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Evaporation time Te(sec) Initial diamater ro (um) Decrease rate dr/dt (um/sec) Reference
0.001 1 17.20 1)
0.08 10 5.64 1)
0.8 20 4.03 2)
1.3 40 2.88 1)
2 50 2.59 3)
24 200 1.32 3)

1) W. C. Hinds, Aerosol Technology: Properties, Behavior, and Measurement of Airborne Particles, John Wiley & Sons (1982).

2) Morawska L et al.: Size distribution and sites of origin of droplets expelled from the human respiratory tract during expiratory

activities. Journal of Aerosol Science. 40, 256-269. (2009)

3) Xie X et al.: How far droplets can move in indoor environments — revisiting the Wells evaporation—falling curve. Indoor air. 17: 211-

225.(2007)
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MDEAL TN EERLTNDEEZZLND,
F 7o, FHXHEE OREROHE M, kDA 7
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X, LT X BBEAEBERL TS EEXD
N, IBERE~OFEK, THimAEOAHIZ -
TW5 L, IHBERAO L A3 55O MEHYEC
L BRBY) 27 BFEAL TS, BEIFICLBHZ%E
KOFNDEAIZ L > T, HETHAET HEEN
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IR e B AR A
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X 2-4 Cold airflow from the rink to the player
bench

A
EA

N EA  Buagency exit

Spectator  pacace around rink

seat
v

[ Tee rink |

Entrance for player on the first floor

LR
s arffp mm
EA3.000m?1 % oA
2000

Emergency exit |

Emergency

Emergency

|
exit | AHU  6,000m*/h

)
Entrances for spectators on the first floor Emergency exit |

¥ 2-5 Air conditioning and ventilation facilities of

the arena
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[ 2-6 Air supply ports and temperature
Kushiro mmmm \Vind speed (m/s) - ©--- Ambient temperature(°C)
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e @ ‘0. of” "~ Cleo i ~
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g w ul ©%06.00 [ E
K W W e N w [ 8
=, Y] 11 P | ol el
Nw Nw -8
0 L D Dy bk D,
1/159 1/1512 1/1515 1/1518 1/1521 1/16 0 1/163 1/166 1/169 1/16 12 1/16 15 1/16 18
¥ 2-7 Climate condition at the cluster
Ry §"1 L e e i
" 3 % 3\-‘ 3') g9
3 s : g =
, E
« s
Iy
3
o=
v ieon 4
¥
>

2-8 Thermos-camera image of the inside of the

arena
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77
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L, A ME R ORI b HREE 2 F L
7=,

()=7 v ALY
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¥ 2-9 Reproduction of the ventilation

characteristic at the cluster by a period game
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(T&D TR-72) % &% i& L Citfeifll & (10 FoHkE)
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4 2-16 12, COz = (0.25~0.45 hour)
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7= PARIOMEEEITILS 0.4 THIAS 1.6 THY ., M
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4 2-14 X O 2-15 ISR TIREHB LB E 2 D &\
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()= 7 v AREER
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T, BPTO/N—TF ¢ 7 VIRE (E&RE) % PM
U —THIE L, k. FERFOINKIRIT
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B 2-17 12, 2 — 27 FERMBE DO/ N—T 4 7L
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MOMALD, BPEXUFTRENSEF L, VT
PR OFRADOREN EF Lz, 2B, BPER
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2-10 Measurements of COz and particles in ice

rink

1 Rink center 0.6m, 2 Rink center 1.6m, 3 Rink center 2.8m, 4 Rink E 0.6m, 5 Rink E 1.6m, 6 Rink $ 0.6m, 7 Rink § L6m, 8 Rink W
0.6m, 9 Rink W 16m, 10 Rink N 0.6m, 11 Rink N 1.6m, 12 § seat, 13§ high s lﬂlwn , 15 N high seat, 16 Nlow seat, 17 N seat,
18 W south enfrance, 19°W center enfuance, 20§ player bml INpla\u bml 2 E official bench

