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Abstract Various facilities in the river working in a complex interdependence network result in both
desired and adverse effects. Among these, the weir crossing the river continuously acts in various ways,
such as securing river maintenance flow and water level during dry-period, and rising flood level during
rainy period. Until now, weir planning was only limited to flood mitigation management. Recently, the
demand for securing river environment functions is increasing. Therefore, the necessity for an
environmental flow has emerged. Nevertheless, there is no analysis and evaluation of the ecological
functional aspects applying the environmental flow when planning facilities. Therefore, this study aimed to
develop and systematize an assessment method that considers not only flood control but also river environment.
Environmental flow was applied to the weir named Dondaet-bo and hydraulic analysis was conducted for each
retention, demolition, and re-installation case. Also, this research was conducted to minimize the impact on the
surrounding river facilities and flood assessments from previous perspectives were performed. The study
result demonstrated a plan to reinstall the weir as a natural riffle. Through this study, it is expected that
the flood control and environmental functions of rivers can be secured in combination.

Keywords : Environment Flow, Flood Control-River Environment, Hydraulic Analysis, River Plan, Natural
Riffle
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Where, Y, Y, = Cross Section Depth (m)
Z, % = Bed Elevation (m)
Vi, Vo = Velocity (m/sec)
ap,ay = Weighting Factors
g = Acceleration of Gravity
h, = Energy Head Loss (m)
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Fig. 2. Diagram of Energy Equation
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Table 1. Target River Overview

Rive me Watershed [River Length| Watershed Mean
iver na Area(kr) (km) Width(km) Slope(%)
Wangsuk= | 575 59 37.76 7.29 26.05

Cheon

Fig. 3. Study area :
basin, Namvangiu.

Dondaet-bo in Wangsuk-cheon
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Table 2. Watershed Area, Design Frequency, Design

Flood Discharge at Major Point in
Wangsuk-Cheon
Measuring Design Design
. . X Flood
Main Point Point Frequency .
(No) (year) Discharge
: ” (i/s)
Wangsuk-Cheon end point| 0+000 100 2,470
Before joining 74375 20 1985
yongamcheon
Before joining 94005 20 1740
saleungcheon
Before joining
Yongjeong-Cheon 124700 80 1720
Before joining 16+730 80 1425
Jingeon-Cheon
Before joining
Geumgog-Cheon 18+700 80 1385
Before joining 214310 50 625
Bongseonsa-Cheon
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Table 3. Result of Flow Duration Analysis in
Wangsuk-Cheon

RIVER Wangsuk-Cheon TOegy'ewon
Station
Flow over
95 days per year 7.961 5.847
Flow over
185 days per year 2.368 1.739
Flow over
275 days per year 1.201 0.882
Flow over
355 days per year 0.496 0.364
Standard
Minimum  Flow 0.272 0.2
Remarks - WaﬂgSUk-cheon
(Local river)
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Table 4. Case of Hydraulic Analysis According to
Flow Rate and Facility Conditions

Facility Discharge Environmental Flow De;;f;i;gd
Retention Case 1 Case 3
Demolition Case 2 Case 4

Natural riffle Case 5 Case 6
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Table 5. Result of Hydraulic Analysis before and after Dondaet-bo Demolition by Environmental Flow

. . Deepest Water Level (EL.m) Depth(m)
Measuring |Environme
Point ntal Flow Bed- Befo.@ Afte.r‘ Befo.@ Afte.r‘ Remarks
(No) (wi/s) Elevation | Demolition | Demolition | @-O | Demolition | Demolition | @-O
(EL.m) ® o) ® o)
6+165 0.496 16.30 16.44 16.44 16.44 0.14 0.14 0.14 Downstream
6+180 0.496 17.19 17.30 17.30 17.30 0.11 0.11 0.11 Wangsuk 2 Diving Bridge
6+255 0.496 17.40 17.44 17.44 17.44 0.04 0.04 0.04
6+297 0.496 17.75 19.46 17.78 -1.68 1.71 0.03 -1.68 Dondaet-bo
6+365 0.496 18.41 19.46 18.47 -0.99 1.05 0.06 -0.99
6+465 0.496 18.25 19.46 18.50 -0.96 1.21 0.25 -0.96
6+570 0.496 18.69 19.46 18.74 -0.72 0.77 0.05 -0.72
6+680 0.496 18.39 19.46 18.76 -0.70 1.07 0.37 -0.70
6+790 0.496 18.44 19.46 18.77 -0.69 1.02 0.33 -0.69
6+895 0.496 18.29 19.46 18.77 -0.69 1.17 0.48 -0.69
7+000 0.496 18.65 19.46 18.77 -0.69 0.81 0.12 -0.69
7+105 0.496 19.05 19.46 19.13 -0.33 0.41 0.08 -0.33
7+146 0.496 17.83 19.46 19.15 -0.31 1.63 1.32 -0.31 | Wangsuk 3 Diving Bridge
7+215 0.496 18.35 19.46 19.15 -0.31 1.11 0.80 -0.31
7+250 0.496 17.82 19.46 19.15 -0.31 1.64 1.33 -0.31 Sano-Gyo
7+325 0.496 18.77 19.46 19.15 -0.31 0.69 0.38 -0.31
7+415 0.451 18.66 19.46 19.15 -0.31 0.80 0.49 -0.31
7+495 0.451 18.64 19.46 19.15 -0.31 0.82 0.51 -0.31
7+595 0.451 18.90 19.46 19.15 -0.31 0.56 0.25 -0.31
7+715 0.451 18.62 19.46 19.16 -0.30 0.84 0.54 -0.30
7+820 0.451 19.50 19.58 19.58 19.58 0.08 0.08 0.08
7+925 0.451 19.40 19.68 19.68 19.68 0.28 0.28 0.28
8+030 0.451 19.76 19.87 19.87 19.87 0.11 0.11 0.11 Upstream

