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Chemical/Biological/Radiological Protective Facility
Entering Time Estimation Simulation with Procedure Analysis

Park, Sun Ho', Lee, Hyun-Soo', Park, Moonseo®’, Kim, Sooyoung’
"Department of Architecture and Architectural Engineering, Seoul National University

Abstract : As CBR(Chemical, Biological, and Radiological) attack increases, the importance of CBR protective facilities is
being emphasized. When CBR warfare emerges, a task force team, who exist outside of CBR protective facility, should
enter the CBR protective facility through neutralizing process in CCA(Contamination Control Area) and TFA(Toxic
Free Area). If a bottleneck occurs in the process or zones, the task force team cannot enter the CBR protective
facility efficiently and may cause inefficiency in its operation performance or result in casualties. The current design
criteria of the CBR protective facility is only limited to ventilation system and it does not consider how much time it
takes to enter the facility. Therefore, this research aims to propose the entering time estimation model with discrete
event simulation. To make the simulation model, the procedure performed through CCA and TFA is defined and
segmented. The actual time of the procedure are measured and adapted for the simulation model. After running the
simulation model, variables effecting the entering time are selected for alternatives with adjustments. This entering
time estimation model for CBR protective facility is expected to help take time into consideration during the designing
phase of CBR protective facility and help CBR protective facility managers to plan facility operation in a more
realistic approach.
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Fig. 1. Floor Plan of CBR Protective Facility
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Table 1. Literature Review to CBR Protective Facility

Author Description
) Presents the results of research on the performance
Kowalski et al. ) ) S ’
(2003) of air—cleaning and air—disinfection systems used for

protecting buildings against bioterrorism

Thompson et al. |Provides a literature survey of four subject areas dealing

(2008) with the risk analysis of bioterrorism

Nakano et al. |Presents the methodology to assess building designs
(2009) for protection against chemical and biological threats

Kim Proposes some suggestions to improve efficiency

(2011) through analyzing problems and surveying professionals
NEMA Analyzes the necessity of CBR protective facility and
(2009) provides reinforcement work for the existing facilities
NEMA Make a standard model of emergency CBR protective
(2011) facility for private citizen.
NEMA Proposes the manual of civil defense equipment of
(2012) CBR warfare

Sim & Hwang |Describes the air conditioning system of CBR protective
(2003) facility
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Table 2. AnyLogic Modeling Source

Symbol Title Explanation

Source Source It generates entities and it is usually a starting
@-C! point of a process model

Service

) It seizes a given number of resource units,
o Service ) ’ .
o=:(@o delays the entity, and releases the seized units
a
Seize . X X
e s ) It seizes a given number of resource units
Coasn Seize )
from a given resourcepool
Filoass It releases a given number of resource units
OO Release |previously seized from a given resourcepool
[u]

by seize object

—a Link The stream of work process
ResourcePool Resource |t defines a set of resource units that can be
ool
el Pool  |seized and released by entities
Sink Sink It disposes entities and it is usually an end
D—@ point in a process model
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Table 3. Procedure Performed through CCA and TFA

Zone | Activity Procedure Classification
1 Door opening (ESA) Control
2 Enter into ESA Movement
3 Measure contamination Control
4 Move to military shoe washer Movement
5 Neutralize the military shoe cover Neutralization
ESA 6 Move to equipment storage Movement
7 Arrange the equipment Control
8 Move to trash box Movement
9 Discard contaminated equipment Neutralization
10 Move in front of the door to LHA Movement
11 Door opening (LHA) Control
12 Enter into LHA Movement
13 Move to shower room Movement
LHA 14 Water shower Neutralization
15 Move to trash box Movement
16 Discard contaminated equipment Neutralization
17 Move in front of the door to VHA Movement
18 Door opening (VHA) Control
19 Enter into VHA Movement
20 Move to trash box Movement
21 Discard contaminated equipment Neutralization
22 Move to shower room Movement
VHA
23 Water shower Neutralization
24 Dry wetness Neutralization
25 Move to gas mask storage Movement
26 Desorb gas mask & Stop breathing Control
27 Move in front of the door to AirLock Movement
28 Door opening (VHA—AirLock) Control
29 Enter into AirLock Movement
AL 30 Set the timer Neutralization
31 Air Shower Neutralization
32 Door opening (AirLock—TFA) Control
33 Enter into TFA Movement
34 Measure contamination Control
TFA 35 Move to clothes storage Movement
36 Wear clothes Neutralization
37 Come out from TFA Movement
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Table 4. Delay Time Between Activities

