniiH 2 Oy

_ 2(80) (42.4)
(2.72)(3.14)(6)(60) 2

=3.68x10~* nfugnuafiums

Aatng 6-2 Tesugranssuainilliaaeuiuaisinillunszuaunisainnisfine Source model

| Ao ) L aa ! = = o A o A o a
WUINNAURNTE (Accident scenario) nAranNslantansansaaaiu 1 Alaniu Nezaununu Inaiiia

AaBILII MATIYgAINgHTY (Residential area) 500 LuAIT A911

A = Ay A o = | a A
. waringulerenagsuses N NinuEauFEANEIaN 2 WAEEIWT
v v a A A o o Vo
2. ANuindugegaluiBonguauiinelyl 500 was Wedsuiusgauwe (TLV) windu
0.5 ppm LAZATHINENIIZAMNEDETNINLBILIITENNTIALALAINEI AN N T1Fa9az N 19
ANINTUgagn
dl 1 = Adl o ¥ ¥ b 1 dl o %
A, szaznanngulenaesunazinlinndindiugegees lureunnaeniuls
1 aueeduhguinaeesngulensza 5 Alawnslussavnuauiaaldsedu TLV

AdnTunTeIngyle
A ' A 14 < n’// a a
wnangulerespassuastfioaanman Uil 2 WRsAui

d‘ U = ] a o n!// dl 7 =S A a a
\asanntivuiseurnaaafiawme 500 wes Asisoai i lunisaseliiesguaune 250 und
= = % [~ 1 a = (=3 1 A 1 E%
199 4.2 WA (500 WHATUNTIEIEANNED 2 LUATFAEIWN)  aziudnluszas 500 wnsnadnlng
AuFunngsalssnuninisiluaresuianassy 1 lansu agglsfnunaiies 4 Wil @9ne
Vo = | v Y o P
Inflagnnnasena ldineswaudinesnisdedyanmumnulasadauazilsynialinnaulume

gupunay Tz

AINngIudn Cl, feendn 1 Alaniu iuanwuzuuuiauiresansnsiu 2 wes/Auii
Wasanndauizanaaiuduilsyansnisundas lwinuisanadianig (k, # k, #k,) uaz

Andndulurassiautuszey X, y, z uaz ¢

sl Model ﬁLﬁ@ﬂl%‘lﬁLumﬁ”muﬁ@ n3tWn 7 7 C(X, Y, Z,t) AZIUINAAALETNANTDINN

L

A9 o A B s
TS X 1@“] uumfa y=z=0 WLacnq mmmmummmm@ummq

=b.

o

muumummhmmﬂuﬁﬂmm@ ANNIT (6.41)

a
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*

o

C(at,0,0,t) = NI .(6.41)
r) ‘o.0,0,
Tneid
- anmzenaannAsiluwuy Stable Wvaliilnnsuengsnitenisanansg
ussenATeIRHtiaage Alidnan1azuuy D awiuannansiln 6.12 vive i
AT 6.4 Miazar 500 wnrazld o) = 521mms, 0, = 2.2 AT UAY LWaNgU
o, =0,
- Q, =1nlaniu
' ~ 1 3a o 3
wnuenluannig (6.41) Cy,,, = = 2.14x10° Alaniu/uns

J2(r)"?5.22(2.2)

AHindugagaluaniziiu 2.14x10° Alaniu/ums’

Tnelann17 (3.6) Wasuviagann Aaaniuinms® i ppm

224( T 1. . . .
Cppm = ——| — || = | Ha@nfu/umg ...(3.6)
M 273\ P

anuAlinan1yluaniziulauugi 298 a3 ANNAL 1 USTENNIA Az aalilana = 70

- 2.14x10° Alanfu/nms® winfiu 737 ppm

v
v v o 1 a

Aziliudn AAdindugandn TLV 11n ) astiugendeeginnnddanluszey 500 W ay

a U

E5udumsaannnimnglalesymieuesnasst

PN o A A P o o N e P LA
‘Vmﬁ‘zﬂz'ﬂﬂ@@ﬁﬂﬂﬂ?ﬂiZﬂzcﬂﬂ‘)f]llLTN%H%@QWWWQﬂW@iﬂ@uNTi@UﬂQqNL"ﬂNmuu@ﬂﬂqqﬁi‘ﬂ

WINAUALBLILL R

AF12eLR 0.5 ppm = 1.45 RAANFHANAT 13 1.45x10° Alaniu/ung’ Ineldann1s (3.6) lu

*

— Qm

1 U Yo
nsudasmbaeuazunuenaslu aung (6.41) Cy, = \/E(ﬂ)mo- — aglfian
z

Xy

1
\/E(]Z’)SIZO'VZO'

(o,Fo, = s76x10° ms’

1.45x10° =

z

%33 Trial and error
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A x 7 4 o, o, (O'y )2 o,
1000 10.0 3.2 3.2x10°
10,000 80.0 12.0 8.07x10*
11,000 88.0 13.0 1.01x10°

Interpolate 1799351314 10 waz 11 dlawns azld X = 10.3 Alaums

wan LN paesu 1 Alansy dasandeananlunimnliiaaanslussaunindnavetam tns

N9 ARRUN M ANANAUDNTEEENNg 10.3 Alamms
| ¥ 1 s s 1 |d| a
1 wawevaduidugnas el lninsrey 5 ilawns

TnuAnANENTUARDALLILNY X Y3RYINITAUNUWAY (Ground level) 938 Z =0 UAzqA

Aananen Y =0 azlf

N2
C(x,00,t) = , exp —E(X_UtJ ...(6.40)

'
=

sz 5 Alawns enausulaluaniiz D agld o) =44 wms, o, =8 wRs lla o, =0,

unupnaz s
1 1( x-5000Y)°
1.45x10° = e __(_)
J2(z)"2(44%)8) P72\ T
Az liiiluannaniasaes (Quadratic equation)
x? —10,000x + 2.499324x10" =0
X = 5,000+82
E
X >
X
<« 5000 Wy ——mg

dl % & A
;i]“ﬂ'V] 6.15 NMWANULULAINITNIEANLAITBINN
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azwiudiindauag fanfiausyezing 5,082 wms (an A) azfieslaiulessonagsuninu TLV

U 164 LUAT /2 WAFAUIN = 82 U7

o 05// 1 dl VYo 24 a o dl | o o v a a’/’ [ ¥ A
aiuludiiauldsuuianaesuluszauniudunmanosuuzin i ﬂummmuuﬂ%hmuw I8N

Autlantisinennuiu wiasnuinudlaiasesssungainialudosaingslaciiu

agalsfimuAiuuztinluund 2 BasnnsaruanduRsItaINNIIsTIETaIaIsaIaasin i laanig

dID 1 v 1 a = [ v = dl
pouAndsiume tas i lilsanuldesarseanufiuaauias Ty viseanaazinlitnanismaniaaiag
nasaatinuizaulilnaseanldainlseauizelsenudevwmasuinansyuasunisliisanldiin 10.3
a 44' 1 dll o = 2 [ | nﬁ” ] @
Alamg inaadnuuidlagasanulaensie viselilssauansziuanugaesqailaesgeau adnglsf

manntssiatlaestuligs o Aazinlidaeaseauusiiunisdunaesenlidnsaedssu
6.6 narasanwusYNLszinALazlAsIas1s ( Effect of building and structure)

PINTILUAREUFIULAY IUERIANN926197 NHHAREFLIIIULATNITUNTTRITNUASNGNITUAI NI
A (f1ANEIINNgHIeAINNNAZAANATINGIANILN ) ARNIATNEININTBILIILINIA BINA

Whuatingls (n95vnninalunainaneduizanatapusnaiuasingls)

ndszmevsednwuzaasiaseaiviinuBewaguruluniu lunsiifaegng 6-2 aziiiugn

' |
v A 1

Tunsinisidluazespagsuiies 1 itanin AnavinlliguaundeinuEeuat 500 was lHiunanseny
% d‘ t:ly RI % k2 n‘/ 1 |

nsufidfyun luizesfianaaziiunisdgnsinliduluseudnalssnunarguauaiaaziilunisussing

annunsadliiiunasusiueafiiduglassanniaudgiuaunsiuiunsisavazufidfynietnels

= o d!/u/ 1 o o o £ o a a Yo o
nane Tuaneue gt lidaauluiaqiiu inlinsauwsauiapnuianaalidinelunisawan
6.7 nmsrantmihnuniviule (Release mitigation)

¢ ow o a o o - 4

ns2dnaifawnln (Release mitigation) ¥FaN1IWENENMTIAZAAANNHIALITBINTNAASUATIE TUEE

n1stlanilaeaansiidunie (Risk of a release incident by acting on the source) n15ilaariuisnanunsnma

IHansatinanan o Aetlasiulitldinanisldesvisedaesliitiesngn andsuilanliaimnsariuaunis
v a =

Unaelfassiesilasiulnegligunsnilasiudunmedouyanas Tnandnnisll 1AR@aumannailuweaus

qUn6.16



270 unil 6 NI IUATRIANIRHUATULLANABINTUNTRENELITTHINTA

Toxic release [
model

Y

Dispersion model

1
1
1
|
1
1
:
Source model :
1
1
1
1
1
|
1
1
1

Prediction of release impact

Revise
- Process of plant
- Process operation
- Energy response

Is hazard
acceptance?

Operate
process

o

317 6.15 duneulunisudntlaiilunisaniifimeg (Crowl and Louvar, 1999)

q

agslafimnuliinaudinisadndanliilunisufdoyuissivmeuazlaameuag iuyuues
! dl v al o A ] a a A 1 ¥ ¥ ¥ o
1asusazineliinnasazinlilifdanvnaeanisfingummnvise ldaenlivgaaeneanunliinulsiy
gunena wilwanianisniase o inlfennuandsiasiinisinuuaReulalunisinauielilas s
= & . A g a o = ! = a A
viraniseanidunguung (Regulation) aliiaansiindunsedsaznaidlumeazidanluuni 9 e

nouNneANLaensiE el
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A137497 6.5 wuannalunisdntlain (Release mitigation) (Crowl and Louvar, 1999)

Major area

Exaniples

Inherent Safety

Inventory reduction: Less chemicals inventoried or less in process
vessels.

Chemical substitution: Substitute a less hazardous chemical for one
more hazardous.

Process attentuation: Use lower temperatures and pressures.

Engineering Design

Plant physical integrity: Use better seals or materials of construc-
tion.

Process integrity: Insure proper operating conditions and material
purity.

Process design features for emergency control: Emergency relief
systems.

Spill containment: Dikes and spill vessels.

Management

Operating policies and procedures

Training for vapor release prevention and control.

Audits and inspections

Equipment testing

Maintenance program

Management of modifications and changes to prevent new hazards.
Security

Early Vapor Derection
and Warning

Detection by sensors
Detection by personnel

Countermeasures

Water sprays

Water curtains

Steam curtains

Air curtains

Deliberate ignition of explosive cloud.
Dilution

Foams

Emergency Response

On-site communications

Emergency shutdown equipment and procedures

Site evacuation

Safe havens

Personal protective equipment

Medical treatment.

On-site emergency plans, procedures, training and drills.

'Richard W. Prugh and Robert W. Johnson, Guidelines for Vapor Release Mitigation (New York:
American Institute of Chemical Engineers, 1988).
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wUUENR UNN 6

6-1 A backyard barbeque grill contains a 20-Ib tank of propane. The propane leaves the tank through a valve
and regulator and is fed through a 112-in rubber hose to a dual valve assembly. After the valves the propane
flows through a dual set of ejectors where it is mixed with air. The propane-air mixture then arrives at the
burner assembly, where it is burned. Describe the possible propane release incidents for this equipment.

6-2 Contaminated toluene is fed to a water wash system shown in Figure 5-16. The toluene is pumped from a
50-gal drum into a countercurrent centrifugal extractor. The extractor separates the water from the toluene by

centrifugal force acting on the difference in densities.

Watar from Supply

at 40 psig

Clean Toluene Dirty Water Dirty Toluene
{50 Gallem Drum) " (50 Gallon Drum)} ~ (50 Gollon Drum)

317 6.16 Toluene water wash process

The contaminated toluene enters the extractor at the periphery and flows to the center. The water enters the
center of the extractor and flows to the periphery. The washed toluene and contaminated water flow into 50-
gal drums. Determine a number of release incidents for this equipment.

6-3 A burning dump emits an estimated 3 g/s of oxides of nitrogen. What is the average concentration of
oxides of nitrogen from this source directly downwind at a distance of 3 km on an overcast night with a wind
speed of 7 m/s? Assume that this dump is a point ground-level source.

6-4. A trash incinerator has an effective stack height of 100 m. On a sunny day with a 2 m/s wind the
concentration of sulfur dioxide 200 m directly downwind is measured at 5.0 X 10° g/ma. Estimate the mass
release rate (in g/s) of sulfur dioxide from this stack. Also estimate the maximum sulfur dioxide concentration
expected on the ground and its location downwind from the stack.

6-5. You have been suddenly enveloped by a plume of toxic material from a nearby chemical plant. Which
way should you run with respect to the wind to minimize your exposure?

6-6. An air sampling station is located at an azimuth of 203° from a cement plant at a distance of 1,500 m. The
cement plant releases fine particulates (less than 15 ,urn diameter) at the rate of 750 Ib/hr from a 30-m stack.
What is the concentration of particulates at the air sampling station when the wind is from 30" at 3 mls on a

clear day in the late fall at 4:00 P.M.?
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6-7. A storage tank containing acrolein (ERPG-1 = 0.1 ppm) is located 1,500 m from a residential area.
Estimate the amount of acrolein that must be instantaneously released at ground level to produce a
concentration at the boundary of the residential area equal to the ERPG-1.
6-8. Consider again Problem 5-7, but assume a continuous release at ground level. What is the release rate
required to produce an average concentration at the boundary to the residential area equal to the ERPG-1?
6-9 The concentration of vinyl chloride 2 km downwind from a continuous release 25 m high is 1.6 mg/ma. Itis
a sunny day, and the wind speed is 18 km/hr. Determine the average concentration 0.1 km perpendicular to
the plume 2 km downwind.
6-10 Diborane is used in silicon chip manufacture. One facility uses a 500-Ib bottle. If the entire bottle is
released continuously during a 20-min period, determine the location of the 5 mg/m3 ground-level isopleth. It
is a clear, sunny day with a 5 mph wind. Assume that the release is at ground level.
6-11 Reconsider Problem 5-10. Assume now that the bottle ruptures and that the entire contents of diborane
are released instantaneously. Determine, at 15 min after the release,

a. The location of the vapor cloud. And the location of the 5 mg/m3 isopleth.

b. The concentration at the center of the cloud.

c. The total dosage received by an individual standing on the downwind axis at the 15 min

downwind location.

d. How far and long the cloud will need to travel to reduce the maximum concentration to 5 mg/m’
6-12. An 800-Ib tank of chlorine is stored at a water treatment plant. A study of the release scenarios indicates
that the entire tank contents could be released as vapor in a period of 10 min. For chlorine gas, evacuation of
the population must occur for areas where the vapor concentration exceeds the ERPG-1. Without any
additional information, estimate the distance downwind that must be evacuated.
6-13. A reactor in a pesticide plant contains 1,000 Ib of a liquid mixture of 50% by weight liquid methyl
isocyanate (MIC). The liquid is near its boiling point. A study of various release scenarios indicates that a
rupture of the reactor will spill the liquid into a boiling pool on the ground. The boiling rate of MIC has been
estimated to be 20 Ib/min. Evacuation of the population must occur in areas where the vapor concentration
exceeds ERPG-1. If the wind speed is 3.4 mph on a clear night, estimate the area downwind that must be
evacuated.
6-14. A chemical plant has 10,000 Ib of solid acrylamide stored in a large bin. About 20% by weight of the
solid has a particle size less than 10 pm. A scenario study indicates that all the fine particles could be
airborne in a period of 10 min. If evacuation must occur in areas where the particle concentration exceeds
110 mg/m’, estimate the area that must be evacuated.
6-15. You have been appointed emergency coordinator for the community of Smallville, shown in Figure 6-17.
ABC Chemical Company is shown on the map. They report the following chemicals and amounts: 100 Ib of
hydrogen chloride and 100 gal of sulfuric acid. You are required to develop an emergency plan for the

community.
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a. Determine which chemical presents the greater hazard to the community.

b. Assuming all of the chemical is released during a 10-min period, determine the distance downwind
that must be evacuated.

c. ldentify locations that might be affected by a release incident at the plant or might contribute to the
incident because of its proximity to the plant.

d. Determine transportation routes that will be used to transport hazardous materials into or out of the
facility. Identify any high-risk intersections where accidents might occur.

e. Determine the vulnerable zone along the transportation routes identified in part d. Use a distance of
0.5 mi on either side of the route, unless a smaller distance is indicated by part b.

f.  ldentify any special concerns (schools, nursing homes, shopping centers, and the like) that appear
in the transportation route vulnerable zone.

g. Determine evacuation routes for the areas surrounding the plant.

Mega Shopping Center
Muddy River
Church
Hospital
Mi 52 Yy M! 52

Little
Railway

Senior
| —— City Hali

i Citizens

Home
" Picnilc Area

Apple Road

South Road

1 v
= 7 L

Refinery

/ Chemical Smatlville School
0 1 2

Scale in Miles
Prevailing Wind

Figure 6-17 Map of Smallville (Crow! and Louvar, 2003)

h. Determine alternative traffic routes around the potential hazard.

i. Determine the resources required to support the needs of parts g and h.

j.-Identify the means required to warn the area, and describe the content of an example warning
message that could be used in an emergency at the facility.

k. Estimate the potential number of people evacuated during an emergency. Determine how these
people are to be moved and where they might be evacuated to.

I.  What other concerns might be important during a chemical emergency?

6-16. Derive Equation (6.43)
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6-17. One response to a short-term release is to warn people to stay in their homes or offices with the
windows closed and the ventilation off. An average house, with the windows closed, exchanges air with the
surroundings equal to three times the volume of the house per hour (although wide variations are expected).

a. Derive an equation for the concentration of chemical vapor within the house based on a parameter, N,,
equal to the number of volume exchanges per hour. Assume well mixed behavior for the air, an initial
zero concentration of vapor within the house, and a constant external concentration during the
exposure period.

b. A vapor cloud with a maximum concentration of 20 ppm is moving through a community. Determine
the time before the vapor concentration within an average house reaches 10 ppm.

c. If the wind is blowing at 2 mph and the plant is 1 mile upwind from the community, what is the
maximum time available to the plant personnel to stop or reduce the release to ensure that the
concentrations within the homes do not exceed the 10 ppm value?

6-18. A supply line (internal diameter = 0.493 in) containing chlorine gas is piped from a regulated supply at
50 psig. If the supply line ruptures, estimate the distance the plume must travel to reduce the concentration to
7.3 mg/m3. Assume an overcast day with a 15 mph wind and a temperature of 80°F. The release is near
ground level.

6-19. A tank has ruptured and a pool of benzene has formed. The pool is approximately rectangular with
dimensions of 20 ft by 30 ft. Estimate the evaporation rate and the distance affected downwind. Define the
plume boundary using the TLV-TWA of 10 ppm. It is an overcast day with a 9 mph wind. The temperature is
90°F.

6-20. The EPA Risk Management Plan (RMP) defines a worst-case scenario as the catastrophic release of the
entire process inventory in a 10-min period (assumed to be a continuous release). The dispersion calculations
must be completed assuming F stability and 1.5 m/s wind speed. As part of the RMP rule, each facility must
determine the downwind distance to a toxic endpoint. These results must be reported to the EPA and to the
surrounding community.

a. Aplant has a 100-Ib tank of anhydrous hydrogen fluoride (molecular weight = 20). The toxic endpoint is
specified in the RMP as 0.016 mg/L. Determine the distance downwind (in miles) to the toxic endpoint for
an EPA worst-case release.

b. Comment on the viability of using a continuous release model for a 10-min release period.

c. One hundred pounds of HF is a small quantity. Many plants have much larger vessels on site. Comment
on how a larger quantity would affect the downwind distance and how this might affect the public's
perception of your facility. What does this imply about the size of chemical inventories for chemical
plants?

6-21. A tank of chlorine contains 1000 kg of chlorine at 50 bar gauge (1 bar = 100,000 Pa). What is the

maximum hole diameter (in mm) in this tank that will result in a downwind concentration equal to the ERPG-1
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at a downwind distance of 300 m? Assume 1 atm, 2S°C, a molecular weight of chlorine of 70.9, and that all
the liquid chlorine vaporizes.

6-22. The emergency coordinator has decided that the appropriate emergency response to the immediate
release of a toxic material is to alert people to stay in their homes, with doors and windows closed, until the
cloud has passed. The coordinator has also indicated that homes 4000 m downwind must not be exposed to
concentrations exceeding 0.10 mg/m3 of this material for any longer than 2 min. Estimate the maximum
instantaneous release of material (in kg) allowed for these specifications. Be sure to clearly state any
assumptions about weather conditions, wind speed, etc.

6-23. A tank containing hydrogen sulfide gas (molecular weight 34) has been overpressured and the relief
device has been opened. In this case the relief device has a 3-cm diameter, and the flow through the relief is
equivalent to the flow obtained through a 3-cm-diameter hole in the tank. In this case the flow of gas has been
calculated to be 1.76 kg/s. A cloud of material has formed downwind of the release. Determine the distance
downwind that must be evacuated (in km). Assume that evacuation must occur in any location that exceeds
the OSHA PEL. For this release the hydrogen sulfide in the tank is at a pressure of 1 MPa absolute and 2S°C,
the release occurs at ground level, and it is a clear night with a wind speed of 5.5 m/s.

6-24. A pipeline carrying benzene has developed a large leak. Fortunately, the leak occurred in a diked area
and the liquid benzene is contained within the square 50 ft X 30 ft dike. The temperature is 80°F and the
ambient pressure is 1 atm. It is a cloudy night with a 5 mph wind. All areas downwind with a concentration
exceeding 4 times the PEL must be evacuated.

a. Determine the evaporation rate from the dike (in Ib/s).

b. Determine the distance downwind (in mi) that must be evacuated.

c. Determine the maximum width of the plume (in ft) and the distance downwind (in mile) where it occurs.
6-25. You are developing emergency evacuation plans for the local community downwind of your plant. One
scenario identified is the rupture of an ammonia pipeline. It is estimated that ammonia will release at the rate
of 10 Ib/s if this pipeline ruptures. You have decided that anyone exposed to more than 100 ppm of ammonia
must be evacuated until repairs are made. What evacuation distance downwind will you recommend?

6-26. Emergency plans are being formulated so that rapid action can be taken in the event of an equipment
failure. It is predicted that if a particular pipeline were to rupture, it would release ammonia at a rate of 100
Ibis. It is decided that anyone exposed to potential concentrations exceeding 500 ppm must be evacuated.
What recommendation will you make as to the evacuation distance downwind? Assume that the wind speed is
6 mph and that the sun is shining brightly.