2-11 Measurement points

Kushiro mmmmm Wind speed (m/s) ‘©+* Ambient temperature(°C)
16 oC o060 ol O© O -
g . ©Blo-o-ole - ol
z . . - ?
£, - %0 0/° e ot
3 N w N "@'O—O-@ ..®-' |t
8 g W " " “aia
- w
£ wN NN Mo W N NE
s sww il B RIN o nw g | | nEEn [Nl
[ A 1 [
o I Luls I 1 [

319 3112 3/115  3/118  3/121  3/20  3/23 326 329 3212 3/215  3/218

2-12 QOutside conditions of measurements
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Out

N high seat

S high seat

N seat

N low seat

S low seat

S seat

‘W center entrance

W sourth entrance

Official bench

N player bench

S player bench

Rink center 2.8m

Rink S 1.6m

Rink E 1.6m

Rink N 1.6m

Rink W 1.6m

Rink center 1.6m

Rink S 0.6m

i

Rink E 0.6m

T

Rink N 0.6m

Rink W 0.6m

——
[a—

Rink center 0.6m

—

2.0

K 2-13 Temperatures of measurements (13:00~

3.0
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—Out
—Rink center 0.6m
5 Rink W 0.6m
2300 —Rink N 0.6m
. ,\,\ —Rink E 0.6m
g —Rink S 0.6r
g
2 1500 A SV
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i
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0 0.1 02 03 04 05
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0.3 04 05 06

COz2 concentrations in ice rink

3000 T T T
—S player bench
—N player bench
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¥ 2-15 COq concentrations in player benchs and

audience seats

3000

2500

2000

concentration (ppm)

+ 1000

COo,

500

0
Hour

T
—S seat
—S low seat
N low scat
—N seat
—S high seat
—N high scat

0.3 04 05 06

N high seat [ 0.2
S high seat N 0.2
Nscat I 0.1
N low scat [HEEE 0.3
Slow scat M 0.2
Sseat 0.0

W center entrance
W sourth entrance
Official bench

N player bench

S player bench

Rink center 2.8m

Rink S 1.6m
Rink E 1.6m
Rink N 1.6m
Rink W 1.6m
Rink center 1.6m

Rink S 0.6m
Rink E 0.6m 2.3
Rink N 0.6m 1.2
Rink W 0.6m
Rink center 0.6m 1.3
0.0 0.5 1.0 1.5 2.0 2.5

Ventilation time (1/h)

2-16 Ventilation times using COz concentration

decay
300 T 300 T
——S player bench ~——N low seat
N player bench N high seat
250 player bencl 1 0 igh seaf
—~ ( ——W sourth entrance —~ —N seat
e WA —Woeenterenrance | £, —S seat
2200 2200 —S low seat
s ( \\ g ~—S high seat
g E
g 150 \ 5 150
I
2100 2100
] el
PP
50 50
0 0
0.0 0.2 04 0.6 Hour 0.0 0.2 0.4 0.6 Hour

2-17 Particle concentrations of training game

S high seat
S low seat
S seat

N seat

N high seat
N low seat

N player bench
S player bench
W center entrance
W sourth entrance

0.0 0.5 1.0 1.5 2.0 25
Ventilation time (1/h)

2-18 Ventilation times particle concentration

decay
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WZIE BRI BIEDOITEALIIT A &
LTWeholz,

RRD U T AL =TI, ENOKHBSNTZY
ANAEGHTT B ARRFEICEEL, BEN
W45 2 & CRY Lz A et R S T 5,
F 7o, TR ORGERDMOSFIC A THEEIC
mWNEE BT, TARAY I LR ~DT
Ta Y VOIEBBHER SN TS, ISR
WZHEH LT,

TARY 7 THEAELEZ COL KO A—F 4 7 )b
EJANAD ML —Y—E L, TARY 7 LD
BE - L7 U —ROVEAIERE OBLED T A L AR
SlEEZRA Lz, ML —V—NHMERE LTS
B OIS () B & R, K 2-19 (2R
L IHEBE DALY — T DIRFEEC() % .
BN R E OFEA T (B AIABFE N L - THMH
THZENHKRD ARIREECp b T 5L AR
DFAME) B S DHE DWECH)Z LA TFTD LD
R 2 ERHRD,

