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Estimation of Volume Variation in Snow Stockpile for Olympic Winter Games in

PyeongChang using Snow Melting Model and Drone based Areal Mapping
YongBok Jung, EuiSeob Park*, Seong-Jun Cho, Tae Jong Lee, and Tae-Min Oh

(Received 25 October 2017; Final version Received 19 December 2017, Accepted 22 December 2017)

Abstract : For the 2018 Olympic Winter Games, a pilot project was carried out to obtain information, such as the
feasibility of the snow storage, melting rate and thermal insulation characteristics. The important factors are the design
of insulation system and the reliable estimation of the final snow volume. The volumes of two types of snow stockpiles
were estimated by using a simple snow melting model and their results were compared with the volume measured by
aerial mapping using drone. As a result of comparison, the simple model provided a reliable estimation of snow stockpile
volume. The sensitivity analyses were also performed to explore the effect of initial volume and thermal conductivity of
insulation system on the final volume. Finally, rational selection method for adequate initial volume of stockpiled snow
and insulation system was suggested. This method can be applied to renewable cooling system during summer using the
stockpiled snow during winter season.
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Fig. 1. Heat exchange process between the snow and surroundings during the snow storage.
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Table 1. Specifications of two insulation systems (Bubble wrap in Type I was excluded in the model due to the damage by strong

wind)
Insulation type Type 1 Type 11
Site YongPyong Alpensia
tins (mm) 26 39
Ains (W/m/K) 0.0469 0.0419
|
ol
Double AL foil ¢
metalized PE-foam %
. 30 mm
Materials

Google Earth

(a) Location of pilot snow storage site
(from Google Earth)

(b) View of YongPyong site
(Type I insulation)

Geotextile 1000g/m2

(c) View of Alpensia site
(Type 11 insulation)

Fig. 3. Location & view of snow storage site.
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Table 2. Input data for the modeling of the snow melting

683

(b) Alpensia site

Fig. 4. Snow samples for density measurements.

Properties Unit YongPyong Alpensia
Density (p,) kg/m’ 555 556
Volume 3 12,786 13,723
m s s
N (V)
Initial snow
stockpile Upper surface area . 3.192 2,978
(Atop)
Bottom area 2 2808 2720
m 5 s
(Abottom)
Equivalent th 1 ductivi
quivaten (e;ma) conductivity W/m/K 0.0469* 0.0419
Insulation system -
Total thickness
mm 26 39
(tins)
Ground °C 10 10
Temperature i i
P Ambient air °C D318 ID2577 & 1D2559

(KMA station ID)

* Equivalent thermal conductivity without bubble wrap
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Fig. 5. Seasonal data of ambient temperature near the snow storage sites.

(a) Aerial photograph and 3D model reconstruction (b) Volume estimation using 3D geometry model

Fig. 6. Estimation of snow volume through aerial mapping using drone.
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Fig. 7. Reconstructed 3D geometry model showing volume
changes of snow stockpile during the storage period.
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Fig. 8. Trend of measured snow volume change.
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Table 3. Measured snow pile volume and surface area of Alpensia site

Date Snow volume Area (m?) Snow density
m’ % Bottom Top (kg/ m’)
2016-03-28 13,723 100.0% 2,722 2,978 562
2016-04-08 12,949 94.4% 2,665 2,942 550
2016-06-02 9,694 70.6% 2,319 2,529 -
2016-08-05 8,501 61.9% 2,191 2,398 -
2016-08-25 7,319 53.3% 2,249 2,427
2016-11-02 6,098 44.4% 2,249 2,429 547
2016-11-10 5,750 41.9% 1,708 1,901 -
Table 4. Measured snow pile volume and surface area of YongPyong site
Date : Volume Area (m?) Snow de?sity
m % Bottom Top (kg/m”)
2016-04-08 12,786 100.0% 2,808 3,192 504
2016-06-02 8,436 66.0% 2,273 2,502 605
2016-08-05 7,378 57.7% 2,219 2,481 -
2016-08-25 6,852 53.6% 2,273 2,508 -
2016-11-02 4,261 33.3% 2,273 2,521 610
2016-11-10 3,781 29.6% 1,512 1,835 -
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—Model ~&~Measured -~

16000

18000, —razTeE

12,000 %
T 10000 X
. Y 8436

\ | 2016.05-07

4,261 4,201

)
2016-03-21 2016.05-10 2016.06-29 2016.08-18 2016-10-07 20161126 20170115
Date

(b) Using 2016 temperature data (Estimated ratio of final
residual volume to initial volume: 32.9%)

Fig. 9. Comparison of numerical results with measured data
for YongPyong site. The red line shows the simulation results
of snow volume change without insulation system.

o

A8

(a) Using 2015 temperature data (Estimated ratio of final
residual volume to initial volume: 58.9%)

0
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(b) Using 2016 temperature data (Estimated ratio of final
residual volume to initial volume: 56.9%)

Fig. 10. Comparison of numerical results with measured data
for Alpensia site. The red line shows the simulation results of
snow volume change without insulation system.
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Table 5. Equivalent thermal conductivity used for sensitivity analyses
Kr KH KL
. (reference) (Performance down) (Performance up)
Material
Conductivity Thickness Conductivity Thickness Conductivity Thickness
(w/m/K) (mm) (w/m/K) (mm) (w/m/K) (mm)
Non-woven 0.064 3 0.064 3 0.064 3
geotextile
Reflecti
cliection 0.038 30 0.038 20 0.038 40
material
Non-
OnmwOren 0.064 6 0.064 6 0.064 6
geotextile
Equivalent 0.04193 39 0.04348 29 0.04106 49
Table 6. Results of sensitivity analyses considering initial snow volume and insulation performance
Initial snow volume Final snow volume
KL Kr KH
s b, a, h (performance up) (reference) (performance down)
m
(m) k,, =0.04106 k,, =0.04193 k,, =0.04348
t,, =49 mm t,, =39mm t,, =29mm
V1 (reference) 0. 15. 1o 8,748 m’ 7,839 m’ 6,306 m’
13,900 T 62.9% 56.4% 45.4%
V2 (2 times) 60. 25, 14 19,055 m’ 17,665 m’ 15,300 m’
26,717 > 71.3% 66.1% 57.3%
V5 (5 times) 51,854 m® 48,795 m’ 43,497 m’
68,513 90, 45, 14.5 75.7% 71.2% 63.5%
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Fig. 12. Effect of the initial snow volume on the final residual snow volume.
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Fig. 13. Effects of insulation system on the final residual snow volume.
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