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Abstract: The screening methodology modeling, dispersion modeling procedures for continuous and instantaneous releases of the gas phase flow
from the storage tank and pressure relief valve were considered. This study was performed to develop the screening methodology for prediction and
control of hazardous/toxic gas releases by estimating the 1-hr average maximum ground-level concentration of Cl gas vs. downwind distance by
incorporating source term model including the general/physical properties of released material and release mode of the Clz storage tank of the
chemical plant facilities, dispersion model, and meteorological/topographical data into the TSCREEN model. As the results of the study, it was found
that dispersion modes of the dense gas were affected by the state of the released material, the released conditions, physical-chemical properties of
released material, and the released modes (continuous and instantaneous releases), and especially largely affected by initial (depressurized) density of
the released material and release emission rate as well as the wind velocity. Especially, this study was considered to release hazardous material as
meteorological data. It was thought that this screening methodology can be useful as a preliminary guideline for application of the refined analysis
model by developing the generic sliding scale methodology for various senarios selected.

Keywords: screening methodology, Cl; gas, TSCREEN model, analysis model, sliding scale

1. M 2 [3]. ol 232 71&L FaAEAGtY dsoz oA ©
A% 7% ddsle 7F AUILEL A Yste 19ty

759} t)7] F7%(the Clean Air Act Amendments of 1990)2 2™, Britter-McQuaid 2 #(1989) % RVD R2(1989)5S 23
#a WNEHEAL B2l $E2A3 ¥A ¢ FEos = st gtk £3 dr71E4ERY FEd Ugd A=Y 7148 A}
32 98 F4 4L 27y gt 9 sHY Be x[}xn = T A AA] A 2agd g 248 74
2 AU eRY $3 W/EN2RY $293S A8E7 o A A, 34 L ¥& 27, BAEAY o] malHolof
7hel7) et ety meg HAs geaks AAR Fay AREAZE Mo St AR, AN, #d 59 4L 5
He Aegd Fart gl & 2oyl st 2A Q& HAESo] dAdY ®d 6 34Y
olo] 1|37 4 (USEPA)® “Workbook of Screening Technologies < Aol SRS BFE rEEHS TAR & dE 3w
for Assessing Impacts of Toxic Air Pollutants(Revised)”S @7+ fi E A (refined modeD[78]e] th3t YwrA <l sloj=gelg A T3
sen19], olgd £y B0z TSCREEN 29g 7w 3oZIEARDS A Fgde R Ay gl
3t o] workbooke 187FA9 ThE $% Alug ez R o}y 1991‘3011 “Guidance on the Application for Air Toxic Releases”
= ressed U718 BE2 Bl st AAe Aaay € A eH2], fa WNSHEAY 39 g S8y
e AAn AL B =dd FIHe AT Q 8718 skl ADAM 29, ALOHA =49, DEGADIS Ed,

HGSYSTEM ®¥ % SLAB 249 52 7jdsigich
2 A7 dIRARDYE AP o} 2agy Az
t F AA (e-mail: jongskim@kmucc.keimyung.ac.kr) 22 A v #FAAAN FANNSHEDY A AR, 87

1155



1156 A%
9 otA A E A4S YFFog HFrishy] std FHAEA
Hrte d3tez s FHg dr] AZE FEE AFEe
TSCREEN ®2& Ag3lth TSCREEN 2d-& f3 di7|54
29 1% FE W @), AEYE FeE #Hrlste PCE
238y 2daA 238y 2402 TSCREEN 2d< dAd

olfr TSCREEN =do] #A| w &34 elA AL&stn e 37
9} ~3gy 299 SCREEN 2%, RVD 2%, PUFF =g}
Britter-McQuaid 22(B-M 2€)& A o) Tgstz o} &
57 29 ARG Pria) 238 dARE 7P HEE B
dolgtn ALSH7] o th

2. O|&: A3z2ld YHE JHY

A & AUzlesd mE rEY F9 A2

H g
£

2.1, 2elo] M3
B oarolAt 38390 SFAMNA FER 540l
S 4o fASYbAY FEIFS MY 48 WA 4
& 292 AESE AYP Fo|TeANA FHSH72
24 ATPFE W] A8 PAY FE AU A
3
A
el

ok ME H o r 32 30
lo rlr K

TSCREEN Model & % H% % E}th‘éA 7% 7% ‘011 g g

97, AEY FEE Hrisle Zdel® T3, SCREEN Disper-
sion Model2 A¥EW FTEE A& H°}°4 TSCREEN Model
Well A A3 €t

TSCREEN Model®] Screening 7142 tha3 2+e 7443 23
é% e

Zﬂ-&;ﬂ‘: Screening 71E& AFEAAN FFES Non-
accidenta] Releaseol] thal] A-&3}7) Yatod metsigich

ii) 2& Screening Technique2 854 ti7] 29 EE0] Non-

reactive®]i Non-depositing3tttx 7b43ch, Z82s oy
Screening Technique %34 7hy 22049 AHo= A4