C(t) = Xitoim(tig) T )} + Coue 1
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W ZETe, 7V —F ORE THE AR D &
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THOEMTHE Y A FORRIZIRED E5- L,
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EARE LT,
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L7 BIEORGIEIL, KRR Z 5 o CHlfeil
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EEZDILD,
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2-19 Concentration-response and integration

1600 ‘

00 |, i
_____ Spacel (predicted)
Space2 (measured)

/ \\ ----- Space2 (predicted)
1000 \\
S

/\_H‘-:\-\__~___
v =

Spacel (measured) __ |

)
=3
S

=N
=]
S

CO, concentration (ppm)
%
(=3
(=]

I
1=
S

200
0
0.0 0.5 1.0 L5 2.0 Hour
2-20 COz concentration responses
% 2-1 Release of COz and virus
Co, Release (m*/h)
Players* 2.90
Virus (SARS-CoV-2) Release (copies/h) x10"3
Players ** 1930.5
A cluster case in a restaurant *** 13.16

* 22 players on the ice rink, Mets 10, Respiration of a player 3600 0/h
** 22 players on the ice rink are infected, Mets 10,

RNA of respiration 1950/8 (copies /10L) , Respiration of a player 3600 £ /h
*** spectators, Mets 1.5, Respiration of a spectator 540 0/h

*** A person is infected, Mets 1.5, Ventilation rate a parson 3 (mz/hp)

Release of CO2 (kg/h) = === Release of virus (copies /h)

35 3,500
3.0 3,000
~25 2,500
=
T 20 fess==e—f=====o——f=====1 2,000
K 1,500
“ 1.0 1,000
0.5 500
0.0 0
0.0 0.5 1.0 15 2.0 Hour

2-21 Release pattern of CO, and virus
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900
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500 ]
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0 \
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CO, ppm

—— Space 2

2-22 Predicted CO, concentrations
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Space 1 Space 2

200

I\

100 j-’—\J_J-J
50 _,-JI
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150

Virus copies /m? X 10”3

2-23 Predicted virus concentrations
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400
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300
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200
150 115
100
50
0

452 ~_|

Suction of a player or a referee

Suction of an spectator

Virus copies X 10"3

| —
0.0 0.5 1.0 1.5

2-24 Predicted suction rates of virus
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JIMEENNAE L, =7 1 Y L OIEHICEET 2
MDD %, SMRIRAN D TTIERLIN RS DEL
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0
¥ owoA

D
A
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EA 6000 n/h \ AT SAZIOOOm:‘/h) EAGO00n#h [
(OA 6000 m/h) (0A 6000 n?/h)
RA 15000 m¥/h %15000 nh
=E =

OA (Emergency esit opening) oo oo o A methods OA (Emergency esit open

» In order to control of concentrations on spectator seat.
» Exhaust the accumulated cold air using a fan,

Protection penel
Player j Cold air accumulation
bench oy .

*Exhaust fan
[16140m3/h]

-

® Partide counter

= Aaosolwithvirus
_Aaosolwithvirus

Exhaust fan
* In order to control of acrosol concentration on
spectator seat, the accumulated cold air have to be
exhausted using a fan.
* An exhaust fan was set at an entrance for players.
¢ Electric consumption (50 Hz) 257 W
* Airflow rate 269 m3/min, [16,140 m3/h]

Wind speed (m/s)

2-26 Exhaust fan to improve ventilation

% 2-2 Conditions of measurements to evaluate

E Exhaust fan

Smoke generator

Camera

01 Slow seat 02 S high seat 03 W passage 04 Nlow seat 05N high seat 06 E passage

¥ 2-28 Measurement points of particle

Kushiro mmm— Wind speed (m/s) -©-+-- Ambient temperature(°C)
20 5
@] re
16 11 et ok Q_ H
W | o7 @ Solof} 5
NW 1O @ K Q" L §
1 [0:0-0/0-0-8| . 1®-O10@0|q.000 ?1 <
W E rloe
g o I T I r2 2
= LI ]
8 m o f 4 8
K wl s £
Ne|VF 6 F
4 3+ 7
F-8
F-9
0 10

3/199  3/1912  3/1915 3/1918 3/1921  3/200  3/203  3/206  3/209  3/2012 3/2015 3/2018

2-29 QOutside conditions of measurements

a

“ondition 1

ventilation

Conditiion 1 | Conditiion2 | Conditiion 3* | Conditiion«
Exhaust fan** ON ON OFF OFF
Emargency exit *** close open close open

0 minutes, start smoke release. 8 minutes, smoke moves mainly to south player bench.