6-27. Use the Britter-McQuaid dense gas dispersion model to determine the distance to the 1% concentration
for a release of chlorine gas. Assume that the release occurs over a duration of 500 s with a volumetric
release rate of 1 m’/s. The wind speed at 10 rn heightis 10 mls. The boiling point for the chlorine is -34"C, and

the density of the liquid at the boiling point is 1,470 kg/ms. Assume ambient conditions of 298 K and 1 atm.
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6-28. Use a spreadsheet program to determine the location of a ground isopleth for a plume. The
spreadsheet should have specific cell inputs for release rate (g/s), release height (m), spatial increment (m),
wind speed (m/s), molecular weight of the released material, temperature (K), pressure (atm), and isopleth
concentration (ppm). The spreadsheet output should include, at each point downwind, both y and z
dispersion coefficients (m), downwind centerline concentrations (ppm), and isopleth locations (m).
The spreadsheet should also have cells providing the downwind distance, the total area of the plume,
and the maximum width of the plume, all based on the isopleth values. Your submitted work should include a
brief description of your method of solution, outputs from the spreadsheet, and plots of the isopleth locations.
Use the following two cases for computations, and assume worst-case stability conditions
Case a: Release rate: 200 g/s, Release height: 0 m, Molecular weight: 100, Temperature: 298 K, Pressure: 1
atm, Isopleth concentration: 10 ppm
Case b: Same as above, but release height = 10 m. Compare the plume width, area, and downwind distance
for each case. Comment on the difference between the two cases.
6-29. Develop a spreadsheet to determine the isopleths for a puff at a specified time after the release of
material.

The spreadsheet should contain specific cells for user input of the following quantities: time after
release (s), wind speed (mils), total release (kg), release height (m), molecular weight of released gas,
ambient temperature (K), ambient pressure (atm), and isopleth concentration (ppm).

The spreadsheet output should include, at each point downwind, downwind location, both y and z
dispersion coefficients, downwind centerline concentration, and isopleths distance off-center (+/-).

The spreadsheet output should also include a graph of the isopleth location.

For your spreadsheet construction, we suggest that you set up the cells to move with the puff center.
Otherwise, you will need a large number of cells.

Use the spreadsheet for the following case:

Release mass: 0.5 kg, Release height: 0 m, Molecular weight of gas: 30, Ambient temperature: 298 K,

Ambient pressure: 1 atm, Isopleth concentration: 1 ppm, Atmospheric stability: F
Run the spreadsheet for a number of different times, and plot the maximum puff width as a function of
distance downwind from the release. Answer the following questions:

a. Atwhat distance downwind does the puff reach its maximum width?

b. Atwhat distance and time does the puff dissipate?

c. Estimate the total area swept out by the puff from initial release to dissipation.

Your submitted work should include a description of your method of solution, a complete
spreadsheet output at 2,000 s after release, a plot of maximum puff width as a function of downwind distance,
and the calculation of the total swept area.

6-30. A fixed mass of toxic gas has been released almost instantaneously from a process unit. You have been

asked to determine the percentage of fatalities expected 2,000 m downwind from the release. Prepare a
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spreadsheet to calculate the concentration profile around the center of the puff 2,000 m downwind from the
release. Use the total release quantity as a parameter. Determine the percentage of fatalities at the 2,000 m
downwind location as a result of the passing puff. Vary the total release quantity to result in a range of
fatalities from 0 to 100%. Record the results at enough points to provide an accurate plot of the percentage of
fatalities vs. quantity released. The release occurs at night with calm and clear conditions. Change the
concentration exponent value to 2.00 instead of 2.75 in the probit equation, and rerun your spreadsheet for a
total release amount of 5 kg. How sensitive are the results to this exponent?
Hint: Assume that the puff shape and concentration profile remain essentially fixed as the puff passes.
Supplemental information:
Molecular weight of gas: 30, Temperature: 298 K, Pressure: 1 atm, Release height: 0, Wind speed: 2 m/s

Use a probit equation for fatalities of the form:
Y =-171 + 1.{:91n( EC”‘T),

where Y is the probit variable, C is the concentration in ppm, and T is the time interval (min).

Your submitted work must include a single output of the spreadsheet for a total release of 5 kg,
including the puff concentration profile and the percent fatalities; a plot of the concentration profile for the 5
kg case vs. the distance in meters from the center of the puff; a plot of the percentage of fatalities vs. total
quantity released; a single output of the spreadsheet for a 5-kg release with a probit exponent of 2.00; and a
complete discussion of your method and your results.

6-31. A particular release of chlorine gas has resulted in the concentration profile given in Figure 6-18 for the
cloud moving downwind along the ground. This is the concentration recorded at a fixed location as the cloud
passes. The concentration increases linearly to a maximum concentration C,, and then decreases linearly to

Zero.

Cruraticon

Cman

Corc.

Tirme

gﬂﬁ 6.16 Concentration profile for a chlorine gas release

The width of the cloud is represented by the duration or time to pass, as shown. Develop a spreadsheet to
compute the percentage of fatalities expected as a result of this cloud, with this particular shape, passing a
fixed location. Set up your spreadsheet to include input parameters of cloud duration and maximum
concentration. Use your spreadsheet to draw a plot of the percentage of fatalities vs. duration of exposure.
Draw a curve on the plot for each of the maximum concentrations of 40, 50, 60,70,80, and 100 ppm. What

conclusions can be drawn about the results?
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Tned
T = guugiaasgaiuln (K)

a, b, ¢ Aa ANAANLEAeE AN 7.1

Tp = gouunizeqaien (K)

e Thermometer

Test flame

applicat
pplicator Open cup with liquid

Heating plate

Bunsen burner

From gas -
supply

a A A a ) ) ,
317 7.4 1Asasilanismqannulnuuniile (Cleveland open-cup flash point determination)

o C o o o - .
AN39% 7.1 uanIAAsh a, b, cAmiuannismniqaanuln viseaunis (7.1)

Chemical group a b c

Hydrocarbons 225.1 537.6 2217
Alcohols 230.8 390.5 1780
Amines 222.4 416.6 1900
Acids 3232 600.1 2970
Ethers 275.9 700.0 2879
Sulfur 238.0 577.9 2297
Esters 260.8 4492 2217
Ketones 260.5 296.0 1908
Halogens 262.1 414.0 2154
Aldehydes 264.5 293.0 1970
Phosphorus-containing 201.7 416.1 1666
Nitrogen-containing 185.7 432.0 1645
Petroleum fractions 2379 3344 1807

'K. Satyanarayana and P. G. Rao, Journal of Hazardous Materials (1992), 32: 81-85.
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A19199 7.2 Avuennisud Inseamemnasier lugtaesnasuazle (Flammability Characteristics of

liquids and gases) (Crowl and Louvar, 1999)

Compound Flash point %LFL %UFL Autoignition
(°F) in air in air Temperature (°F)

Acetone 0.0* 2.5 13 1000
Acelylenc Gas 2.5 100
Acrolein -14.8 2.8 31
Acrylonitrile 32 3.0 17
Aniline 158 1.3 "
Benzene 12.0%* 1.3 7.9 1044
Butane -76 1.6 8.4 761
Carbon monoxide Gas 12.5 74
Chlorobenzene 85** 1.3 9.6 1180
Cyclohexane -1 1.3 8 473
Diborane Gas 0.8 88
Dioxane 53.6 2.0 22
Ethane -211 3.0 12.5 959
Ethyl alcohol 55 3.3 19 793
Ethylene Gas 2.7 36.0 914
Ethylene oxide -20* 3.0 100 800
Ethyl ether -49.0** 1.9 36.0 180
Formaldehyde 7.0 73
Gasoline -45.4 1.4 7.6
Heptane 24.8 1.1 6.7
Hexane -15 1.1 7.5 500
Hydrogen Gas 4.0 75 1075
Isopropyl alcohol 53* 2.0 12 850
Isopropyl ether 0 14 7.9 830
Methane -306 5.3 15 1000
Methyl acetate 15 3.1 16 935
Methy! alcohol 54* 6 36 867
Methy! chloride 32 8.1 174 1170
Methy ethyl ketone 24* 1.4 1.4 960
Methyl isobuty ketone 73 1.2 8.0 860
Methyl methacrylate 50* 1.7 8.2 790
Methyl propy ketone 45 1.5 8.2 941
Naptha -57 1.2 6.0 550
Octane 55.4 1.0 6.5
Pentane -40 1.51 7.8 588
Phenol 174 1.8 8.6
Propane Gas 2.1 9.5
Propylene -162 2.0 11.1 927
Propylene dichloride 61 34 14.5 1035
Propylene oxide -35 2.3 36 869
Styrene 87> 11 7.0 914
Toluene 40 1.2 7.1 997
* Open cup flash point
** Closed cup flash point

' Martha W. Winholtz, ed., The Merck Index: An Encyclopedia of Chemicals, Drugs, and Biologicals, 10" ed. (Rahway, NJ: Merck
and Company, 1983), p. 1124; Gress Nostrand Reinhold, 1981), pp 860-861; and Richard A> Wadden and Peter A. Scheff, Engineering
Design for the Control of Workplace Hazards (New York: McGraw-Hell Book Company, 1987), pp 146-156.
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Tnadnflulseugnainnssuiaisinaziansnivans < 1ladeansndiuiazafinasd
ArudnEzn1egnan e o dulddsuanslunieen 7.2 udunapiasdndufiesdiusminansiiugn
o = a . - . y 4
WasuauanFidugnireavasldidanudneuzaesasans o ainsniu Ineasudilaluizesnis
nax tneannzatqaauiuazA e fifuduasdamasluainiaazsestunalaanisandaetnei 7-1

WAY Fnainan 7-2

7.4.1 qum'lvwlmmmswau (Flash point of multicomponent mixture)

| '
A Ao 4 oA

nsunqaangssansdneddndounulasullinaldariudnlaluzesnisnan Tnad
wannisaa imnusule (Vapor pressure) 1e9a13Ngnuas (Multicomponent) dAinaausugoutias
(Partial pressure) 1w nnnuaaiqnanuln 52 asarnisulad uazadnusuleluanziupe 53 mmHg

awdnqeUlnasasues 75 wedmuslaginmin (i 25 waeaus) winlng

AIRENN  7-1 NAUBLABIMNARZNUTNATRUNNNIUES 75% NiAauNautin A usula s

dqutlsznay % Tneisianiin Waluiana Tua dndauluag
LHNNIUBA 0.75 CH,0 =32 0.75/32 0.628
111 0.25 H,O =18 0.25/18 0.372
0.03733 1.00
paiusfeananniulevesasnanvslne laauduwug
P* = (Andoulua) P ..(7.22)
e P* = Ausilaaesansnealignuan (Vapor pressure of pure component)

psat — mmﬁu%mmmaﬁgﬂmu (Partial pressure of multicomponent)

Anusuleresuniuealandlinimualid 53 mm Hg watnlinmuaunldaunsaunlfainannns

N WIAaAIaNNNT

In(Psat): A_CET ..(7.2b)

e A B,C PIINANTN ANARUIN 4 ANNAUleBNFA (Saturation vapor pressure data)
yiraL9Ananaaz 1m1319 Antoine constant annula@amasinlauniind Al
T = g0 (K)

AINNVALUIN ; |n(PSat) =18.5875— 3626.55 = 1.765

~34.29+284.11
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138 ANARlaTe NN IUeAINL 58.23 mm Hg
yapuatanlanladnniluArausulailandnnuualiduaiansulanAaiusnmnaanunlu
e 44 . - 4o dng 4
WInTWIMRNANTNLIEEIAIN 4119 (7.2b) iuannsen Widasesasuanasoaailfianaazaannnaei
ldfing auuAdsaznAtANsLlaTasNn I ueanaIaInNaNtn Ing a1 AN ANAL e WL N WeALE

qns Aa 53 mmHg 1A Tnsunuepnusulanazdndoulnadinllfluaunis (7.2) aZls
P = 53/0.628 = 84.1 mmHg

unuAnay P Taunis (7.2b) Tnaumiueawindu 84.1 mmHg azlé

3626.55

In(84.1) = 18.5875 - —————
-34.29+T

wiuarlfiqaouivaesumiueainil 290.48 1AATU 198 17.48 @9ALEALTHA

WamsuaAiausulasaaumiues 53 mm Hg azilqaauln 11.11°C (52°F) Bmausile

a

a9 wnniueaddasuliiile 84.1 mm Hg azfiamaulwwindy (11.11%84.1)/53 = 17.63 °C 310

q

AINNAREAY (Empirical experiment) wudmmmﬁ”mﬁuﬁ“ﬁmmwu‘gﬂﬁ 7.5 F9azifiudnAaudinafluimgad

110 ey

b R
g

Temperature ( °C)

117 7.5 uananaanudniugszndeananulnnacusulesewnniuea (Crowl and Louvar, 1999)

waflansuuiadnAigauluasuldilememasle o Adadouresdaunanidaswlllu

(%

nuasnsaiuluaninzasslulssnuanamnssaiineialasianssamensnlwlfag i dansatingaen

U

|

w1amnsag lFanmeed 7.2 emafediduiniaemataesagluenia ustnduaiseinge

Ifuane - afiananiusazinatnglsguannisdasialun
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7.4.2 1aUALRINSAALN (Flammable limit)

nsmAdedidusindamasastag luainianaiuisofawli (Flammable limit) lunsdlans?
HANAUNINNGT 1 98im an1s0untElnanisldannisiliannnisnaaaa (Empirical equation) 284

Le Chatelier's equation (Crowl and Louvar ,1990) Teazld

LFL, = — %  CFL<UFL, = —> (73)

Yi - Vi
le LFL, le UFL,

N = auaurearesuaNyianna i s wld (Combustible species)

y;, = dndoulnaresdoungn |

%LFL,, %UFL, = ulafiduinaamasaesaluainiAiigauasgagadmiuans i

Faaeinaf 7-2 WRANANTEZWING Hexane 0.8% + Methane 2.0% + Ethylene 0.5% tneil3u1ms a9mn

%LFL wazr %UFL aasunanas

% toeilFunmsg dndoulua %LFL %UFL
Hexane 0.8 0.8/3.3 = 0.242 1.1 7.5
Methane 2.0 2.0/3.3=0.610 5.0 15
ethylene 0.5 0.5/3.3 = 0.148 2.7 36
total 3.3 1.00
1 1
So%LFL . = = = 2.52%
mTme T ( y j 0.242 0610 0.148
Z i + +
|\ LFL, 11 5.0 2.7
SOOUFL, = L L = 12.98%

n( v J: 0.242 0.610 0.148
i +

+
1=

azliuInazinsiia Flame l&1e9a1n Hexane + Methane + ethylene Hdqunanluaina

3.3% laeifiunms desunnndn %LFL,, = 2.52% taaifiunng



288  und 7 Annanaslusiuaznisszidn

uansznuradn %LFL uaz UFL angmuupiivazanuny

]
o

HANFENUANGUADRLADTELALTGNNY

ISR 4

NyaN 25°C

LFL = LFL .. (1-0.75 (T-25)/4H,) .(7.3)

at25°

UFL = UFL__,_ (1-0.75 (T - 25)/AH,) . (7.4)

25°C

Wa T = guugd (°C)
AH, = Ansdundinasin (Keal/mole)

HANTENLAINAINAL

A

autinANANAuUTiaandt 50 mm Hg naiia W ludidaulug)dnayldany usilaiumnuaili

o

49U napeazyinliiliides %LFL - %UFL asundnsauiisaiiadasnaiunsonn lilnsnlaunauss

su7.6

(edy) aunssalid uoiso|dx3

\ 4

1% 48% %FL

31U 7.6 dvaes %LFL - YUFL ulaswiliasananusu

Iaaldannns Empiricalludas YOUFL Iusd = %UFL w0 +20.6 (log P +1) wuh P =0 wnne
1raana 31 YOUFL 1anwindu 11% wiilenausuilasuduy 6 wanziamasnasis YOUFL Tusf

sl 48%

N19911 FL %98 Flammability limit Taan1sATUId daunnudatsnaznsny %LFL way

%UFL annismnaas visadayalumnsed 7.1 usisnainsaauinlilaelditaes G.W. Jones using



fiuadnil Twazqnm

fHazaruisanian ldanne %LFL war %UFL we9415 Hydrocarbon tnaldaanudu
Stoichiometric concentration (Cst) q1N Combustion equation.
Molesfuel

Cst = - ...(7.5)
moles fuel + M olesair

100
N M olesair
M olesfuel

119898 Mole Fuel: =

An O,uanAl 21% by mole azlf TuaninumveseiniAwinty Tuazes 0,/0.21 unupnazls

C = 100 (7.6)
. mole0,/0.21 o
14T T2l e

mole fuel

nef Tuaresaandwunnl@annannisniguen tusivialu
X
CmHXOy + 20, > mCO,+ — H,0O
2
anannaluaraseandiauazlé
X
y+2Z=2m+—

- mole O,
e 2 = ——= (7.7)
mole fuel

y
2

B x

W Z 4nnng (7.7) i (7.6) a2l

C =

st 7 N
Y
(oo

~ 100 78)
4,76m+1.19x —2.38y +1 o

a1n@Nn13 Empirical TEAMNANRUEIN

%LFL
%UFL

0.55C,
e a9

289

o &

WUD
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v
v ar

rlnuAngNnng (7.8) adlu (7.9) avld

%LFL = >
4.76m+1.19x —2.38y +1
%UFL = 350

4.76m+1.19x —2.38y +1

aun1g (7.10) @awnsalilfudsanisnasnaaunisnismnludianslalasanfuau

7.5 MsmAANdNdusngaaasaandiaunligunsannlilavianisvinlii@as (Maximum

oxygen concentration; MOC and inerting)

D991 %LFL war YUFL dluweuamnasadewmasluainidfazna e lwumiéniman

= S < o qu ) - ° Ny A o A .
@@ﬂm@ummqluﬁnmmu@@ﬂ @$WWIMQQ@?°HEQ1W1N@NH?M nsananaazin lElnaniin uiaes i

wRaluinsauvralAnuiaaffuaulaaan b iiamaansvisaanaazimnin Inan1snusin 1hdlue aendluf

v
v ar

mole O,
mole fuel

moc = %LFL = %LFL x z

Tned [Na28988NT a1 INENN1TATEN ISl (Combustion equation)

annmailu Butane azlé
C,H,+650, >4CO, +5H,0

mole O,
mole fuel

war %LFL 299 Butane = 1.6 aWnAN3197 7.2

.. MOC = 1.6x6.5 = 10.4% twai3unmg

a o - 26 o < A & =
WN']ElL‘VW‘!Z n17am 02 Iﬂﬂﬂqﬁ‘@muq @qqqziﬂLWNﬂq?@‘ﬂVLﬂNELV?uLL?Qﬂu LANATNASAANUIRNNITHNNT

AaLULWNALAINN warnltiansiza W lEnszmeat Tuansiuldiumnuduauianisacuuuu ludamne

a

aunsnag ludaanan W5 vinligudewdinisaain ldaarinliifanisgnaaliunnau (@oulunjaziiu

o

FdniulssmaAntainiAuig)

J

...(7.10)

AatigamnsamAtgazeteaniauiiiiuaasuesnisiinlivizadl MOC l5Taaldaanudusiug
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7.6 wé’w'\us"i'\qmﬁﬁ'ﬂﬁl,ﬁﬂmfa‘am"lml (Minimum Ignition Energy; MIE)

s maUNANIuANgalunisqassiinaviluntstoaluzesnislssudanasulunisgn

= = = o = Yy L o Y 9 & A A o
fnln mmmmmmiwm\mmmmmumfawuﬂummmeummmmwmmqhmmﬂ AIMHNAULANS

a

M & o o = A, = o 3
@quﬂmmwmmmmwm 8NFAaL19AINANTI9N 7.2 9197 Twawi 1% Tua NAfuau 1 atm 14

v a o '

WA 0.004 mJ uei#l 0.5 atm WAL 0.01 mJ AINNITANHIBINIFUNLINATNAINIUAGATINN

'
xR v

TiAansfalW (MIE) 299413 Hydrocarbon agjilseann 0.25-0.29 mJ efinufauinaunassulunig
qpAntnaasinsmulvazARnilediauiunisiialnainuuasdu o ulnseisdssniglninlfaanniaiia

Tinadia galinaseuns 22 md alnihatimduanmsmannialwlugd dawandluniei 7.3 Auanada

o a

atnresnafinlWluiindssinaanigewing igaauess uaigtain 1l w.a. 2517 gauaunsesadnd

49

AaLYE AMIAEANIW NMsFauTuAlia W Indilaylilfaslaaesian (Overneated material) LElugin

m19uN 7.3 anvgudnresnisiainludainatifainigaauesd naigianin w.a. 2517

99

(Crowl and Louvar, 1999)

Electrical (wiring of motors) 23%
Smoking 18%
Friction (bearings or broken parts) 10%
Overheated materials (abnormally high temperatures) 8%
Hot surfaces (heat from boilers, lamps, etc.) 7%
Burner flames (improper use of torches, etc.) 7%
Combustion sparks (sparks and embers) 5%
Spontaneous ignition {rubbish, etc.) 4%
Cutting and welding (sparks, arcs, heat, etc.) 4%
Exposure (fires jumping into new areas) 3%
Incendiarism (fires maliciously set) 3%
Mechanical sparks (grinders, crushers, etc.) 2%
Molten substances (hot spills) 2%
Chemical action (processes not in control) 1%
Static sparks (release of accumulated energy) 1%
Lightning (where lightning rods are not used} 1%
Miscellaneous 1%

YAccident Prevention Manual for Industrial Operations (Chicago:
National Safety Council, 1974).

