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Summary

Flood runoff was calculated from continuous surface velocity data by applying
SIV (Surface Image Velocimeter) to various flood runoff events in ephemeral
streams of Jeju Province. In the process of analyzing surface velocity of
collected runoff images, a method of improving analytical accuracy of nighttime
runoffimages, the biggest weakness of SIV, was proposed to improve the limit
and compare accuracy of daytime and nighttime runoff images. In addition, error
rate was analyzed by calculating variables for far distance and near distance
from the collected runoff images during conversion of image coordinate system.
Cross—correlation coefficient of SIV was analyzed to present a post-processing
method for improved accuracy of runoff calculation. Runoffimages of disaster
monitoring CCTVs installed in streams of Jeju Province were used to analyze
runoff of measured and non-measured watersheds. Advanced technology for
runoff observation was studied by considering rainfall-runoff characteristics of
ephemeral streams.

Based on comparison of surface velocity analysis on nighttime runoff images
with observed surface velocity of Kalesto, coefficient of determination R? was
0.848. Daytime runoff images had R? of 0.891. Lighting device of 1,000W
installed to make up for weakness of nighttime runoff images was extremely
effective In increasing accuracy of analysis on nighttime runoff images of
streams in Jeju Province, which have narrow stream width.

Runoff, calculated by rate of velocity change (16.77% ~317.69%) from input
error of far distance reference point in the process of setting reference point for
SIV, had arange of 0.82967338.63%. If runoff is calculated using SIV in inland
streams with wide stream width, minor reference point input error can lead to
greater velocity error. Error rate must be reduced in the process of setting
reference point.

Cross—correlation coefficient of continuous image analyzed using SIV was

interpreted to propose an appropriate filtering value for the collected runoff
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images. For daytime runoff images, 61.0% of 59 velocity vectors corresponded to
correlation coefficient range of 0.9~1.0. For nighttime runoff images, the ratio of
vectors in correlation coefficient range of 0.971.0 was 17% lower. This indicates
that quality of nighttime runoff images is lower than daytime runoff images.
Therefore, reasonable filtering of correlation coefficient is necessary on runoff
images obtained during calculation of runoff using SIV.

A runoff observation system that accounts for peculiar runoff characteristics of
ephemeral streams was proposed based on field observation experience and the
results of using SIV on various flood runoff images in ephemeral streams
caused by heavy rains and typhoons. To improve accuracy of observed runoff
data, observation angle of cameras and effective installation of 1,000W lighting
device were presented. This increased accuracy of nighttime runoff image
analysis, which is a weakness of the conventional SIV. In addition, ephemeral
streams of Jeju Province that have extremely narrow stream width compared to
inland streams showed advantage of using CCTV. Water bubbles formed on
water surface during flood runoff functioned as tracer particles appropriate for
surface velocity analysis.

Future studies shall be conducted on continued runoff observation and creation
of an optimal observation system that accounts for peculiar hydrological

characteristics and runoff phenomena in ephemeral streams of Jeju Province.
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Table II-1. Data for the input of the reference point

Reference point(Image coordinate)

Analysis CaseNo. 1 (¥ vser) 2(X-Yser) 3(X-Yser) 4(X-Yser)
criterion = Al Data 610 406 11967 50-83 253431
case-1 610-406 108-69 5283 253431
Long case-2 610-406 97-71 52-83 958431
, case-3 610-406 86-73 52-83 958-431
distance case—4 610-406 75-75 52-83 258-431
case-5 610-406 64-77 52-83 958-431
case-1 599-407 119-67 52-83 258431
case-2 586-408 119-67 52-83 958-431
case-3 575-409 119-67 52-83 958-431
Short case-4 564-410 119-67 52-83 958-431
distance case-5 553-411 119-67 52-83 258-431
case-6 542-412 119-67 52-83 958-431
case-7 531-413 119-67 52-83 958431



case—8 520-414 119-67 52-83 258-431
case—9 509-415 119-67 52-83 258-431
case—10 498-416 119-67 52-83 258-431
case—11 487-417 119-67 52-83 258-431
case-12 476-418 119-67 52-83 258-431
case—13 465-419 119-67 52-83 258-431
case-14 454-420 119-67 52-83 258-431
case—15 443-421 119-67 52-83 258-431
case-16 432-422 119-67 52-83 258-431
case—17 421-423 119-67 52-83 258-431
case—18 410-424 119-67 52-83 258-431
case—19 399-425 119-67 52-83 258-431
case—20 388-426 119-67 52-83 258-431
case—21 377-427 119-67 52-83 258-431
case-22 366-428 119-67 52-83 258-431
case—23 355-429 119-67 52-83 258-431
case-24 344-430 119-67 52-83 258-431
case—25 333-431 119-67 52-83 258-431
160.0
W Optimum Data M Case-1 ®Case-2 MCase-3 MCase-4 M Case-5 W Case-b SOptrn ity Meert wlaed e uCas=-d wizmes Bach
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Fig. M-16. All cases velocity result; (a)Long-distance, (b)Short-distance
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Fig. I-20. Discharge observation method using the ADCP
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Fig. IV-2. Analysis result of day-time flow image of the SIV; a~h) Overall flow
network analyzed with the SIV; a’~h') Visualized data of each flow velocimetry

in the overall flow network for the comparison of the SIV and Kalesto
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Fig. IV-3. Analysis result of night-time flow image of the SIV; a~h) Overall flow
network analyzed with the SIV; a’~h’) Visualized data of each flow velocimetry

in the overall flow network for the comparison of the SIV and Kalesto
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Table IV-1. Comparison of surface velocities

Velocimetry(m/sec) Comparison of vector—line
Time CCTV Remark
(55 Average) Kalesto MIN MAX
16:30:00 PM 1.59 1.32 1.15 2.34
17:00:00 PM 1.60 1.45 1.04 2.37 Day
17:30:00 PM 1.89 1.75 1.04 2.48 tme



18:00:00 PM 1.62 1.52 0.71 2.21
18:30:00 PM 1.57 1.52 0.61 2.95

19:00:00 PM 1.48 1.45 0.95 2.89

19:30:00 PM 1.26 1.56 0.48 2.74

20:00:00 PM 1.28 1.41 0.75 2.29

20:30:00 PM 1.50 2.16 1.61 2.97

21:00:00 PM 3.57 3.84 2.11 4.92

21:30:00 PM 3.70 4.19 2.59 4.49

22:00:00 PM 3.75 4.95 2.52 4.48

922:30:00 PM 3.89 4.97 3.04 4.93

23:00:00 PM 3.75 4.71 2.16 4.69

23:30:00 PM 3.67 4.23 2.95 4.00

00:00:00 AM 3.54 3.87 1.95 4.29

00:30:00 AM 3.54 3.63 2.70 4.29 Night
01:00:00 AM 2.97 3.19 2.02 3.68 time
01:30:00 AM 2.77 2.94 1.72 3.80

02:00:00 AM 2.50 2.76 1.58 3.34

02:30:00 AM 2.40 2.62 1.72 3.06

03:00:00 AM 2.36 2.55 1.43 3.12

03:30:00 AM 2.02 2.52 1.20 3.04

04:00:00 AM 2.45 2.5 1.50 3.09

04:30:00 AM 2.32 2.56 1.33 3.11

05:00:00 AM 2.55 2.79 1.56 3.43

05:30:00 AM 2.71 2.88 1.65 3.21

06:00:00 AM 2.77 2.91 1.96 3.33

06:30:00 AM 3.05 2.88 2.25 3.99

07:00:00 AM 3.04 3.00 1.66 3.51

07:30:00 AM 2.47 2.73 1.53 3.03

08:00:00 AM 2.09 2.49 1.29 2.66

08:30:00 AM 2.17 2.39 1.65 2.81

09:00:00 AM 1.71 2.11 1.28 2.95

09:30:00 AM 1.81 1.66 1.25 2.40

10:00:00 AM 1.38 1.56 0.61 2.04

10:30:00 AM 0.91 1.33 0.33 1.37

11:00:00 AM 0.90 1.48 0.66 1.24 Day
11:30:00 AM 0.66 1.33 0.22 1.07 :
12:00:00 PM 0.95 1.21 0.59 1.20 time
12:30:00 PM 0.77 0.94 0.36 1.07

