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Abstract

This study aims at the estimation of dam failure time and dam failure scenario analysis of and applied
to Yeoncheon Dam which was collapsed August Ist 1999, using HEC-HMS, DAMBRK-FLDWAYV simulation
model. As the result of the rainfall-runoff simulation, the lancet flood amount of the Yeoncheon Dam site
was 10,324 m’/sec and the total outflow was 1,263.90 million m®. For the dam failure time estimation, 13
scenarios were assumed including dam failure duration time and starting time, which reviewed to the runoff
results. The simulation time was established with 30 minutes intervals between one o'clock to 4 o'clock in
the morning on August 1, 1999 for the setup standard for each case of the dam failure time estimation, consider-
ing the arrival time of the flood, when the actually measured water level was sharply raising at Jeongok station
area of the Yeoncheon Dam downstream, As results, dam failure arrival time could be estimated at 02:45
a.m., August Ist 1999 and duration time could be also 30 minutes. Those results and procedure could suggest

how and when dam failure occurs and analyzes.
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Table 1. Maximum rainfall along duration
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Station 3 hrs 6 hrs 12 hrs 24 hrs 48 hrs 3 days
Pocheon 106.5 150.5 298.5 390.0 659.0 736.6
Dongduchon 1274 1774 343.7 4183 680.7 724.9
Jeongok 184.0 273.0 347.0 469.0 679.0 727.0
Sinseo 151.0 247.0 368.0 466.0 652.0 742.0
Cheolwon 117.8 199.6 307.8 460.2 697.9 752.9
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Table 2. Dimension of Yeoncheon Dam®
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Dam type CFRD Dam Crest EL. EL.53.50 m(Height 22 m)
HW.L. EL. 50.0 m (Depth 18.5 m) Gates 7105 mx 113 mx7)
Length 165.6 m Crest Width 80 m
LWL EL. 45.0 m (Depth 13.5 m) Bed EL. EL. 30.0 m
Capacity 1,300mil. m Design Flood 5,230 m'/s

Fig. 1. Hantan River Basin.
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Fig. 2. Yeoncheon Dam(before failure).
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Fig. 3. Rainfall stations and thissen polygon.
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Table 3. Results of model parameter

Fig. 4. HEC-HMS scheme.

emso| W FE2E T 1,263.90Wm’E 2o H Y}
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Basin no Concentration time(hr) Storage coefficient(hr)
Kirpich | Kraven |Kraven-II Kerby Clark Linsley Russel
Basinl | 6.02 839 [17.47~52.41] 6.22~18.65 | 8.90~97.08
Basin2 | 8.73 10.51 [28.30~84.89 | 11.45~34.36 | 5.03~54.84
Basin3 | 5.01 7.51 | 13.76~41.28 | 3.65~10.94 | 6.85~74.46
Basind | 2.64 508 | 598~17.93 | 1.52~4.57 [2.81~30.60
Basins | 4.02 6.57 |10.33~30.99| 2.22~4.65 | 4.94~53.88
Basing | 3.62 6.17 | 9.03~27.09 | 1.94~582 | 1.60~17.40 |
Basin7 | 186 411 [3.80~1139 | 0.61~1.84 [2.07~22.56 |
Basin§ | 3.5 6.06 | 8.70~26.11 | 1.95~5.86 | 1.55~16.92
Basin9 | 5.68 8.10 |[16.19~48.58 | 3.47~10.40 | 2.89~31.56 ,,
Basinl0 | 6.33 8.65 |18.63~5589] 4.53~13.59 [3.29~3588 | 266
Basinll | 4.53 7.06 |12.08~36.25| 2.53~7.60 |2.16~2352| 1
Basinl2 | 127 3.27 | 233~698 | 034~1.03 [1.09~11.88
Basinl3 | 6.27 8.60 |1843~55.28] 4.93~14.79 [ 3.28~3576
Basinl4 | 5.89 828 |16.99~50.98 | 4.72~14.16 [ 8.78~95.76
Basinl5 | 6.24 8.57 |1830~54.89] 2.71~8.14 [3.25~35.40
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Table 4. Peak discharges in Hantan River Basin

Location Peak Discharge(CMS) | HMS Index
Yeoncheon Dam 10,324 Dam
Shincheon River 12,502 ]2

Chatan River 13,732 n
Outlet 14,142 Qutlet
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Fig. 7. Hydrograph at Chatan River.
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Fig. 8. Hydrograph at outlet.
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Fig. 9. Cross section of Yeoncheon Dam.