Tunnsedinniinesiesnisiifianissialnenauizannlien MIE g9 anunsoinlilaganmanu

fu inuiaResduwia Tulnsiau isepsuannduaalasasuaneinsbn W lililaeladliinuen MIE
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7.7 NSTUAUMSINARANTLATUARIUNR (Autoignition Temperature; AIT)

a va = ' | a 1% o a e
vienaldguauianduilunisqadnalifosiaieelnaassnand (Spontaneous Ignition
Temperature; SIT) Wran1aiian1sia Wi uduaA udnduresansszwe  Bunaaesledemaslu
81N1f ANAW g Aaweliven, nasluaiauaesenialuanisil uasdnerAaNledTes

=4 d” a :// -ﬂl
ANTVITRLTRINGNUL 7] (QANNANTNN 7.2)

7.8 NFTUIUNTINARBNTLATUARALUNR (Autooxidation)

nezuaunsnsfineandnduiunsrusunisaraneendiauetnedi ) wienaarliAilunis
nanisgnindzesiiynaiausinisfinlnaziunisineeandinduid ) vselinisazantedeandiauids o

Bendnaemnln (Ignition) unaliifiansqasiaWlfies

nszuaunIsnIsiaeandadulnnuiulagsialldu dnsiuesesiagluiBunieuianig

@ aa =

szwtagmaeananluduiuiidad s auuiitunanseusaslarh (Steam pipe) iflgningiigeaniga

q

uuuﬁmmifafaﬂ%mﬁummmmmmmmmma@ﬂ%Lf««mmamﬂﬁﬂ?ﬂﬁﬂwﬁLmifr«mﬁmmiﬁmiw A

=

n3ad (Filter aid) Agniialunesaszauinlug (Land-filled) a1aaziansnsnlWlfideianisiunuuiuiu

v
<

NaANEaugIIuiaziinniseandnduauinanFauauinfa a1 (Autoignition) tniauriy
da Y o ~ - © L wee A 4
wangtszmanfinisdanavaaylunu o aulidinlsezanisnfineendindue iau Weiinisnaeuile

v Adlq 1y v dl 1 o Adla o A P4 v tﬁgl dgl Y a tdl ¥
mwmmmu‘imﬂummﬂmwmﬂwm%ﬂﬁmm AURAATIVTAATWNLINUTUN NULS muwaxqiﬂmw

o A a a o o gy a o = v % ) o ~
ﬂ']']llﬁ"auwLﬂﬂ'ﬂ"]ﬂﬂqﬁ\’ﬂ@ﬂsﬁL@]mu'ﬂrl@@""ﬂqlﬂLﬂmiﬁﬂu’]{]ﬂﬁ‘ﬁ'wiﬂﬂﬂu?\l ’]quITLQ@’]M@f]ﬂﬂﬂ\??ﬂw 7.7

al

o

1199 411 T 2549 Iuﬂsymmimmmﬂu‘lmwumuumqm@u‘mmmmmmmumﬂmmi muiummmfaﬂu

=

muim LWi"W”LﬂEUWHVliWHﬂ?@uiﬂMNﬂ ﬂ\‘iLLN'}’W"’FNVLN V]?WU@WLMMV]LLLLLL@‘H LLWLHWﬂWi‘MLLUUHEq@Lﬂﬁ

AMNANUFVBINTZUIUNIT AN Lm“ﬁu‘ﬂ ARl

od
B

ﬂﬁ 7.7 ﬂ’]i‘Lﬂﬂ@@ﬂ‘ﬁL@‘ﬁuV}’]sLﬂLﬂﬁV’]"J’]Nﬁ‘@lﬂﬁlwu@u@’]@@ INANTZLALNNIMAN (Fermentation)

7.9 NsNsEULANAALLLBEIAEUNAN (Adiabatic compression)

FTULLULRzRELUANTIIWTR o Ndaulunjanilunszuangy WunszuenquiAseseuspa 1
dl 4 a o Y a [ v dl o N ya = dl o o ' IS
wirastufiawiulataazyinliifanisssune dviuuditlniasesdaligwdaarsesawiiiuag natizes

nsgnazlinannisgauazaaeinia waiinleresaesmani it luesesasinliinszuounis’yl
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v
o

FgaInLAsasEusaEa fa 6n seiin AN AeluguunAR A i1ansRdssuiusivesinaufnas1é

]

o o

ANNANNUS

LN

y=

L y=—"t .(7.20)

UUNRgATNE (k)

= QUUNNENAN (k)

— -
Il
)

24

ANNALAANE

q
'

_o
I

a v

ANALETNAL

-0
1

o

AR 7-3 Asnguannindsainatsazareanaugniudn il uasesnennssimefinagiimime 7

ANNAUNNAUANTUZIU 14.7 psia WazlATadAaNNIALTaT LIz Tui AN 500 psi Bnnuua i

'
aa

QUUNABNAUN 100°F, ¥ = 1.4

q a

1
L) 7 C,
AMNENNIT (7.20); T, =T — VY =—
R C,
Toa?l T, = 100°F vi¥® 310.78 K
P, = 500 psia
. = 14.7 psia
0.4
oy 500 4 o
wnupnazlé; T, :310.78(m) =831.27 K %38 1072 °F

WagA1lumn9199 7.2 aziiiudn AIT 989 Hexane = 500°F Hunansdnguun)luieseued
PaNINTdiTas 1072.88°F T444nd1 500°F 71 Hexane a1113nfn Wiadld napeazinisszidau o 289

d‘ e v A ¥ tﬂl
LATRNADNIWTALTDT mummfzmmaﬂmummmiﬂmmm

AR 7-4 13maudnanNsuluATedueineNsaitedasfesgnesnuuuliillannulasaienagnu

y 71
o ¥ 1 a Tf 7_1 A ap 1 a Pf ¥ P 2 3 I ¥ 4
sugadingldiiu p| _L |°  visegnumgildinu T, ry lunseanuuuiveldsuaniusecld
I
T i
1

w1siunaaa (Lubricant oil) lunszuanguluasesuaiaanmsaitaianilusiaadiala 115 AIT 284

'
a b

UdunaeauAe 400 a9 EATHA NN EN AU RTiaduarANANLIIEINIATIUASLIFE Y

a a

|
A

2ANLULANMNALGATINTavATaswaF AR nIaLra iy Tusleannfduan1ar ez UNAN LMD

PeaNnig (7.20) 11l
14)

400+ 273 @41
P, = 1atm| ———
25+ 273

17.3 atm

v
o ar

SiugafluaydiasaanuuuLATasuasAaNingdLmas AN AINAUAINGN 17.3 WINI4ANNAULITENNA
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7.10 WKARIURINTFLAR LN (Ignition Sources)

AauntiniisfAnaeasres i lugiuasanisanaandiauninisiefingasinanisanaandiaui
Y Y T A N y A . v a4
Funauda 131ATATARLUALTaINAY (Ignition sources) Fnetaidunissia lnuifuandeannanuddaizes
Accident prevention manual for Industrial operations, 1974 a1n National Safety council WUITUNAY
Tomasman daulnnjpantneusesananisedinuainas (Wiring of motors) glumnei 7.3 Gl

Wasmenonigainanmnaaesnannmas ludiineuynaiazg naeenuiiesainanms Wdasmiuies

7.11 lawazazaasiinnlnle (Sprays and mists)

mswuliiiiluas (Spray) dlannaadsluilnadin (Static electricity) Hasarnayniaiinadun
a a ) a = ' X v | ° v a ' =
Auazgruidatlszqludasiioanuiainiasesniu (Injector) 1 ldaauRnataazinliifianisliangaiie
dszqiinnisaranauianinszlnniisaiinng Spark 1§ finazessiviuaanuifalwlfiazinlifinsadn

1§ udinseisnaamaniiiluansszivaann (Non volatile) wagnwuilutlas

Undlessimavesansnnlifumnuifivaziianisaauniunanafuazesd (Mlauunan) hy
ukgudnanstianndt 0.01 fadwnas fearunsanallifmdeniudulednduefifuiqendn
A1 % LFL mnmimmmwudﬂﬁwmmmm@x@faﬂmﬁ”u%ﬁm@ﬁﬂﬁm”] %LFL fnas Inglnfises
Wuﬁﬂazﬁwﬁ”uimﬁﬂﬂ%ﬁmmummsmw’um:@fmiéﬁmm 0.01-0.2 HAALNAT H1TUIATIAZAAY
0.2 Aadns WudnAn %LFL #ldazwinfy %LFLA0 wstinaurnaedazaasltauinlung
Wurinaudnans 0.6-1.5 Jaawwns aziin Wlfudazliinisanlu wietnslsfinumininisnanaunali

avaaslunjiianisunnsa (Shatter) luazansuiadnataaziianisauls

7.12 n1952Lim (Explosion)

{auns Empirical NINNNENNENEINA1A0UNANITIITTTN T9939 7] Wl N1INATINAME LY
a a’/j < d‘ dl 1 v o VY a = [ % ¥ % v a
nssudainiuiGeiaendreiuden msznissudauenaininaiadadeud wfeadlangfnssu
1 a v o 3 a o | % v o dl d’ v o
ping ] 2eanssziindiag AviudAansandudeadilauaznszminluBGesniseenuuuineiesiunig
seiinludnmouziinunana (Margin of safety) Wsafiisnganluansuznisiiiaiienanlaandie (Safety

factor) a4

' v v
=< I o

woAnssnneszilaivasdnezeaaviiiussidanifinaulunlasisadinunfsaznany
R

maimasziiialuansauzsing o (Detonation and Deflagration)

a a o dwv a -dy dal dl o o 1 1 dl a a Y
nanaszida luassaneuriinazinulununantamulue Tfﬂmmmzmm::mmmwmauzgq

(Deflagration) AauLdaLixLULNIAnsEesanllaNnsnnawmaAsaulfn (Adiabatic pressure)

Y a . a a o . @ A A =
LA9LAA Detonation AMNNN NI9LAA szidanNUseum (Detonation) LﬂuL?@QWNV]@Wﬂﬂuﬁﬂ?&mﬂ@iﬂﬂ@qﬂ

£
o

a , o A A a A o = o
ﬂ@VLﬂﬂqﬁ‘LﬂﬁLLmﬂ@iﬂV@ﬂW'ﬂﬂﬁ QWLﬂﬁ?ZLU@ﬂNﬂi‘Zuq‘V} AT 2 LULANL

q
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a A '

1. nalnfasundaaiiesaingniugil (Thermal mechanism) Wasanngoingatadniiusag

Y]

Usenatinemil

2. nadinUjisagnld (Chain branching reaction) utljseniliinann Free radical reacting

1
= o A

= ' a . = o o [ = o v
M?@ﬂ’]ﬁ‘ﬂ@@ﬂ@’]ﬁ‘@kpﬁj@@'&?g (Free radical) ﬁQNW@\T\T’WHQ\?NWﬂLN@%‘LAﬂUﬁ]Q@uL“H’W‘&iNN@VI’ﬂW

NANANULATITIA free radical Aiaitiasllies o wizewdawiuidunisunnaanainqananang

anuiniuaesainaenilug andiduule luies o Ufisanfiandae o d1Ufisengnid

U

(Chain reaction)
ANNUANANTENTNIZTAANNTBUGY (Deflagration) uazssiiinfiuLlseuan (Detonation)

U dl % U a U a o o | a v
NAUAUTINTIULLAIIN TELLUAAITNTAUGILAZTCLL arnszumldiisaiunnadialnvdassunn

= = = & ddo o o aus o £ a | o . |
wetfunisszidaiiiasanniia TununNaian 1N A T NAUTUN AN TLRT 815D (Propagation) 814
oAl & a4 ol L Lo o = o =
ﬁl@Lu@\‘m’ﬂ\‘iL°]J’ﬂLWZ\]\WGLV&]WW%VW&Z?ULLNLmﬁiﬂﬂuﬂﬂﬂ@’ﬂﬂm%‘i ] NULAANANANTINN 7.4

1971 7.4 Tadesing o) NiuasengAnssunisszidn

1. 'qqumuzaﬁlﬂ méﬁ@mmmfu (Ambient temperature)

2. | AusmluRanndensnsii (Ambient pressure)

3. @'fauﬂi:ﬂﬂmmﬁmqﬁmﬁmlﬁ (Combustible of explosive material)

4. Qm@uu"ﬁmqmﬂmwmﬁmQﬁmﬁm"lﬁ (Physical properties of explosive material)

5. ﬁﬁmﬁﬁu@wmﬂwgmﬁmiﬂvﬁmﬁm WENULALIA A luTaen9Ra I (Nature of
ignition)

6. | dnwnizaesanuiiiaszdnluiineniaiseluila (Geometry of surrounding)

7. Lﬁmmmm'ﬁ’mﬁi:lﬂmiﬁ (Amount of combustible material)

8. @Tﬂwm:mimmmNmuﬂm“i/mﬂwﬂm:ﬁl,miuﬁ (Turbulence of combustible material)

9. Lflm‘ﬁlﬁﬁ@uﬂmﬁmw (Time before ignition)

10. ﬁ“mmmnmiuﬁﬁiﬁi”m@ﬂmmm‘fmfu (Rate at which combustible is release)

1 a a

a = y a &y o & Ady =
NITNA FEUAAITNTBURN azifaduALANE lUN AR UNNEINIEN (mmm”lw 78

a

&uan (Combustion) Mnantlszann 1/300 3uh) G lltuegiqaifiamsaslftudasioupauazin

q
1

=

o o a o a &y < 4  dda P a
NIZNNLTN LLm@Wﬂ?U?zLUﬂﬂNﬂﬁ‘zqu 'T’QzLﬂﬁﬁluﬁqﬂV’]"J’]NL?QIuﬂq?Lﬂ@ﬂuVIWLﬁ")ﬂqql,@il\'i (ﬂqﬁ‘mﬂ‘lw }%PNa|

Combustion Twantlszann 1/1,000 3undl) AusugandsziinAnaFaugs teduwin frelutiuesy
- = va o y a o oa oo d Lo e
qainawsazliilanalfgudeswsinisnszunnaesaauazmiewiuilussiiafguussnintounaziviu
wWanlWdsgdf 7.8 wazarnnsngANdnTuiseudeaNAuLaTIEEENI9IENd19anNseilia L

Detonation way Deflagration fagd 7.9
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Reacted
gas

Shock
front

Flame Shock
front @ front

gﬂﬁ 7.8 anmnizaean1ninszilinAdNNsauge (Deflagration) warszidiafiuyszun (Detonation) luvie

DETONATION
15
Reaction front Shock front -
£
i)
—> °
5
&
]
a
0

In a detonation, the reaction front moves at a speed

- Peak overpressurs

Shock front

(Ambient pressurs

Distance — —>

greater than the speed of sound, driving the shock front
immediately preceding it. Both fronts move at the same

speed.
DEFLAGRATION
15
Reaction front Pressure front -
E
=
—> — =
a
3
v o
0

in a deflagration, the reaction front moves at a speed
less than the speed of sound, while the pressure front
moves away from the reaction front at the speed of
sound.

I Peak overpressure

Ambient pressure

Distance — —>

U7 7.9 MauBeuiauna AN eI ANNALLAT Iz HEN S 199N ssTLialLL

Detonation az Deflagration
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a

7.12.1 n195eL0m lUNUN|NNA (Confined explosions)

o

AsAnEINsssdafAa TR LRSI TR IneAEsn mAseL e dnusianIs
(Characterise) 184013321 iind 9 LAsaeiianimagaudl 2 wuuAenaaaulugl nnssviingesanssvive
(Vapor explosion apparatus) #agn1334AANN9EU (Dust explosion apparatus) ﬁdgﬂ‘ﬁl 710 uAY
713

Sample

Pl

Gas Monifold

Tl

Ignitor

N\ A

Magnetic Stirrer

317 7.7 gunsninaaeunissziinannlaszme (Crowl and Louvar, 1999)

fayanlfannimaasaiuiases luglf 7.10 (nsdileszmevesreswaainsinWls) vsegdn

=

7.10 (nsumflududnlnle) uazmonuduiug aasnimasedluasasivaesiuaiunsonléd 2 wuu As

ANNAUGIAA (Maximum pressure) WATERTIABLIAIGIGATBIANNAY (Maximum rate pressure)d

a

o

anansnedue iRl

1) AMNAUGIZA (Maximum pressure) duaArrevmnaaanisiali (Flammability) waznisssida
(Explosively) é’dgﬂﬁl 7.11

2) ARINANNAUGIAA (Maximum rate pressure) ﬁqmwxlmwﬁuﬁuﬁ'gﬂﬁ 7.12 pauduiusTiuenti
mmﬁm”ﬁmﬂﬂﬂﬁumwoﬁ”uzg\iqmﬁ'%L@ﬂi’éﬂﬂqﬁuluﬂﬂiﬂﬂﬂLLuuqﬂ nenfileaiudunse (Safety
equipment) 11U Venting AaUAALIAANIILANTDY Pressure rupture Viran1annisfiazsinliian

g TneREn3 Cooling down Inetzaanisduning ity Arsuenlaeenlad wiselnusing
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10
- pm!
a.-l

Ea

[ ]

=]

< 1

L 6

2

=

v dp/dt = 40 bar/s

2 4

W

&

g

o
7 =
T e
0.0 0.4 0.8 1.2 1.6 2.0

Time (milliseconds = 100)

317 7.11 gunsaimasaunisszilinandunsifnwli (Crowl and Louvar, 1999)

Explosion Pressure (bar=gauge)
1

[=]

o 1 2 3 4 & & 7 & i
Concentrotion (vol %)

400
i)
e
(=]
S
300
-4
L=}
o
e
L&
£
p 2005
=
W
w
v
[+
- 100
f=1
L
=]
=
4] —pr—— T . v r
a 1 2 i 4 !'i i's 5 E £

Concentration (val %)

§Un 7.12 manesesnsdnanusuninuluielfnend (Crowl and Louvar, 1999)
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Ground
4

lgnitor

Yacuum

Distribution
Ring

[

1

I

|

I

I

I

|
i
« ] |
|||-—I

Dust Sample

Alr

Imput /Output Devicas

Computer

U7 7.13 nadhANAugeanuarEnI199ANALgIan (AndRanisiinANAulia A fiaceg)

@gmﬁmﬁumwﬁuqmm) (Crowl and Louvar, 1999)

=3 U o [ % i dP o o s 6 G
AUAWINANNANNANNUEN 1K 81 Plot log (E i log V aasaungazlipnudunusiile

max
dPY) 5 .
_— V3 = Constant= kgﬂimmu gas ...(7.213)
dt J, .
= k,, naifidueu ...(7.21b)
log [Z—Tj = —%IogV +log (kg) ?ﬁ\immﬁuﬁuﬁ’ﬁimmhgﬂﬁ 7.13 Tngil

1 Kk, (Gas) e AAsTesuiann liainaneei 7.5 uar K (Dusts) ABAIAINTD9ELTINIAINAT99

7.6 ANNANGL

AN9719% 7.5 ALQABIIBIAN k, (Gas) VisapAPIRUaaLRa (Crowl and Louvar, 1999)

TUATAIUAA K, (bar m/s)
Ty 55
TWILWU 75
lalasiau 550
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13797 7.6 ANLeAL89An K, (Dusts) ¥i3aA1A7IT83EL (Crowl and Louvar, 1999)

FUAURIUNA P . (bar) K, (bar m/s)
PVC 6.7-8.5 27-98
Milk powder 8.1-9.7 58-130
Polyethylene 7.4-8.8 54-131
Sugar 8.2-9.4 59-165
Resin dust 7.8-8.9 108-174
Brown Coal 8.1-10.0 93-176
Wood dust 7.7-10.5 83-211
Cellulose 8.0-9.8 56-229
Pigments 6.5-10.7 28-344
Aluminum 5.4-12.9 16-750

Tuinuesheaiuniaiansszidnresansusiazaiinazlfaneuzanansuanseiullfiagldi 7.14 was

ANTNANNUEIBIAIANNAUGIGATBIUITTN UAZERTIVDIANNAUTIAATUATTUAL ANAINAUENAY

'
o o o o =

dl = o a v
FINAMNANANUSAULLLITLE A97UN 7.15

al

_—

{ T . | L | ™ T T T

[

g 1000.4-.. 3

= ] **--....  Hydrogen ;

W 1 T, 1

e 1 T ]

m - = - -

(. -

3 J Traaa

m -

]

w

L

@ 100.4 -

© ; Methane 1

o ] ]

o 4 o

o=

E

= | F

E

B

E 1'0. T T T T T LI | T T T T
0.1 0.5 1.0 10.0

Volume of Vessel {m3]

gﬂﬁ 714 %m;l‘@mmzﬁ"wﬁuﬁ’mmmrm@TuﬁLLﬂﬁéﬂTuiﬂmmﬁmmmmmm 7 209n"35E1n gaalnainuly

ﬁ‘ﬂ\‘mm@ﬂﬁmmq\mﬂ (Peak) wamaanilunnsiia Detonation (Crowl and Louvar, 1999)
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Maximum Explosion Pressure (bar)

0_ * T T T Y T T |. T T L] T T T T |
0.0 0.4 0.8 1.2 1.6 2.0
Initial Pressure (bar)
_—
w0
™ 800 — T —————————r— .
o 3
o
S o -
@ 4 4
a
o SDD“ -
o
.
: - -
0
§ ol ‘
EIL: 400 -
° ]
2 1 1
2 2004 .
E - -
3
£ 1
X O
= 0.0 0.4 0.8 1.2 1.6 2.0

Initial Pressure (bar)

3N 7.15 dayaanuduiusuuugnunar (Cubic) (Crowl and Louvar, 1999)

AnseanuuUTnEannTg (7.21) axAuiURNAUENSU (Initial pressure) Tudatlnsnisiag
L2 . dP d . v 2y ny
WU IANINALEIRA ( Pressure, ) WAY = e plot fuAMNARBNAULER LS
max

P NANTuAITuAunsAagLn 7.16
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25 T
= 20 h
=) e -
S ]
4] o -
5 154 ]
[} o F
n 4 .
& i
5 1ed y
8 1
o
&5 5+ J

) ]

(1]8 S —— — —

: 3 4 5 1 7 8 9
Propane Content (vol %)

T P———————SSS .. L
e -
—~ |
b 4 1
=]
=
o 1000+ -
0 J
= |
[+ b o
—_
= |
5]

m -
o |
|
o 500 - -
L
° 1
3 L -
o i d
[+ 4
0 W T T T T T !
2 3 4 5 6 7 8 3

Propane Content in Air (vol %)

91N 7.16 uAIDAUENFY (Initial pressure) AUANAITNALAIAALAZERTIAINAL

(Crowl and Louvar, 1999)

7.12.2 Vapor Cloud Explosion (VCE)

£ t2
o o

v a d’j a A =
dninaaululanugnaunssuall Hduneunail
- uANLHEeNANgLIRLE 991399 Flammable vapor AMNNALES
- dAansnszansaedleans

- AarnnsFauszauqasalwls (Ignite) iniiAAnguAdu (Cloud)

VCE finlfinanailads usdauninifafinonusisi daulugjaziiluansbeu usfinnguadu Uan
Tldurueiniauazidaunaunamuizanaazsainls nnsllasiu msazpuaunisdniuansi udlwlé
(Flammable) LLazLﬁmﬂzﬂwmﬂWlevﬁ WATANTHNIATIAE AV UNNIR9E1T1AN T Taa1aazilnAnNI959

= a vy A nI/
28NN (Safety valve A29azlN15TANIANT939)
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7.12.3 Boiling Liquid Expanding Vapor (BLEVE)

\NnTLHe Vessel 11399 Flammable liquid HAY18AWEINTD boiling Point M lidausan 1891187
vedrunatauiuuiaedneranida a1aazifinszidalé wadnladld Flammable liquid anaaziflu Toxic

a o ‘ﬂl < =
anaaziiauneiiasannaauiluisrnszanaeanty

7.12.4 m'mlﬁﬂwmﬂ'm'imﬁﬂm’mﬁuga (Blast Damage due to Overpressure)

WinTuLie Peak pressure 11NN N1TAAAINNLIA LU 8T AAAINWINA YN Inadnfiay
wheuiAauiy mass TNT (Trinitrotoluene ; C.H.(NO,), TsAnannliinansdamawmingis adnaunisila

{INN1INAARN (Empirical equation)

r
Z,=—— (722)
173
Myt
| 1 1
Tneid Z, = Scaling pressure | ft/Ib? | visa | m/kg?

. o = <
r FLUTUNANNAATUNALYG (WA 1158 LURS)

m = waguwingesads TNT (Uaws vise dlaniu)
NAWIULAY TNT = 1,120 cal/gm
TIAAIAIANNANRUTITNINY Z, uay Overpressure 15Tuna g 7.17 (ssuudannw) isenangy

#17.18 (WansszuL SI) UazAn Overpressure (psig) 193usazivinn1sin i lumnsei 7.7

A19NT 7.7 AnArnualgeqnaaamnanisainlAFuanmd@evne ugtuuusine <) (Crowl and Louvar,
1999)

Overpressure
(PSIG) Damage

0.03 Large glass windows which are already under strain broken.
0.04 Loud noise. Sonic boom glass failure.

0.15 Typical pressure for glass failure.

03 95% probability of no serious damage.

0.5-1 Large and small windows usually shattered.

0.7 Minor damage to house structures.

1 Partial demelition of houses, made uninhabitable

1.3 Steel frame of clad building slightly distorted.

23 Non-reinforced concrete or cinder walls shattered.

23 Lower limit of serious structural damage.

3 Steel frame building distorted and pulled from foundations.
34 Rupture of oil storage tanks.

5 Wooden wtility poles snapped.

5-7 Nearly complete destruction of houses.

7 Loaded train wagons overturned.

@ Loaded train boxcars completely demolished.
10 Probabie total destruction of buildings.

300 Limit of crater lip.
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Overpresure (Ibi/in?)

Overpressure (kPa)

100.00

10.00

1.00

0.01

1000.0

100.0

10.0

Cd

"

l

10 100
Z.; Scaled Distance (ft/Ib'?)

