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<Abstract>

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 Cl2 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. For this screening modeling,
dispersion modeling procedures for continuous and instantaneous releases of the gas phase
and two-phase flow from the storage taﬁk and pressure relief valve were considered.

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(gas phase, two-phase flow), the released
conditions(temperature, pressure), physical-chemical properties of released material, and the
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 and the atmospheric stability. Consequently, it was found that the
maximum ground-level concentration increases as the wind speed is low and the
atmospheric stability is stable.

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.
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Table 1. Data entry(source parameters) for two hypothetical scenarios

[4]

Hypothetical Scenario #1

Hypothetical Scenario #2

Area of Hole (Ao) : 6.158 cm®
Gas Heat Capacity (Cp) : 489 J/kg-K
Reservoir Pressure (P;) : 689%10° Pa
Molecular Weight (Mw) : 70.9 kg/kmol
Ambient Pressure (P,) : 101,325 Pa
Reservoir Temperature (T1) : 320 K
Critical Temperature (Tc) : 417.15 K
Latent Heat of Vaporization (1) at Ty :
2.879%10° J/kg
Boiling Point Temperature (Tp) @ 239.06 K
Density at Reservoir (p;) : 18.36 kg/m’
Ambient Temperature (Ta) : 203 K

<Non-Vertically Directed Jet>
Total Released Amount (Q) : 400 kg

<Britter-McQuaid Model Inputs>
Relative Humidity (Rn) : 50 %
Averaging Time : 15 min (Continuous)
1 min (Instantaneous)

Receptor Location : Default

<Vertically Directed Jet>
Total Released Amount (Q) : 400 kg

<RVD Model Inputs>
Release Height above the Ground : 10 m
Exhaust Gas Exit Velocity : 97.38 m/s
Pollutant Concentration (Vol.) : 100 %
Pollutant Molecular Weight : 70.9 kg/kmol
Urban/Rural Classification : Rural
: 15 min (Continuous)

1 min (Instantaneous)

Averaging Time

Area of Hole (Ao) : 81.07 cm®
Gas Heat Capacity *(Cp) : 489 J/kg-K
Reservoir Pressure (P1) @ 2.586X 10° Pa
Molecular Weight (Mw) : 70.9 kg/kmol
Ambient Pressure (P.) : 101,325 Pa
Reservoir Temperature (T1) @ 3492 K
Critical Temperature (Tc) @ 417.15 K
Latent Heat of Vaporization (1) at Ty :
2.879%10° J/kg
Boiling Point Temperature (Tb) : 239.05 K
Density at Reservoir (p1) @ 1,574 kg/m’
Ambient Temperature (Ta) : 203 K

<Non-Vertically Directed Jet>
Total Released Amount (Q) : 400 kg

<Britter-McQuaid Model Inputs>
Relative Humidity (Ry) : 50 %
Averaging Time : 15 min (Continuous)

1 min (Instantaneous)
Receptor Location : Default

<Vertically Directed Jet>
Total Released Amount (Q) : 400 kg

<RVD Model Inputs>

| Release Height above the Ground : 10 m

Exhaust Gas Exit Velocity : 148.87 m/s
Pollutant Concentration (Vol.) : 100 %
Pollutant Molecular Weight : 70.9 kg/kmol
Urban/Rural Classification : Rural
Averaging Time : 15 'min (Continuous)

TSCREEN Edef 21 7zt +& Avgled digt 238 $HE dxs o3 2ol
(1) 7F3f AAE7128E2 Cl, £719 vd4 ¥Z(Single-phase Release) : 7} A}

Q. #1 :
G w9 23 WHE
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Table 2. Evaluated release characteristics for two hypothetical scenarios

Hypothetical Scenario #1 Hypothetical Scenario #2

Critical Pressure (P.) @ 374,093.4 Pa Critical Pressure (P.) @ 1,404,072 Pa
— Flow Characteristic : Choked Flow — Flow Characteristic - Choked Flow
Gas Temperature (T.) at P. : 2764043 K Gas Temperature (T.) at P. : 3016262 K