Table S. Scenarios of dam operation and failure
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No.15

No.19

3 9% HEQ -9 sk Adees AT A4S $H A0 2 o

Dis.(km) Dis.(mi) | R.M.
0.00 0.000 Reservoir
0.17 0.106 Dam_Site
0.18 0.111
1.70 1.056
2.70 1.678
7.20 4.474
7.70 4.785
9.20 5.717
9.70 6.027
10.69 6.640
11.70 7.270
13.20 8.202 4= Shincheon
13.70 8.513
14.70 9.134
15.69 9.750
16.70 10.377 4= Chatan River
17.70 10.999
18.20 11.309
19.70 12.241
20.70 12.863 QOutlet

Fig. 10. FLDWAYV model scheme.

A7 34— 1287

iti fai . .
Case nO.Condmon YN St]ZrtariIrllg Ti:lri::e Duration Coffer facility | Gate operation Remarks
Case 1 - - - - - Condition of no Dam
Case 2 N - - N 18:00
Case 3 Y 08. 01. am 02:45{ 30 min N 18:00
Case 4 Y 08. 01. am 02:45| 30 min N 19:00
Case 5 Y 08. 01. am 02:45| 30 min Y 19:00
o A&AE o £X EE 94d BT 27
@ W £97 VAR FERI AT R 24 2D s7hx) 270 diskd W S 2 £l e o
® ¥ £33 B b F AN deheet pile)  HEF S AT AUALE 2RI The
Table 6. Scenarios for dam failure starting time
Case no Condition Dam failure starting time Duration(min.) Coffer facility(Y/N) Remark
Case 1-1 08. 01. am 02:00 30 Y
Case 1-2 08. 01. am 02:30 30 Y
Case 1-3 08. 01. am 02:45 30 Y
Case 1-3-1 08. 01. am 02:45 25 Y
Case 1-3-2 08. 01. am 02:45 30 Y
Case 1-3-3 08. 01. am 02:45 35 Y
Case 1-3-4 08. 01. am 02:45 40 Y
Case 1-3-5 08. 01. am 02:45 45 Y
Case 14 08. 01. am 03:00 30 Y
Case 1-5 08. 01. am 03:30 30 Y
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Table 7. Scenarios for gate operation analysis

Caso mo-Condition | Gate full open time gﬁmgafi‘;‘; Duration(min.) facfﬁ‘gfﬁ(rm) Remark
Case 136 07. 3L pm 19:00 | 08. OL am 02:45 35 Y
Case 1-3-7 07. 31. pm 19:30 08. 01. am 02:45 30 Y
Case 1-3-8 07. 31 pm 20:00 | 08. O1. am 02:45 35 Y