1000

317 7.17 Correlation 5511374 Scale distance WAz overpressure lusvuugangwe

(Crowl and Louvar,1999)

0.1

9171 7.18 Correlation 3311374 Scale distance Wwaz overpressure Tszuu S

10 100
Zeo; Scaled Distance (m/kgu:)

(Crowl and Louvar, 1999)

1000
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AARENNT 7-5 AATUIUMNANMNALA I = 30 m wanqaifiawmateald 1 Alandu 289 TNT neses

seilin
Ine/lEanng (7.22) i
30 -
Z, = T = 30m/kg?3
(ON

[Wanswgf 7.18 (szuu SI) azlfimuau P = 2.4 kpa x .35 psi

Aaag1e? 7-6 tallnsnintlesussqanaifisuia TNT 10,000 Ib insuidindu n1ndasifindunsesopu

gral 500 ft AMNTAIA

1
z, - 20 _ 2321t/Ip?

(10000)3
L‘?Jmﬂmw;ﬂﬁ 7477 Z, =232, P = 1.8psi

a1n Probit 2e3flAFunansznudwaanlulanunn

Y = -77.1+6.91Inp

H 2
— rraveorin | —28PST 1 01305x108 N/M°
14.7 psi/atm atm
= 119 Fraunanadnllileaslisusunas)

. yd‘ ¥ o v
/1N Probit °1I®\‘1E;IJV]VLﬂiUNZ\]ﬂiixV]‘]_ILLﬂQTﬂLLﬁIﬂ

H 2
L8pSI 1 01325x10° N/M™ j

Y = -156+1.93In| —————
[14.7p3|/atm atm

2.59 A e W FFuLIARY < 1idedidus

AU Blast fragment visaazingzidnsing ] f m = 10000 Ib anggL# 7.17 ; §AR

= 6,000 W5 HWUARIIIAGNIAN 500 W6 HARDEINIATAAAINIAEMIETI 500 WA Wi 7]
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7.12.5 Missile Damage

ANNLRENEAINALAATLTA  ARTUANNAUNTNIIRAZLNA  LALINANANIENUFADAIIARDN

7.12.6 ANNLREMNEAINN9sELLinRaAY (Blast Damage to People)

|
a

o pp : L Lo o P a a & 9 3 .
@umwmmm‘:‘vmmmumuﬂgﬂumwmuwim‘umimmzmm EN[RNIG Probit
7.12.7 WAYIUNAANNI5ULNAAUBILAR (Energy of Mechanical Explosion)

a dl o 2 1A asa IS 1 dl 4 & .
NITITLUALRBANANNAIMNAULBILLNA VLNNﬂ{]ﬂ?EI"]LﬂNSLﬂ ] SRt RIRELL NS Isentropic process

TdinsgaAanasanu (AraesdAauiatlpsi)

2
W =J.Pdv = M ..(7.23)
1 1_7
_ 1
Vv P P
an 2=z o V, =V, 2% ’ ..(7.24)
Vl Pl 1
WNUENNNT (7.24) Tu dunng (7.23)
plv| 2| |-pv
Pl
W =
1-y
oo, 1
P, V7
= 2 11 PV, | /1-»
P
C 1
_ P27'V17_P17 Vl
- 1
PR71-7)
71
W = RV 1- R\ ..(7.25)
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ABLNN 7-7 AUINAINUAINNN9iavad 1 NlanFulna aa9a1n1ARANAWINA 100 atm, 20 89A0

waded ¥ = 1.4 a9 m 289 TNT Waiiaunisszide

]nn PV = nRT
| —atm
v o= 1x82.06W.(20+273)K
(100 +1)
= 238 litres
0.4
1.4
. W, - (101atm) (2381) 1- latm
1.4-1 101atm
= 44,000 l-atm
= 1.06x10° cal.
AINWAINU 2R3 TNT = 1120 callg
. ¥ 6 I 106)(106
.. 61 106x10° cal ezl TNT = —
1120

= 0.95 nlanfu
7.12.8 wasnuMsinassiinlaadlisaniaiisannag (Energy of chemical explosion)

a oA aca R = @ ° a V=
neszidatidasaniyiseall ﬁmmﬂﬂmauuﬂmsmmmLifsmnn’nmuqm%gﬂmuumm”l,uu

AglasunlaBunnsuAnnIs At asANAUAIENNIg

pp = 1 ..(7.26)

Il
oD
2
~
o)
2°)
8
o)
e
2
[ni3
=

e

U v A -
I I
> 3
S o
2 2
ps ps
e
5 2
2
e fﬁ‘
=

>
1l

nuInlnagading

n, = swaulnaduiu
AIN@aNN13 Stoichiometric 1a4n19duAUrasInsinuluainiALuuanysal (Complete combustion
equation)

C,H; +50,+18.8 N,—> 3CO, + 4H,0 + 18.8 N,
n. = 1+5+188 = 248

N, = 3+4+188 = 258
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Maximum release energy Imel Helmholtz free energy A

dA = -SdT-PaV

v
a o o

Tdinulasuulasanuugiaaiuacls

dA = -PdV
M= (AR7), —(an?), - (72)
AA=AU —TAS ...(7.28)
AS = (AU : )P —(AU?)R ..(7.29)
AS =S, — S, ...(7.30)
S=S°-R, > xInx ..(7.31)
Tmf;l‘ﬁl AA? = Helmhotz free energy at standard state
AU? = Internal energy
X; = mole fraction of the speciest
S° = Entropy at the standard state
Rg = ideal gas const. And
P,R = Reactants and product waasiilis Subscript

TneAaIW 619 ) wanslunsed 7.8

AN9197 7.8 Faudsnianalulpunindinan1sAnunninissvidia (Crowl and Louvar, 1999)

Species State AU? AH? AA? AG? s° AH?
C(graphite) 5 0 0 0 0 1.3609 ~94.052
(60) g ~26.722 —26.416 -33.104 —32.808 47.301 —67.636
CO; g -94.052 —94.052 —94.260 —94.260 51.061 -
H, g 0 0 0 0 31.211 -68.317
H;0 g -57.502 -57.798 -56.339 -54.636 45.106 —

N, g 0 0 0 0 45.767 -
0, g 0 0 0 0 49.003 -
Acetylene g 54.194 50.000 41.997 -310.615
Benzene g 19.820 30.989 64.34 —-789.080
n-Butane g ~30.15 -4.10 74.12 —687.982
Cyclohexane g -2943 7.59 71.28 ~936.880
Ethane g -20.236 —-7.860 54.85 ~372.820
Ethylene g 12.496 16.282 52.43 -337.234
Methane g —17.889 ~12.140 44.50 -212.798
Propane g —24.820 ~5.614 64.51 —530.605
Propylene g 4.879 14.990 63.80 —491.987
Styrene g 35.22 51.10 82.48 -
TNT s -13.0 65.0

UNITS: AUY, AHY, AG{, AH? in kcal/mole, $° in cal/mole’K
!Lees, Loss Prevention in the Process Industries, p. 562.
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ARIRENNT 7-8 AANUIIMINANIUNAIN93LTAL8Y TNT (C,H,(NO,), e snaluiana = 227

C,H.O,N,—> C+6CO + 2.5H,+1.5N,

~AU = (AUS), —(AUY),

nenns@lanngnei 7.8

= (1x0) + 6 (-26.722) + 2.5 (0) + 1.5x0] — 1x(-13)

1N aNN1g (7.30) way (7.31)

= -648 cal/g of TNT

AU
= -147 kcal/mole = 147,000 cal/mole
_ 147x10° cal
227 g
AS =S, -S,

S=S°-R,> xInx

ANt (7.31) a9l (7.30) Wansaun Product

Tnef

(Rg in Inx, )P N

AS=(5°), =R, > x Inx, —(S),

(s°):

(o]
> n, (Sf )P
1 x1.361 + 6 x47.301+2.5x31.211+15x45.767
431.85 cal/mole K

(Rg in In x; )P = R, (an szi Inx; )@mnm@’m

Species n; X X; Inx;
CcO 6 0.6 -0.3065
H, 2.5 0.25 -0.3466
N 1.5 0.15 -0.2846

v
o

> on =10

D> X =10

(3% Inx,)=-0.9377

ENIZ

= 18.63 cal/mole K

(S)R = 1x65 cal/mole K

wazANauNA luaNnig (7.32)

10 x (1.987 cal/gm-mole K) x (-0.9377)

...(7.30)
..(7.31)

..(7.32)

309
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AS = 431.85+18.63-65
= 385.5 cal/mole’k

RIN4NNIT Energy explosion (7.28)
AA =AU —TAS ...(7.28)

= 147,000 cal/mole -(298Kx385.5 cal/mole-K)

_ 261,879 cal _ 115365 cal
227 g of TNT gof TNT

cal

WUINNINARAIa3IAT AA= 1,120 ——
gof TNT

aguun® 7 unliuananazidinlaranuusnsnszeaniafialWluduaznissudauin daunsonazidinla

ANRTARAINNANG ] SNt ladneizaenisfin ULLFS ] WERNTNAINITDATHIMMINAIIIUN

v |
v o a K

v A a = ~ AgY a o A Iy o v A
uﬂﬂm@]ﬂiuﬂqﬁﬂmmmiWEﬂQLﬁ'qﬁqﬂJ’]ﬁ'ﬂwqxﬂq‘Uﬂmmiﬁlﬂﬂﬂﬂﬂﬂﬂlﬂﬂ"ﬂuiﬁ SLHV]’Nﬁ]?\iﬂuﬂnﬂ'ﬂqqmﬂ\ﬂuﬁﬂ\?

o o 4
N1z U ANAIIIUANAD
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=Q >3 a'l
wuLEnim unin 7

7-1. Estimate the flash point of a solution of 50 mol % water and 50 mol % methanol.
7-2. Estimate the flash point of a solution of 50 mol % water and 50 mol % ethanol.

7-3. Estimate the LFL and the UFL of the following mixtures:

All in volume %

a b c d
Hexane 0.5 0.0 1.0 0.0
Methane 1.0 0.0 1.0 0.0
Ethylene 0.5 0.5 10 1.0
Acetong 0.0 1.0 (.0 1.0
Ethy] ether 0.0 0.5 0.0 1.0
Total combustibles 2.0 2.0 30 30
Adr 98.0 98.0 7.0 97.0

7-4. Estimate the LFL and the UFL of Problem 6-3a at 50°C, 75"C, and 100°C.

7-5. Estimate the UFL of Problem 7.3a at 1 atm, 5 atm, 10 atm, and 20 atm of pressure.

7-6. Estimate the LFL and the UFL using the stoichiometric concentrations for methane, propylene, ethyl
Ether and acetone. Compare these estimates to actual values.

7-7. Determine the minimum compression ratio required to raise the temperature of air over hexane to its AlT.
Assume an initial temperature of 100°C.

7-8. What will be the LFL of hexane in the presence of hexane mists with drops larger than 0.01 mm'?

7-9. Why do staged hydrogen compressors need interstage coolers?

7-10. Why do hot engines sometimes continue to run after the ignition is turned off?

7-11. A set of experiments is run on a flammable gas in a spherical vessel. The following data are obtained for

two different vessel volumes. Estimate the value of KG for this combustible gas:
V=1m? V=20m

Time (s) P(bar) Time (s) P (bar)

0.0 0.0 0.0 0.0
0.1 0.2 0.2 0.15
0.2 0.5 0.3 0.35
0.3 1.2 0.4 0.6
0.35 1.6 0.5 0.9
0.40 3.2 0.6 1.4
0.425 4.7 0.7 22
0.450 6.5 0.8 4.1
0.475 6.9 0.85 3.0
0.500 7.1 0.50 6.2
0.550 T4 0.95 71
0.600 7.3 1.00 740
0.650 7.0 1.05 7.2
0.700 6.4 1.10 6.7
0.750 6.1 115 6.25
0.800 57 1.20 5.90
0.900 5.1 1.30 5.40
1.000 4.7 1.40 5.00

1.50 5.60
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7-12. Determine the energy of explosion for 1 Ib of gaseous n-butane. What is the TNT equivalent?

7-13. A gas cylinder contains 50 Ib of propane. The cylinder accidentally falls over and ruptures, vaporizing
the entire contents of the cylinder. The cloud is ignited and an explosion occurs. Determine the
overpressure from this explosion 100 ft away. What type of damage is expected?

7-14. A VCE with methane destroyed a house structure 100 ft away from the ignition source. Estimate the
amount of methane released.

7-15. A large cloud of propane is released and eventually ignited, producing a VCE. Estimate the quantity of
propane released if the blast shattered windows 3 mi from the source of the ignition.

7-16. At 77°F gasoline has a vapor pressure of 4.6 psia. Why can gasoline be stored in vented storage
vessels without the presence of flammable vapors above the liquid in the vessel? Comment on the
EPA's effort to reduce gasoline volatility in order to reduce fugitive emissions. What will happen as the
volatility is reduced?

7-17. An automobile assembly line includes an operation that involves filling the gas tanks with gasoline.
Estimate the ventilation rate required to reduce the vapors from this operation to below the LFL for

gasoline. Assume that each tank has a volume of 14 gal and that a tank can be filled in 3 min. Assume
splash filling and that only one tank is filled at a time. The molecular weight of gasoline is about 94, and
its vapor pressure at 77°F is 4.6 psia. Also, calculate the ventilation air required to reduce the
concentration of the gasoline vapors to below the TLV-TWA. Which problem is more difficult?

7-18. A butane tank is located 500 ft from a residential area. Estimate the minimum instantaneous release of
butane required to produce a vapor concentration in the residential area equal to the LFL for butane.
What continuous release rate is required? Assume that the release occurs at ground level. Will the
minimum amount increase, decrease, or stay the same if the release occurs above ground level?

7-19. Benzene is stored in an inside storage area, 15 ft long and 15 ft wide with an 8-ft ceiling. This storage
area has a ventilation system that changes the air in the room completely six times per hour. The
storage area is also equipped with a flammable vapor detector that sounds an alarm when the
flammable vapor concentration reaches 25% of the LFL for benzene. What is the minimum benzene spill
rate, in Iblhr, that will set off the flammable vapor alarm in the room? Assume a pressure of 1 atm and a
temperature of 80°F. Also assume average ventilation conditions

7-20. A standard laboratory cylinder is about 5 ft high with an internal vessel diameter of about 6 in.
Determine the total energy of explosion for this cylinder if it contains nitrogen compressed to 2500 psig.
Assume initial and ambient conditions of 298 K and 1 atm

7-21. Many chemical operators believe that the inerted vapors above a flammable liquid are not flammable
when they mix with air. This is frequently not the case: If the inerted vapors escape from the vessel and

mix with air or if the vessel is purged with air after emptying, the resulting mixture might be flammable.
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A storage vessel contains liquid benzene at 100°F. The vessel vapor space is inerted with pure nitrogen
to a total pressure of 112-in of water gauge. Assume that the vapor space is saturated with benzene
vapor.
a. Determine the volume percent concentration of benzene in the vapor.
b. Use a flammability diagram to show whether this mixture will become flammable or not
when mixed with air.
(Hint: 1 atm = 34 .4 ft of water.
An informal industry rule is to design occupied control rooms to withstand a 1- ton blast of TNT at 100 ft.
a. What overpressure does this correspond to?
b. What quantity (in pounds) of propane (C,H,) does this correspond to, based on an equivalent
amount of energy?
c. How far away (in ft) from this 1- ton blast must a residential home be in order to receive no more
than minor damage to house structures?
According to fire code, propane storage tanks cannot be closer than 10 ft from a house. This
requirement is designed to prevent flammable vapors from entering the house, not to protect the house
from a potential explosion. What quantity of propane (in Ib,) can be stored under these conditions that
will cause no more than minor damage to a house in the event of an explosion? Be sure to list any
assumptions.
Fires and explosions are substantial hazards in many chemical plants.
a. Describe with examples the three ingredients of any fire.
b. Create a checklist with at least six items to identify fire hazards in any workplace.
c. List six common fire prevention/protection features for chemical plants, and describe when they
would be appropriate.
The following liquids are stored in a storage vessel at 1 atm and 25°C. The vessels are vented with air.
Determine whether the equilibrium vapor above the liquid will be flammable. The liquids are:
a. Acetone
b. Benzene
c. Cyclohexane
d. Ethyl alcohol
e. Heptane
f. Hexane
g. Pentane
h. Toluene
A natural gas wellhead is located 400 m from an instrument control room. The control room is a potential

ignition hazard in the event of a leak of natural gas (essentially pure methane). Studies have shown that
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a suitable safety margin is imposed if the downwind gas concentration is determined using one-half the
LFL. For methane this represents a concentration of 2.5 vol. %.

a. What is the minimum release rate of methane (in kg/s) that will result in a concentration at the
control room equal to half the LFL? Be sure to state your assumptions clearly. Assume a
temperature of 298 K and an ambient pressure of 1 atm.

b. If the methane pressure in the wellhead is at 10 atm pressure, what hole size (in cm) will produce
the release rate of part a?

c. Ifthe largest pipe Size in the wellnead is 4 cm (internal diameter), comment on the likelihood of
an ignition hazard from the control room.

7-27. In the TWA Flight 800 tragedy the accident is blamed on explosion of fuel vapors in the central fuel tank.

The volume of the central fuel tank is 18,000 gal.

a. |If, at the time of the explosion, the fuel concentration in the tank is 1 % by volume and the
pressure inside the tank is 12.9 psia, determine the equivalent energy of explosion for the vapor
(in pounds of TNT). Assume a temperature of 80°F. Be sure to state carefully any assumptions.

b. Estimate the overpressure at a distance of 50 ft from the fuel tank explosion from the explosion
of the vapors in part a.

For jet fuel the energy of explosion is 18,590 Btu/Ib and the molecular weight is 160.

7-28. You have decided to purchase a 500-gal tank of liquid propane (C,H,) to heat your house during the
winter. You are concerned about tank rupture and the possibility of a vapor cloud explosion of all the
propane. How far away (in ft) must the tank be from the house to ensure that your house will receive
only minor damage from an explosion? The specific gravity of liquid propane is 0.500, and the energy
of explosion for propane is 503.9 kcal/g-mol

7-29. A liquid mixture containing 0.50 mole fraction benzene-toluene is contained in a storage vessel at 25°C
and 1 atm. The vessel is vented to the atmosphere.

a. Is the vapor in the vessel flammable?

b. What are your resulting concerns about fire and explosion hazards with this storage vessel?

Hint: Benzene-toluene can be assumed to be an ideal liquid-vapor system.

7-30. A tank containing liquid butane (C,H,,) is located 500 ft from an electrical substation. One of the
scenarios we are considering is the breaking of a 1-in schedule 40 pipe (internal diameter = 1.049 in)
with discharge of the liquid butane. We are concerned that this leak will cause flammable vapor
concentrations at the substation. Assume that all the liquid flashes to vapor.

a. Estimate the discharge rate (in Ib,/s) of butane from the 1-in broken pipe.
b. Estimate the butane vapor concentrations at the substation. Is this likely to be a flammable

hazard?
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The temperature is 80°F and the ambient pressure is 1 atm. Make sure you clearly state any
assumptions. The vapor pressure of liquid butane at 80°F is 40 psia, and the specific gravity of liquid
butane at 80°F is 0.571.

Acetone is used as a solvent in a laboratory. There is some concern about the fire hazards associated
with the acetone. One solution is to dilute the pure acetone with water, thus providing an increased
flash point. What mole fraction of water in a water-acetone mixture is required to increase the flash point
of the mixture to 100°F? Acetone is completely soluble in water.

You have been assigned the task of assisting in relocating the new control room for your process. The
new control room will be designed to withstand an explosive overpressure of 2 psig. Your attention is
focused on a propane storage tank located 100 m from the proposed site for the new control room.
What is the maximum quantity of propane (in kg) that can be stored in this tank without exceeding the
overpressure rating of the control room? Make sure you state any assumptions used in your calculation.
Methyl alcohol liquid is stored in a vessel. Its vapor is inerted with nitrogen to a total pressure of 2 in of
water gauge. Will the inerted vapor be flammable if it escapes the vessel? Assume a temperature of
25°C.

Draw a flammability diagram for n-butane. The experimentally reported LOC for n-butane is 12%. What
must the oxygen concentration be reduced to before pumping in butane? What butane concentration
must the vapor be reduced to before pumping air into the vessel before taking it out of service?

For flammable gases the minimum ignition energy is typically 0.1 mJ. The mass of a penny is typically

2.6 g. How far must this penny be dropped to contain the kinetic energy equal to 0.1 mJ?

7-36 During a particular accident, an estimated 39,000 kg of flammable material was released and ignited,

resulting in an explosion and fireball and the subsequent fatalities and equipment damage. The
publication Guidelines for Evaluating the Characteristics of Vapor Cloud Explosions, Flash Fires, and
BLEVES (New York: American Institute of Chemical Engineers, 1994) provides a number of equations
useful for estimating the effects of such an explosion. The heat radiation intensity (in kw/m2) from a ball
of burning vapor is given by the empirical equation

|, =828m’™ /L

The effective time duration (in seconds) of the burn is given by
t =2.6m’
The height of the center of the fireball (in meters) is assumed to be constant during the burn and is
given by
H,.. =075D_
Finally, the maximum diameter of the fireball (in meters) is given by

D _ =58m"
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For these equations |, is the effective radiation intensity (kW/m2), mfis the mass of fuel (kg), L is the
distance from the center of the fireball to the receptor (m), and t, is the effective time duration of the
burn (s).

Use a spreadsheet program (such as Quattro Pro or Excel) to estimate the total number of
fatalities resulting from the burning fireball. Use the Probit equations provided in the text. Assume
that 400 people are distributed evenly at a distance of 75 m to 1000 m from the fireball center. Divide
the distance interval into a number of small increments. Use a small enough distance increment so
that the results are essentially independent of the increment size.

Your spreadsheet output should have designated columns for the distance from the fireball
center, radiation intensity, Probit values, and percentage and number of fatalities. You should also
have a single designated spreadsheet cell providing the total number of fatalities. One way to
simplify the procedure is to specify a threshold radiative flux. It is assumed that 100% fatalities will
occur to anyone exposed to anything above this value. Anyone exposed to a lesser value will be
unharmed. Estimate an approximate threshold radiative flux value that will result in the same number

of fatalities as the detailed Probit calculation.

7-37 The air in a 55-gal drum must be flushed and inerted with nitrogen before the drum is filled with a

flammable liquid. This is accomplished by placing a nitrogen lance through the hole of the drum
reaching to the bottom. A constant flow rate of nitrogen is used to achieve the inerting.

a. Show that the concentration of oxygen in the drum is represented by

dC
V—=-kQ,C
dt QV

where C is the concentration of oxygen in the drum (mass/volume), k is the non-ideal mixing factor
(0.1 <k<1),and Q, is the volumetric flow of nitrogen (volume/time).

b.  Show that the time required to reach a target concentration Cf from an initial concentration C, is

e

c. Estimate the time it will take to inert a drum to 1 % oxygen using 75 L/min of nitrogen. Use k as a

given by

parameter.

