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Hydrologic Safety Evaluation of Small Scale Reservoir by Simplified Assesment Method
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ABSTRACT

Based on the statistical annual report, there are 17,649 reservoirs are operating for the purpose of agricultural water supply in
Korea. 58 % of entire agricultural reservoirs had been constructed before 1948 which indicate the termination of required service
life and rest of those reservoirs have also exposed to the dam break risk by extreme flood event caused by current ongoing climate
change. To prevent damages from dam failure accident of these risky small size dams, it is necessary to evaluate and manage the
structural and hydrological safety of the reservoirs. In this study, a simplified evaluation method for hydrologic safety of dam is
suggested by using Rational and Creager formula. Hydrologic safety of small scale dams has evaluated by calculating flood
discharge capacity of the spillway and compares the results with design frequency of each reservoir. Applicability and stability of
suggested simplified method have examined and reviewd by comparing the results from rainfall-runoff modeling with dam break
simulation using HEC-HMS. Application results of developed methodology for three sample reservoirs show that simplified
assessment method tends to calculate greater inflow to the reservoirs then HEC-HMS model which lead lowered hydrologic safety of
reservoirs. Based on the results of application, it is expected that the developed methodology can be adapted as useful tool for
small scale reservoir's hydrologic safety evaluation.
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Fig. 1 Schematic diagram for dam safety analysis
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E FUAEAIE (1), 22F (B), 5U5H 74/\} T 2 %
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MacDonald & Monopolis, Froehlich 4] ¥ Von Thun &
Gillette ¥4l0] 9loH ZFHO=E Froehlich 34& 2-83l=
202 ARsige

Table 1 Dam breach parameter estimation methods

Methods Formula

Veorded = 0.0261 (Vouhy) 0.769 (Earthfill)
Voorded = 0.00348 (Vou<hy) 0.852 (Non-Earthfill)

=0.0179 (Veoraea) 0.364
Breachge = f (Veorded)
NIaCDonalq V;ruded - h’i (C% + h’w %ZJ / 3)
& Monopolis W= W (CEh Z2)
(1984) b v

Wo=width of the bottom of the breach, hy= height of breach,
Vearded = volume of eroded material, C= crest width of dam, Z,
= side slope of breach (h:v); 0.5 is suggested by MacDonald

Boe=0.1 803K0V90'32hb0'19
= 000254V, *h, 0

Froehlich | Bave is the average width of the trapezoid in meters, Ko= 1.4 for
(1995) overtopping; 1.0 otherwise, hy is the height of the breach in
meters and is assumed to be from the top of the dam to the
bottom of the breach, Vy is the volume of water behind the dam
in cubic meters, t; is the time of formation in hours
Bavg=2.5hy+ G,
Resevoir Size, m’ | Cy, meters Resevair Size, Cp, feet
acre-feet
<1.23x10° 6.1 < 1,000 20
1.23x100~6.17x10° 183 1,000~5,000 60
VonThun | | 617x10°~1.23%10" | 427 | 5000~10,000 | 140
& Gllette >1.23%107 54.9 >10000 | 180
(1990)

tr=0.02h,,+ 0.25 (erosion resistant)
t¢=0.015hy (easily erodible)

Bavg is the avg. breach width, hy is the hydraulic depth of water
above the breach bottom at the dam, G, is a funtion of reservoir
size, t is the breach formation time in hours
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Table 2 Specifications of 3 reservoirs

Reservoir River Basin | Basin Area (km’) | Reservoir Storage (10,000 m®) | Dam Height (m) | Dam Length (m) | Type of Spillway | Length of Spillway (m)
Chang-Ri WanJang 20.1 41.9 7.0 158 Side Channel 38.7
Joong-Ri MyoBong 6.15 10.1 6.3 113 Side Channel 15.0
Ri-Hyeon DoGok 0.75 3.0 4.4 92 Side Channel 6.7

® Raingauge
am Reservoir

e+ Wonsam

Fig. 2 Location of 3 selected sample reservoir and rain
gauge stations

SubBasin 1
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A Jungtion
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/\ Reservoir

a. Wangjang Basin
(ChangRi Reservoir)

Fig. 3 Basin maps for Wan Jang, Joong Ri and Myo Bong
river
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Table 3 Time of concentration for each subbasin