Table 8. Results of each scenario for dam failure duration simulation

Simulation Case 1-3-1(25min) | Case 1-3-2(30min) | Case 1-3-3(35min) | Case 1-3-4(40min) | Case 1-3-3(45min)
time(hr) W.L. Q W.L. Q W.L. Q W.L. Q W.L. Q
(ELm) | (m¥s) | (ELm) | (m*s) | (ELm) | (m%s) | (ELm) | (m¥%s) | (EL.m) (m*/s)
7131/18.0 44.74 391.3 44.74 391.3 44.74 3913 44.74 3913 44.74 391.3
18.5 44.76 508.9 44.76 508.9 44.76 508.9 44.76 508.9 44.76 508.9
19.0 44.80 670.5 44.80 670.5 44.80 670.5 44.80 670.5 44.80 670.5
19.5 44.86 869.0 44.86 869.0 44.86 869.0 44.86 869.0 44.86 869.0
20.0 44.95 1083.4 44.95 1083.4 4495 1083.4 44.95 1083.4 44.95 1083.4
20.5 45.05 1297.8 45.05 1297.8 45.05 1297.8 45.05 1297.8 45.05 1297.8
21.0 45.17 1505.6 45.17 1505.6 45.17 1505.6 45.17 1505.6 4517 1505.6
215 45.31 1725.3 45.31 1725.3 4531 1725.3 45.31 1725.3 45.31 17253
22.0 45.52 1992.7 45.52 1992.7 45.52 1992.7 45.52 1992.7 45.52 1992.7
22.5 45.82 2332.2 45.82 23322 45.82 23322 45.82 2332.2 45.82 2332.2
23.0 46.25 2746.5 46.25 2746.5 46.25 2746.5 46.25 2746.5 46.25 2746.5
23.5 46.87 3249.6 46.87 3249.6 46.87 3249.6 46.87 3249.6 46.87 3249.6
8/01/0.0 47.70 3821.9 47.70 3821.9 47.70 38219 47.70 3821.9 47.70 3821.9
0.5 48.71 4418.0 48.71 4418.0 48.71 4418.0 48.71 4418.0 48.71 4418.0
1.0 49.85 5007.3 49.85 5007.3 49.85 5007.3 49.85 5007.3 49.85 5007.3
1.5 51.10 5583.8 51.10 5583.8 51.10 5583.8 51.10 5583.8 51.10 5583.8
2.0 52.43 6134.8 52.43 6134.8 5243 6134.8 52.43 6134.8 52.43 6134.8
25 53.77 6648.2 53.77 6648.2 53.77 6648.2 53.77 6648.2 53.77 6648.2
30 | | 85746 | | 85517 | 5503 | 78639 | 5564 | 77087 | 8508 | 7607.6
3.5 54.02 1 )| 54.06 5| 5451 1687 5477 119198 | 55.05 12234.6
4.0 53.34 | 10770.6 | 53.37 | 10793.5 | 53.65 | 11015.8 | 53.82 | 111472 | 54.00 | 1} -
4.5 53.05 | 10546.9 | 53.07 | 10561.1 | 53.24 | 10696.4 | 53.35 | 10777.7 | 53.46 10863.5
5.0 5293 1104503 | 5294 | 10458.5 | 53.04 | 10539.0 | 53.11 | 10587.7 | 53.17 10639.2
5.5 52.83 | 103713 | 52.83 | 10376.1 | 52.89 | 10423.4 | 5293 | 104520 | 52.97 10482.6
6.0 5269 | 10262.6 | 52.69 | 102654 | 5273 | 10293.2 | 52.75 | 10309.9 | 52.77 10328.0
6.5 52.50 | 101111 | 5250 [ 10112.8 | 5252 | 101289 | 52.53 | 10138.6 | 52.54 10149.0
7.0 52.24 9908.6 52.24 9909.5 52.25 9918.8 52.26 9924.5 52.27 9930.7
7.5 51.94 9671.9 51.94 9672.5 51.95 9677.6 51.95 9681.0 51.96 9684.4
8.0 51.69 9474.3 51.69 9474.5 51.70 9477.6 51.70 9479.3 51.70 9481.3