7.38 A container in a process using a flammable vapor has dimensions of 100 m by 100 m by 10 m high. Use

the TNO multi-energy model to estimate the overpressure 100 m from the process resulting from the
release and ignition of the flammable vapor. Assume that 20% of the process volume is moderately

congested and that the remaining 80% is lightly congested. Be sure to state any additional assumptions.
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Q, = 2830%n’

azmiutnlEian1rnanala (Sweep through purging) az Msunmaeslulasauuinniinislalaalinisen

ANAU (Pressure purging) 198 nsgueaninanisviniiugoynyania (Vacuum purging)

1. mslalaglduannislawau (Siphon purging)

o 2 N = v L N o
NAaNN1718998 Siphon purging Aan1Tunud lulngauiaatn eanazdszudniBunuans

Tulnsiauunnnannisl3s Sweep through purging wanaideaninme 2auman (Iediulvnjazidannns

U1dn) Manldsiaslaivindfisenduaisnazisia

Nitrogen

B

&y o
UM TRUBIWAINLARN

Drain

U7 8.2 nmenliilReaaeds Siphon purging

£

v A o 1 e o { 3 adaay A o A
@31@@1]@@3\1'3@V’]’aﬂﬁ]?ﬂﬂ’ﬁ‘ﬂ@@ﬂ@@ﬂ"ﬂﬂ\ﬂﬂdLM@'JLV]’WﬂU@ﬁ]ﬁ‘Wﬂ’]ﬁ“ﬂ@@EILﬂqﬂﬂQbLuIMﬁ‘L@u SUNTenARNN 14

ludufuanalug i lfBunnmeslulnsauanuauuin

8.1.2 'leWadim (Static Electricity)

Glass Lined Pipa M
N +++! S
+Hp t ot \' %_
}_\ V = kR
m\\ Where R Iz Resistance

o @ @

etal Pipe

@
/

1 4
Glass +
Vassal 4+

+

717 8.3 Mearanaadilszqiiiasannislnauedaeanan (Crowl and Louvar, 1999)
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a d’l dld
Lﬂﬂﬂuiuhﬁﬁﬁuﬂﬂmqﬁﬂiiﬂﬂmﬂqi%u

nneag

a a

&
HARR’ZD

Wiatimninann19dend dafinainnnisiuazesaeuas ing vzeusey Wasng o dnay
uwazitlszquedtinInuInNngn 0.1

ssiatied TnatnAtinavusnedndainiszqgenadn 350 Taas
| o PR P ] . = a
a91dumse iasanfindinisiaat (Discharge) axiinisiin
nsnszlnnnasilsyq (Spark) fatiu fnlgaldaniadlassivaassanseg ludasiarnnsosalnlfse ag
199 %LFL-%UFL Wisaiainasiuanzananaasyinlifiamasng uazqnanuls

naia Winatnluaeanaininaglua (Streaming current)

9812ANNNNA1NTRIVIA
A

NAANNLALANIUITI 919 IaiLvie

R o A I

AN
AT

317 8.4 maiavihatinluseamanfidniglug (Streaming current) Tuvie
A

D —

U ANENaN

—>

neluvie

92812ANNNNAN9TRIVIA

= G oa & O P S VRV
gﬂ% 8.5 ﬂqqymnvnﬂmmuluwemwumuuﬁmmmuqj

Non—Conducting Hose
Manhole

N\

—

1

Steel
Storage Vessel

Nozzle

300 Gallon Steel
/ Grounded Vessel

/— Ground

31/7 8.6 N9 Discharge 1szqluszuu (Crowl and Louvar, 1999)
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Flat Plates

Condenser Shoe
+ -+ Foot
| Dielectric l/
/ \ Shoe Sole
71 =
_ — Ground

Glass Lining

(Dielectric)

Metal Vessel
(Grounded)

S
>
=),
s,
=
Lo
=)
2)
=
)
Lo
3

gﬂﬁ 8.7 Wiadmi U IiAa Wia5m (Crowl and Louvar, 1999)

nsufilalniiatinlae 5 Tauan <) e
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1) N19seadAU (Grounding) ¥7an198ANI3 Discharge Uszqiifiunnluasanasinudaninli

AqaaLilunand

Graund

Balt Ciamp Type A"

Self=Closing
Veaive

-

—

Contairar
Sharp=Jawed Clamp
Typa "B

Charging froem Drum

U7 8.8 nmeaanafinlniiatinlnanissieasiu (Grounding) (Crowl and Louvar, 1999)
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2) nnliiaans (Relaxation) #8an13nn 1HAHNITIAARIUTAAANITNAAINNIREANIULEINT

Tualurialiitiesasiagin 8.9

Gt I — AT
—> wenevialiflunauatinedi o

e

Y

307 8.9 nsaanafinliilnatinlaanis1435 Relaxation

3) n19quvia Feed avliluaesnas (Dip pipe) Wialnamasiiinaaslllidnsuanilaau

A -ﬂl v 1 ' 1 v 1 A o
ﬂi‘z’ﬂvii@ﬂ’]ﬁ‘l,mﬂLﬂ@?;luﬂi“éﬁ"ﬁu@EIZNWJ’1ﬂ’]?ﬁ]@%@lﬂ@@ﬂ@gmu’ﬂﬁ‘zﬂuwﬂ\‘iL‘M@’J

TN .
nzgiveledpiu

[&3

WANDNN

Angle lron
ABDLARND ( 9 )

UBILNRKI

~

=
~

917 8.10 nstlasiuniafialwihadsnlunendulusesmasuasliquluaeamnan

al

4)  mnANa1sIANNsEn AN (Increasing conductivity with additive)
, & a 9 | e o a pry a A
uNsWINLNYiTa N TRNa T 1 iiudaneaefuuzi Transport iNeann i@ nd

5 nsseansauiuglnsalileuans (Feeder) wazyndaunilaniaindszniet (Handling

solids without flammable vapors) AdgL# 8.11
Soilds

fBends and Ground

Nitrogen |

gﬂﬁ 8.11 N1anensgn AR IuGs (Handling solids without flammable vapors)

(Crowl and Louvar, 1999)
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8.1.3 N199zu"ga NTA (Ventilation)

1 2 nsallunnsszunegennid Ae 199auiidlaliiinnsszungennid (Open air plants) wazlseanui

aanuuua1AgiluuuLila (Plant inside building)

n. lsanuniilaliiinngszuraainid (Open air plants)

ANTDATTAdEAN ) 1l AHEIAN fiANI9T89AN LazTTETH1eTEndelainuLAY

tZA 1

g saniepuiuisen TLY Dfiadgardaminle fiaslEauntsumi 6 (luntaeanunlfiae)

a

£
¥ o ]

Aa1ef 8-4 lasauwinilalansingdutailuansiialwld ssainvineainguau 1,000 Wa aneiuiingg

59lna Tnadimonuiaan 5 uasiadalug (mph) wazenialuanziivaguaniae ¢ asmdnsnislualag

]
2 v a

19a (Mass flow rate) 1e3Ingduniatiasnganazvinliifadunseluszauniianistia Wl

N AINLII 5 mph

J >< gut X

[
»

/ 7,000 77

Qn

E— ...(6.48)
7o ,o,U

ANENNIT (6.48) Tuuni 6: C=

AMNA9NN (7.2) % LFL 283Ingdu (C,H,CH,) = 1.2% by vol. wlaauliiilu giuns® Inaldaunis (3.6)

%QZA » > X (72+5+12+3) gl=92 g/

ysawinfu 0.12 x92
22.4

0.0493 g/l

49.3 g/umg’

5x1609.344
3,600

AnANHEY 5 luasatalne = = 2.24 WA3AUN

F2RENNIEUINNTPUUAZTNTY = 1,000 WA = 1,000x0.3048 Lums
= 304.8 A7

e o, ANzl 6.11 Nantazainie C (langnmun) o, ~22

o, ANl 6.11 fannazeinia C axld o, ~ 12
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Wae1aazeNLaInNAnIN 6.3 luiles 7 C condition
oy = 0.22(x).(L+0.0004(x)) /% = 63.307 m

o, =0.22(x) = 0.20*304.8 = 60.96 m

wnuanluannns6.48; Q, = Cro,o,u

49.3x3.14x22x63.307x60.96x2.24
= 1.34x10° nFNFeAWIN 1FaUsyanns 3,000 UauAseduni

azuinAnsesingdu 3,000.5 Ueusfedud lunsfidlanafiasinlimnninillees
TnqauaeaagluainiAgendnAn %LFL 299 Ingau A1NA1997 7.1 WiTuAn %LFL 193lNngaum
1.2% vivatinluanam 100 aoulingduey 1.2 dou Aszilan1asnlvls edaglsinin gdudauiu
ansfiedifasdnilefionn TLV Gsarnnnauuan a fn TLY fldiafy 375 fanfuseqnuiafiuns lumg
UfRfeudidnd TLV agianda % LFL uwidufesinibiennnudaenieBesquninuazdnfugiosd

NMIANLNAUBBNANNTHTUIU °]

. T‘Nmuﬁagﬂummﬂmuﬂm (Plant inside Buildings)

Tunsiinsianiniatuluennnsniead 8.1 aziludeyalunisdfimmelesiunisiinlnuay

|
b4 e

n13524dla (Ventilation data for handling flammability) ﬁﬁl\iﬁ@ﬁ;ﬁuﬁﬁ@dﬁLﬂuﬂgﬁmmﬂﬁumﬁmﬂu
ana (NGuNIe)
1. msszngenmameluiuif e adeings (Ventilation for inside storage areas)

—gPamsssLnenieatueinialutiesdiesatnation 6 ARy,

-an1glulied i gl A BALRNNE uacadnedest

-fniadgineing o lllunn Storage area

-aAallfesatianiAaariy
~uaalyl (Pilot light) HesegIndfuadelvinsdifiinsanauRaluiiuiiduuazaandlaly

L‘ﬁl’rﬂﬁﬁ/\‘lmﬁlLﬁuﬂﬁi‘ﬁ%‘ﬁunﬂﬂ%\‘i
2. Ventilation for processing area inside building
- smsmsssunavialasuenniAlutiesdesacnatios 11/5[[513[51'@‘17‘\&17{1’;1@@ (1/![512)—14’1%
- annneluiiag
- arnATtldinan (Make up air) azfiadla Short circuit (Fpsitasa)

o

4 b4 v ° v A rd‘ o 1 a
= mmmeummqﬂwﬂm%mm@ﬂme 5 ‘1/)!9] (3AN) mﬂﬂﬂﬂﬂi‘m‘ﬂ‘ﬂumi"]ﬁ[ﬂ@ﬂ’ﬁ‘i‘zL‘LIﬂ

(Class | § qponuln <37.8 asAmaLdaa)
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AR 8-5 asAnudinduresingauivnfuniniunalnisgy

Dike

/

Toluene

Process area

,______

_______ - Drain 2500 Wi’

329

71 gounni 68 °F, ANAL 20 mm Hg, %LFL = 1.27% by volume

ANANNIT (4.14) ianANdndiualé

KAP sat

ppm = I(QV—P X106 (4.14)

C

M

K = 0482 ufiwns/Aui = 0.948 Wi

. M V3 . (18 1/3
e K waingunis (4.18) K = KO( "j VG Lﬁﬂﬁuo.83°ﬂ@\1ﬂﬂx(g—2j

A = Area of pool 100 #»’ (Dike)

P®'= 20 mm Hg vi%a 20/760 atm

~
1l

Mixing factor
Q, = thuuenialuan Class | 2,500 Wa'/wndl o Wi 2,500 We’

. 0.948x100x(20/ 760)x10°
wnuen C o k = = 998 ppm
2500x1

Aanudindiuaziiuiu k;05 < k < 1; napesinliidn anadindiu C

1,996 ppm < Cppm < 9,980 ppm %58 0.1996% < Cppm < 0.998% Inaifums
{He9an %LFL 98singau = 1.27 azdiudrAfiAuandlinindt 1.27iefidus uansdraeniuls

a

8.2 n1gaRNLUUSTUUALWALNallasnuanANs

Tudautaziiuniseenuuuszuuaumasulssugaaivns dnAneasaniiufieawss
nwnseenuuuliiluifisesicauiseslssnuisaaniulsznaunts  uazatanesglnsnlitimas

a a a vy \ = o v a ] » o =
M@ﬁﬂﬁmﬂ‘ﬂum%@fzmmh 3%} "!m[?l’N "'I "N'&WN']?E]LLEJﬂV'J‘U'ﬂV]@Zﬂ@qQVLW 5 LUU AN °‘] A Ugzn
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FV R

ANANTRATANUNTBIAY FTULNBEUUIARNETNFUWNAY T2ULNANFLINAILANAIANT  NN99ATLLILN

NIzAEthALINGS (Sprinkler) N1AsgIUNTsAnRsRAluiuLLiene waznisdntulauillnuazdes

a

Taneluaias  Ivazaenanlaedndsieyareniziminedinaeiiialvaadn  ludasszudngd

—

P2

deudfimeiudaang Wil wa. 2533 Wuoatey 1 Duasfifsousnenld ek, 2542)
SELYb

8.2.1.1s2nNU8981A17 LaTuNATlaariy

3 .

ho)

8.2.1.1 Usznnaa9a1ANg
ANFULNLFEANIBIBNAT NI NIIANNUALILNNUBIBIANTFS y
Aol o v v = o Ja a o
AAnwUrnTERdNsafaiy Tne liRansunaiinreannsasng
8.2.1.1.1 apstlsznndt 1 uilszinviiiedndnsnin@asaininasiiiatuldgunss

(Light hazard occupancies)

D

(A

8.2.1.1.1.1 81A13Uszand 1 a1eu 1 lHunananssalls virandate s

P v A 9 2 2 R yy
fuldivisatinuesanneaald

- dluas
E %
- 5 A
- Buenung
8.2.1.1.1.2 a1A13Uszand 1 a1eud 2 lHunananssall visaadne iy
- 21A19ge Uszinndinanu

- a1A9ge szinniiagende

v
=

8.2.1.1.2 a1A1slsznnil 2 Wulseinniinedndnana@eaan NInAITIIATUIEWIN

11na"e (Ordinary hazard occupancies)

'
o A

8.2.1.1.2.1 21A3tssianit 2 a1AuT 1 WBunananssiellil ieadnaty
- Tavaensn (wieiumuie fuiita)
- Treunamginsnigiaanseilnd
- Tseumdnuiauazianiivnannuia

8.2.1.1.2.2 1A13Uszianit 2 GrduT 2 1unananssiellihie ndneriy
- nAstieadu
- Ta9UNARgnTAR
- T99anW

- T29naq

v
o

- 13990090 (FUlFAAW)
8.2.1.1.2.3 p1A9tasianit 2 a1AuT 3 Burenanssiellihidendnaty
- Tnsafudaninalie
- Taanasld
- Tsaanueng

LA \ oA &
- NILTBLUR 3@$WWHNQUWEHVL']J1HU'1
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'
1o al

8.2.1.1.3 a1A1912tnn i 3 1lulsznnNDed18MIINITALNANNINAST LAATIUAEING

7ULANN1N (Extra hazard occupancies)

' '
o aa o

8.2.1.1.3.1 81A19Usznnil 3 AALT 1 A a1ANIRRNswALLTanT

D

@ & a - ~ a & v v ' A
Whugemaauan vireresuadnssmefaliidniies lHwne1assalliivise
v o
ARNEINL
- 19991 UNARE

- TreuNARATINANERAN

D

o o

8.2.1.1.3.2 81A9Usznnil 3 AAL7 2 Ae a1Ansninsldaeuneaiudan

[ dy a A dl a ¥ ! ' dy A ¥ o
dhudemadanan visaseaunadiszimeiallnanss lHun e1anssellil videadnaiu

- 3991UMNgNIazANe

- Tpanduringiuy

- TnaARTnsTAe

- lsaugaaunssutlingad

£
o

8.2.1.2 iszinnivuniilaariy

& Ay o = & Ao | o o a o A& Adoe
Wummﬂ'ﬂQﬂuﬂﬂJqﬂﬂ\?WuWWﬁ]\'lﬂEq!slulﬂlﬁlﬂ'ﬂ\TﬂuLW@Q’ﬂﬂﬂﬂrlﬂqﬁ'ﬁﬁ"ﬂwumv}ﬂf]ﬂumu@ﬂ

v o o gy @ A o 12 o a =< a v
81AT LWALIBINUWASLH Lﬂuwumgnﬂmnu IﬂEIVLNW’Q’]ﬁ‘mqﬂxﬂjuﬁ’ﬂ’ﬂ\m’]i‘@i"m

8.2.1.2.1 wuntlastuilszinni 1

¥ 1
' o

\dununnnedfdnaniaidasanninaeiinaaulaiguuss (Light hazard class) lHun

¥
NUDU

v
¥ )

NAIUN

- duinenueialyl
- FedPRNNILARS
v a
- VielsrgNIuIAINY 50 AU
8.2.1.2.2 Wuntlesriuilszinni 2 HluAunnDedn Nemnsn1tReNaN WA AN AT
7ul9LUNa1e  (Orinary hazard class) 150
- FRALLBNANT
- tiaglnin
v o
- ia9psa
8.2.1.2.3 Wuntlastuilszinni 3 lununniansien1sdanunestusannglu

q

£ ' v
= o a

Founaaman fsvweielndnelag Fod i Tuiuaintsnn1 2@ nmaanifsiy
TULINNIN (Extra hazard class) 18un

- Yieandialeti

- Yeusiasiul

- taandianaslniin

8.2.2 3XUUYIDEIU LATANHUIALLNAS

=
N

331
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8.2.2.1 ¥ial

srULYietiu (Stand pipe) ABNNTAARITZLLYIEZINN, 989, YRAadaneantn
AuwmaILargUnInianAumANlszneuiugUnsniisunnazgnansluenans ned
AUMU TR AN RAALILNGY YTa LT UARANALINAS agflunTeaunsnsaansanti
Tlandsqaninamasndlilaadie fuganarnsasivlidaan wazazaansanisinau
2RINTNITUALILNGS
Vo @ S 9 cw 1A o Y o , o A gom
srunviatiuanilusruunnsenanysnifisdeiasasruurisunadiniussuugden e lin
o & Ada = a & e a Ay
WHASA N NNHLEN e lun 3Rt ALINAIRINITE T A NIFiaInIs
8.2.2.2 sziannisldeu
8.2.2.2.1 Uszinni 1 druFuninausumasisefn Eiunsilinduniuio aunans 65
Y.
8.2.2.2.2 tszimi 2 dwiuiendunieluaiasldaundminaudum@azania
VWIAAIE 25 NH. WID 40 NN
8.2.2.2.3 szinni 3 drwduniinausumanisegnlisunisinduniudn aneauin
Tnnjpndie 8.2.2.2.1 visefatjardunialuenmsninda 8.2.2.2.2
8.2.2.3 szinnanmsnanliis
8.2.2.3.1 a1Aslsznnil 1 &ALT 1 gnARliNsTLLYIRE BT AN HRALNALNES
pndszinnnisldanulssinni 2 vise lWRALS
8.2.2.3.2 9 Astsznnil 1 &1AUN 2 azfiednliilsruuviatiuuas a18RATALINES
mulszinnnisldanulszinni 3
8.2.2.3.3 1AN3Uszinnil 2 ALY 1 Uay 2 avfiaedn iilszuuviaEularaRntNAL
waIHLUsz N EauLlsinni 3
8.2.2.3.4 81ANFUILANT 2 AVALT 3 AzFiasAn INITULTIaEULATANERATINALILNAS
Audszsinnnisldaulszinni 1
8.2.2.3.5 81A"9Lszinnil 3 YnaAUAzFiedalilszULTIeEN WaTAHRATNALINAS

AndUszannIslEa ULz 1 visalssiand 1 uay 2

8.2.2.4 [aMuIUViIALL

o

19INANTNAINANTNANMHIMHNZANTRIBNAN UL Fiasiaariiy
o e o o s da X Lz

1. dwFuvietiutlszinnd 1 uar 3 (nviadie 8.2.2.2) NRnsseluusazduleIanpis

Tiagineluiadaesiniazgnanaininanlfelussay 10 wns

Tnenihangesiaiuansdnin e laiiiu 30 wes

2. dwduszuuvietivilszinnil 2 ARess e Tulsazduaesat g wazluusazdaueg
. . 2 Y oo

a1AnsgnuLidiaentiaiiliyn o) daureusiazduresernns Wegneluiatiaaaniin

azgnaneanainiaga lfiteszay 10 wWes lnavinandesiaainanadeingaldiiungn 3o

WRT wzaziuas i

[

o a3 = o Ao A A
TANNITRAUN = AMNENYITAIRERA + iﬁuuwgﬂfam (10 LuR9)
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1%
v ar

satiulunisaanuuuliinansandn Aunnialusalasundunuicanas

8.2.2.5 HiLANEAATALINGY (Hose box)

al o di/
N 2 Uszinnsa

1. WUURAAes wueldilu 2 Anwouzsall

1% 1
A o

1.1 wuuaes Aessiunilnanse gaulf 8.12

[%
o o o

1.2 wuuts Assariuaiialaedeaslunis danldtuenansdszinngnsingau

o o
WWRANATENTN ALY 8.13

v

2. WUUAINANLLAY

A Y & a o o a
qﬁj‘ﬂ‘ﬂ 8.12 @Lﬂu@’m@@uqﬂﬂLW@\iLLUU@ﬂﬂ

A Y & a & o a
qﬁj"ﬂ'ﬂ 8.13 @Lﬂu@’]ﬂ@ﬁu’]@ULW@\iLLUUﬁQ
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8.2.2.6 MALAELALUNFLINAS

= =3 ¥ o A
Hnafvld 2 dneoushe
1. wuudiawfulnelignée v lugifiuaafiumiiAumas gau e.14

2. wuuuiu Wulugiiuansantindum@s g s.15

dl Y @ al 0” o a k2 =3 A v
117 8.14 Fiivansanisumasuudauiuieelignie

i

dl Y @ a 0” o a o =3
3“]_]‘1/] 8.15 FNUANLBAUIALILNAILLLUNWLILNL

duFunireantuyluindeseldd

1. IUIALATNIIATZLLYIDEY
2. FLULAIUN
. szuuviedy wazeunsalilsznay

3
4. N1IAAaUTTUU

WiAnw RN lFanunsgIu NFPA 14-1978, Standard for the Installation of Standpipe and Hose

System
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8.2.3.52UUNAUIALLNAIUANAIAS

8.2.3.1 Uszinnuesa1A1snazfiasan L

15un a1A13Usznnd 2 waz 3

8.2.3.2 TTULNAUALLNAY

8.2.3.2.1 WIALLWAY (Hydrant)
8.2.3.2.1.1 ¥iqld
1. IUIATBIIIABNINHN 1AL RS R9T LLENA A e 1INe Tdnngn
150 N, kavFvMImalazfaalaun lutiasndt 100 1y, 4195usiLnean
YUIA 65 NN, AU 2 97
2. gipvasisumasasdeadlunuudenwingi (Wet barrel)
3. Windtadlaawin 65 wu. Anssniiaanqauazin
o o 1 al 0’1 o a va ¥ 1 o

4. RMUIUNIFDAERAUIALNGY (Hose outlet) MiNTiaandn 2 a
WIANIFIALANTUN AR
5. Wiasedansantnsuwasarsiailuatiniafan NG (Fals)

U 1
NeaNuATaLLAs

8.2.3.2.1.2 ANLUUIFIALILNGS

v
C A a '

1. AR AR ALIWAIAY9UN9AINa1AT st aari TiTiasndn 12 wmng

1
o

2. Wunsdifssazvinafaduings fuanarsituunluiie 1 laiuns winld
@g‘i@ﬂﬁﬁmﬁ%ﬂlﬂé’mmﬂﬁ waveRifRansnnRRRsindiudauRidums
milrlrasanens viteindrudauiiduile sidesuenans fenlidonann
ludauiiaziesliieasinedg degnlnlu

3. srrzvnsszuInsiAUWRIUsazia avfiaslivnaiiuiundd 150 wWas

(lelseanuldmngzazying 100 WR9)

o o o d”
AUTLNITABN LL‘].I‘].IM'.][?]@VL‘]JH

N

. STULNNAIAILAN

FTULANUN

won

mmgmmifmvi@

>

NN1INAR[LITSUL

WiAneAnEN AN NFPA 24-2977, Standard for Outside Protection
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8.2.4 STULNINTTANLALLNAY

8.2.4.1 U3snna893zLLHINTZAN TN ALILNGS
8.2.4.1.1 szurilaviaillan (Wet pipe system)
- sruuilnne ludwieasitinnaannan wazfadinduszuudain Fanszanaiin
sumanfuwutle wazavitlpinliinsyangeansuiiuiiieinaanuiauang
HRUNNHTINY
- dmduinadanonuau WiRnAwanawdiuazaanananaadtynyin (Alarm valve)
8.2.4.1.2 sxuULviALIN (Dry pipe system)
d’l 73 1 1 0‘/ ] 1 v A (2%
- svuutne luduviear et ne wiarliidennimiraufalulnsaunialunonu
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8-1.
8-2.