3+ gl
Two-phase Flow$l 739, BE FZ8L AerosolZ Fapiato
Z o] Fdrta et
i) F71RG FAL 7t2e AL 27(#Y) 2=
FEEE 9 59 JFE g ¥ ‘%
o] Agel Fo8A ¥uy dESHe B4 F£54
(Passwe Atmospheric Dispersion Modelin; g) o}
5]‘”4 74 —4 TEE op|A7IE 24

-
Ry

g2 ,‘%‘iﬂ%%}él 3%, 4

x &

v) A7k ¥ rEZFL oY Screemng Technique
2 E3l9 EAlE 4= gl o] Screening Technique & #3E F
oA AIZF Fote) d&FFolgtu s E

vi) 7134 2 A9 BE FEANL o 3AHE spA S

vi) F71RY FAL 7p2a9 -Lr% U AEA ZHE F2
AEoIY Y3} 2 Aol X g2 x3telx gt

%
g B3 Post-release

g dzelM A gAY
"é 49 Y7 For ¥

F3te, A11048 A 8 &, 199

e

Table 1. The Selection of the Model Used for TSCREEN Model

d£%% (Continuous release) | ©7-+% (Instantaneous release)

<Step 1> REA =2
L4 p?/Pair > 11
Negative Bouyancy
(— Go.to Steps 2. or 3.)

<Step 1> ##A=
A4 to?/pair > 1
Negative Bouyancy
(= Go to Steps 2. or 3.)

®po/pur <1, ® 0/ par <1,
Neutral or Positive Bouyancy Neutral or Positive Bouyancy
(- SCREEN 2 %) (= PUFF 29)

<Step 2> FARSAE <Step 2> FALGSHE

®Ri>30: ®Ri>30:
Dense Dense

(= RVD 2¢) (= RVD %)
® Ri<30: o Ri<30 :

Non-Dense (Passive)
(-PUFF Z49)

Non-Dense (Passive)
(— SCREEN =%)

<Step 3> 7|8t F&FF <Step 3> 7|8} F&RHE

oRi < (1/6)° ®BM Criteria > 02,
Dense Dense

(= B-M 29) (> B-M E9)
oRi > (1/6)° ®BM Criteria < 02,

Non-Dense (Passive)
(— SCREEN =%)

Non- Dense (Passive)
(— PUFFE %)
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Table 2. Data Entry(Source Parameters) for Hypothetical
Scenarios

Hypothetical scenario

Area (Ao) of Hole 6.158 cm’

Gas Heat Capacity (Cp) 489 J/kg-K
Reservoir Pressure (P1) 689 X 105 Pa
Molecular Weight (Mw) 70.9 kg/kmol
Ambient Pressure (P,) 101325 Pa

Reservoir Temperature (T:) 320 K

Critical Temperature (Tc) 41715 K

Latent Heat of Vaporization (A) at Ty 2879 X 105 J/kg
Boiling Point Temperature (Tb) 239.05 K

Density at Reservoir (p1) 1836 kg/m3
Ambient Temperature (T.) 293 K
<Non-Vertically Directed Jet>

Total Released Amount (Q) 400 kg

<Britter-McQuaid Model Inputs>

Relative Humidity (Rs) 50%
Averaging Time 15 min (Continuous)
1 min (Instantaneous)

Receptor Location Default
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Table 3. Evaluated Release Characteristics for Hypothetical
Scenarios

Hypothetical scenario

Critical Pressure (P.) : 37,409.34 Pa
— Flow Characteristic © Choked Flow
Gas Temperature (T) at P» 2764043 K
Vapor Pressure (Pv) at T. : 405986 Pa
— Single Phase Flow
Emission Rate (Qm) @ 11,001.003 g/s
Discharge Temperature (T2) : 2829437 K
Discharge Density (p2) : 3053886 kg/m’
Density of Air (par) © 1.20209 kg/m’

— Bouyancy is negative

<Non-Vertically Directed Jet>
Release Duration (Tq) : 6.055085 min
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Figure 1. Concentration profile at downwind distances.