Table 6. Result of Hydraulic Analysis before and after Dondaet-bo Demolition by Design Flood Discharge

Design Design Calculated Flood Level (EL.m) Flow velocity(m/sec)
Measuring Flood Flood Before After Before After

Point Disch Level Demoliti Demoliti | . - Demoliti Demoliti | . - Remarks

ischarge eve @-O @-O
(No.) (r/s) (EL.m) on. on on. on

©) ©) ©) ©)
6+165 2,470 23.12 23.12 23.12 - 2.26 2.26 - Downstream
6+180 2470 | 23.14 23.14 314 | - 273 273 | - Wangsuk 2 Diving
Bridge

6+255 2,470 23.22 23.22 23.22 - 2.50 2.50 -
6+297 2,470 23.39 23.39 23.26 | -0.13 241 2.48 0.07 Dondaet-bo
6+365 2,470 23.41 23.35 23.21 -0.14 2.92 3.01 0.09
6+465 2,470 23.43 23.43 2330 | -0.13 3.09 3.19 0.10
6+570 2,470 23.58 23.58 2347 | -0.11 3.04 3.11 0.07
6+680 2,470 23.69 23.69 23.60 -0.09 3.20 3.27 0.07
6+790 2,470 23.83 23.84 23.75 -0.09 3.29 3.36 0.07
6+895 2,470 24.00 24.00 23.94 -0.06 3.24 3.29 0.05
7+000 2,470 24.15 24.15 24.10 -0.05 3.20 3.23 0.03
7+105 2,470 24.22 24.22 24.17 -0.05 3.52 3.56 0.04
7+146 2,470 24.60 24.60 2457 | -0.03 273 275 | 0.02 Wa“isrﬁg: Diving
7+215 2,470 24.76 24.58 24.55 -0.03 3.11 3.13 0.02
7+250 2,470 24.84 24.84 24.81 -0.03 2.77 2.79 0.02 Sano-Gyo
74325 2,470 24.94 24.94 24.91 -0.03 2.50 2.52 0.02
7+415 1,985 24.97 24.91 24.88 -0.03 3.04 3.06 0.02
7+495 1,985 25.00 25.00 24.97 -0.03 3.05 3.06 0.01
7+595 1,985 25.05 25.05 25.02 -0.03 3.38 3.40 0.02
7+715 1,985 25.28 25.28 25.25 -0.03 3.20 3.22 0.02
7+820 1,985 25.40 25.40 25.38 -0.02 3.21 3.22 0.01
74925 1,985 25.64 25.64 25.62 | -0.02 2.88 2.89 0.01
8+030 1,985 25.85 25.85 25.83 -0.02 2.50 2.51 0.01 Upstream
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Fig. 5. Result of Hydraulic Analysis before and after Dondaet-bo Demolition by Design Flood Discharge
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Table 7. Result of Hydraulic Analysis Applying Natural Riffle Installation by Environmental Flow