8-3.

8-4.

8-6.

8-7.

8-8.

8-9.

Develop a list of steps needed to convert a common kitchen into an XP area.

What bonding and grounding procedures must be followed to transfer a drum of flammable solventinto a
storage tank?

Ethylene oxide is a flammable liquid having a normal boiling temperature below room temperature.
Describe a system and a procedure for transferring ethylene oxide from a tank car through a pumping
system to a storage tank. Include both inerting and purging as well as bonding and grounding
procedures.

Flammable liquid is being pumped out of a drum into a bucket using a hand pump. Describe an

appropriate grounding and bonding procedure.

. Using the sweep-through purging method, inert a 100-gal vessel containing 100% air until the oxygen

concentration is 1%. What volume of nitrogen is required? Assume nitrogen with no oxygen and a
temperature of 77°F.
A 150-ft3 tank containing air is to be inerted to 1% oxygen concentration. Pure nitrogen is available for
the job. Because the tank's maximum allowable working pressure is 150 psia, it is possible to use either
the sweep-through or a pressurization technique. For the pressurization technique, multiple
pressurization cycles might be necessary, with the tank being returned to atmospheric pressure at the
end of each cycle. The temperature is 80°F.

a. Determine the volume of nitrogen required for each technique.

b. For the pressurization technique, determine the number of cycles required if the pressure purge

includes increasing the pressure to 140 psia with nitrogen and then venting to 0 psig.

Use a vacuum purging technique to purge oxygen from a 150-ft3 tank containing air. Reduce the oxygen
concentration to 1% using pure nitrogen as the inert gas. The temperature is 80°F. Assume that the
vacuum purge goes from atmospheric pressure to 20 mm Hg absolute. Determine the number of purge
cycles required and the total moles of nitrogen used.
Repeat Problem 8-7 using a combined vacuum and pressure purge. Use a vacuum of 20 mm Hg
absolute and a pressure of 200 psig.
Use the sweep-through purging technique to reduce the concentration of toluene from an initial 20% to
1% in a room with a volume of 25,000 ft3. Assume that the room is purged with air at a rate of 6 room

volumes per hour. How long will it take to complete this purge process?

8-10. Design an inerting system for a pressure vessel to maintain the inert atmosphere at 40 psig. Be sure to

account for filling and emptying of the vessel. Indicate the precise location of valves, regulators, pipes,

etc.

8-11. Design a generalized pressure vessel storage tank for a flammable material. Include the following

design features:
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a. Vacuum and pressure purging.
b. Vacuum charging of material from a 55-gal drum.
c. Draining the tank contents.
Provide precise details on the location of valves, regulators, and process lines.
8-12. Determine the number of vacuum purges required to reduce a vessel's oxygen concentration from 21 %
to 1 % if the nitrogen contains:
a. 0 ppm of oxygen.
b. 9,000 ppm of oxygen.
Assume that your vacuum system goes down to 20 mm Hg absolute.
8-13. Use the system $$$ described in Figure 7-14 (Or Figure 8.6 Thai version; Holasut, 2007) to determine
the voltage developed between the $$$ charging nozzle and the grounded tank, and the energy stored

in the nozzle. Explain the potential hazard for cases a and b from the following table:

Casea Case b

Hose length (ft) 20 20
Hose diameter (in) 2 2
Flow rate (gpm) 25 25
Liquid conductivity (mho/cm) 107°* 107
Dielectric constant 2.4 19
Density (g/em?) 0.8 0.8

8-14. Use the system described in Problem 8-13, part b, to determine the hose diameter required to eliminate
the potential hazard resulting from static buildup.

8-15. Repeat Example 8-2 with a 40,000-gal storage vessel. Assume that the vessel height is equal to the
diameter.

8-16. Review Problem 8-13, part b. What is the most effective way to reduce the hazard of this situation?

8-17. Estimate the charge buildup and accumulated energy as a result of pneumatically conveying a dry
powder through a Teflon duct. The powder is collected in an insulated vessel. Repeat the calculation for
a transport rate of 50 Ib/min and 100 Ib/min for transport times of 1 hr and 5 hr. Discuss ways to improve
the safety of this situation.

8-18. Compute the accumulated charge and energy for a 100,000-gal vessel being filled with a fluid at a rate
of 200 gprn and having a streaming current of 2 X lop6 amp. Make the calculation for a fluid having a
conductivity of 10™"® mho/cm and a dielectric constant of 2.0. Repeat the calculation for (a) a half full
vessel, (b) a full vessel, and (c) a full vessel with an overflow line.

8-19. For Problem 8-18, part c, if the inlet flow is stopped, compute the accumulated charge and energy after
5 hr and after 20 hr. Discuss the consequences of these results.

8-20. Some large storage vessels have a floating head, a flat cover that floats on the liquid surface. As the
liquid volume increases and decreases, the floating head rises and falls within the cylindrical shell of the

vessel. What are the reasons for this design?
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8-21. Determine the fire water requirements (gpm, number of sprinklers, and pump horsepower) to protect an
inside process area of 200 ft’. Assume that the sprinkler nozzles have a 0.5-in orifice, the nozzle
pressure is 75 psig, and the rate is 50 gpm.

8-22. What electrical classification would be specified for an area that has Classes | and 11, Groups A and E,
and Divisions 1 and 2 motors?

8-23. Determine the recommended distance between a process area with toluene and an area with an open
flame. Toluene leaks as large as 200 gprn have been recorded. Assume an average wind speed of 5
mph and stability class D.

8-24. Determine the recommended ventilation rate for an inside process area (30,000 ft3) that will handle
Class | liquids and gases.

8-25. For the process area described in Problem 8-24, determine the concentration of propane in the area as
a function of time if at t = 0 a 314-in propane line breaks (the propane main header is at 100 psig). The
temperature is 80°F. See chapter 4 for the appropriate source model and chapter 3 for material balance
models.

8-26. Using the results of Problem 8-25, describe what safety features should be added to this process area.

8-27. Determine the fire water requirements (gpm, number of sprinkler heads, and pump horsepower) to
protect an inside process area of 2000ft2. Assume that the sprinkler nozzles have a 0.5-in orifice and
that the nozzle pressure is 75 psig.

8-28. Repeat Problem 8-27 assuming that the nozzle pressure is 100 psig and that the rate is 58 gpm.

8-29. Determine the water requirement (gprn) and number of nozzles for a deluge system required to protect
a 10,000-gal storage tank that has a diameter of 15 ft. Use 0.5-in nozzles with a nozzle pressure of 35
psig, and assume that the vessel contains a reactive solvent.

8-30. Determine the sprinkler requirements for a chemical process area 150 ft by 150 ft. Determine the
number of sprinkler heads and the pump specifications for this system (HP and gprn). Assume that the
friction loss from the last sprinkler head to the pump is 50 psi and that the nozzles (0.5-in orifice) are at
75 psig.

8-31. Acetone (C,H,0) is to be stored in a cylindrical process vessel with a diameter of 5 ft and a height of 8 ft.
The vessel must be inerted with pure nitrogen before storage of the acetone. A limited supply of pure
nitrogen is available at 80 psig and 80°F. A vacuum is available at 30 mm Hg absolute pressure.

a. Determine the target oxygen concentration for the inerting procedure.

b. Decide whether a pressure or vacuum purge, or a combination of both, is the best procedure.
c. Determine the number of cycles required for your selected procedure.

d. Determine the total amount of nitrogen used. The final pressure in the tank after the inerting

procedure is atmospheric. The ambient temperature is 80°F.
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AS.l.

Accident

ACGIH

Acute

Additive

Adiabatic

Advection

Agency of accident

AICHE

Alveoli

ANSI

Antagonistic

Auto ignition temp

B.O.D

BLEVE

Boiler

Buoyancy

Catastrophe

Catesian coordinate

Chaos theory

Chemical Accidents

Chemical agent

Chemical name

Chemical transfer
Ingestion
Inhalation
Absorption

Choked flow
Adiabatic pipe
Isothermal pipe
Holes

Chronic

Clausius — Clapyron

Index

66 | Cold burn 100
6,69 | Combustion 280
143 | Commitment 20
132 | Common name 79
138 | Complexty 1
211, 281 | Complexity theory 1
246 | Contributing factors 63
63 | Correction factor 204
20 | Corrective Accident Plan 52,72
128 | Corrosive 77
51| db 155
138 | dbA 160
280 | Deflagration 281
374 | Depressurization 223
118,253 | Detonation 281
367 | Detoxification 130
244 | Dilition ventilation 149,173
239,240 | Dimensionless 133
249 | Disc rupture 104
1 | Discharge coefficient 204
77 | Dispersion coefficient 249
130 | Displacement 167
79 | Dose 131,239
Dust explosion 281
78 | ED 138,142
78 | Eddy diffusion 247
78 | Education 23

Effected Chemical form

218 Dust 156
218 Fume 156
202 Smoke 156
78 Mist 157
227 Gas 157




Vapour
Empirical
Enthalpy
Entropy
Equilibrium
Equivalent length
Ergonomic
Ethice
Evaluation
Event-Tree Analysis
Exothermic chain react
Explosion
Explosion proof
Explosive material
Federal legislation
Fire point
Fire triangle
Fires
Flammability
Highly flammable
Flash Point
Explosive Limits
Flammability limit
Ignition Temperature
Flashing liquid
FMEA
Frangible disce
Frictional loss
Frictional loss
FTA
Fundamental canons
Fusible plugs
Gas properties
Flammable gases

Toxic gases
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149,157
20

149

53

279
281

316

77

151
280

279

279
77,254
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78,83,96,264
223
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192

201
38,52
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96

Explosive gases
Corrosive gases
Compressed gas
Cryogenic gases
Gaussian distribution
Genetic effect
GMO
Hazard
Health hazard
Fire hazard
Reactivity
Special
Hazard Identification
Hazardous condition
Hazardous area
Hazardous material
Hazardous waste
HAZOP
Heat capacity ratio
Helmholtz free energy
Hippocrates
Hydrocarbon
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Ideal gas constant
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Impact test
Incompatibility
Incompressible fluid
Industrial hygiene
Inerting
Vacuum purging

Pressure purging

Sweep through purging

Siphon purging
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83,338
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149,163,219
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integrity

Irreversible response

Isentropic
Isotropic

ISRS

JSA

Kinetic energy
Laminar flow
Latent heat

LD

LC

Liquefied gases
Log. Of the dose
Loss actual
Loss exposure
Loss incident
Loss Prevention
Mass evap. rate
Mass flow rate
Mass flux

Mass fraction
Mass transfer coef
MIE

Mitigation

MOC

Models of dose
MPPCF

MSDS

NIOSH

Non-ideal mixing factor

Normal distribution
Normality
OSHA

Overpressure

Partial vapor pressure

20

130
203
206

59
38,52
203, 212
185,195,197
224
138,142
177
126

137

35

35

35

7

163

210
213
215
164
291
327
290
139
132
152
173

162
132
136
57,144-167,293
281

164

Pasquill-Gifford plume
PEL
Petroleum
LPG
NGL
LNG
CNG
Physical properties
Vapor density
Vapor Pressure
Specific gravity
Miscibility with water
Freezing point
Physical State
Plume dispersion
Poisons
Polluters Pay Principle
Potential release
PPE
ppm
Practicable release
Probit
Protective clothing
Puff dispersion
PUVCE
Pyramid
Quadratic equation
Reactive
Recovery Measure
Relative roughness
Relative toxicity
Reversible response
Reynolds number
Risk

Risk Assessment

256

144

115,116,118,119
115,116
116

116

78,80
78,80
78,81
78,81
78,82
79
258
127
393
240
129
132
240
142
120
259
118
15
268
77
52
193, 194
142
130

185



Safe Guard

Safety

Safety Inspection
Safety Sampling
Safety tour

Safety devices
Safety Engineering
Safety relief valves
Saturation vapor
Shaft work

Shock wave
Sigmoid curve
Simple single cell
Sonic flow

Source model
Specific volume
Specification
Spherical coordinate
Splash
Stakeholder

Static electricity
Steady state flow
Stochastic fluctuation
Stoichiometric
Storage in fatty tissue
Students’ T-Test
Sustainability
Synergistic

D

Thermal energy
Thottling release
TLV

TLV-C

TLV-STEL

41

58

58
35,36
97

7
121,122
164, 180
185, 199
281

137

131
207

183
100
127
249
186
8,21
317,323
212
245

288

130

66

8

138
138,142
185
203
143,239,246
144
144

TLV-TWA

TNT

Toxic dispersion

Toxic release

Toxicants

Toxicity

Toxicology

Transfer system
Injection
Gastrointestinal
Respiratory
Dermal

Turbulent flow

Unsafe Act

Unsafe Condition

Vent scrubber

Ventilation

Weight fraction

What-If-Analysis

Work Through Survey

X-ray

144
303
238
239
130

77,79
127

128
128

128

128
194,196
14

14

240
317,327
132

53

35

127
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Acetylene tetrabromide 1 3 0 Auramine
Acetylene tetrachloride 3 Aziridine 3 3 3
Acetylene trichloride 2 1 Azonaphthalene
Acridine 2 Azoxybenzene 1
Acrolein 3 3 3 || Barum 2 2
Acrylic acid 3 2 2 Barium chlorate B @ 3
Acrylonitrile 4 3 2 Barium chloride 2 0
Adipic acid 1 1 Barium ! 2
Adiponitrile 3 2 Barium nitrate . @ 2
Aldnn 3 1 0' || Barium peroxide 1. 0 3
Allene 4 Benzal chloride
Allyl acetate 3 1 Benzaldehyde 2 2 0
Allyl alcohol 3 3 1 Benzene 2 3 0
Allyl amine 3 $° 1 Benzene sulfonic acid 3
Allyl bromide 3 3 1 Benzene sulfonyl chloride
Allyl chloride 3 3 1 Benzidine 3
Allyl iodide 3 2 Benzoic acid 1 1
Alum 1 Benzonitrile 3
Aluminum 0 1 1 Benzotrichloride 2
Aluminum borohydride 3 Benzotrifluoride 4§ 0
Aluminum bromide Benzoyl chloride 3 3 1
Aluminum carbide Benzoyl peroxide 1 4 4
Aluminum chlonde 3 0 2 Benzyl acetate 1 1 o
Aluminum nitrate 2 2 Benzyl alcohol 2 1 o
Amino-diphenylene oxide Benzyl amine 3
Aminopyridine 3 Benzyl benzoate 2 1 0
Ammonia 3 1 0 Benzy| bromide 3
Ammonium dichromate 3 2 Benzyl chloride 2 F 2
Ammonium fluoride 3 Benzyl chloroformate 2
Ammonium hydroxide 2 1 Benzyl| cyanide 3
Ammonium nitrate 2 1 3 Benzyl mercaptan 2
Ammonium perchlorate 2 1 4 Beryllium ¢ 1 H
Ammonium persulfate 1 2 Beryllium chloride 4 1
Ammonium sulfamate 1 1 Biphenyl 2 1 0
Ammonium sulfide 2 Biphenylamine 2 1 0
Ammonium thiocyanate 1 Bismuth chloride 3
Amyl acetate 1 3 0 Borax 2 3
Amy| alcohol 1 3 o0 Boric acid 2
Amylamine 3 3 o Boron 2 2
Amyl bromide 1 3 0 Boron hydride 3 4 3
Amylene 1 4 0 Boron oxide 2
Amyl ether 1 2 @ Boron tribromide 2
Amy| formate 1 3 o0 Boron tnchlonde 2
Amyl nitrate I 2 2 Boron trifluoride 3 0 1
Amyl nitrite 1 2 2| Bromic acid 3 2
Aniline 3 2 0 Bromine 4 0 1
Anisaldehyde 2 1 0 Bromine pentafluoride 3 3
Anisole 1 2 0 Bromine trifiuonde 3 4
Anthracene 1T 2 Bromo-acetic acid 2
Anthramine : Bromobenzene 2 % @
Anthraquinone 1 1 Bromochloromethane
Antimony 3 7 Bromoethane 2 3 o
Antimony hydride Bromoethylene 2 3
Antimony pentachloride 3 Bromoform 2
Antimony pentasulfide 3 1 1 Bromotoluene 2 3 '®©
Antimony tnichloride 3 Bromotrifiuoromethane
Antimony trioxide 3 Butadiene s 4 2
Argon Butane 1 4 0
Arsenic 3 2 Butene 1 “ 0
Arsenic acid 3 Butyl acetate 1 $ .9
Arsenic trichlonde 3 Butyl alcohol 1 3 o
Arsenic trioxide 3 Butyl amine 3 3 0
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Ruty! bromide 2 3 0 Chlorobenzene 2 3 0
Butyl cellosolve 2 2 Chlorobromomethane 2
RButy! chloride 2 3 0 Chlorocresol 3
Butyl chromate 3 Chlorodifluoroethane 2 0
Butyl formate 2 3 0 (| Chiorodinitrobenzene 3 1 4
Butyl hydroperoxide 1 4 4 Chlorodipheny! 3 1
Buty! mercaptan 2 3 0 || Chioroethanol "3 2 0
Butyl methacrylate 2 2 0 Chloroform 3 1 0
Butyl methyl ketone 2 3 0 [ Chloromethyl ether
Butyl peracetate 2 3 1 Chloronaphthalene 3
Butyl perbenzoate 1 3 4 || Chloronaphthylamine
Butyl phosphate Chloronitroaniline 3 1
Butyl toluene 3 2 Chloronitrobenzene 3 1 1
Butyl vinyl ether 2 3 2 Chiloronitropropane 3 2 3
Butyne 2 Chiorophenol 3 2
Butyraldehyde 2 3 1 Chioropicrin 4 0 1
Butyric acid 2 2 0 Chloroprene 3
Butyronitrile Chiorosulfonic acid 3 0 2
Butyryl chloride 3 Chlorotrifluorcethylene 3 4 2
Cadmium 3 2 Chromic acid
Cadmium chloride 3 Chromium bromide
Cadmium oxide 3 Chromium chloride
Calcium 1 1 2 Chromium nitrate
Calcium arsenate 3 Chromium suifate
Calcium carbide 1 4 2 Chromium trioxide 1 0 1
_Calcium carbonate 1 Chromy! chloride 3
Calcium chiorate 2 2 Cinnamaidehyde
Calcium chloride Citric acid 1 1
Calcium cyanide 2 0 0 || Cobalt bromide 1
Calcium hydride 3 Cobalt chloride 1
Calcium hydroxide 2 Cobalt nitrate zZ 0 1
Caletum hypochlorite 2 1 2 Cobalt sulfate 1
Calcium oxide 1 0 1 Collodion 1 4 0
Caproic acid 2 1 ¢ | Copper bromide 1
Capry] alcohol 1 2 o0 Copper chloride 1
Caprylic acid 1 2 0 Copper nitrate 1 0 1
Carbazole 1 1 . Copper sulfate 1
Carbitol 1 1 0 Cresol 2 2 0
Carbon 1 1 " Crotonaldehyde
Carbon disulfide 2 3 o Crotonitrile
Carbon monozxide 2 4 0 Crotony! chioride 1
Carbon tetrabromide 3 0 1 Cumene o 2 0
Carbon tetrachloride 3 0 0 Cyanamide 2 1
Carbon tetrafluoride 2 Cyanocacetamide 3 2
Carbonyl fluoride 2 3 Cyanogen ) 4 4 2
Cellosolve 2 2 Cyanogen chioride 3
Cellosolve acetate 2 2 Cycloheptanone 2
Cellulose nitrate 2 3 3 Cyclohexane 1 3 0
Chliocral 3 Cyclohexanol 1 2 0
Chloral hydrate 2 1 Cyclohexanone 1 2 0
Chlordane 3 Cyclohexene 1 3 0
Chloric acid 3 3 3 Cyclohexylamine 2 3 0
Chlorine 3 O 1 Cyclohexylbenzene 2 3 0
Chlorine dioxide 3 3 Cyclopentadiene 2
Chlorine trifiuoride 3 3 3 Cyclopentane 1 3 0
Chloroacetaldehyde 3 2 Cyclopentanone 2 3 0
Chloroacetamide Cyclopropane 1 4 0
Chloracetic acid 2 2 Cymene 2 2 0
Chloroacetonitrile 3 Decaborane 3 2 1
Chloracetophenone 3 Decahydronaphthaniene 2 0 o
Chloracetyl chloride 3 Decaldehyde
Chioroaniline 3 Decane 0o 2 0