8.5 51.58 9385.1 51.58 9385.3 51.58 9386.8 51.58 9387.9 51.58 9388.7
9.0 51.58 9383.1 51.58 9383.1 51.58 9383.9 51.58 9384.5 51.58 9385.1
9.5 51.59 9393.0 51.59 9393.0 51.59 9393.5 51.59 9393.5 51.59 9394.1
10.0 51.55 9363.5 51.55 9363.8 51.55 9363.8 51.55 9364.1 51.55 9364.4
10.5 51.47 9293.0 5147 9293.0 5147 9293.0 51.47 9293.3 51.47 9293.3
11.0 51.37 9219.1 51.37 9219.1 51.37 9219.1 51.37 92194 51.37 92194
11.5 51.34 9189.7 51.34 9189.7 51.34 9189.7 51.34 9189.7 51.34 9189.7
8/01/0.0 51.38 9223.9 51.38 9223.9 51.38 9223.9 51.38 9223.9 51.38 9223.9
0.5 51.47 9292.2 51.47 92922 51.47 9292.2 51.47 92922 51.47 9292.2
1.0 51.50 9317.1 51.50 9317.1 51.50 9317.1 51.50 9317.1 51.50 9317.1
1.5 51.38 9225.1 51.38 9225.1 51.38 9225.3 51.38 9225.3 51.38 9225.3
2.0 51.09 8995.1 51.09 8995.1 51.09 8995.1 51.09 8995.1 51.09 8995.1
2.5 50.68 8657.0 50.68 8657.0 50.68 8657.0 50.68 8657.0 50.68 8657.0
3.0 50.22 8273.3 50.22 8273.3 50.22 8273.3 50.22 8273.3 50.22 8273.3
3.5 49.78 7905.2 49.78 7905.2 49.78 7905.2 49.78 7905.2 49.78 7905.2
4.0 49.39 7573.3 49.39 75733 49.39 7573.3 49.39 75733 49.39 75733
4.5 49.03 7263.3 49.03 7263.3 49.03 7263.3 49.03 7263.3 49.03 7263.3
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Table 9. Results of cach scenario for dam failure starting time simulation
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Simulation Case 1-1(02:00) Case 1-2(02:30) Case 1-3(02:45) Case 1-4(03:00) Case 1-5(03:30)
time(hr) W.L. W.L. Q W.L. Q W.L. Q W.L. Q
(ELm) | (m%s) | (ELm) | (w¥%s) | (ELm) | (m%s) | (ELm) | (m¥%s) | (EL.m) (m3/s)
7/31/21.5 45.31 17253 45.31 17253 45.31 1725.3 45.31 1725.3 4531 1725.3
22.0 45.52 1992.7 45.52 1992.7 45.52 1992.7 45.52 1992.7 45.52 1992.7
225 45.82 2332.2 45.82 23322 45.82 2332.2 45.82 23322 45.82 23322
23.0 46.25 2746.5 46.25 2746.5 46.25 2746.5 46.25 2746.5 46.25 2746.5
23.5 46.87 3249.6 46.87 3249.6 46.87 3249.6 46.87 3249.6 46.87 3249.6
8/01/0.0 47.70 3821.9 47.70 38219 47.70 3821.9 47.70 38219 47.70 3821.9
0.5 48.71 4418.0 48.71 4418.0 48.71 4418.0 48.71 4418.0 48.71 4418.0
1.0 49.85 5007.3 49.85 5007.3 49.85 5007.3 49.85 5007.3 49.85 5007.3
1.5 51.10 5583.8 51.10 5583.8 51.10 5583.8 51.10 5583.8 51.10 5583.8
2.0 52.43 6134.8 52.43 6134.8 52.43 6134.8 52.43 6134.8 52.43 6134.8
. 306 ( 53.7 53.77 6648.2 53.77 6648.2 53.77 6648.2
3.0 52.24 9908.1 8551.7 7284.5 55.08 7284.5
3.5 52.06 9764.5 53.32 . 2098 D
