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A Study on the Mitigation of Threat Zones for Indoor Chlorine
Release using Effective Leakage Areas of Building and Box Model
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Abstract : It is difficult to determine the outdoor toxic level of hazardous chemicals that are leaked in the building, since there are no
efficient ways to calculate how much percentage of the leaked chemicals is released into the outdoor atmosphere. In address to these
problems, we propose a reasonable box model that can quantitatively evaluate the mass rate of the indoor chlorine leakage into the
outside of the building. The proposed method assumes that the indoor chlorine leakage is fully mixed with the indoor air, and then the
mixture of the chlorine and indoor air is exfiltrated into the outside of the building through effective leakage areas of the building. It is
found that the exfiltration rate of the mixture of the chlorine and indoor air is strongly dependent on the temperature difference between
inside and outside the building than the atmospheric wind speed. As compared with a conventional method that uses a vague mitigation
factor, our method is more effective to evaluate the outdoor toxic threat zone of the chlorine that are leaked in the building, because it can
consider the degree of airtight of the building in the evaluation of the threat zone.

Key Waords : chlorine, indoor leakage, outdoor toxic level, effective leakage areas, exfiltration
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Fig. 1. Schemes for three different release cases.
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Table 1. Various exfiltration rates according to the temperature
differences between indoor and outdoor of the building

Ou | om0 |, Bxinton R
Month T(er(?f Outdoor Area of Floor in Building(n?)

(AT) 300 400 500

1 -0.8 25.8 0.88 1.17 1.46
2 0.8 242 0.85 1.13 142
3 6.8 18.2 0.74 0.98 1.23
4 14.7 10.3 0.55 0.74 0.92
5 20 5 0.39 0.51 0.64
6 234 1.6 0.22 0.29 0.36
7 27.1 2.1 0.25 0.33 0.42
8 26.1 1.1 0.18 0.24 0.30
9 21.5 35 0.32 0.43 0.54
10 15.9 9.1 0.52 0.69 0.87
11 6.1 189 0.75 1.00 1.25
12 -0.6 25.6 0.87 1.16 1.46

Table 2. Various exfiltration rates according to the average
atmospheric wind speeds

Q,, Exfiltration Rate(m’/s)
Average - — 3
e At_mospheric Area of Floor in Building(m")
Wind Speed 300 400 500
(m/s)
S U S U S U
1 14 0.07 | 0.10 | 0.10 | 0.13 | 0.12 | 0.16
2 1.5 0.08 | 0.10 | 0.10 | 0.14 | 0.13 | 0.17
3 1.6 0.08 | 0.11 | 0.11 | 0.15 | 0.14 | 0.18
4 1.8 0.09 | 012 | 0.12 | 0.17 | 0.15 | 021
5 1.7 0.09 | 0.12 | 0.12 | 0.16 | 0.15 | 0.19
6 1.8 0.09 | 0.12 | 0.12 | 0.17 | 0.15 | 0.21
7 1.6 0.08 | 0.11 | 0.11 | 0.15 | 0.14 | 0.18
8 1.7 0.09 | 0.12 | 0.12 | 0.16 | 0.15 | 0.19
9 1.6 0.08 | 0.11 | 0.11 | 0.15 | 0.14 | 0.18
10 1.5 0.08 | 0.10 | 0.10 | 0.14 | 0.13 | 0.17
11 1.4 0.07 | 0.10 | 0.10 | 0.13 | 0.12 | 0.16
12 1.5 0.08 | 0.10 | 0.10 | 0.14 | 0.13 | 0.17
S : Sheltered, U : Unsheltered
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Table 3. Total exfiltration rates at different atmospheric conditions

@, Total Exfiltration rate(m’/s)
Average
Ouidoar [ hieric Area of floor in building(n?)
Temp. | wind Speed
(0) (@ns) 300 400 500
S U S U S U
27.1 1.8 029 | 031 | 039 | 041 | 049 | 0.51
-0.8 14 098 | 098 | 1.31 | 1.31 | 1.64 | 1.64
134 1.6 0.59 | 0.60 | 0.79 | 0.80 | 0.99 | 1.00
S : Sheltered, U : Unsheltered
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Table 4. Initial Concentration of Chlorine in the building

Mass of leaked | Indoor volume of |Initial Concentration of Chlorine
chlorine(kg) Building () (Gy)
1,800 (18'15,2812%11;;)
1,000 2,400 (lgg%ggg;)
3,000 (1?)'73,?;21;%11;;)
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Fig. 2. Concentration of chlorine in the building with the floor

area of 2,400 n? at the atmospheric condition of August,
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Table 5. Release rate of chlorine into outdoor of the building

Temp. A Release Rate of Chlorine
Difference VeIAge  into Outdoor of the Building(kg/s)
Outdoor b Atmospheric
etween :
Temp. Wind Indoor volume of
E Indoor & g 3
9] Speed Building(m’)
Outdoor (@s)
(AT) 1,800 2,400 3,000
27.1 2.1 1.8 0.16 0.16 0.16
-0.8 25.8 1.4 0.55 0.55 0.55
134 11.6 1.6 0.33 0.33 0.33
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Fig. 3. Toxic threat zone of the chlorine that is released
through the cracks of the building at the outdoor temperature
of 27.1C and the wind speed of 1.8 m/s,
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the cracks of the building at the outdoor temperature of —0,8°C
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Fig. 5. Toxic threat zone of the chlorine that is released
through the cracks of the building at the outdoor temperature
of 13.4C and the wind speed of 1.6 m/s,

Table 6, Comparison of release rates and ERPG—2 endpoints
between the three different release cases

Average
Release %utdoor Atmospheric Release ElzPG.-Z
Cases erélp Wind Speed Rate Endpoint
(C) ) (kg/s) (m)
. 27.1 1.8 12.95 3,300
Simple
Outdoor -0.8 1.4 8.2 2,800
Release 134 1.6 10.6 3,000
27.1 1.8 7.1 3,000
Mitigated | ¢ 14 45 2,700
Release
134 1.6 5.8 2,900
Release 27.1 1.8 0.16 1,000
through 0.8 14 055 2,200
cracks of
building 134 1.6 0.33 1,600
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Fig. 6. Chlorine concentrations of the medicated release case
at 1,600 m downwind of the central line,
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Fig. 7. Chlorine concentrations of the release case through
cracks of building at 1,600 m downwind of the central line,
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