2 =
= =
: 2 2z
£ E 2 5 E 2
- g o — o
T £ % s § ¢
Chemical T R £ Chemical T R &
Decyl alcohol 2 Dimethylazobenzene
Diacetone alcohol 1 2 0 || Dimethyldiphenylamine
Diatomaceous earth Dimethyl butane 1 3 0
Diazomethane 3 Dimethyl carbonate 3 1
Dibenzanthracene Dimethyl ether a 4 0
Dibenzcarbazole Dimethylformamide 1 2 0
Dibenzofluorine Dimethyl fumarate
Dibenzylamine 3 1 Dimethylhydrazine 3 3 1
Diborane 3 4 3 Dimethylnaphthalene
Dibromoethane 3 Dimethyl phthalate o 1 0
Dibutylamine 3 2 0 (| Dimethyl propane 4 0
Dibutyl ether 2 3 0 Dimethyl sulfate 4 2 0
Dibutyl oxalate 3 1 0 Dimethyl sulfide 4 4 0
Dibuty] peroxide 2 3 4 Dimethyl sulforide 1 1 0
Dibutyl phthalate V] 1 1] Dinitroaniline 3 1 3
Dichloroacetic acid 3 Dinitrobenzene 4 4
Dichloroacetyl chloride 3 2 1 | Dinitrocresol 2 2
Dichloroaniline 3 1 0 Dinitrofiuorine
Dichlorobenzene 2 2 0| Dinitrophenol a 2
Dichlorobenzidine Dinitropiperazine
Dichlorobutane 2 2 0 Dinitrotoluene 3 1 3
Dichlorobutene 2 3 0 Dioctyl phthalate 0 1 0
Dichloredifiuoromethane 1 Dioxane 2 3 1
Dichloroethane 2 3 0 | Diphenylamine a1 o
Dichloroethylene 2 3 2 Diphenylmethane 1 1 0
Dichloroethyl ether 2 2 0| Diphenylsulfide
Dichloromethane 2 0 0 Dodecane 0 2 0
Dichloromonofluoremethane 1 Elon
Dichloronitroethane 3 2 3 Endrin 3 1 0
Dichlorophenol 1 0 Epichlorohydrin 3 3 2
Dichlorophenylphosphine 3 Epoxy resin
Dichloropropane 2 3 0 Ethane 1 4 0
Dichloropropene 3 2 Ethanethiol 2 4 0
Dichlorotetrafluoroethane 1 0 Ethanol 0 3 (i}
Dicyclohexylamine 2 Ethanolamine 2 2 0
Dicyclopentadiene i 3 1 Ethoxynitroaniline
Diethanolamine 1 1 1] Ethyl acetanilide 0 2 1]
Diethyladipate Ethyl acetate 1 3 0
Driethylaluminum chloride 3 3 3 Ethyl acetoacetate 2 2 0
Diethylamine 3 3 0| Ethylacrylate 2 3 2
Diethylaminoethanol a 2z o Ethylamine 3 4 0
Diethylaniline 3 2 0 Ethylamyl ketone
Driethyl carbonate 2 3 1 Ethyl aniline 3 2 0
Diethylene glycol 1 1 0 Ethyl benzene 2 3 0
Diethylenetriamine 3 1 1] Ethyl benzoate 1 2 1]
Diethyl ether -2 4 1| Ethylbutyl ketone 1 2 0
Diethyl ketone 1 3 0| Ethylbutyrate 2 3 0
Diethyl malonate 0 1 O | Ethylchloride 2 4 0
Diethyl phthalate 0 1 0 Ethyl chloroacetate 2 2 0
Driethyl sulfate 3 1 1 Ethyl chloroformate 3 3 1
Diethy! zinc 0o 3 3 Ethylene 1 4 2
Dihydroxyanthraquinone 1 Ethylenediamine 3 2 0
Diiosbutyl ketone 1 2 0 Ethylenedichloride 2 3 ]
Diisopropyl amine 3 3 0 Ethylene glycol 1 1 90
Diisopropyl ether 2 3 1 || Ethylene nitrate 3 2
Dimethoxybenzidine Ethylene oxide 2 4 3
Dimethoxyethane 2 0 Ethylene oxide 2 4 3
Dimethoxymethane 2 3 2 | Ethyl fluoride 1
Dimethoxypropans 2 Ethyl fluoroacetate 4
Dimethyl acetamide _ 2 1 Ethyl formate 2 3 0
Dimethyl amine 3 4 0 Ethyl hexanol 2 2 0
Dimethylaniline 3 2 0| Ethyliodide 2 2
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Ethyl morpholine 2 3 0| Hydrogquinone 2 1
Ethyl nitrite 2 4 4 Hydroxylamine 1 3 3
Ethyl oxalate 3 2 0| Indanol
Ethyl phenol 1 0] Iodicacid 3 2
Ethyl silicate 2 2 0] Iodine 3
Ethyl vinyl ether 2 4 2 Iodine chloride 3 2
Fatty acids Iodine pentafluoride 3 3
Ferric chloride 1 Iodine trichloride 3 /1
Ferrous ammonium sulfate 1 lodoacetic acid 1
Ferrous chloride 1 Isoprene 2 4 1
Ferrous sulfate 1 Jet fuel (kerosene) 1 3 o0
Fluerine 4 1] 3 Lactonitrile 3 2
Fluoroacetic acid 2 Latex 2
Fluoroboric acid 3 Lauric acid 1
Fluoroethane Lauroyl peroxide 0 +2 3
Fluoroethylene 2 4 1 Lead a 2
Fluoroailicic acid 3 Lead acetate 3
Fluorotrichloromethane 1 Lead arsenate 3
Formaldehyde 2 4 0| Lead carbonate 3
Formalin 2 2 0} Leadnitrate 1 0 1
Formamide 2 2 Lead oxide 3 1
Formic acid 3 2 0 Lead thiccyanate 1 1 1
Fumaric acid 1 1 Lindane 3
Furan 1 4 1| Liquified petroleum gas 3
Furfural 1 2 1 Lithium 1 1 2
Furfuryl alcohol 1 2 1| Lithium aluminum hydride 3 1 2
Gallic acid Lithium borohydride: 2
Gasoline 1 3 0} Lithium carbonate
Germane 2 3 Lithium hydride 1 4 2
Germanium dioxide 2 Magnesium o 1 2
Germanium hydride Magnesium chlorate 2 3
Germanium tetrachloride 3 Magnesium chloride 2
Glutaric acid Magnesium nitrate 1 0 1
Glycerol 1 1 0} Magnesium oxide 2
Glycolic acid 2 Magnesium perchlorate 1 0 1
Glyoxal 2 1 Malathion 3
Grease Maleic acid 2 1
Heptachlor 3 Manganese 2 2
Heptane 1 3 0| Manganese sulfate 2
Heptylamine 2 2 0| Mercaptoethanol 2 2
Hexachlorobenzene 1 1  Mercuric chloride 3
Hexachloroethane 2 Mercury 3
Hexachloronaphthalene 3 Mercury compounds (organic) 3
Hexafluoroethane o Mercury fulminate a 3
Hexamethylene tetramine 2 1 Mesityl oxide 3 3 0
Hexane 1 3 0 Methacrylic acid 3 3 2
Hexanediamine 2 1 Methane 1 4 0
Hexanol 1 2 0} Methoxychlor 1
Hexanone Methoxyphenal 2 2
Hexene 1 3 0] Methyl acetate 1 3 0
Hexyl acetate 1 2 0} Methyl acrylate 2 3 2
Hexylamine 2 3 0| Methyl alcohol 1 3 0
Hydrasine a a 3 || Methyl amyl alcohol 2 2 0
Hydrazoic acid 3 Methyl amyl ketone 1 2 0
Hydriodic acid 3 Methyl benzoate o 2 0
Hydrobromic acid 3 Methylbenzy! alcohol 1 1 0
Hydrochloric acid 3 0 0] Methyl bromide 3 1 0
Hydrocyanic acid 4 4 2| Methyl butene 4 0
Hydrofluoric acid 4 0 0| Methylbutylamine
Hydrogen o 4 Methyl butyl ketone 2 3 0
Hydrogen peroxide 2 0 3| Methyl butyrate 2 3 0
Hydrogen sulfide 3 4 0| Methyl cellosclve 2 2
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Methyl cellosolve acetate 3 2 Nitrosyl chloride 3
Methy! chloride 2 4 0 Nitrotoluene 2 2
Methy! chloroformate 3 Nonyl phenol 2
Methyl cyclohexane 2 3 o Octachloronaphthalene
Methy! cyclohexanol 3 2 0 Octafluorocyclobutane
Methyl cyclohexanone 3-2 O Octafluoropropane
Methyl cyclohexene 3 o Octane o 3 o
Methy! ethyl ether 2 4 1 Octanocic acid
Methyl ethyl ketone 1 3 0 || Oils (fuel) o 2 o
Methy! formate 2 4 0 || Oils (lubncating) o 1 o0
Methy! furan 2 3 1 Oils (vegetable) o 1 o0
Methy! hydrazine Oleic acyd o0 1 0
Methy! iodide 3 Osmium tetroxide 3
Methy! isobutyl ketone 2 3 0 | Osxalic acid 3
Methy| isobutyrate Oxaly! chioride 3
Methy! isocyanate Oxygen 3 0 0
Methy! isothiocyanate 3 Ozone 3 3
Methyl mercaptan 2 4 0 Paraffin 0 1
Methy| methacrylate 2 3 2 Paraformaldehyde . 2 2
Methylnaphthalene 2 2 o Paraldehyde 2 3 3
Methy! nitrosoaniline ! Parathion 4 1 0
Methy! nitrosourea Pentaborane 3 4 3
Methyl propyvl ketone 2 3 o Pentachloroethane 3 2
Methylpyrrole 3 Pentachloronaphthalene 3
Methy! salicylate 1 1 0 Pentachlorophenol 3
Methyl styrene i 2 1 Pentane 1 4 0
Methyl tetranitroaniline 2 3 Pentanediol 1 1 0
Methy!l toluenesulfonate Peracetic acid 3 2 4
Methyl vinyl ether 2 4 2 Perchloric acid 3 0 3
Monochloroamine Perchloromethyl mercaptan 3
Monomethylamine 3 K 0 Perchloryl fluonide 2 2 3
Morpholine 2 3 o Petroleum oil 1 2 o0
Naphtha 2 2 0 Phenanthrene 1
Naphthalene 2 2 o0 Phenanthreneacetamide
Naphthol 2 3 Phenol 3 2 o0
Naphthylamine 2 1 0 Phenyl acetate 1 2 o
Naphthylisothiocyanate Phenylazonaphthol
Nickel 2 Phenylenediamine 2
Nickel carbonyl 4 3 Pheny! ether
Nickel nitrate 1 0 1 Phenylhydrazine 3 2 0
Nickel sulfate 1 0 Phenylisocyanate
Nicotine 4 1 0 Phenylnaphthylamine 2
Nitric acid 2 0 1 Phenylphenol 2 1 o
Nitric oxide 3 3 Phorone 2 2 o
Nitroacetophenone Phosphine 3 3
Nitroaniline 3 1 1 Phosgene 3
Nitrobenzene 3 2 o Phosphoric acid 2
Nitrobiphenyl 2 1 o Phosphorous 3 3 1
. Nitroethane 1 3 3 Phosphorous oxychlonde 3
Nitrofluorine Phosphorous 3 2
Nitrogen dioxide 3 0 1 Phosphorous pentasulfide 3 1 2
Nitrogen trifluoride 3 3 Phosphorous tribromide 3
Nitrogen trioxide 3 Phosphorous trichloride 3 0 2
Nitromethane 1 3 4 Phthalic anhydride 2 1 0
Nitronaphthalene 1 1 0 Picoline : 2 0
Nitrophenol 3 Picric acid 2 4 4
Nitropropane 1 2 3 Pimelic acid
Nitrosodiethylamine Pindone
Nitrosomethylaniline Pinene 1 3 0
Nitrosomorpholine Pipenidine 2 3 3
Nijrosopiperazine _ Polyvinyl acetate
Nitrosopiperidine Potassium 3 1 2

Vii
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Potassium acetate 1 Silica gel (silicic acid) 1
Potassium borohydride 2 Silicon tetrachloride 3
Potassium carbonate Silicon tetrafluoride 3
Potassium chlorate 1 0 2 Silver nitrate 1 0 il
Potassium cyanide 2 0 0 Sodium 3 1 2
Potassium dichromate 3 2 Sodium acetate 0
Potassium ferrocyanide 1 Sodium amide 3 2
Potassium fluoride 3 Sodium azide 3
Potassium hydroxide 3 Sodium benzoate 0
Potassium nitrate 1 0 2 Sodium bicarbonate
Potassium perchlorate 1 0 2 Sodium bisuifate 2
Potassium permanganate 0o 0 1 Sodium borohydride 2 2
Potassium persulfate 1 0 1 || Sodium carbonate 2
Potassium peroxide 3 0 -2 Sodium chlorate 1 0 .2
Potassium suifide 2 1 0| Sodium chloride 0
Propane 1 4 0 Sodium chlorite 1 1 2
Propanediamine 2 3 o Sodium chromate 3
Propanediol o 1 0 Sodium cyanide 2 0 o
Propenyl acetate 2 3 Sodium dichromate 3
Propriolactone Sodium ethoxide 3 3
Proprionaldehyde 2 8 1 Sodium fluoride 3
Proprionic acid 2 2 0 Sodium fluoroacetate 3
Proprionitrile 3 2 Sodium formate 3 1
Propriony! chloride 3 3 1 Sodium hydride 3 2
Propyl acetate 1 3 0| Sodium hydroxide 3 0 1
Propyl alcohol 1 3 0 Sodium hypochlorite 2
Propylamine 3 3 o Sodium iodide 2
Propy! benzene 3 0 Sodium methoxide
Propyl benzoate 1 1 Sodium nitrate 1 @ =3
Propyl bromide 3 3 Sodium nitrite 3 2
Propyl chloride 2 3 0 Sodium perchlorate 2 0 2
Propylene 1 4 1 Sodium peroxide 3 0 2
Propylene carbonate 1 1 0| Sodium phosphate
Propylene disulfate Sodium proprionate
Propylene glycol Sodium silicate 1
Propylene imine 2 2 Sodium sulfide 2 1 0
Propylene oxide Sodium sulfite 2
Propyl ether 2 3 1 Sodium tetraborate 3
Propyl formate 2 3 Sodium thiocyanate 3
Propyl nitrate 2 3 3 Sodium thiosulfate 1
Propyne 2 4 2 Stannic chloride 3 1
Pyrethrum 2 Stearic acid 1 1 0
Pyridine 2 3 o Stibine 3 2
Pyrogallic acid 3 Stoddard solvent 1 2
Pyrrolidine 2 3 3 Strontium 2 2
Pyruvic acid Strontium carbonate
Quinoline 2 1 0 Strontium nitrate 1 0 1
Quinone 3 Strontium peroxide 1. O =t
Resorcinol 2 I Strychnine 3
Rotenone 2 1 Styrene 2 3
Rubber Styrene monomer 2 3 2
Rubidium 2 3 Succinic acid 2 1
Ruthenium 2 Succinonitrile 3 1
Salicylaldehyde 2 0 || Sulfamide
Salicylic acid 1 1 Sulfur 2 1 0
Selenic acid 3 2 Suifur decafluoride 3
Selenium 3 2 Sylfur dichloride 3 2
Selenium dioxide 3 Sulfur dioxide 3 0 0
Selenium hexafluoride 3 Suifur hexafluoride
Selenium oxychloride 3 Sulfuric acid 3 0 1
Silane 3 3 Sulfur monochloride 2 1 1
Silica 2 Sulfur trioxide 3
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Sulfuryl chloride 3 Tricresyl phosphate 2 1 o
Sulfuryl fluoride 3 1
Tall oil 1 Triethyl aluminum 3
Tallow 0 1 0 Triethylamine 2 3 0
Tannic acid 2 1 Triethanolamine 1 1 1
Tar 3 2 Triethylene glycol 4 1 o0
Tellurium hexafluoride 2 Triethylene tetramine 3 1 0
Terphenyl 1 0 Triethyl formate 3 2
Tetradecane 1 0 Trifluoroacetic acid 3
Tetraethylenepentamine 2 1 0 Tnfiuoromethane 2
Tetraethyl lead 3 2 3 Trimethylamine 3 4 O
Ti 2 3 1 Trimethyl borate 2 3 1
Tetrahydronaphthalene 1 2 0 Trnimethyl cyclohexanone 2 1 0
Tetramethyl lead 3 3 3 Trimethyl pentane 2 3 o
Tetramethyl silane 3 Trimethyl pentene 3 0
Tetranitromethane 3 3 Trinitrobenzene 2 B K
Thallium 3 Trinitrotoluene 2 4 4
Thallous sulfate 3 Trioxane 2 2 0
Thioacetamide 2 Triphenyl phosphate 2 2 @
Thiodiethanol 1 1 0 Triphenyl phosphine 3 2
Thioglycollic acid 3 Tripropylamine 2 2 o0
Thionyl chloride 3 Trisodium phosphate 2
Thiony! fluoride 3 Turpentine 1 3 0
Thiophene 2 3 Uranium 3 3
Thiourea 1 Uranium nitrate 1 0 1
Thorium 1 2 Urea 0
Thorium nitrate 1 0 1 Valeraldehyde
Tin 0 1 Valeric acid 1
Tin compounds (inorganic) Vanadium dichloride 3
Tin compounds (organic) 3 Vanadium oxytrichloride 3
Titanium 0 Vanadium pentoxide 2
Titanium dioxide 1 Vinyl acetate 2 3 2
Titanium tetrachloride 3 0 1 | Vinyl chloride 2 4 2
Toluene 2 3 0 | Vinyl ether 2 3 2
Toluene diisocyanate 2 1 2 | Vinylidene chloride 2 4 2
Tolyl phosphate Ucylene 2 3 o
Toluidine 3 2 0 Xylenol 3 1
Triamyline % @ Xylidine 3 1 o0
Tributylamine 2 2 o Yttrium 2
Tributyichlorotin Zinc 0 1 1
Tributyl phosphate s X @0 Zinc acetate 0
Trichlorcacetic acid 3 Zinc chlorate 2 0 2
Trichloroacetonitrile Zinc chiloride 2 0 2
Trichloracetyl chloride 3 Zinc oxide 3
Trichlorobenzene 2 1 0 Zirconium 1 4 1
Trichloroethylene 2 1 Zirconium acetate 1
Trichlorcanphthalene 2 Zirconium chlorate 1
Trichioropropane 3 2 o Zirconium nitrate 1
Trichlorotrifilucroethane 1 Zirconium oxide 1
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Acetaldehyde 19 Butylamine 7
Acetic Acid 4 Butyl Benzyl Phthalate 34
Acetic Anhydride 11 Butylene 30
Acetonitrile iz 1, 3-Butylene Glycol 20
Acrolein (inhibited) 19 Butylene Oxide 16
Acrylic Acid (inhibited} 4 Butyl Ether 41
Acrylonitrile (inhibited) 15 Butyl Methacrylate (inhibited) 14
Adiponitrile 37 Butyraldehyde 19
Allyl Alcohol 15 Butyric Acid 4
Allyl Chloride 15
Aminoethylethanolamine 8 Camphor Oil (light) 18
Ammonia, Anhydrous 6 Caprolactam Solution 22
Ammonium Hydroxide (28% or less) 6 Carbolic (il 21
Ammonium Nitrate, Urea, Water Carbon Disulfide 38

Solutions (containing Ammonia) [ Carbon Tetrachloride 36
Ammonium Nitrate, Urea, Water Caustic Potash Solution 5
Solutions (not containing Caustic Soda Solution 5
Ammonia) 43 Chlorine *
Amyl Acetate 34 Chlorobenzene 36
Amyl Alcohol 20 Chloroform 36
Amyl Tallate 34 Chlorosulfonic Acid X
Aniline 9 Corn Syrup 43
Asphalt 33 Creosote, Coal Tar 21
Asphalt Blending Stocks: Cresols 21
Roofers Flux 33 Cresylate Spent Caustic Solution 5.
Straight Run Residue 33 Crotonaldehyde 19
Cumene 32
Benzene 32 Cycloaliphatic Resins k3|
Benzene, Toluene, Xylene (crude) 32 Cyclohexane 31
Butadiene (inhibited) 30  Cyclohexanol 20
Butane 3 Cyclohexanone 18
Butyl Acrylate (inhibited) 14 Cyclohexylamine 7
Butyl Acetate 34 Cymene 32
Butyl Alechol 20

Xi



Xii

) niy do nsju
Decaldehyde 19 Dimethylamine 7
Decane 31 Dimethylethanolamine 8
Decene 30 Dimethylformamide 10
Decyl Alcohol 20 Dinonyl Phthalate 34
Decyl Acrylate (inhibited) 14 Dioctyl Phthalate 34
Decylbenzene 32 1, 4-Dioxane 41
Dextrose Solution 43 Diphenyl-Diphenyl Oxide 33
Diacetone Alcohol 20 Diphenylmethane Diisocyanate 12
Dibutylamine 7 Di-n-propylamine 7
Dibutyl Phthalate 34 Dipropylene Glycol 40
Dichlorobenzene 36 Distillates
Dichlorodifluoromethane 36 Straight Run 33
1, 1-Dichloroethane 36 Flashed Feed Stocks 33
Dichloroethyl Ether 41 Diundecyl Phthalate 34
Dichloromethane 36 Dodecane 31
1, 1-Dichloropropane 36 Dodecanol 20
1, 2-Dichloropropane 36 Dodecene 30
1, 3-Dichloropropene 15 Dodecylbenzene 32
Dicyclopentadiene 30
Diethanolamine 8 Epichlorohydrin 17
Diethylamine 7 Ethane 31
Diethylbenzene 32 Ethanolamine 8
Diethylene Glycol 40 Ethoxylated Alcohols C;, — C,, 40
Diethylene Glycol Monabutyl Ether 40 Ethoxy Triglycol 40
Diethylene Glycol Monobutyl Ether Ethyl Acetate 34

Acetate 34 Ethyl Alcohol 20
Diethylene Glycol Monoethyl Ether 40 Ethyl Acrylate (inhibited) 14
Diethylene Glycol Monomethyl Ethylamine 7

Ether 40 Ethyl Benezne 32
Diethylenetriamine 7 Ethyl Butanol 20
Diethylethanolamine 8 Ethyl Chloride 36
Diheptyl Phthalate 34 Ethylene 30
Diisobutylene 30 Ethylene Chlorohydrin 20
Diisobutyl Carbinol 20 Ethylene Cyanohydrin 20
Diisobutyl Ketone 18 Ethylenediamine 7
Diisodecyl Phthalate 34 Ethylene Dibromide 36
Diisopropanolamine 8 Ethylene Dichloride 36
Diisopropylamine 7 Ethylene Glycol 20
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Resinous Petroleum 33 Propylene Glycol 20
Rosin 33 Propylene Oxide 16
Sperm 33 Propylene Tetramer 30
Spindle 33 Propyl Ether 41
Spray 33 Pyridine 9
Tall 34
Tanner’s 33 Sodium Hydrosulfide Solution
Turbine 33 (45% or less) 5
Oleum * Sorbitol 20
Styrene (inhibited) 30
Pentadecanol 22 Sulfolane 39
Pentane 31 Sulfur (molten) *
Pentene 30 Sulfuric Acid 2
Pentyl Aldehyde 19 Sulfuric Acid, Spent 2
Perchloroethylene 36
Petrolatum 33 Tallow 34
Petroleum Naphtha 33 Tallow Fatty Alcohol 20
Phenoi 21 1, 1, 2, 2-Tetrachloroethane 36
Pentachloroethane 36 Tetradecanol 20
Phosphoric Acid 1 Tetradecene 30
Phosphorus * Tetradecylbenzene 32
Phthalic Anhydride (molten) 11 Tetraethylene Glycol 40
Polybutene 30 Tetraethylenepentamine 7
Polyethylene Glycols 40 Tetrahydrofuran 41
Polymethylene Polyphenylisocyanate 12 Tetrahydronaphthalene 32
Polypropylene 30 Tetrasodium Salt of EDTA Solution 43
Polypropylene Glycol Methyl Ether 40 Toluene 32
Polypropylene Glycols 40 Toluene Diisocyanate 12
Propane 31 1, 2, 4-Trichlorobenzene 36
Propanolamine 8 Trichloroethylene 36
Propionaldehyde 19 Tridecanol 20
Propionic Acid 4 Tridecene 30
Propionic Anhydride 11 Tridecylbenzene 32
Propyl Acetate 34 Triethanolamine 8
Propyl Alcohol 20 Triethylamine 7
Propylamine 7 Triethyl Benzene 32
Propylene 30 Triethylene Glycol 40
Propylene Butylene Polymer 30 Triethylenetetramine 7



Xiv

Tripropylene Glycol
Turpentine

Undecanol
Undecene
Undecylbenzene

Valeraldehyde

Vinyl Acetate (inhibited)

Vinyl Chloride (inhibited)
Vinylidene Chioride (inhibited)
Vinyl Toluene (inhibited)

Xylen¢

1. Non-Oxidizing Mineral Acids

Hydrochloric Acid
Hydrofluoric Acid
Phosphoric Acid

2. Sulfuric Acids

Spent Sulfuric Acid
Sulfuric Acid (98% or less)

3. Nitric Acid
Nitric Acid (70% or less)

4. Organic Acids

Acetic Acid
Butyric Acid

- Formic Acid

Propionic Acid
Acrylic Acid (inhibited)

30

20
30
32

19
13
35
35
30

32

5. Caustics

Caustic Potash Solution

Caustic Soda Solution

Cresylate Spent Caustic Solution

Sodium Hydrosulfide Solution
(45% or less)

6. Ammonia

Ammonia, Anhydrous

Ammonium Hydroxide (28% or less)
Ammonium Nitrate. Urea, Water Solutions

* (containing Ammonia)

7. Aliphatic Amines

Butylamine
Cyclohexylamine
Dibutylamine
Diethylamine
Diethylenetriamine
Diisopropylamine
Dimethylamine
Di-n-propylamine
Ethylamine
Ethylenediamine
Hexamethyleneimine
Methylamine
Morpholine
Propylamine
Tetraethylenepentamine
Triethylamine
Triethylenetetramine