Vapor Pressure (Pv) at T. : 405986 Pa Vapor Pressure (Py) at T. @ 83,2625 Pa
— Single Phase Flow — Two-Phase Flow
Emission Rate (Qu) @ 1,100.1003 g/s Emission Rate (Qm) @ 62,583.96 g/s
Discharge Temperature (Tz) : 282.9437 K Discharge Temperature (T2) : 341572 K
Discharge Density (pz) @ 3.053886 kg/m’ Discharge Density (p2) : 2529709 kg/m’
Density of Air (pay) @ 1.20209 kg/m’ Vapor Fraction at Discarge (Xz) @ 1.105221

— Bouyancy is negative Density of Air (Pai) © 120209 kg/m’
— Bouyancy is negative

Release Duration (Tq) : 6.055085 min Release Duration (Ta) : 0.106524 min
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22| gL ALole AR x5 gtEo] YA A vl A7) L5} gHEo)
AR e Feole FEEEE A7t wet =24 ¥3kA Bck(Spicer, 1992).

I FEAUE L #29 Ade P.(F1404072 Pay> P,(=101,3%5 Pa)olng 2 EAL
AzEow, T.(=3016 K)lAMY Fi9 5719, P(=8332625 Pa)< P,(=1,404072 Pa)o]= &
o] Yoy} 24 BEL A, WEUE, 0,(=25 kg/m)> 04, (512 kg/md)ol g 9] 2
g 7lAEA] F7) R FAHLR 7tAe HEE HolA Hu, ¥&7& 01 2og WrtE o).
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Fig. 1. Concentration Profile at Downwind Distances for Scenario #1.
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Fig. 2. The Effect of Wind Speed on Concentration for Scenario #1(Continuous; RVD).
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Fig. 3. The Effect of Wind Speed on Coneentration for Scenario #1(Instantaneous; RVD).
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Fig. 4. Concentration Profile at Downwind Distances for Scenario #2.
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Fig. 6. The Effect of Wind Speed on Concentration for Scenario #2(Instantaneous; RVD).
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A, area of reservoir hole or opening (m?
A, flow area representing reservoir conditions (m?)
C, gas (contaminant) heat capacity at T, (J/kg - K)

diameter of a storage tank (m)
, (equivalent) diameter of release hole (as appropriate) (m)

D

D

D, pipe diameter (as appropriate) (m)

f friction factor (dimensionless)

H, gas enthalpy at reservoir conditions (J/kmol)
H, gas enthalpy at discharge conditions (J/kmol)
H, gas enthalpy at T, or P, (J/kmol)

K discharge coefficient (dimensionless)
L, pipe length (as appropriate) (m)
molecular weight of air (kg/kmol)

=5

gas (contaminant) molecular weight (kg/kmol)

pressure at reservoir conditions (Pa)

—

ambient pressure (Pa)

vapor pressure as a function of temperature (Pa)

<

I

*

choked flow pressure (Pa)

total released amount (kg)

emission rate (kg/s)

ideal gas constant (=8,314 J/kmol + K)
Richardson number (dimensionless)

%Rﬁg{)@

T, temperature at reservoir conditions (K)
T, discharge temperature (K)

T, ambient tmperature (K)

T, contaminant normal boiling point (K)
T, critical temperature (K)

T; release duration (s)

T, gas temperature at P, (K)

u  wind velocity at release height (m/s)
uy wind velocity at the anemometer height of 10 m (m/s)

u, wind frictional velocity (m/s)
X, vapor fraction at discharge condition (dimensionless)
X, vapor fraction at T, or P, (dimensionless)

B8 VY Ay/A, (dimensionless)
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©) contaminant density at the normal boiling point (kg/m®)
©; contaminant density at the discharge condition (kg/m>)
Our density of air (kg/m°)

01 density of liquids in the reservoir (kg/mg)

4 (%) &< <—"‘LR— at 7T, (dimensionless)
v 1_

CM.

A heat of vaporization at the normal boiling point (J/kg)

A
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