Smoke generator h=0.8m

e

*Condition 3 is the most similar condition of cluster case

**Exhaust fan on the firt foor behind the player benchi, 1,6140 m*h
***Emargency exit on the second floor (open area :4 exit x1.0 m?=4.0 m?)

2-27 Release of particle and diffusion

4 minutes, stop smoke release. 16 minutes, smoke spreads whole and stay mainly northside.

Smoke moves to player bench

2-30 Visualization using smoke on condition 1

Condition 2

0 minutes, smoke spreads whole and stay mainly northside. 8 minutes, smoke stays in lower layer on whole

2-31 Visualization using smoke on condition 2
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Condition 3

0 minutes, start smoke release
Smoke generator h=0.8m

8§ minutes, smoke reaches front of northside spectator sear

area.

5 minutes, stop smoke release
smoke moves to player bench.

16 minutes, smoke reaches spectator seats area and stays

[® 2-32 Visualization using smoke on condition 3

Condition 4

0 minutes, smoke reaches spectator seats area and stays.

8 minutes, smoke stays only northside and low spectator se¢

Concentration of particle >1um (107/m3)

[¥] 2-35 Particle concentrations of audience seats

g
=

4
[

——WS_LowScat WS_HighSeat

— WN_LowSeat

——WN_HighSeat

——Release

Condition 1 Condition 2

I
[

n

°

Lser

Condition 3

Condition 4

E Passege — 1005
W Passege 0434

WN_HighSeat —

4 minutes, smoke stays mainly northside rink and spectator
seats area.

- 'S

16 minutes, smoke stays only northside rink.

[® 2-33 Visualization using smoke on condition 4

——W_Passege ——E_Passcge —Release
Condition 1 Condition 2 Condition 3 Condition 4

25
~ 3
E20
5

i
) :
N &
5 2%
] <
S H
£ ;
S 10
£ -
] .
£ S
K
g s
S
l M RINEOWS A

0 —
12:1612:2112:2612:3112:36 12:41 12:46 12:51 12:

113:0613:1113:1613:2113:2613:3113:3613:41 13:46 13:51 13:56

2-34 Particle concentrations of passages
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Condition 2

WN_LowSeat =-0.01

WS_HighSeat 6,02

WS_LowSeat — F———4-0.06
0.01 0.1

E Passege — 1626

'W_Passege
WN_HighSeat
WN_LowSeat
WS_HighSeat

WS_LowSeat

0.01

10

0.
12:1612:2112:26 12:3112:36 12:41 12:4612:51 12:56 13:01 13:06 13:11 13:16 13:21 13:26 13:31 13:36 13:41 13:46 13:51 13:56

100

Concentration of particle >Ipum (107/m?)

=

— U [
1007

. | 1)

0.1

1

10

100

Concentration of particle >1um (107/m3)

[X 2-36 Particle concentrations of condition 1,2

E_Passege
W _Passege
WN_HighSeat
‘WN_LowSeat

WS_HighSeat 1-0:82
WS_LowSeat =1-0.96
0.01 0.1 1
E Passege 043

W_Passege

WN_HighSeat
‘WN_LowSeat
WS_HighSeat
WS_LowSeat

0.01

10
Concentration of particle >1um (107/m3)

=477
—————
1699
638
=+1.00
0.1 1 10

100

Concentration of particle >1um (107/m?)

[X] 2-37 Particle concentrations of condition 3,4

Release of smoke (on

. off=0)



% 2-3 Effect of exhaust fan

Conditiion 1 | Conditiion2 | Conditiion3 | Conditiion -
Average concentration® 0.03 0.11 0.57 0.64
Normalized concentration®* 0.04 0.16 0.57 0.64
Ratio to condition 3*** 7% 29% 100% 112%

*Concentration of particle >lpm (107/m?)
**Normalized using release time (condition 1,2= 4min.condition3,4=6min)

*#*%* Condition 3 is the most similar condition of cluster case
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