13:00:00 PM 0.57 0.84 0.22 1.13

13:30:00 PM 0.39 0.75 0.19 1.07

14:00:00 PM 0.45 0.61 0.29 0.73

14:30:00 PM 0.38 0.70 0.16 0.66

15:00:00 PM 0.36 0.55 0.26 0.57

15:30:00 PM 0.51 0.58 0.39 0.99

16:00:00 PM 0.36 0.60 0.15 0.89

16:30:00 PM 0.21 0.64 0.11 0.71
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Table IV-2. Changes in the actual distance by the long—distance pixels
movement
X -direction Y -direction
T‘otal Actual Pl)%el Rate of T‘otal Actual Pl%el Rate of
pixel . shift pixel . shift
distance . change distance . change
count variable count variable
(pixels) (g) (pixels) (®i%;/® (pixels) (3) (pixels) (®i®;/®
) ® ) ®
2 0.42 11 0.94
4 0.84 22 1.89
6 1.26 33 2.83
14 295 8 1.69 77 6.61 44 3.78
10 2.11 55 4.72
12 2.53 66 5.67
(14) (2.95) (77) (6.61)
Table IV-3. Changes in the actual distance by the short-distance pixels
movement
X -direction Y -direction
T‘otal Actual Pl)%el Rate of T‘otal Actual Pl%el Rate of
pixel . shift pixel . shift
distance . change distance . change
count variable count variable
(pixels) (g) (pixels) (®i®;/® (pixels) (3) (pixels) (®i®;/®
) ® ) ®




1 0.02 11 0.28
2 0.03 22 0.56
3 0.05 33 0.84
4 0.07 44 1.12
5 0.09 55 1.40
6 0.10 66 1.68
7 0.12 77 1.96
8 0.14 88 2.24
9 0.15 99 2.52
10 0.17 110 2.80
11 0.19 121 3.08
12 0.21 132 3.36
13 0.22 143 3.64
14 0.24 154 3.92
15 0.26 165 4.20
16 0.27 176 448
17 0.29 187 4.76
18 0.31 198 5.04
19 0.33 209 5.33
065 20 0.34 418 1065 220 5.61
21 0.36 231 5.89
22 0.38 242 6.17
23 0.39 253 6.45
24 0.41 264 6.73
25 0.43 275 7.01
26 0.44 286 7.29
27 0.46 297 7.57
28 0.48 308 7.85
29 0.50 319 8.13
30 0.51 330 8.41
31 0.53 341 8.69
32 0.55 352 8.97
33 0.56 363 9.25
34 0.58 374 9.53
35 0.60 385 9.81
36 0.62 396 10.09
37 0.63 407 10.37
(38) (0.65) (418) (10.65)
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Table IV-4. Velocity vector and discharge calculation results(SIV)

Grid Surfa%ce Stre‘am ‘ Grid Surfa‘ce Stre‘am ‘
mesh velocity  Section  Discharge mesh velocity  Section  Discharge
Numbe (m/sec) Area (m%/sec) Number (m/sec) Area (m%/sec)
*0.85 (m?) *0.85 (m?)
" T B R
caw
R T T B R ¢
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S g | T A8 g
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Fig. IV-7. Velocity changes due to changes in the reference point.

Table IV-5. Result error rate of the surface velocity and discharge

Discharge sll\l/lrizze Brror factor (%)
Ar‘1a1y‘51s Case—No. (m3/sec) velocity dischar surface
criterion (m/sec) schatee velocity
Original Data 413.29 3.90 - -

case-1 482.95 4.55 16.86 16.77

Long case-2 594.28 5.49 43.79 40.71

. case-3 763.76 6.95 84.80 78.14
distance case—4 1059.40 9.61 156.33 146.52
case-5 1812.83 16.29 338.63 317.69

case-1 416.66 3.94 0.82 1.10

case-2 420.62 3.97 1.77 1.70

case-3 426.37 4.02 3.16 3.00

case—4 427.56 4.04 3.45 3.63

case—5 431.06 4.08 4.30 4.57

case—6 432.32 4.13 4.61 5.89

case—"7 436.47 4.17 5.61 6.94

case—8 439.81 4.23 6.42 8.42

Short case—9 442.17 4.27 6.99 9.42
distance case-10 446.31 4.32 7.99 10.72
case-11 450.51 4.38 9.01 12.25

case-12 456.89 4.44 10.55 13.92

case-13 461.88 453 11.76 16.17

case-14 466.59 4.61 12.90 18.20

case-15 474.06 4.70 14.70 20.43

case-16 481.01 4.81 16.38 23.32

case-17 486.99 4.90 17.83 25.26

case-18 496.34 5.01 20.10 28.40



case-19 507.57 5.14 22.81 31.89

case—20 522.46 5.30 26.41 35.94
case—21 536.56 547 29.83 40.30
case—22 556.99 5.71 34.77 46.45
case—23 580.92 5.98 40.56 53.41
case—24 615.85 6.36 49.01 63.16

case~-25 658.27 6.80 59.28 74.47
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Table IV-6. Comparison of surface velocities among observation devices

(day-time)
ADCP SIV Kalesto ADCP SIvV Kalesto
Surface  Surface . Surface Surface Surface . Surface
No. . . Correlation . No. . . Correlation .
Veolcity Veolcity . Veolcity Veolcity  Veolcity L Veolcity
(m/sec)  (m/sec) Coctficient (m/sec) (m/sec)  (m/sec) Coefficient (m/sec)
1 0.17 0.30067 0.99493 - 60 0.57
2 0.16 61 0.72 0.57747 0.6887 -
3 0.34 0.28857 0.99396 - 62 0.56
4 0.42 63 0.41 0.51784 0.70859 -
5 0.51 0.30022 0.99297 - 64 0.8
6 0.51 65 0.58 0.63302 0.75251 -
7 0.51 0.30902 0.9919 - 66 047
8 0.68 67 0.36 1.03105 0.88652 -
9 0.85 0.28244 0.99139 - 68 0.33
10 0.30 69 0.38 1.10317 0.89749 -
11 0.31 0.26536 0.991 - 70 0.59
12 0.34 71 0.67 1.04671 09172 -