7HE R o F3kAE 100 m A ZAA 27 8280 ppm F 9481
pomlE AEHTh E3 RVD 22 £33 Al d4%E
2 EHFEA] -4 g7 Fd AEE FEE I8 $5 1w/,
7R EsL 7 bdE o FeAE 100 m AR 47
12379 ppm 2 69551 ppmo 2 A&H o)

ALEZo|E £ FEo|E 33 FALFAE} ¢l Britter-
FAZEHERA HHEQ de RVD

ol $ABSACEA W) F02 &
FASYRY 5
22 2940 3

o
2,
L b
g
_?ll

M fie M
N
H,
-
32,
Buigya)
R
e

RS 2

B bl

=~
w4 e
+
on
o o
N
s off 1
QL
)
AC)
2
2
) -{F

> o
ofji
He
o
>
)
N
bl
ol
2
2
>
N OH"
H’I
ifo
©
k)
=
Ll

ofN ¥2 2
do
.{
[
-
e
re
o oox Wi
o flo
N

2
L
o -
)
off
o to
o
2
e
%,
)
>

©
y ok
i o
- O‘N
['0 N
o o
wet o
4
S
>
=]
)

N e
H

a»}zTa F&o] 4842 1)

£7 JEREE ¢ 4 9l o
57+ AT
284 I497 ®aby] W] AW FEE

At

o,
-

-
do O
to 8 ox

A g
N

dz Jb
T o
He o
2
= 2
30 Mo N
[#

e

4 5
ofN
N
_O|L
=]

»

ox,

9 TEE o] A7lE 7
1‘1“1" A 7] i74°ﬂ Sk

oxl M
10 of
2 b
=8 o
_llrrlE
oX, on

F

b ol ol
o = |
SR
o
%

o < ig
K 30, a
_[{'g 2 rlo
2141

_?L

K
ol

Lo

ok

>

rr
§‘£
_u

B
£ o

X g
ol

=)

N ool

2

r_,

WDz, 4% Fho WEFE, A7

FE7hast o) FA 489 EFow
S 7)1d ¥EE UEd 4 gong B A3
ot 299 vEE oAl VIBERAEL X
37t & + 98e WEstn Yrkn A=

met o,
> ox
% b

W o

LA (]
I of 2 M1
2ol Mt o fff fo N

~N

o2
SR A < §
U ox, 2 o N

B b o K1 ofd n@ A
5 °’>“ x;:

,4
o

rd o
off

Ho
rlr
12
ot
o2
[
)
ol
ot
1y
lo,
=
e
i)
o 2
e
ol
T
o
o 2
lo,
)
of
=2,

o
It
o,
)
[>
e
2
I

3
&

g —\vj—'
ol\
3
o
4
&

Mo
[
o
o)

L et

Ho

or. it

o

3L

[~

10

-r

iy

£

Y

e

X

2
o
ofl
[#:4
I
-
, ol

2 ¥ e My Hr ol

% it
o do
it gt

>, off
il
rir
P
oX
~
b
lo

ox, =

)

ol -

W

.t

>

PN

[t

=2
mﬁgm

of o

oot i

to =2

iz

= I

o {o mo S e wlo

= A
—d
)
Ho
N
P> 7
1o
Mz
2
Ho
ol
—r
e
it
1o,

e
N,

158 rze] B A% 2 Aol 1159

10000
—&A— Continuous (B&M)
—— Continuous (RVD)
—— Instantaneous (B&M)
—o— Instantaneous (RVD)

Concentration (ppm)

a] 1000 2000 3000 4000 5000 5000
Downwind Distance (m)

Figure 2. The effect of wind speed on concentration
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A, area of reservoir hole or opening (m2)

A, flow area representing reservoir conditions (m®)
C, gas (contaminant) heat capacity at 7y (J/kg * K)
D diameter of a storage tank (m)

D, (equivalent) diameter of release hole (as appropriate) (m)
D,  pipe diameter (as appropriate) (m)

f friction factor (dimensionless)

H, gas enthalpy at reservoir conditions (J/kmol)
gas enthalpy at discharge conditions (J/kmol)
gas enthalpy at 7. or P, (J/kmole)

discharge coefficient (dimensionless)

pipe length (as appropriate) (m)

molecular weight of air (kg/kmol)

gas (contaminant) molecular weight (kg/kmol)
pressure at reservoir conditions (Pa)

ambient pressure (Pa)

vapor pressure as a function of temperature (Pa)
choked flow pressure (Pa)

total released amount (kg)

emission rate (kg/sec)

gas constant (8314 J/kmol - K)
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Oair
or

Richardson number (dimensionless)
temperature at reservoir conditions (K)
discharge temperature (K)
ambient tmperature (K)
contaminant normal boiling point (K)
critical temperature (K)
release duration
gas temperature at P, (K)
wind velocity at release height (m)
wind velocity at the anemometer height of 10 m (m)
wind frictional velocity (dimensionless)
vapor fraction at discharge condition (dimensionless)
vapor fraction at 7. or P. (dimensionless)

V Ay/A, (dimensionless)
contaminant density at the normal boiling point (kg/m°>)
contaminant density at the discharge condition (kg/m>)
density of air (kg/m’®)
density of liquids in the reservoir (kg/m°)

(Coye 1

Cv a-—=8—)

C.M,
heat of vaporization at the normal boiling point (J/kg)

at T, (dimensionless)
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