st WS Aol @S Hat ZME S8t TIY A oIE AlZ2olM

Nz S7HT. it Ce 3714 e ez 371

Unit : Sec
_ . _ Onit - See) )71,
Activity Delay Time Activity Delay Time
1 0 18 0
2 0 19 0 : : :
Table 5. Alternatives of Simulation Model
3 1.66 20 0
4 0 21 0 Type # of Shower Room # of AirLock
5 0 22 0 Base 2 2
6 0 23 0.07
7 0 24 0 A 2 3
8 0 25 0 B 3 2
9 0.26 26 0 ATB 3 3
10 0 27 0
11 0 AirLock (28—32) 226.40 c 2 4
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13 0 34 0
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Fig. 5. Individual Entering Time by Alternatives

Table 6. Delay Time Between Activities by Alternatives
(Unit : Sec)

Type Water Shower(14) AirLock(28-32)
Base 417 226.40

A 4.33 100.19

B 1.89 226.43
A+B 1.89 100.71

C 417 48.36
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Table 7. Simulation Results by Alternatives

(Unit : Sec, %)

Person| 1st | 2nd | 3rd | 4th | 5th | 6th | 7th | 8th | 9th | 10th | 11th | 12th | 13th | 14th | 15th | 16th | 17th | 18th | 19th | 20th E)tal Ayg.
ime | Time
Base [678.5|682.7/893.0/897.2|1021.9/1026.3|1219.21220.8|1317.9(1323.3|1473.6({1479.0({1583.0|1588.0|1584.6|1587.8|1585.5| 1587.1|1585.5| 1587.4| 2619.7 | 1296.1
A 680.4|683.9|742.8|878.2| 828.7| 869.5| 982.1|1006.8| 975.3|1092.5/1040.8/1075.8|1196.7|1162.6{1147.9{1148.7|1173.1|1147.9{1168.9| 1157[1975.4| 1007.9
100.3/100.2| 83.2| 97.9| 81.1| 84.7| 80.6| 825| 74.0/ 826| 70.6| 72.7| 756| 73.2| 724\ 723| 74.0| 72.3| 73.7| 729| 75.4| 77.7
5 681.3|685.6(896.4|900.7(1023.0({1027.3[1222.4|1223.3| 1320.2|1324.7|1491.3|1509.1 |1584.5|1587.1|1583.4|1585.0|1582.9| 1586.3 | 1583.6 | 1584.8| 2620.2| 1299.1
100.4|100.4(100.4|{100.4| 100.1| 100.1| 100.3| 100.2| 100.2| 100.1| 101.2| 102.0| 100.1| 99.9| 99.9/ 99.8/ 99.8/ 99.9| 99.9| 99.8| 100.0| 100.2
AR 679.6|682.7]739.9|855.2| 849.6| 866.2| 992.8|1004.7| 962.1|1104.6|1065.7|1107.7|1176.1|1156.9|1153.0|/1194.9|1155.1| 1199.4(1153.2|1155.9(1972.7| 1012.7
+
100.2/100.0| 82.9| 95.3| 83.1| 84.4| 81.4| 823| 73.0/ 835 723| 749| 743 729| 728 753 729| 756| 72.7| 728| 753| 781
° 680.1|683.5|741.7|744.9| 807.2| 811.6] 852.3| 851.7| 889.8| 892.5| 890.7| 894.2| 939.1| 942.2| 939.7| 942.3| 937.8| 942.0| 939.6| 943.0/1606.5| 863.2
100.2/100.1| 83.1| 83.0 79.0f 79.1 69.9] 69.8| 67.5| 67.4| 60.4] 60.5] 59.3] 59.3] 59.3] 59.3| 59.1 59.41 59.3| 59.4| 61.3| 66.6
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