13 0.31 0.2735 0.99048 - 72 0.76
14 0.37 73 1.29 1.36096 0.93188 -
15 0.39 0.33022  0.98925 - 74 1.28
16 0.42 75 1.70 1.35837 0.94023 -
17 0.42 0.33849  0.98821 - 76 1.55
18 0.34 77 1.4 1.34144 0.94482 -
19 0.51 0.35492  0.98695 - 8 1.84
20 0.83 79 1.29 1.75605 0.91348 -
21 0.83 0.3666 0.98591 - 80 1.18
22 0.83 81 1.18 1.77306 0.92862 -
23 0.55 0.38832  0.98367 - 82 1.18
24 0.48 83 1.32 1.49306 0.90949 -
25 0.55 0.40397  0.98082 - 84 1.32
26 0.77 85 0.73 1.80812 0.9161 -
27 0.73 0.44089  0.97408 - 86 0.53
28 0.70 87 0.80 1.84602 0.96117 -
29 0.75 0.46883  0.96439 - 88 0.66
30 0.61 89 0.93 1.22802 0.97328 -
31 0.19 0.52417  0.95695 - 90 0.93
32 0.19 91 0.94 1.2587 0.98176 -
33 0.45 0.60298  0.93964 - 92 0.94
34 0.28 93 1.42 1.22073 0.98368 -
35 0.13 0.68396  0.91886 - 9 1.42
36 0.39 95 1.55 1.16463 0.98226 -
37 0.23 0.88136  0.92613 - 96 1.68
38 0.43 97 1.75 0.97637 0.98138 -
39 0.33 0.82 0.93053 - 98 1.34
40 0.46 99 1.49 1.04908 0.98184 -
41 0.66 1.1736 0.84699 - 100 1.64
42 0.81 101 1.75 1.24584 0.97921 -
43 0.70 118775 0.82586 - 102 1.34
44 0.84 103 1.49 1.72078 0.96982 -
45 0.98 1.33329  0.80337 - 104 1.64
46 0.97 105 1.61 1.30414 0.95465 1.82
47 0.92 0.80966  0.86556 - 106 1.63
48 1.20 107 1.64 1.35128 0.94698 -
49 141 0.76025 0.8431 - 108 1.55
50 1.63 109 1.48 1.28683 0.94867 -
51 1.66 0.75757  0.72667 - 110 1.40
52 1.49 111 1.45 1.44564 0.94732 -
53 1.63 0.8846 0.70681 - 112 1.48
54 1.66 113 1.40 1.53631 0.93894 -
55 1.49 0.88167 0.6894 - 114 1.45
56 1.33 115 151 1.59 0.92241 -
57 0.76 0.93489  0.68306 - 116 1.63
58 0.56 117 1.55 1.77208 0.91544
59 0.43 0.67737 _ 0.67711 - 118 1.18
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(d) case—4
Fig. IV-10. Results of correlation coefficient filtering(day-time): a) using all data;

b)filtering the range of 0.6 to 0.7; c)filtering the range of 0.7 to 0.8; d)filtering

the range of 0.8 to 0.9
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Fig. IV-11. Comparison of discharge using observation devices (day-time).

o, Kalestor oF 15%9] W& YEFHTH([Table IV-7]).

Table IV-7. Comparison of relative error rate among observation

devices(day-time)

SIV ADCP Kalesto
. . . Error(%)
No.(remark) Discharge Discharge Discharge
(m%/sec) (m3/sec) (m3/sec) SIV & ADCP SIV & Kalesto
case—1.(all) 55.51 50.42 24.80
case—2.(0.7°]3} €HH) 51.23 48.91 25.55
case-3.(0.8°]3} €HH) 48.53 36.55 73.10 44.28 27.86
case—4.(0.9°]3} UHH) 42.50 19.35 40.33

32 oF7t YL o] &Y HEEA

[Fig. IV-12]8 2013 5¢¥€ 279 224 308 ZHAA-FEA 9 oftb-E= Aol o3k
FEME S Yeldth & dieA sgwdor fE5WE 7 dASA BEF
HolA gk #A44% F&53 AAATE Hluwstd k=9 ddAF kel 05~06=

LS |

SA £ EH A ([ Table IV-3]).
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Table IV-8. Comparison of surface velocities among observation devices
(night-time)
SIV Kalesto SIV Kalesto
Surface X Surface Surface X Surface
No. . Correlation . No . Correlation .
Veolcity ent Veolcity Veolcity tent Veolcity
Coefficient Coefficient
(m/sec) (m/sec) (m/sec) (m/sec)
1 1.21248 0.62296 - 31 234144 0.77415 -
2 1.19826 0.77365 - 32 2.39944 0.78017 -
3 1.18275 0.67632 - 33 25394 0.80748 -
4 1.13665 0.61851 - 34  2.85475 0.81367 -
5 1.12435 0.61762 - 35  2.54001 0.81597 -
6 1.11891 0.61529 - 36 281141 0.82568 -
7 1.13287 0.69722 - 37 267816 0.80784 -
8 1.10334 0.70444 - 38  3.01677 0.82274 -




9 1.06198 0.69887 - 39 3.25915 0.82417 -
10 1.01994 0.71288 - 40 3.33482 0.85259 -
11 0.98471 0.74349 - 41 3.14669 0.91191 -
12 0.92475 0.76018 - 42 2.88552 0.94667 -
13 0.81456 0.80099 - 43 2.719578 0.90466 -
14 0.79655 0.81839 - 44 2.66872 0.91307 -
15 0.76851 0.75067 - 45 2.71348 0.92646 -
16 1.06023 0.74241 - 46 2.70716 0.92393 -
17 1.02024 0.83873 - 47 2.51047 0.90193 -
18 0.9652 0.83865 - 48 2.65145 0.92124 -
19 1.10379 0.84013 - 49 2.64926 0.93082 -
20 1.13919 0.72674 - 50 2.78164 0.91527 -
21 1.30596 0.72066 - 51  2.91803 0.91826 -
22 1.70534 0.75601 - 52 2.98378 0.91013 -
23 1.69879 0.74905 - 53  2.56478 0.8606 2.81
24 1.88692 0.76298 - 54 2.64908 0.85465 -
25 1.9138 0.75688 - 55  2.29384 0.84601 -
26 1.8973 0.74573 - 56 2.91528 0.82567 -
27 2.01482 0.74603 - 57 3.0899 0.81585 -
28 2.07421 0.75287 - 58  2.74341 0.83355 -
29 2.21836 0.75922 - 59  1.90525 0.8363 -
30 2.29545 0.75636 -
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Fig. IV-13. Results of correlation coefficient filtering(night-time): a) using all

data; b)filtering the range of 0.6 to 0.7, c)filtering the range of 0.7 to 0.8;

d)filtering the range of 0.8 to 0.9

R HEGLE o

%

o] S AHAE Axe [Figo V-14]19F 2oh W3+
EA(SIV)e] FEEH S A834 e A= 12660 m?/secE Kalesto® A E
ol Hld 2583 m’/sec FA AHAHATE FHAH FSHol wEk Ho 19235
m®/sec(case—4), H A 11759 m?/sec(case-2)2 LEH¥E Ao wre} 7476 m?/sec
o & Aol& UetWlth AHBE & WEsS BW case-49 AT 9459 A

EARE ANF WREe fFEUE AARYonE o g fuo] A

300
O Discharge of SIV
250 -
o [ Discharge of Kalesto (=152.48ema)
2 g | :
“E,. 200 191,43
ot 15243 15748 = L
a 150 -
E 117,50 AN
S 100
A
=]
m 4
u 4
casel caged cased cased

Range of the correlation coefficient

Fig. IV-14. Comparison of discharge using observation devices (night-time).
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Table IV-9. Comparison of relative error rate among observation devices (night-time)

SIV ADCP Kalesto

. ] . Error

No.(remark) Discharge Discharge Discharge @)

(m®/sec) (m®/sec) (m®/sec) 3
case—1.(all) 126.60 16.97
case-2.(0.7°]3} LE|T) 117.59 ~ 152.48 22.87
case—3.(0.8°]3} ZHH) 122.18 ' 19.87
case—4.(0.9°]3} HHH) 191.53 20.39
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Table IV-10. Analysis summary table using Surface Image Velocimeter
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Fig. IV-15. Runoff-rate of rainfall events
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Table IV-11. Runoff-rate of rainfall events