4.0 52.18 9861.9 5291 | 104379 | 53.37 | 10793.5 . 11427.8 . - 6
4.5 52.39 | 10023.6 | 52.80 | 10349.8 | 53.07 | 10561.1 | 53.57 [ 10954.1 | 54.68 11841.3
5.0 52.55 | 10150.5 | 52.78 | 10335.6 | 52.94 | 10458.5 | 53.24 | 106944 | 53.94 11237.0
5.5 52.61 | 101989 | 52.74 | 10304.5 | 52.83 | 10376.1 | 53.01 | 105155 | 53.44 10847.6
6.0 52.56 | 101629 | 52.64 | 102238 | 52.69 | 10265.4 | 52.80 | 10347.3 | 53.05 10546.6
6.5 5242 | 10053.6 | 52.47 | 10088.7 | 52.50 | 10112.8 | 52.56 | 101604 | 52.71 10278.4
7.0 52.20 9875.5 5222 9895.6 52.24 9909.5 5227 9937.2 52.36 10006.0
7.5 51.92 9652.9 51.93 9664.5 51.94 9672.5 51.96 9688.3 52.01 9727.7
8.0 51.68 9463.8 51.68 9470.0 51.69 9474.5 51.70 9483.3 51.73 9505.7
8.5 51.57 9379.4 51.58 9382.8 51.58 9385.3 51.59 9390.1 51.60 9402.0
9.0 51.58 9380.0 51.58 9381.9 51.58 9383.1 51.58 9385.9 51.59 93924
9.5 51.59 9391.3 51.59 9392.1 51.59 9393.0 51.59 9394.4 51.60 9397.8
10.0 51.55 9362.7 51.55 9363.2 51.55 9363.8 51.55 9364.4 51.56 9366.4
10.5 51.47 9292.5 5147 9292.7 51.47 9293.0 51.47 9293.3 5147 9294.4
11.0 51.37 9218.8 51.37 9219.1 51.37 9219.1 51.37 92194 51.37 9220.0
11.5 51.34 9189.4 51.34 91894 51.34 9189.7 51.34 9189.7 51.34 9189.9
8/02/0.0 51.38 9223.6 51.38 9223.6 51.38 9223.9 51.38 9223.9 51.38 92239
0.5 51.47 9291.9 51.47 9291.9 5147 9292.2 51.47 9292.2 51.47 9292.2
1.0 51.50 9317.1 51.50 9317.1 51.50 9317.1 51.50 9317.1 51.50 9317.1
1.5 51.38 9225.1 51.38 9225.1 51.38 9225.1 51.38 9225.3 51.38 9225.3
2.0 51.09 8995.1 51.09 8995.1 51.09 8995.1 51.09 8995.1 51.09 8995.1
2.5 50.68 8657.0 50.68 8657.0 50.68 8657.0 50.68 8657.0 50.68 8657.0
3.0 50.22 82733 50.22 8273.3 50.22 8273.3 50.22 8273.3 50.22 8273.3
35 49.78 7905.2 49.78 7905.2 49.78 7905.2 49.78 7905.2 49.78 7905.2
4.0 49.39 7573.3 49.39 7573.3 49.39 7573.3 49.39 7573.3 49.39 75733
4.5 49.03 7263.3 49.03 7263.3 49.03 7263.3 49.03 7263.3 49.03 7263.3
5.0 48.69 6952.6 48.69 6952.6 48.69 6952.6 48.69 6952.6 48.69 6952.6
5.5 48.33 6625.0 48.33 6625.0 48.33 6625.0 48.33 6625.0 48.33 6625.0
6.0 47.95 6272.7 47.95 62727 47.95 6272.7 47.95 6272.7 47.95 6272.7
6.5 47.58 5907.5 47.58 5907.5 47.58 5907.5 47.58 5907.5 47.58 5907.5
7.0 47.24 5556.0 47.24 5556.0 47.24 5556.0 47.24 5556.0 47.24 5556.0
7.5 46.95 5235.8 46.95 5235.8 46.95 5235.8 46.95 5235.8 46.95 5235.8
8.0 46.70 4939.6 46.70 4939.6 46.70 4939.6 46.70 4939.6 46.70 4939.6




