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Abstract - This study is to develop the consequence modeling methodology for
quantitative prediction of the hazard distance(or toxic buffer distance) for two-phase flow
continuous releases from the pressurized chlorine saturated liquid storage tank of the
chemical plant facilites. The source term modeling was performed by the refined
analysis method based on USEPA’s guideline and SuperChems model self-calculation,
respectively. The hazard distance was predicted for STEL, IDLH and ERPGs(ERPG-2
and ERPG-3) concentrations being used as the toxic regultaion concentration in hazard
estimation. To use as hazard estimation guideline for the establishment of the emergency
response planning, the effects of source characteristics and meteorological vaiations on the
hazard distance was especially considered for ERPG-2 concentration.

Key words ' the pressurized chlorine storage tank, two-phase flow release, consequence
modeling, hazard distance, SuperChems model, ERPG-2 concentration
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Table 1. Thermodynamical and meteorological data summary for two-phase flow
release from the pressurized chlorine saturated liquid storage tank.

Chemical Data

Meteorology

Molecular weight : 70.9 kg/kmol

Liquid heat capacity : 927.13 J/kg-K
Critical temperature : 417.15 K

Latent heat of vaporization : 2.876 X 10° J/kg
Boiling point @ 239.12 K

Liquid density at container : 1,562.19 kg/m3

Ambient temperature : 70°F (= 294.3 K)
Ambient pressure : 1 atm (= 101,325 Pa)
Relative humidity : 50%

Wind speed : 10 mph (= 4.47 m/s)
Wind direction : South (180 °)
Measurement height : 32.81 ft (= 10 m)
Surface roughness : 0.01 m

Cloud cover : 4/8

Stability class : C (Weakly unstable)
Time : Mid-morning
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Table 2. Source modeling and dispersion results for 2-phase continuous release from
the pressurized chlorine saturated liquid storage tank ( L, = 0 m)

I Refined Analysis SuperChems
€ms
STEL | ERPG-2 | ERPG-3| IDLH | STEL | ERPG-2 |[ERPG-3| IDLH
Release Temp.(K) 239.12 239.12
Source V/L Ratio 0.1779 0.1899
Modeling | Mass Flow Rate(kg/s) 1.008 0.1482
Release Duration(s) 225 1688
| Time(s) 24.16 11.25
Transition 0 wind Dist.(m) 7869 3466
to Passive —
. . Semi-width(m) 13.36 435
Dispersion
Concentration{ppm) 32365 32340
Time(s) 842.8 460.4 171.7 141.1 311.2 1719 66.17 54.92
Di . Downwind Dist.(m) 2961 1615 598.1 4905 1030 5679 217 179.6
;:::lst‘;’" Cloud Area(m?) 970500 | 207800 | 41112 | 27487 | 120400 | 39966 | 5545 | 3717
Time(s) 474.4 264.1 105.3 88.49 1762 9.6 41.45 3745
Semi-width(m) 224.3 1280 49.39 40.52 86.77 49,74 19.3 1591
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Fig. 1(a). Concentration profile based on refined analysis source modeling for L »=0m
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Fig. 1(b). Concentration profile based on SuperChems self-calculation source modeling

forL, = 0 m.
Table 3. Source modeling and dispersion results for 2-phase continuous release from a pipe
attached to the pressurized chlorine saturated liquid storage tank (L, = 1 m)
Ite Refined Analysis SuperChems
ms
STEL | ERPG-2 | ERPG-3 | IDLH | STEL | ERPG-2 | ERPG-3 | IDLH
Release Temp.(K) 239.12 239.12
Source V/L Ratio 0.1779 0.1899
Modeling |Mass Flow Rate(kg/s) 0.3170 0.1276
Release Duration(s) 672 1960
Time(s) 14.78 10.97
Transition py,wnwind Dist.(m) 46.45 33.73
to Passive —
Dispersion Semi-width(m) 6.64 417
Concentration(ppm) 34233 2053.3
Time(s) 460.6 2534 96.44 79.77 287 158.8 61.56 51.2
. . |Downwind Dist.(m) 1564 858.7 3245 267.7 | 9489 524 2015 1671
glsp:lél::smn Cloud Area(m®) 287000 | 88450 12266 8209 |110300| 34110 4758 3201
esuis Time(s) 260.3 146.3 60.01 50.84 | 162.8 92.3 38.79 331
Semi-width(m) 126.3 72.26 29.97 2295 | 80.48 46.16 17.99 149
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Fig. 2(a). Concentration profile based on refined analysis source modeling for L, = 1 m
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Fig. 2(b). Concentration profile based on SuperChems self-calculation source modeling for L, = 1 m.
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3(a). ERPG-2 concentration isopleth comparison of refined analysis with SuperChems

self-calculation source modeling for L » = 0 m and L,, = 1 m, respectively : the

effect of hole size variation on the hazard distance.
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Fig. 3(b). ERPG-2 concentration isopleth comparison of L, = 0 m with L, = 1 m for

refined analysis

and SuperChems

self-calculation source modeling,

respectively : the effect of hole size variation on the hazard distance.
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Table 4. Source modeling and dispersion results for 2-phase continuous release from
a pipe attached to the pressurized chlorine saturated liquid storage tank

Vessel Heads Mass Flow | Vapor to Liquid Xaw Yaw Area

Shape Rate (kg/s) Molar Ratio (m) (m) (m?)
Hemispherical 0.1411 0.2044 1758 15.62 3,541
Flat(=Dished) 0.1482 0.1899 179.6 1591 3,717
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Fig. 5(b). ERPG-2 concetration isopleth comparison of L, = 0 m with L, = 1 m for

refined analysis and SuperChems self-calculation source modeling,
respectively : the effect of atmospheric stability variation on the hazard
distance
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