2012.7.18 26.5% 33.9% 19.1% - 11.4% 3.71% 8.0%

2012.8.23 45.4% - 17.8% - - 2.2% 10.8%
2012.8.28 42.9% 29.5% - - 10.4% 5.2% 6.5%
2012.8.30 47.7% 34.7% 23.4% - - - 10.4%
2012.9.16 21.5% 27.0% 36.8% - 13.9% - -
2013.5.27 14.5% 19.2% - 13.2% 9.3% - -
2014.7.6 38.2% 36.2% 12.4% 19.1% 11.2% - -
2014.7.9 - 23.6% 9.7% - - - -
2014.8.1 19.5% 24.3% 12.3% 14.8% - - -
2014.9.23 - - - - - - -
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Fig. IV-16. Runoff-rate of rainfall events(Han-chen stream)



Table IV-12. Runoff-rate of rainfall events(Han-chen stream)

~ Kalesto CCTV
FEZF Kalesto ) CCTV )
I A FrEE FrEE H] 31
(m') (m') (m')
(%) (%)

2012.4.21 9,990,898 4,163,145 41.7 4,429,724 44.3 A
2012.4.25 4,395,226 793,044 18.0 898,254 204 A5355
2012.7.18 7,725,248 2,430,451 31.5 2,991,204 33.5 Tt
2012.8.23 13,944,555 3,012,376 21.6 3,689,746 26.5 55
2012.8.28 18,462,499 10,514,647 57.0 8,383,979 454 bl
2012.8.30 3,030,339 1,442,109 476 1,299,234 42.9 Ll
2012.9.16 24,262,980 14,596,757 60.2 11,584,378 47.7 2kt
2013.5.27 10,241,588 2,717,047 26.5 2,203,232 215 A
2014.7.6 1,240,949 601,014 48.4 326,090 26.3 55
2014.79 6,561,660 1,347,937 20.5 950,734 145 Y72
2014.8.1 23,366,375 7,078,671 30.3 8,922,395 382 IR
2014.9.23 4,995,709 740,736 14.8 975,868 195 9

(2) A=A =Z74)
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Fig. IV-17. Runoff-rate of rainfall events(Oe-do stream)

Table IV-13. Runoff-rate of rainfall events(Oe-do stream)

_ Kalesto CCTV
TFEEY Kalesto ) CCTV )
AR g &g e
(m') (m') (m')
(%) (%)
2012.7.18 6,240,794 4,521,334 724 2,860,944 45.8 Tt
2012.8.23 15,517,709 6803796.3 43.8 5256547.9 33.9 HEs9
2012.8.30 6,692,088 3,365,637 50.3 1,976,018 29.5 Ll
2012.9.16 29,491,341 15,631,521 53.0 10,236,372 34.7 2kt
2013.5.27 18,303,452 7487606.7 40.9 4942861.2 27.0 HEs9
2014.79 14,364,988 4440400.1 30.9 2756657.6 19.2 SRt
2014.8.1 32,809,861 17086254.2 52.1 11869973.0 36.2 R =
2014.8.20 6,023,769 2122142.6 35.2 1422469.6 23.6 HEs9
2014.9.23 10,980,203 3309359.4 30.1 2668552.2 24.3 9
(3) M (45 2l)
A A5l A3 e] Kalestoo} shd AddAIE CCTVE 9 AFIE #E2&2
[Fig. IV-161¢} [Table IV-12]¢} 2ot A9 AMGRHEE FEF UH] T =82
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Fig. IV-18. Runoff-rate of rainfall events(Cheon-mi stream)
Table IV-14. Runoff-rate of rainfall events(Cheon-mi stream)
~ Kalesto CCTV
FTEEF Kalesto ) CCTV )
AR g &g e
(m') (m') (m')
(%) (%)
2012.8.23 44,338,052 9,662,751 21.8 8,462,302 19.1 AEss9
2012.8.28 21,291,770 3,992,521 18.8 3,781,294 17.8 =gkl
2012.9.16 43,737,851 10,570,574 24.2 10,244,788 23.4 Abnf
2013.5.27 29,354,537 12,757,468 435 10,796,297 36.8 AEss9
2014.8.1 24,566,245 - - 3,050,129 124 =y
2014.8.20 6,020,446 - - 585,032 9.7 AEss9
2014.8.24 5,501,159 - - 562,226 10.2 AEss9
2014.9.23 6,245,777 - - 765,352 12.3 =4
(4) 3+ (gh&an)
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Fig. IV-19. Runoff-rate of rainfall events(Han-buk stream)

Table IV-15. Rrunoff-rate of rainfall events(Han-buk stream)

_ Kalesto CCTV
TFEEY Kalesto ) CCTV )
I A FrEs frEs H] 31
(m') (m') (m')
(%) (%)
2014.79 6,636,857 - 0.0 876,358 132 Y-
2014.8.1 29,421,824 3,096,857 122 5,630,510 19.1 [
2014.9.23 4,995,709 740,736 14.8 738,268 14.8 9
412 WASFHY TAEE frEE
(1) BE=H (e )
Wi Ao nl A3 9] Kalestost shd AdEAlE CCTVE A5 AHEE rE&2
[Fig. IV-161¢} [Table IV-12]¢} 2t A9 AMGREE FE5F UH] Hd 282
Kalesto® #=3% &30l 15.0%, st Adzr& CCTVE S 3ol
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Fig. IV-20. Runoff-rate of rainfall events(Byeong-mun stream)

Table IV-16. Runoff-rate of rainfall events(Byeong—-mun stream)

~ Kalesto CCTV
FTEEF Kalesto ) CCTV )
AR g &g e
(m') (m') (m')
(%) (%)

2012.4.25 2,213,785 - - 213920.5 9.7 HEs95
2012.07.18 2,488,215 - - 268524.7 10.8 Tt
2012.08.23 5,904,332 - - 671134.1 114 HEs5
2012.08.30 1,607,864 - - 166597.0 10.4 il
2013.05.27 6,795,042 1016994.2 15.0 944920.5 139 HEs9
2014.07.09 3,024,632 - - 328530.3 9.3 St
2014.08.01 8,111,833 - - 909907.6 11.2 R =
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Fig. IV-21. Runoff-rate of rainfall events(Byeong-mun stream)

Table IV-17. Runoff-rate of rainfall events(Byeong—-mun stream)

_ Kalesto CCTV
TFEEY Kalesto ) CCTV )
AR g &g e
(m') (m') (m')
(%) (%)

2012.04.25 2,213,785 - - 154111.3 7.0 HEs5
2012.07.18 2,488,215 - - 127094.0 51 Tt
2012.08.23 5,904,332 - - 218204.5 3.7 HEs9
2012.08.28 7,611,880 - - 166597.0 22 £kl
2012.08.30 1,607,864 - - 83383.6 52 Ll

(3) sHEH(E =)

s dma A 3] Kalestoo} obd AddAlg CCTVE 9 AMIE #5&

rlo
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Fig. IV-22. Runoff-rate of rainfall events(Byeol-do stream)
Table IV-18. Runoff-rate of rainfall events(Byeol-do stream)
_ Kalesto CCTV
TFEEY Kalesto ) CCTV )
Z A FES s H] 51
(m') (m') (m')
(%) (%)
2012.04.21 14,759,962 3593423.7 24.3 4633633.4 314 AEss9
2012.04.25 5,817,491 765087.1 13.2 592138.6 10.2 AEss9
2012.07.18 6,806,911 782668.7 115 862112.9 12.7 I
2012.08.23 18,982,479 1760101.0 9.3 1511374.4 8.0 AEss9
2012.08.28 21,276,743 4402528.0 20.7 2301351.5 10.8 gk
2012.08.30 3,645,727 163972.4 4.5 236643.0 6.5 IRl
2013.05.27 16901970 1771383.5 105 1758469.6 104 AEss9
42 AZ - vASE BF-FE58 &4
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Fig. IV-23. Hydrograph and comparison of discharges(April 21, 2012)