Time of Concentration (min)
River Name Subbasin Area (km?) | Channel Length (km) Kirpich Kerby Kraven (II) Rziha Selection
min /s min /s min /s min W
Basin 1 3.89 1.56 14.7 1.7 54.1 0.4 43.2 0.6 5.1 5.1 14.7
Basin 2 3.07 1.86 11.9 2.1 41.8 0.6 34.8 0.7 3.8 6.8 11.9
Basin 3 1.50 1.10 12.9 2.0 44.7 0.5 33.6 0.7 4.3 6.0 12.9
Wan Basin 4 154 154 123 | 21 | 3711 | o7 198 | 13 43 6.0 12.3
Jang Basin 5 3.26 249 15.3 1.7 54.1 0.4 37.2 0.7 5.5 4.7 15.3
Basin 6 2.32 1.73 194 1.3 65.1 0.4 31.8 0.8 7.8 3.3 19.4
Basin 7 1.88 1.34 12.3 2.1 38.2 0.6 22.2 1.1 4.2 6.1 12.3
Basin 8 2.69 2.76 18.9 1.3 61.5 0.4 28.2 0.9 7.7 3.3 18.9
Basin 1 2.56 2.92 24.0 1.1 34.4 0.7 13.9 1.8 4.1 6.3 24.0
Myo Basin 2 1.25 1.34 14.4 1.8 24.0 1.0 6.4 4.0 1.9 13.8 14.4
Bong Basin 3 0.71 1.28 15.6 1.6 24.8 1.0 6.1 4.2 2.1 12.6 15.6
Basin 4 1.63 1.90 24.6 1.1 32.2 0.8 9.1 2.8 3.7 6.9 24.6
Do Basin 1 0.46 1.47 18.0 1.4 26.2 0.9 7.0 3.7 2.3 11.1 18.0
Gok Basin 2 0.29 0.92 13.8 1.8 24.3 1.0 4.4 5.9 2.1 12.3 13.8
Table 4 Results of peak inflow discharge to reservoir Table 6 Results of peak inflow discharge to reservoir (PMF)
Peak Inflow Discharge (CMS) . i Peak Inflow Discharge (CMS) .
. | Frequency - Deviation Reservoir Deviation (%)
Reservoir (1) HEC-HMS Rational @) HEC-HMS (PMF)  |Creager Fomula (PVF)
(Clark Unit hydrograph) Formula Chang-Ri 135.3 156.2 134
20 29.4 45.9 36.0 Joong-Ri 66.1 73.0 9.4
30 328 488 328 Ri~Hyeon 24.3 287 153
T
- o = e s, kel ofat 7R A S5 (PMP)S Creager 34
20 L3 20 72 of =S skl AMFEIFAL Creager 5 1002 4
20 22.3 334 33.3 8ot
30 95.4 35.6 28.7 Table 6’15‘ HEC-HMS 1111 ]'T Oﬂ 46‘}- 7]‘_‘-‘—]‘:Ho %]:
. 50 30,0 383 218 (PMF) A ATE 7 A=A FUxHol sl Blwgt A
S I %5 108 130 oA R o9 Aol QAN AAHOR o]
100 38.3 42.0 87 Ot AMYZAT7E HMSell gt AFgAztel wlsia thi =LA
200 173 155 ~40 AREIs Aoz Uepdtt
20 8.8 12.2 28.0
30 9.9 13.0 239 3. 23] 19| 9l ({42 THHSEE AN
) 50 114 14.0 18.6
S 132 149 118 Jh o 23] ojpsEs A
100 140 154 87 W o¥3 mOE §ld uPfs ABE Prediction of
200 168 166 08 Embankment Dam Breach Parameters (Tony, 1998)% Z
TR, @ B RS W 2 AR tpEe e
Table 5 Probable maximum precipitation (PMP) Froeh ich ZA)o] 23t AAZAIE o] 83519}
Duration | lhr | 2hr | 4br | 6hr | 8hr | 12hr | 18hr | 24hr 23 o] ARAT} Table 73+ 2] FajA2A)= o
PMP (mm) | 167 | 250 | 384 | 509 | 567 | 683 | 856 | 1030 J_]oﬂ Al £QA|7ko] oF 058 Bijrho] Lo 23.02 m
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Table 7 Result of dam breach parameter

Reservoir | Methods Breach Width | Breach Formation time | Breach Side slope
(m) (hrs) (hv)
Chang-Ri 23.02 0.42 1.4
Joong-Ri |Froehlich 15.05 0.21 1.4
Ri-Hyeon 9.05 0.15 1.4
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Table 8 Hydrologic safety evaluation for 3 reservoirs

Safety Rating I I il v
Estimated Frequency
. PMF | PMF-200yr| 200yr-100yr | Less than 100yr
of Spillway
Hydrological Safety | Very safe Safe Relatively safe|  Dangerous
HMS @)
Changli | Simplified o
Method
HMS O
Joongli | Simplified o
Method
HMS O
Rihyeon| Simplified o
Method
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