1290

B
a

o 24 Adeled gad @ F23 24
stel W 39 BAGA 7] 2AE 0 7S
£g 7liez ARz deln e
# AZEA F, B3 AN 57 A4
A3,

44, NLIBIQ © Oba| XI&AIZH Y KISAIZH

Zay

W 33 AEAT AL A8 Aued U

ARATHE B oL 2k A714 29 A

56

A ZE 7Y 319 12:000]9, ©] & 30% HAeR
et on meha ALAZEE 0.004]FE 0.54]
% Ao Frha.

24y 9 53 &AL (&AL 458 7t

ol wol

£

g 2HR ARE AFHE RO0E 2AH

Ao | 93 R&HA7HS 308 (Case 1-3-2)2.

- 58
54 l"‘\ 56 f‘
52 54 h
50 I \—\ 2% 52 l}\%‘—\.\
%) B S A W A B
g / N/ \] ¥«
46 7 ~—— N 6 /
o = [T e w —
42 == == == = (Case 1-3-8 42
40 s 40 luussusssL
0 4 8 12 16 20 24 28 32 36 40 44 48 52 56 0 4 8 1216 20 24 28 32 36 40 44 48 52 56
Time (hr) Time (hr)
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Table 10. Water elevation comparison of each case
Time Case 1 Case 2 Case 3 Case 4 Case 5
Cal. Mon./ H| M W.L. W.L. |Difference] W.L. |Differencej W.L. [Difference] W.L. | Difference
Dat. (EL.m) [ (EL.m) |(Case 2-1){ (EL.m) [(Case 3-1)| (EL.m) |(Case 4-1) (EL.m) | (Case 5-1)
120 81| 0 0 38.18 47.70 9.52 47.70 9.52 47.70 9.52 47.70 9.52
12.5 0 | 30 39.02 48.71 9.69 48.71 9.69 48.71 9.69 48.71 9.69
13.0 1 0 39.83 49.85 10.02 49.85 10.02 49.85 10.02 49.85 10.02
13.5 1 | 30 40.65 51.10 10.45 51.10 10.45 51.10 10.45 51.10 10.45
14.0 2 0 41.40 52.43 11.03 52.43 11.03 52.43 11.03 5243 11.03
14.5 2 | 30 42.06 53.77 11.71 53.77 11.71 53.77 11.71 53.77 11.71
15.0 3 0 42.63 55.08 12.45 54.95 12.32 55.01 12.38 55.01 12.38
15.5 3| 30 43.07 56.10 13.03 54.06 10.99 54.26 11.19 54.26 11.19
16.0 4 0 43.38 56.80 13.42 53.37 9.99 53.49 10.11 53.49 10.11
16.5 4 1 30 43.56 57.24 13.68 53.07 9.51 53.14 9.58 53.14 9.58
17.0 5 0 43.59 57.49 13.90 52.94 9.35 52.98 9.39 52.98 9.39
17.5 51 30 43.52 57.60 14.08 52.83 9.31 52.86 9.34 52.86 9.34
18.0 6 0 43.39 57.60 14.21 52.69 9.30 52.71 9.32 52.71 9.32
18.5 6 | 30 43.19 57.52 14.33 52.50 9.31 52.50 9.31 52.50 9.31
19.0 7 0 42.98 57.38 14.40 52.24 9.26 52.25 9.27 5225 9.27
19.5 7 | 30 42.79 57.22 14.43 51.94 9.15 51.94 9.15 51.94 9.15
20.0 8 0 42,74 57.08 14.34 51.69 8.95 51.69 8.95 51.69 8.95
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Fig. 13. Stage hydrograph for each case. Fig. 14. Discharge hydrograph for each case.
Table 11. Dam discharge comparison of each case
Time Case 1 Case 2 Case 3 Case 4 Case 5
Cal Mon./ HIM Discharge | Discharge | Difference | Discharge | Difference |Discharge| Difference | Discharge | Difference
7| Date {m*/s) (m*s) |(Case 2-1)}| (m%s) |[(Case 3-1)| (m¥s) |(Case 4-1)] (m%s) |(Case 5-1)
120 8/1 {0 | 0 4,611.0 | 3,8219 | -789.1 | 3,8219| -789.1 | 3,821.9| -789.1 | 3,821.9 -789.1
12.5 0 |30] 54420 | 44180 |-1,024.0 | 4,418.0} -1024.0 | 4,418.0| -1,024.0 | 4,418.0! -1,024.0
13.0 10 6,310.0 | 5,007.3 | -1,302.7 | 5,007.3| -1302.7 | 5,007.3|-1,302.7 | 5,007.3| -1,302.7
13.5 1 {30 7,182.0 | 5,583.8 |-1,598.2 | 5,583.8| -1598.2 | 5,583.8|-1,598.2 | 5,583.8| -1,598.2
14.0 210 7,996.0 | 6,134.8 | -1,861.2 | 6,1348| -1861.2 | 6,134.8 | -1,861.2 | 6,134.8| -1,861.2
14.5 2 130 87150 | 6,6482 | -2,066.8 | 6,648.2| -2066.8 | 6,648.2 | -2,066.8 | 6,648.2| -2,066.8
15.0 310 9,325.0 | 7,284.5 | -2,040.5 | 8,551.7| -773.3 | 8,118.2|-1,206.8 | 8,118.2| -1,206.8
15.5 3130 9803.0 | 82654 |-1,537.6 |11,333.3| 1530.3 |11,484.5| 1,681.5 |11,484.5| 1,681.5
16.0 41 0] 10,136.0 | 9,073.9 | -1,062.1 |10,793.5 657.5 10,8904 754.4 |1 10,890.4 754.4
16.5 4 130] 10,3100 | 9,6382 | -671.8 |10,561.1 251.1 110,619.4 309.4 {10,619.4 309.4
17.0 510103240 | 99743 -349.7 |10,458.5 134.5 110,493.4 169.4 110,493.4 169.4
17.5 5 |30 10,214.0 ;10,1173 -96.7 | 10,376.1 162.1 |10,396.5 182.5 |10,396.5 1825
18.0 6 | 0| 10,036.0 |10,114.8 78.8 110,265.4 2294 10,2773 241.3 |10,277.3 241.3
18.5 6 | 30| 9,808.0 |10,0103 202.3 110,112.8 304.8 | 10,119.6 311.6 |10,119.6 3116
19.0 710 9,518.0 | 9,827.9 309.9 | 9,909.5 391.5 | 99134 3954 | 99134 395.4
19.5 7 130] 9266.0 | 96042 3382 | 9,672.5 406.5 | 9,674.7 408.7 | 9,674.7 408.7
20.0 8§ |0 9,219.0 | 9,424.1 205.1 | 9.474.5 255.5 | 9,475.9 256.9 | 9,475.9 256.9
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Fig. 15. Stage hydrograph between dam failure and
not.
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and not.
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