Table IV-19. Rainfall-Runoff Characteristics and Runoff Rate(April 21, 2012)

59 AyAsF  AeF HH94EH TEEFF FEZF (M) +EE (%)
(mm) (mm) (m*) (m®) Kalesto CCTV Kalesto CCTV
119.7 272.4 36,681,907 9,990,898 4,163,145 4,429,724 41.7 44.3
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Fig. IV-24. Hydrograph and comparison of flow discharges(April 25, 2012)
Table IV-20. Rainfall-Runoff Characteristics and Runoff Rate(April 25, 2012)
59 MBS AeF  FYUd  FEET FEF (1) FEE 0
2 3
(mm) (mm) (m?) () Kalesto CCTV Kalesto CCTV
400.6 119.8 36,681,907 4,395,226 793,044 898,254 18.0 20.4
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Fig. IV-25. Hydrograph and comparison of flow discharges(July 18, 2012)

Table IV-21. Rainfall-Runoff Characteristics and Runoff Rate(July 18, 2012)

59 A9R+F AT AW FEEI FEZ () FEE (0
2 3
(rmm) (mm) (m™) (m’) Kalesto CCTV Kalesto CCTV
183.7 210.6 36,681,907 7,725,248 2,430,451 2,591,204 31.5 33.5




@ 20123 8¢Y 23U HF3 5

[Fig. V-26]> JFE59 F&el & F=2A Al 8¢ 23U 15430255 254
121302 7kA] Kalesto®t THIF/HEA(SIVIE A4 FEFEFAolt &7
= 8AI00EF-E 154100 7kA] TAIZEEQE 91.71mmE YERW e, HFEfEFES
HAlE CCTV7E 18A130= 9l 178.41m*/sec, KalestoZ} 136.86m*/secE YEFWH S
o] % 23Y 244100 F-H 2A100i7HA] 66.77Tmme] HF7F5-9 dFoZ 3A00%
of AFAlE CCTV7ZF 152.46m%/sec, KalestoZ} 134.36m%/sece] + WA HFF
5% div] Kalestor FEE°] 21.6%, AGAAE& CCTVE 265%= F+ #Z5%
P A 555 YEFA ([ Table V-22])

A W AlsHol|2HECCTY_2012.8.23

400 ||I Mk T |.|| | ||| e -.|.||I|||I 0
B Rainfall
—Kalesto
—CCTY
300 50
)
g
-
E
% £
=
ﬁZl]l] Il]l]E
%] el
A -

o

N

y I N
0:00 6:0012:0018:000:00 6:00 12:0018:000:00 6:00 12:0018:000:00 6:00 12:0018:000: 00 6:00 12:0018:000:00 6:00 12:0018: 00
DATE(2012.8.20-2012.8.25)

200

Fig. IV-26. Hydrograph and comparison of flow discharges(August 23, 2012)

Table IV-22. Rainfall-Runoff Characteristics and Runoff Rate(August 23, 2012)

54 AYPB¢-F  AF FEHA TEEFF FEZF (M) =5 (%)
(mm) (mm) (m?) (m?) Kalesto CCTV Kalesto CCTV
184.0 380.1 36,681,907 13,944,555 3,012,376 3,689,746 21.6 26.5
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Fig. IV-27. Hydrograph and comparison of flow discharges(August 28, 2012)

Table IV-23. Rainfall-Runoff Characteristics and Runoff Rate(August 28, 2012)

59 A9R+F AT AW FEEI FEZ () FEE (0
2 3
(rmm) (mm) (m?) () Kalesto CCTV Kalesto CCTV
521.4 503.3 36,681,907 18,462,499 10,514,647 8,383,579 57.0 454
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Fig. IV-28. Hydrograph and comparison of flow discharges(August 30, 2012)

Table IV-24. Rainfall-Runoff Characteristics and Runoff Rate(August 30, 2012)

54 AYPB¢-F  AF FEHA TEEFF FEF (m*) =5 (%)
(mm) (mm) (m?) (m?) Kalesto CCTV Kalesto CCTV
559.1 82.6 36,681,907 3,030,339 1,442,109 1,299,234 47.6 42.9
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Fig. IV-29. Hydrograph and comparison of flow discharges(September 16, 2012)

Table IV-25. Rainfall-Runoff Characteristics and Runoff Rate(September 16,
2012)

59 HWASF AT H9EH FESY FEZ () FEE )
2 3
() (mm) () m?) Kalesto CCTV Kalesto CCTV
183.3 661.4 36,681,907 24,262,980 14,596,757 11,584,378 60.2 47.7
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Fig. IV-30. Hydrograph and comparison of flow discharges(May 27, 2013)

Table IV-26. Rainfall-Runoff Characteristics and Runoff Rate(May 27, 2013)

59 AyAsF  AeF HH94EH TEEFF FEZF (M) +EE (%)
(mm) (mm) (m?) (m®) Kalesto CCTV Kalesto CCTV
164 .4 443.4 36,681,907 16,262,924 2,717,047 2,203,232 16.7 13.5
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Fig. IV-31. Hydrograph and comparison of flow discharges(July 6, 2014)

Table IV-27. Rainfall-Runoff Characteristics and Runoff Rate(July 6, 2014)

59 AYRSLF Ae¥ F99F TEEFF FEZF (M) +EE (%)
(mm) (mm) (m?) (m?) Kalesto CCTV Kalesto CCTV
154.6 33.8 36,681,907 1,240,949 601,014 326,090 48.4 26.3




0 20149 7¥€ 9¥9 #I8=% ®HlF “Y+ 8"

R4

[Fig. IV-32]+= #18& ¥ U2 (NEOGRD®| <3l o9& F&4A 79 99X
1041005 79109 12400%7kA] Kalesto?t W F&4FEA(SIV)E 483

FEFdelth, AdAlE CCTVE 144130+l 38.79m*/sec, Kalesto= 14100+l

AB7Tm?/secd  AFFES  vERIY. 59 AyFS=ES 273.1mm,

[e}
o
1789mm= vElyt o 92 diH] fEE2 Kalesto’} 205%, AwiAl& CCTV
7} 145% % YEETtH([Table IV-28]).

FA W X ol ol -2 CCTV_2014.7.9

| ILLRLTLS 0
= Rainfall
~—Kalesto

—ccTv

200

o

150

50

—
(=)
=]

Discharge(m3/sec)

=)
=]
Rainfall{mm)

50

150

0

W BT 200
0:00 6:00 1200 1800 0:00 6:00 12:00 1800 0:00 6:00 12:00 18:00 0:00 6:00 12:00 1800

DATE(2014.7.8-2014.7.11)

Fig. IV-32. Hydrograph and comparison of flow discharges(July 9, 2014)

Table IV-28. Rainfall-Runoff Characteristics and Runoff Rate(July 9, 2014)

59 A9R+F AT AW FEEI FEZ () FEE (0
2 3
(rmm) (mm) (m™) (m’) Kalesto CCTV Kalesto CCTV
273.1 178.9 36,681,907 6,561,660 1,347,936 950,734 20.5 14.5
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Fig. IV-33. Hydrograph and comparison of flow discharges(August 2, 2014)

Table IV-29. Rainfall-Runoff Characteristics and Runoff Rate(August 2, 2014)

59 A9R+F AT AW FEEI FEZ () FEE (0
2 3
(rmm) (mm) (m™) (m’) Kalesto CCTV Kalesto CCTV
213.6 802.1 36,681,907 29,421,824 7,078,671 8,922,395 24.1 30.3
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Fig. IV-34. Hydrograph and comparison of flow discharges(September 23, 2014)

Table IV-30. Rainfall-Runoff Characteristics and Runoff Rate(September 23,
2014)