8. Alkanolamines

Aminoethylethanolamine
Diethanolamine '
Diethylethanolamine



Diisopropanolamine
Dimethylethanolamine
Ethanolamine
Propanolamine
Triethanolamine

9. Aromatic Amines
Aniline

Pyridine
2-Methyl-5-Ethylpyridine

10. Amides

Dimethylformamide

11. Orgenic Anhydrides

Acetic Anhydride
Phthalic Anhydride
Propionic Anhydride

12. Isocyanates

Diphenylmethane Diisocvanate
Polvpheny! Polymethyleneisocyanate
Toluene Diisocyanate

13. Vinyl Acetate
Vinyl Acetate (inhibited)

14. Acrylates

Butyl Acrylate (inhibited)

Butyl Methacrylate (inhibited)
Decyl Acrylate (inhibited}

Ethyl Acrylate (inhibited)
2-Ethylhexvl Acrvlate {inhibited)
Ethyl Methacrylate (inhibited)

. Methyl Acrylate (inhibited)
Methyl Methacrylate (inhibited)

Acrylonitnie (inhibited)
Allyl Alcohol

Allyl Chloride

1, 3-Dichloropropene

16. Alkylene Oxides

Propylene Oxide
Butylene Oxide

17. Epichlorohydrin
Epichlorohydrin

18. Ketones

Acetone

Camphor Oil
Cyclohexanone
Diisobutyl Ketone
[sophorone

Mesitvl Oxide

Methyl Ethyl Ketone
Methvi Isobutyl Ketone

19. Aldehydes

Acetaldehyde
Acrolein (inhibited)
Butyraldehyde
Decaldehyde
Ethylhexaldehyde
Formaldehvde
Glutaraldehvde Solution
Glyoxal Solution
Methylbutyraldehyde
Octyl Aldehyde
Pentyl Aldehyde
Propionaldehyde
Valeraldehyde

XV
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20. Alcohols, Glycols

Amyl Alcohol

Butyl Alcohol

1, 3-Butylene Glycol -
Cyclohexanol

Decyl Alcohol
Diacetone Alcohol
Diisobutyl Carbinol
Dodecanol

Ethanol

Ethoxylated Alcohols C;; — Cys
Ethyl Alcohol
Ethylbutanol

Ethylene Chlorohydrin
Ethylene Cyanohydrin
Ethylene Glycol
2-Ethyl Hexanol
Furfuryl Alcohol
Glycerin

Hexanol

Hexylene Glycol
Methanol

Methyl Alcohol
Methylamyl Alcohol
Methylisobutyl Carbinol
Octyl Alcohol

Nonyl Alcohol
Pentadecanol

Propyl Alcohol
Propylene Glycol
Sorbitol

Tallow Fatty Alcohol
Tetradecanol
Tridecanol

Undecanol

21. Phenols and Cresols
Carbolic Oil

Creosote, Coal Tar
Cresols

Nonyl Phenol
Phenol

22. Caprolactam Solution

Caprolactam Solution

23-29. Unassingned
30. Olefins

Butadiene (inhibited)
Butene

Butylene

Decene
Dicyclopentadiene
Diisobutylene
Dodecene

Ethylene

Hexene

Isoprene (inhibited)

Methyl Acetylene. Propadiene Mixture
(stabilized) (alpha—) Methyl Styrene

(inhibited)
Nonene
Octene
Pentene
Polybutene
Polypropylene
Propylene
Propylene Butylene Polymer
Propylene Tetramer
Styrene (inhibited)
Vinyl Toluene (inhibited)
Tetradecene
Tridecene
Turpentine
Undecene



31. Paraffins

Butane
Cycloaliphatic Resins
Cyclohexane
Decane
Dodecane
Ethane
Heptane
Hexane
Methane
Nonane
Octane
Pentane
Propane

32. Aromatic Hydrocarbons

Benzene

Benzene, Toluene. Xylene (crude)
Cumene

Cymene

Decylbenzene
Diethylbenzene
Dodecylbenzene
Ethylbenzene
Naphthalene
Tetradecylbenzene
Tetrahydronaphthalene
Toluene
Tridecylbenzene
Triethylbenzene
Undecylbenzene
Xylene

33. Misc. Hydrocarbon Mixtures

Asphalt
Asphalt Blending Stocks
Diphenyl — Diphenyl Oxide

Distillates
Gas Oil, Cracked

Gasoline Blending Stocks

Gasolines

Jet Fuels
Kerosene
Mineral Spirits
Naphtha

Qils. Crude
Oils, Diesel
Oils, Coal

Oils, Fuel (No. 1 thru No. 6)

Oils. Residual
Oiis, Road

Oils, Transformer
Petrolatum
Petroleum Naphtha

34. Esters

Amyl Acetate

Amyl Tallate

Butyl Acetate

Butyl Benzyl Phthalate
Castor Oil

Coconut Oil
Cottonseed Oil
Dibutyl Phthalate

Diethylene Glycol Monobutyl Ether

Acetate
Diheptyl Phthalate
Diisodecyl Phthalate
Dinonyl Phthalate
Dioctyl Phthalate
Diundecyl Phthalate
Ethyl Acetate

Ethylene Glycol Monobutyl Ether Acetate
Ethylene Glycol Monoethyl Ether Acetate

Ethylhexyl Tallate

XVii
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Fish Qil

Glycol Diacetate
Lard

Methyl Acetate
Methyl Amyl Acetate
Octyl Epoxy Tallate
Oitive Oil

Palm Qil

Peanut Oil

Propyl Acetate
Safflower Oil
Soybean Oil

Tallow

Tucum Qil
Vagetable Oil

35. Vinyl Halides

Vinyl Chloride (inhibited)
Vinylidene Chloride (inhibited)

36. Halogenated Hydrocarbons

Carbon Tetrachloride
Chlorobenzene
Chloroform
Dichlorobenzene

1, 1-Dichloroethane
Dichloroethyl Ether
Dichloromethane

1, 1-Dichloropropane
1, 2-Dichloropropane
Ethy! Chloride
Ethylene Dibromide -
Ethylene Dichloride
Methyl Bromide
Methyl Chloride
Pentachloroethane
Perchloroethylene

42. Nitrocompounds

(mono—) Nitrobenzene
1- or 2-Nitropropane
Nitrotoluene

1, 1, 2, 2-Tetrachloroethane
1, 2, 4-Trichlorobenzene
Trichloroethylene

37. Nitriles

Acetonitrile
Adiponitrile

18. Carbon Disuifide

39. Sulfolane

40. Glycol Ethers

Diethylene Glycol

Diethylene Glycol Monobutyl Ether
Diethylene Glycol Monoethyl Ether
Diethylene Glycol Monomethy! Ether
Dipropylene Glycol

Ethoxy Triglycol

Ethylene Glycol Monobuty! Ether
Ethylene Glycol Monoethyl Ether
Ethylene Glycol Monomethyl Ether
Nonylphenol, Ethoxylated
Polyethylene Glycols

Polypropylene Glycols
Polypropylene Glycols Methyl Ether
Soybean Qil, Epoxidized
Tetraethylene Glycol

Triethylene Glycol

Tripropylene Glycol

41. Ethers

Butyl Ether

1, 4-Dioxane

Ethyl Ether

Methyl Formal (Dimethyl Formal)
Propyl Ether

Tetrahydrofuran

43. Miscellaneous Water Solutions

Ammonium Nitrate, Urea, Water Solutions

(not containing Ammonia)
Corn Syrup
Dextrose Solution
Latex Solutions
Tetrasodium Salt of EDTA Solution
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MANUIN A A1 TLV uay PEL 1e9g13taRlumazaiia (Crowl and Louvar, 1999)

Threshold Limit Value' OSHA Permissible Exposure

Time Weighted Average Level (PEL)

Substance ppm mg/m®, 25°C ppm mg/m’, 25°C
Acetaldehyde 100 180 100 180
Acetic acid 10 25 10 25
Acetone 750 1780 750 . 1780
Acrolein 0.1 0.25 0.1 0.25
Acrylic acid (skin) 2 6
Acrylonitrile* (skin) 2 45 2 4.5
Ammonia 25 18 25 18
Aniline (skin) 2 8 2 8
Arsine 0.05 02 - 0.05 0.2
Benzene* 10 30 10 30
Biphenyl 0.2 1.5 0.2 15
Bromine 0.1 0.7 0.1 0.7
Butane 800 1900
Caprolactum (vapor) 0.22 1
Carben dioxide 5000 9000 5000 9000
Carbon monoxide 50 55 35 38
Carbon tetrachloride® {skin) 5 30 2 12
Chlorine . 0.5 1.5 05 1.5
Chloroform®* 10 50 2 10
Cyciohexane 300 1015 300 1015
Cyclohexanol (skin) 50 200 50 200
Cyclohexanone (skin) 25 100 25 100
Cyciohexene 300 1010 300 1010
Cyclopentane 600 1720
Diborane : 0.1 0.1 0.1 0.1
1,1 Dichloroethane 200 810 100 400
1,2 Dichloroethylene 200 790 200 796
Diethylamine 10 30 10 30
Diethyl ketone 200 705
Dimethylamine 10 18 10 i8
Dioxane (skin) 25 90 25 G
Ethyl acetate 400 1400 400 1400
Ethylamine 10 18 10 18
Ethyl benzene 100 435 100 435
Ethyl bromide 200 290 A 890
Ethyl chloride 1000 2600 1000 2600
Ethylene dichloride 10 40 1 4
Ethylene oxide® 1 2 1 2
Ethyl ether 400 12(4 400 1204
Ethyl mercaptan 0.5 1 0.5 1
Fluorine 1 2 0.1 0.2
Fprmaldehyde* 1 1.5 1. 1.5
Formic acid 5 9 5 9
Furfural (skin) 2 8 2 B
Gagsoline 300 G0
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Threshold Limit Value' OSHA Permissible Exposure

Time Weighted Average Level (PEL)
Substance ppm mg/m’, 25°C ppm mg/m’, 25°C
Heptane 400 1600 400 1600
Hexachloroethane 1 10 1 10
Hexane 50 180 50 180
Hydrogen chloride ©TIMV-C: 5 7 5 7
Hydrogen cyanide (skin) TLV-C: 10 10 10 10
Hydrogen fluoride TILNV-C: 3 25 3 2.5
Hydrogen peroxide 1 1.5 1 {20%) 1.4 (909%)
Hydrogen sulfide 10 14 10 14
lodine TLV-C: 0.1 1 0.1 1
Isobutyl alcohol 50 150 50 150
Isopropy] aleohol 400 920 400 980
Isopropyl ether 250 1050 250 1050
Ketene 0.5 09 0.5 0.9
Maleic anhydride 0.25 1 025 1
Methyl acetate 204 381 200 610
Methyl acetylene 1000 1650 1000 1650
Methyl alcohol 200 260 200 260
Methylamine i0 12 10 12
Methyl bromide (skin) 5 20 5 20
Methyl chloride 50 105 S0 105
Methylene chloride* 50 175 50 175
Methyl ethyl ketone 200 590 200 590
Methyl formate 100 250 100 250
Methyl isocyanate (skin) 0.02 0.05 0.02 0.05
Methyl mercaptan 0.5 | 0.5 1
Napthalene 10 50 10 50
Nitric acid 2 s 2 5
Nitric oxide 25 30 25 30
Mitrobenzene (skin) 1 -1 1 5
Nitrogen dioxide 3 6 3 6
Nitromethane 100 250 100 250
MNonane 200 1050
Octane 300 1450 300 1450
Oxalic acid 1 1
Ozone TLV-C; 0.1 0.2 0.1 0.2
Pentane 600 1800 600 1800
Phenol (skin) 5 19 5 19
Phosgene 0.1 04 0.1 0.4
Phosphine 03 0.4 03 0.4
Phosphoric acid 1 1
Phthalic anhydnide 1 6 1 6
Pyridine 5 15 5 15
Styrene, monomer (skin) 50 215 50 215
Sulfur dioxide 2 5 2 5

Toluene (skin) 100 375 100 375
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Threshold Limit Value' OSHA Permissible Exposure

Time Weighted Average Level (PEL)
Substance ppm mg/m’, 25°C ppm mg/m’, 25°C

Trichloroethylene 50 270 50 o
Triethylamine 10 40 10 40
Turpentine 100 560 100 560
Vinyl acetate 10 30
Vinyl chloride** 5 10 5 10
Xylene 100 435 100 435
*possible carcinogen
**human carcinogen

'Documentation of the Threshold Limit Values and Biological Expasure Indices, Sth ed. (Cincinnati:
American Conference of Governmental Industrial Hygienists, 1986).



N1ANUIAN 9 Saturation vapor pressure data (Crow and Louver, 2002)

B
C+T

In(P*™) = A -

where

P is the saturation vapor pressure (mm Hg),
T is the temperature (K), and
A, B, C are constants given below.

Species Formula Range(K) A B Cc

Acetone C;H,O 241-350 16.6513 2940.46 —-35.93
Benzene C¢H, 280-377 15.9008 2788.51 -52.36
Carbon tetrachloride CCl, 253-374 15.8742 2808.19 —45.99
Chloroform CHCl, 260-370 15.9732 2696.79 —-46.19
Cyclohexane CeH,, 280-380 15.7527 2766.63 -50.50
Ethyl acetate C,H0, 260-385 16.1516 2790.50 -57:15
Ethyl alcohol C,H,O 270-369 189119 3803.98 —41.68
n-Heptane C;Hy 270-400 15.8737 2911.32 -56.51
n-Hexane CeHy, 245-370 15.8366 2697.55 —48.78
Methyl alcohol CH,O 257-364 18.5875 3626.55 -34.29
n-Pentane CH,, 220-330 15.8333 2477.07 -39.94
Toluene C¢H:CH; 280-410 16.0137 3096.52 -53.67
Water H,O 284-441 18.3036 3816.44 —46.11

!Selected from David Himmelblau, Basic Principles and Calculations in Chemical Engineering (New Jer-

sey: Prentice Hall, 1982), p. 591.
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NANUWIN A Unit conversion constant (Crowl and louvor, 2002)

Volume Equivalents

XXV

in®

f* US gal L m?
1 5787 x 1074 4329 x 1073 1.639 X 102 1.639 X 10°°
1728 1 7.481 28.32 2.832 X 1072
231 0.1337 1 3.785 3,785 x 1073
61.03 3.531 x 102 0.2642 1 1.000 x 1073
6.102 x 10* 35.31 264.2 1000 1
Mass Equivalents
avoirdupois oz. Ib,, grains g kg
1 " 6.25 X 102 437.5 28.35 2.835 X 1072
16 1 7000 453.6 0.4536
2.286 x 107* 1.429 x 10°¢ 1 6.48 X 10°? 6.48 X 10°°
3.527 X 1072 220 %107} 15.432 1 0.001
35.27 2.20 15432 1000 1
Linear Measure
m in ft mi
1 3937 3.2808 6.214 x 10 ¢
254 x 1072 1 8333 x 10 ? 1.58 x 10 °
0.3048 12 1 1.8939 x 10°*
1609 6.336 % 109 5280 1
Power Equivalents
HP kW ft-lb/s Btu/s J/s
1 0.7457 550 0.7068 745.7
1.341 1 737.56 0.9478 1000
1818 x 10 1.356 x 1077 1 1.285 x 107 1.356
1.415 1.055 77816 1 1055
1.341 < 10 7 LAKKY % 107 0.7376 9.478 x 1071 1
Heat, Energy, or Work Equivalents
ft-lb, KW hr HP hr Btu cal J
| 3.766 % 1077 50505 % 1077 1.285 x 1077 0.3241 1.356
2655 x 10| 1.341 34128 R.6057 % 1Y 3.6 x 10°
198 x 10 0,7455 | 2545 6.4162 % ¥ 2.6845 % 10°
778.16 2930 x 107° 3930 x 10°* 1 252 1055
3.086 1.162 X 107" 1.558 x 107 397 x 1077 1 4.184
0.7376 2773 X107 3725 %107 9.484 x 101 0).2390) 1




XXVi

Pressure Equivalents

mm Hg in Hg bar atm kPa psia
1 3937 % 1077 1.333 % 107} 1.316 x 1077 0.1333 1.934 x 107
25.40 | 0.03387 332 x 107 3387 0.4912
750.06 29.53 1 0.9869 100.0 1.415 x 10°°
760.0 29.92 1.013 1 101.3 14.696
7.502 0.2954 0.01000 9872 % 10°F 1 (11451
51.71 2036 6893 x 10772 6803 % 1072 6.893

Ideal Gas Constant R,

1.9872 cal/g-mol K
1.9872 Btu/Ib-mol°R
10.731 psia ft*/Ib-mol°R

8.3143 kPa m¥/kg-mol K = 8.314 J/g-mol K

82.057 cm® atm/g-mol K = 8.2057 X 10~° m’ atm/mol K
0.082057 L atm/g-mol K = 0.082057 m" atm/kg-mol K

21.9 (in Hg) ft/Ib-mol°R
0.7302 ft’ atm/Ib-mol°R
1,545.3 ft Ib/1b-mol°R

8.314 x 10° kg m*/kg-mol s’ K

Gravitational Constant, g.

32.174 ft-Ib,/Ib,-s>
1 (kg m/s’)/N
1 (g cm/s’)/dyne

Miscellaneous

1 Poise = 100 centipoise = 0.1 kg/ms = 0.1 Pas = 0.1 N s/m’

IN=1kgm/s’
1J=1Nm = 1kgm’s’
1 centipoise = 1 X 10 *kg/m s = 2.4191 Ib, /ft-hr = 6.7197 x 10 * Ib,, /ft-s
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NANUIN R Saturated Steam English Units

SATURATED STEAM ENGLISH UNITS
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nmanuan 1 2- K Method
For pipe fittings, valves, and other flow obstructions the traditional method

has been to use an equivalent pipe length Le,,, in Equation (1-1).

afL
K= ’;., . (@-1)

The problem with this method is that the specified length is coupled to the
friction factor. An improved approach is to use the 2-K which uses the actual flow
path length in Equation (1-1) equivalent lengths are not used and provides a more
detailed approach for pipe fittings, inlets, and outlets. The 2-K method defines the
excess head loss in terms of two constants, the Reynolds number and the pipe

internal diameter:

K1)
K;= Re K. {1+ Do) (1-2)

where
K, is the excess head loss (dimensionless),
K, and K, are constants (dimensionless),
Re is the Reynolds number (dimensionless), and

ID,,,,, is the internal diameter of the flow path (inches).

For pipe entrances and exits Equation (1-2) is modified to account for the

change in kinetic energy:

K K + K
¥ RE = =

...(1-3)
For pipe entrances, K; =160 and K= 0.50 for a normal entrance and K,

= 1.0 for a Bordatype entrance. For pipe exits, K;= 0 and K, = 1.0. The K

factors for the entrance and exit effects account for the changes in kinetic energy

through these piping changes, so no additional kinetic energy terms in the

mechanical energy balance must be considered. For high Reynolds numbers (that
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is, Re > 10,000) the first term in Equation (1-3) is negligible and K; =K, For low
Reynolds numbers (that is, Re < 50) the first term dominates and K, =K, /Re.

Equations are also available for orifices and for changes in pipe sizes.

The 2-K method also represents liquid discharge through holes. From the
2-K method an expression for the discharge coefficient for liquid discharge
through a hole can be determined.

The result is

1
S — .(1-4)

’ﬁ,"lll + 2K

C,=

where Z K is the sum of all excess head loss terms, including entrances,
exits, pipe lengths, and fittings, provided by Equations (1-1), (4-2) and (%-3). For a
simple hole in a tank with no pipe connections or fittings the friction is caused only
by the entrance and exit effects of the hole.
For Reynolds numbers greater than 10,000, K; = 0.5 for the entrance and K, =
1.0 for the exit.

Thus Z K = 1.5, and from Equation (1-4), C, = 0.63, which nearly matches
the suggested value of 0.61.

The solution procedure to determine the mass flow rate of discharged
material from a piping system is as follows:

1. Given: the length, diameter, and type of pipe; pressures and elevation changes
across the piping system; work input or output to the fluid resulting from
pumps, turbines, etc.; number and type of fittings in the pipe; properties of the
fluid, including density and viscosity.

2. Specify the initial point (point 1) and the final point (point 2). This must be done
carefully because the individual terms in Equation 4.28 are highly dependent
on this specification.

3. Determine the pressures and elevations at points 1 and 2. Determine the initial

fluid velocity at point 1.
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4. Guess a value for the velocity at point 2. If fully developed turbulent flow is
expected, then this is not required.

5. Determine the friction factor for the pipe using Equations (5.24) through
Equation (5.27) and a single solution has been proposed by Chen (Crowl and

louver, 2002) to provide the friction factor f over the entire range of Renolds

number shown in Figure 5.7. This Equation is

1 4] ( eld _5.0452]ugfl)
Vi OB\ 37065 Re )

where

B 'Eﬁlr#j'..lll:ﬂi . 5.350‘6‘:|
| 2.8257 R

6. Determine the excess head loss terms for the pipe (using Equation (%i-1)), for
the fittings (using Equation (-2)), and for any entrance and exit effects (using
Equation (1-3)). Sum the head loss terms, and compute the net frictional loss
term using Equation (5.29). Use the velocity at point 2.

. Compute values for all the terms in Equation (5.28), and substitute into the
equation. If the sum of all the terms in Equation (5.28) is zero, then the
computation is completed. If not, go back to step 4 and repeat the calculation.

. Determine the mass flow rate using the equation m= pU Am = pGA.

If fully developed turbulent flow is expected, the solution is direct. Substitute

the known terms into Equation (5.28), leaving the velocity at point 2 as a variable.

Solve for the velocity directly.

So if we use this 2-K method, the table 5.2 (mmq‘ﬁ' 5.2 ANAYNNENITALLYINTBIYID

(Equivalent lengths for various pipe fitting) Inainnsuafaadlunisiuasuuthlau (Turbulent flow)

171111 (Crowl and Louvar, 1999)) will be changed to Table as follows:
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Table 1-1  2-K Constants for Loss Coefficients in Fittings and Valves

Fittings Description of fitting K K.
Elbhows Standard (/D = 1), threaded B[00 0.40
an- Standard (¢/D = 1), langed/welded 200 0.25
Long radius (#/D = 1.5), all types 800 0.20
Mitered {r/D = 1.5): 1 weld (207) 1000 1.15
2 welds (45°) B0 0.35
3 welds (30°) 800 0.3
4 welds (22.5%) 800 0.27
S welds (187) B0 0.25
45° Standard (r/D) = 1}, all types S00 .20
Long radius (7D = 1.5) SO0 015
Mitered, 1 weld (45°) SO0 025
Mitered, 2 welds (22.5%) 500 0.15
180° Standard (r/D = 1}, threaded 1004} .60
Standard (7' = 1), langed ‘welded 1KY 0.35
Long radius (7D = 1.5), all types 1000 0.30
Tees

Used as elbows Standard, threaded 500 0.70
Long radius, threaded B0 0.40
Standard, flanged /welded 800 0.80
Stub-in branch 1000 1.00
Run-through Threaded 200 0.10
Flanged 'welded 150 0.50
Stub-in branch 100 0.00

Valves
Gale, ball or plug Full line size, 8 = 1.0 300 0.10
Reduced trim, @ = 0.9 500 013
Reduced trim, g = 0.8 1000 .25
Globe Standard 1506} 4.00
Angle or Y-type 1000 2.00
Diaphragm Dam type 1000 200
Butterfly SO0 (.25
Check Laft 2000 10.0
Swing 1500 1.50
Tilting disk 1000 (.50

"William B. Hooper, Chemical Engineering, (Aug. 24, 1981), p. 97.
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