59 HWASF AT H9EH FESY FEZ () FEE )
2 3
() (mm) () m?) Kalesto CCTV Kalesto CCTV
160.1 136.2 36,681,907 4,995,709 740,735 975,867 14.8 19.5
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Fig. IV-35. Hydrograph and comparison of flow discharges(July 18, 2012)

Table IV-31. Rainfall-Runoff Characteristics and Runoff Rate(July 18, 2012)

59 AYRSLF Ae¥ F99F TEEFF FEZF (M) +EE (%)
(mm) (mm) (m?) (m?) Kalesto CCTV Kalesto CCTV
284.2 140.3 44,472,269 6,240,794 4,521,334 2,860,944 72.4 45.8
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Fig. IV-36. Hydrograph and comparison of flow discharges(August 30, 2012)

Table IV-32. Rainfall-Runoff Characteristics and Runoff Rate(August 30, 2012)

54 AYPB¢-F  AF FEHA TEEFF FEZF (M) =5 %)
(mm) (mm) (m?) (m?) Kalesto CCTV Kalesto CCTV
649.4 98.5 44,472,269 4,382,297 3,365,637 1,976,018 76.8 45.1
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Fig. IV-37. Hydrograph and comparison of flow discharges(September 16, 2012)

Table IV-33. Rainfall-Runoff Characteristics and Runoff Rate(September 16,
2012)

59 MBS A9 AGUA SERD 522 () 4EE D)
(mm) (mm) (m*) (m®) Kalesto CCTV Kalesto CCTV
163.1 663.1 44,472,269 29,491,341 15,631,521 10,236,372 53.0 34.7
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Fig. IV-38. Hydrograph and comparison of flow discharges(May 27, 2013)

Table IV-34. Rainfall-Runoff Characteristics and Runoff Rate(May 27, 2013)

59 MBS AeF  FYUd  FEET FEF (1) FEE 0
2 3
(mm) (mm) (m?) () Kalesto CCTV Kalesto CCTV
296.6 411.6 44,472,269 18,303,452 7,457,606 4,942,861 40.9 27.0
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Fig. IV-39. Hydrograph and comparison of flow discharges(July 9, 2014)

Table IV-35. Rainfall-Runoff Characteristics and Runoff Rate(July 9, 2014)

59 A9R+F AT AW FEEI FEZ () FEE (0
2 3
(rmm) (mm) (m?) () Kalesto CCTV Kalesto CCTV
282.3 323.0 44,472,269 14.364.988 4,440,400 2,756,657 30.9 19.2
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Fig. IV-40. Hydrograph and comparison of flow discharges(August 2, 2014)

Table IV-36. Rainfall-Runoff Characteristics and Runoff Rate(August 2, 2014)

59 A9R+F AT AW FEEI FEZ () FEE (0
2 3
(rmm) (mm) (m?) () Kalesto CCTV Kalesto CCTV
17,086,25 11,869,97
230.2 910.4 44,472,269 40,487,109 A 3 42.2 29.3
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Fig. IV-41. Hydrograph and comparison of flow discharges(August 20, 2014)

Table IV-37. Rainfall-Runoff Characteristics and Runoff Rate(August 20, 2014)

59 A9R+F AT AW FEEI FEZ () FEE (0
2 3
(rmm) (mm) (m™) (m’) Kalesto CCTV Kalesto CCTV
144.8 135.5 44,472,269 6,023,769 2,122,142 1,422,469 35.2 23.6
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Fig. IV-42. Hydrograph and comparison of flow discharges(August 23, 2014)

Table IV-38. Rainfall-Runoff Characteristics and Runoff Rate(August 23, 2014)

59 MBS AeF  FYUd  FEET FEF (1) FEE 0
2 3
(mm) (mm) (m?) () Kalesto CCTV Kalesto CCTV
231.3 74.0 44,472,269 3,289,614 475,566 339,109 14.5 10.3
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Fig. IV-43. Hydrograph and comparison of flow discharges(September 23, 2014)

Table IV-39. Rainfall-Runoff Characteristics and Runoff Rate(September 23,
2014)

59 HWASF AT H9EH FESY FEZ () FEE )
2 3
(mm) (mm) (m?) m”) Kalesto CCTV Kalesto CCTV
182.8 246.9 44,472,269 10,980,203 3,309,359 2,668,552 30.1 24.3
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Fig. IV-44. Hydrograph and comparison of flow discharges(August 23, 2012)

Table IV-40. Rainfall-Runoff Characteristics and Runoff Rate(August 23, 2012)

59 MBS AeF  FYUd  FEET FEF (1) FEE 0
2 3
(mm) (mm) (m?) () Kalesto CCTV Kalesto CCTV
181.9 432.9 102.423.369 44,338,052 9,662,751 8,462,302 21.8 19.1

- 109 —



@ 20129 8¢ 28¥ A15% ®lF “Egal”

[Fig. IV-45]2 #l15% el% =22t (BOLAVEN)S <& o3 f&24 A 8¢
279 23400256 289 134002 7b4] Kalesto®t FHGAFEA(SIV)E 243 #
SFEIHNolth, T B 7L 23210084 2341308 Abelel ¢ 70m?/secoll A
100m?*/sec® F 30m’/sec?] FEF#Fo] F53E AFS Ueoh d3wd CCTVE
1A100%-<ll 157.71m*/sec, 517kl Kalestox 157.32m*/sec® F #2017} A3
HFFEe e

[Table V-41]2 ®F =ehile] el ot FFLA Al ZAg-2Fel e dnH

o) §2EHS Ul Adolth 59 A@gSFol 4789mm, FEAFFE

AW "2 CCTY 2012.8.27

400

B Rainfall
—Kalesto
—CCTY

300 50

200

100 A | 150

0 L e e e e ek L 200
0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00 0:00 6:00 12:00 18:00

DATE(2012.8,24-2012.8.28)

(=]
=

Discharge(m?/sec)
Rainfall{mm}

Fig. IV-45. Hydrograph and comparison of flow discharges(August 28, 2012)

Table IV-41. Rainfall-Runoff Characteristics and Runoff Rate(August 28, 2012)

59 AyAsF  AeF HH94EH TEEFF FEZF (M) +EE (%)
(mm) (mm) (m*) (m®) Kalesto CCTV Kalesto CCTV
478.9 207.9 102.423.369 21,291,770 3,992,521 3,781,294 18.8 17.8
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Fig. IV-46. Hydrograph and comparison of flow discharges(September 16, 2012)

Table IV-42. Rainfall-Runoff Characteristics and Runoff Rate(September 16,
2012)

54 AYPB¢-F  AF FEHA TEEFF FEZF (M) =5 %)
(mm) (mm) (m?) (m?) Kalesto CCTV Kalesto CCTV
328.7 427.0 102.423.369 43,737,851 10,570,574 10,244,788 24.2 23.4
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Fig. IV-47. Hydrograph and comparison of flow discharges(May 27, 2013)

Table IV-43. Rainfall-Runoff Characteristics and Runoff Rate(May 27, 2013)

59 AYRSLF Ae¥ F99F TEEFF FEZF (M) +EE (%)
(mm) (mm) (m?) (m?) Kalesto CCTV Kalesto CCTV
102.423.36 12,757,46 10,796,29
114.7 307.8 9 31,523,864 8 7 40.5 34.2
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Fig. IV-48. Hydrograph and comparison of flow discharges(August 2, 2014)

Table IV-44. Rainfall-Runoff Characteristics and Runoff Rate(August 2, 2014)

59 A9R+F AT AW FEEI FEZ () FEE (0
2 3
(rmm) (mm) (m™) (m’) Kalesto CCTV Kalesto CCTV
102.423.36
160.9 239.9 9 24,566,246 - 3,050,128 - 12.4
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Fig. IV-49. Hydrograph and comparison of flow discharges(August 20, 2014)

Table IV-45. Rainfall-Runoff Characteristics and Runoff Rate(August 20, 2014)

59 A9R+F AT AW FEEI FEZ () FEE (0
2 3
(rmm) (mm) (m™) (m’) Kalesto CCTV Kalesto CCTV
102.423.36
201.9 58.8 9 6,020,446 - 585,032 - 9.7
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Fig. IV-50. Hydrograph and comparison of flow discharges(August 24, 2014)

Table IV-46. Rainfall-Runoff Characteristics and Runoff Rate(August 24, 2014)

59 A9R+F AT AW FEEI FEZ () FEE (0
2 3
(rmm) (mm) (m™) (m’) Kalesto CCTV Kalesto CCTV
102.423.36
1568.7 53.7 9 5,501,159 - 562,226 - 10.2
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Fig. IV-51. Hydrograph and comparison of flow discharges(September 23, 2014)

Table IV-47. Rainfall-Runoff Characteristics and Runoff Rate(September 23,
2014)

59 MBS AeF  FYUd  FEET FEF (1) FEE 0
2 3
(mm) (mm) (m?) () Kalesto CCTV Kalesto CCTV
102.423.36
168.2 61.0 9 6,245,777 - 765,352 - 12.3
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Fig. IV-52. Hydrograph and comparison of flow discharges(July 9, 2014)

Table IV-48. Rainfall-Runoff Characteristics and Runoff Rate(July 9, 2014)

59 MBS AeF  FYUd  FEET FEF (1) FEE 0
2 3
(mm) (mm) (m?) () Kalesto CCTV Kalesto CCTV
36,681,907
271.1 180.9 9 6,636,857 - 876,357 - 13.4
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Fig. IV-53. Hydrograph and comparison of flow discharges(August 2, 2014)

Table IV-49. Rainfall-Runoff Characteristics and Runoff Rate(August 2, 2014)

59 A9R+F AT AW FEEI FEZ () FEE (0
2 3
(mm) (mm) (m?) () Kalesto CCTV Kalesto CCTV
213.6 802.1 36,681,907 29,421,824 3,596,856 765,352 12.2 19.1
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Fig. IV-54. Hydrograph and comparison of flow discharges(September 23, 2014)

Table IV-50. Rainfall-Runoff Characteristics and Runoff Rate(September 23,
2014)

59 A9R+F AT AW FEEI FEZ () FEE (0
2 3
(rmm) (mm) (m™) (m’) Kalesto CCTV Kalesto CCTV
117.03 229.4 36,681,907 8,412,995 - 393,232 - 7.9
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Fig. IV-55. Hydrograph and comparison of flow discharges(April 21, 2012)

Table IV-51. Rainfall-Runoff Characteristics and Runoff Rate(April 21, 2012)

FEF (m*)

reg (0

59 APAeFE  FoF KA TEETF
(mm) (mm) (m?) (m?) Kalesto Kalesto
CCTV CCTV
(A 241743 A1) (A 2414 21)
141.0 271.8 16,982,086 4,616,071 628,109 1,010,276 13.6 21.9
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Fig. IV-56. Hydrograph and comparison of flow discharges(April 25, 2012)

Table IV-52. Rainfall-Runoff Characteristics and Runoff Rate(April 25, 2012)

59 MBS AeF  FYUd  FEET FEF () HEE O
( 'nyrn) ('rn'rn) ( 'I7L2 ) ('I’ILS ) Kalesto Kalesto
CCTV CCTV
(A 2214 31) (A 2214 31)
427.5 130.4 16,982,086  2,213.785 83,146 213,920 3.8 9.7
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Fig. IV-57. Hydrograph and comparison of flow discharges(July 18, 2012)

Table IV-53. Rainfall-Runoff Characteristics and Runoff Rate(July 18, 2012)

59 AWASF  ASF  HUEH  FERT FEF () FEE O
(mm) (mm) (m?) (m?) Kalesto Kalesto
CCTV CCTV
(A 2414 A1) (A 2414 1)
173.6 193.2 16,982,086 3,280,430 91,726 268,524 2.8 8.2
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Fig. IV-58. Hydrograph and comparison of flow discharges(August 23, 2012)

Table IV-54. Rainfall-Runoff Characteristics and Runoff Rate(August 23, 2012)

59 MRS AeF  H9EH FEST FEF () HEEOD
(mm) (mm) (m?) (m?) Kalesto Kalesto
CCTV CCTV
(A 2414 A1) (A 2414 1)
209.7 419.6 16,982,086 1,540,785 307,619 671,134 4.3 9.4
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Fig. IV-59. Hydrograph and comparison of flow discharges(August 28, 2012)

Table IV-55. Rainfall-Runoff Characteristics and Runoff Rate(August 28, 2012)
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( ) ( ) ) s Kalesto CCTV Kalesto CCTV
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Fig. IV-60. Low—quality video of Disaster Monitoring CCTV system
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Fig. IV-61. Hydrograph and comparison of flow discharges(August 30, 2012)

Table IV-56. Rainfall-Runoff Characteristics and Runoff Rate(August 30, 2012)

59 MBS AeF  FYEH  FEET FEF () FEE 0
(mm) (mm) (m?) (m?) Kalesto Kalesto
CCTV CCTV
(A 2414 A1) (A 2414 1)
504.3 78.0 16,982,086 1,324,603 83,383 210,771 6.3 15.9

- 125 —



@ 2012 99 16Y A165 EjF “Aknp”
[Fig. IV-62]= Al163% ©]3% AFF(SANBA)S] A 8ko] 93 &4 A 9€16Y9 14
o] AFHAE CCTV

-

A30EH-E 189 144130 7HA] #1241/ w Kalesto$} 4FQ

=G FEFEFEAGCIVIE AL FEFTdolth #2404 aL Kalesto?]
179 7AI30% 9A30E7A 9] 9] - AR
TA00E7HA Aol 68.07m*/secell A H A 31.18m%/secd] frE#ko] 30 (A= W
E Yt Ao CCTVE HF#E 72 9M30% A8t 54
A&7 Fol 5043mm= A E e FaAdF-EFS 780mm= WERET. -

< 28.3%= LERYE

O

_0|L
flr
Ny
%)

]

tH] Kalestos f3&80°] 14.7%, AYF7AE CCTVY w3

&9 W ool 2HECCTY_2012.9.16

200 T e 0
I i II|”||| |||| |"I|““ = Raintall
ainfa
—Kalesto
—CCTY
150 50
)
]
- -
E £
% £
=
ﬁ 100 Il]l]E
o 2
A -

150

“ l

0 200
0:00 6:00 12:0018:000: 00 6:00 12:0018:000:00 6:00 12:0018:000:00 6:00 12:0018:000: 00 6:00 12:0018: 000:00 6:00 12:0018:00
DATE(2012.9,13-2012.9.18)

Fig. IV-62. Hydrograph and comparison of flow discharges(September 16, 2012)

Table IV-57. Rainfall-Runoff Characteristics and Runoff Rate(September 16,

2012)
59 AWASF  ASF  HUEH  FERT FEF () FEE O
(mm) (mm) (m?) (m?) Kalesto Kalesto
CCTV CCTV
(A 2414 A1) (A 2414 1)
670.7 547.8 16,982,086 9,303,466 1,690,059 3,259,091 14.7 28.3
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Fig. IV-63. Hydrograph and comparison of flow discharges(May 27, 2013)

Table IV-58. Rainfall-Runoff Characteristics and Runoff Rate(May 27, 2013)

59 MBS AeF  FYEH  FEET FEF (1) FEE 0
(mm) (mm) (m?) (m?) Kalesto Kalesto
CCTV CCTV
(o) (o)
159.5 400.1 16,982,086 6,795,042 1,016,994 944,920 15.0 13.9
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Fig. IV-64. Hydrograph and comparison of flow discharges(July 9, 2014)

Table IV-59. Rainfall-Runoff Characteristics and Runoff Rate(July 9, 2014)

59 A9R+F AT AW FEEI FEZ () FEE (0
(mm) (mm) (m?) (m?) Kalesto Kalesto
CCTV CCTV
(o) (o)
170.4 207.6 16,982,086 3,524,632 386,808 328,530 10.9 9.3
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Fig. IV-65. Hydrograph and comparison of flow discharges(August 2, 2014)

Table IV-60. Rainfall-Runoff Characteristics and Runoff Rate(August 2, 2014)

59 MBS AeF  FYUd  FEET FEF () HEE O
(mm) (mm) (m?) (m?) Kalesto Kalesto
CCTV CCTV
(GGre.at) (Gre.at)
174.7 477.7 16,982,086 8,111,833 1,784,485 909,907 22.0 11.2
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Fig. IV-66. Hydrograph and comparison of flow discharges(April 21, 2012)

Table IV-61. Rainfall-Runoff Characteristics and Runoff Rate(April 21, 2012)

5d AYF+% L% g3 FEEZ FEY TEE

(mm) (mm) (m?) (m®) (m*) (%)

141.0 271.8 16,982,086 4,616,071 1,018,281 22.1
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Fig. IV-67. Hydrograph and comparison of flow discharges(April 25, 2012)

Table IV-62. Rainfall-Runoff Characteristics and Runoff Rate(April 25, 2012)

59 Aa)7roak 3o 99 FEFTF TEZF TEE

(mm) (mm) (m?) (m?) (m?) (%)

427.5 130.4 16,982,086 2,213,785 154,111 7.0
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Fig. IV-68. Hydrograph and comparison of flow discharges(July 18, 2012)

Table IV-63. Rainfall-Runoff Characteristics and Runoff Rate(July 18, 2012)

59 MBS 5% TEEE cEET 45% 428

(mm) (mm) (m?) (m®) (m*) (%)

173.6 193.2 16,982,086 3,280,430 127,094 3.9
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Fig. IV-69. Hydrograph and comparison of flow discharges(August 23, 2012)

Table IV-64. Rainfall-Runoff Characteristics and Runoff Rate(August 23, 2012)

59 A7 3% 99 FEFTF TEZF TEE

(mm) (mm) (m?) (m?) (m?) (%)

209.7 419.6 16,982,086 7,126,023 307,619.7 218,204.5
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Fig. IV-70. Hydrograph and comparison of flow discharges(August 28, 2012)

Table IV-65. Rainfall-Runoff Characteristics and Runoff Rate(August 28, 2012)

59 WWEEE A9 fqus 455 23 o8
(mm) (mm) (m?) (m®) (m*) (%)
465.8 448.2 16,982,086 7,611,880 1,417,041 18.6
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Fig. IV-71. Hydrograph and comparison of flow discharges(August 28, 2012)

Table IV-66. Rainfall-Runoff Characteristics and Runoff Rate(August 28, 2012)

59 AR 9% LEEE 55 453 458
(

m?®) (m®) (%)

(mm) (mm) (m?)

504.3 78.0 16,982,086 1,324,603 210,771 15.9

- 135 —



@ 20121 99 16Y A165 EfF “Aknp”
[Fig. IV-72]& A|16% €% AFH(SANBA)S] A 8ko] 93 &4 A 9€16Y9 15

AO0RE] 28N0EAA 2B ATHAE CCTVE #5394 ERD 557

ro

(SIV)E 283

o =
2,172,926m' 0.2 A=} 59 AYF¢ =S 90.7mm, FFHFS 678.0mm°]tq, A

i
=
o
Q
Q
—
<
lo,
do
FLHN'
rlo
o
©
X
fr
i
j‘l
E
=
Q
o
%)
2
2

2= Mool 2HECCTY 2012.9.16

o e
B Rainfall
— CCTVY
150 50
3
:?. )
E
% E
3
ﬁ 100 quE
4] [
P -4
50 ‘VM 150
1] 200

0:00 6:00 12:0018:000: 00 6:00 12:0018:000:00 6:00 12:0018:000:00 6:00 12:0018:000: 00 6:00 12:0018: 000:00 6:00 12:0018: 00
DATE(2012.9.13-2012.9.18)

Fig. IV-72. Hydrograph and comparison of flow discharges(September 16, 2012)

Table IV-67. Rainfall-Runoff Characteristics and Runoff Rate(September 16,
2012)

59 AYPF-=F A FEHA TESF FEF TEE
(mm) (mm) (m?) (m®) (m*) (%)
90.2 678.5 16,982,086 11,522,515 2,172,926 18.9
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Fig. IV-73. Hydrograph and comparison of flow discharges(July 6, 2014)

Table IV-68. Rainfall-Runoff Characteristics and Runoff Rate(July 6, 2014)

59 AYPF-=F 5= FEHA TESF FEF +&5
(mm) (mm) (m?) (m?) (m?) (%)
126.8 155.8 16,982,086 2,645,639 716,142 27.1
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Fig. IV-74. Hydrograph and comparison of flow discharges(August 2, 2014)

Table IV-69. Rainfall-Runoff Characteristics and Runoff Rate(August 2, 2014)

59 Aa)7roak 3o 99 FEFTF TEZF TEE
(mm) (mm) (m?) (m?) (m?) (%)
174.7 477.7 16,982,086 8,111,833 1,524,747 18.8
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Fig. IV-75. Hydrograph and comparison of flow discharges(April 21, 2012)

Table IV-70. Rainfall-Runoff Characteristics and Runoff Rate(April 21, 2012)

59 AWASF  ASF  HYEd SRS FEF () rEE (0
(mm) (mm) (m?) (m?) Kalesto Kalesto
CCTV CCTV
(A2¥ =) (A28 =a0)
152.7 297.6 49,594,981 14,759,962 3,593,423 4,633,633 24.3 31.4
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Fig. IV-76. Hydrograph and comparison of flow discharges(April 25, 2012)

Table IV-71. Rainfall-Runoff Characteristics and Runoff Rate(April 25, 2012)

59 MBS AeF  FYEH  FEET FEF () FEE 0
(mm) (mm) (m?) (m?) Kalesto Kalesto
CCTV CCTV
(A2¥ =) (A28 =a0)
436.2 117.3 49,594,981 5.817.491 765,087 592,138 13.2 10.2
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Fig. IV-77. Hydrograph and comparison of flow discharges(July 18, 2012)
Table IV-72. Rainfall-Runoff Characteristics and Runoff Rate(July 18, 2012)
59 AWASF  ASF  HYEd SRS FEF () rEE (0
2 3 Kalest Kalest
(mm) (mm) (") (") aesto cerv aesto cerv
(A28 =a0) (A28 =a0)
268.4 137.3 49,594,981 6,806,911 782,668 862,112 115 12.7
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Fig. IV-78. Hydrograph and comparison of flow discharges(August 28, 2012)

Table IV-73. Rainfall-Runoff Characteristics and Runoff Rate(August 28, 2012)

59 MBS AeF  FYUd  FEET FEF () HEE O
(mm) (mm) (m?) (m?) Kalesto CCTV Kalesto CCTV
A2¥=a) (A 2E =30)
516.1 73.5 49,594,981 3,645,727 163,972.4 236,643.0 4.5 6.5
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Fig. IV-79. Hydrograph and comparison of flow discharges(September 16, 2012)
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Fig. IV-80. Low—quality video of Disaster Monitoring CCTV system
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