Measuring [Environmental| Design Water Level (EL.m) Depth(m)
Point Flow Flood Level| Dondaet D liti Natural| Dondaet D liti Natural Remarks
(No) (/s (BL.m) bo  PDEMONOM Riffle | -bo  [PSMOMNON Riffle
6+165 0.496 16.30 16.44 16.44 16.44 0.14 0.14 0.14 Downstream
6+180 0.496 17.19 17.30 17.30 17.30 0.11 0.11 0.11 Wangsuk 2 Diving Bridge
6+255 0.496 17.40 17.44 17.44 17.44 0.04 0.04 0.04
6+297 0.496 17.75 19.46 17.78 18.42 1.52 0.03 0.67 Dondaet-bo
6+365 0.496 18.41(17.75)| 19.46 18.47 18.47 |0.86(1.52) 0.06 0.06(0.72)
6+465 0.496 18.25(18.04)| 19.46 18.50 18.50 |1.02(1.23) 0.25 0.25(0.46)
6+570 0.496 18.69(18.25)| 19.46 18.74 18.74 |0.58(1.02) 0.05 0.05(0.49)
6+680 0.496 18.39 19.46 18.76 18.76 0.88 0.37 0.37
6+790 0.496 18.44 19.46 18.77 18.77 0.83 0.33 0.33
6+895 0.496 18.29 19.46 18.77 18.77 0.98 0.48 0.48
7+000 0.496 18.65 19.46 18.77 18.77 0.62 0.12 0.12
7+105 0.496 19.05 19.46 19.13 19.13 0.22 0.08 0.08
7+146 0.496 17.83 19.46 19.15 19.15 1.44 1.32 1.32 Wangsuk 3 Diving Bridge
7+215 0.496 18.35 19.46 19.15 19.15 0.92 0.80 0.80
7+250 0.496 17.82 19.46 19.15 19.15 1.45 133 1.33 Sano-Gyo
7+325 0.496 18.77 19.46 19.15 19.15 0.50 0.38 0.38
7+415 0.451 18.66 19.46 19.15 19.15 0.61 0.49 0.49
7+495 0.451 18.64 19.46 19.15 19.15 0.63 0.51 0.51
7+595 0.451 18.90 19.46 19.15 19.15 0.37 0.25 0.25
7+715 0.451 18.62 19.46 19.16 19.16 0.65 0.54 0.54
7+820 0.451 19.50 19.58 19.58 19.58 0.08 0.08 0.08
7+925 0.451 19.40 19.68 19.68 19.68 0.28 0.28 0.28
8+030 0.451 19.76 19.87 19.87 19.87 0.11 0.11 0.11 Upstream

Table 8. Result of Hydraulic Analysis Applying Natural Riffle Installation by Environmental Flow

Measuring [Environmental| Design Water Level (EL.m) Depth(m)
I()I?I;n)t (Fnllf;‘:; Flo((;ac]lmrl;gvel Doid;et Demolition| Riffle Doilgiaet Demolition| Riffle Remarks
6+165 0.496 16.30 16.44 16.44 16.44 0.14 0.14 0.14 Downstream
6+180 0.496 17.19 17.30 17.30 17.30 0.11 0.11 0.11 Wangsuk 2 Diving Bridge
6+255 0.496 17.40 17.44 17.44 17.44 0.04 0.04 0.04
6+297 0.496 17.75 19.46 17.78 18.42 1.52 0.03 0.67 Dondaet-bo
6+365 0.496 18.41(17.75)| 19.46 18.47 18.47 |0.86(1.52) 0.06 0.06(0.72)
6+465 0.496 18.25(18.04)| 19.46 18.50 18.50 |1.02(1.23) 0.25 0.25(0.46)
6+570 0.496 18.69(18.25)| 19.46 18.74 18.74 |0.58(1.02) 0.05 0.05(0.49)
6+680 0.496 18.39 19.46 18.76 18.76 0.88 0.37 0.37
6+790 0.496 18.44 19.46 18.77 18.77 0.83 0.33 0.33
6+895 0.496 18.29 19.46 18.77 18.77 0.98 0.48 0.48
7+000 0.496 18.65 19.46 18.77 18.77 0.62 0.12 0.12
7+105 0.496 19.05 19.46 19.13 19.13 0.22 0.08 0.08
7+146 0.496 17.83 19.46 19.15 19.15 1.44 1.32 1.32 Wangsuk 3 Diving Bridge
7+215 0.496 18.35 19.46 19.15 19.15 0.92 0.80 0.80
7+250 0.496 17.82 19.46 19.15 19.15 1.45 1.33 1.33 Sano-Gyo
7+325 0.496 18.77 19.46 19.15 19.15 0.50 0.38 0.38
7+415 0.451 18.66 19.46 19.15 19.15 0.61 0.49 0.49
7+495 0.451 18.64 19.46 19.15 19.15 0.63 0.51 0.51
7+595 0.451 18.90 19.46 19.15 19.15 0.37 0.25 0.25
7+715 0.451 18.62 19.46 19.16 19.16 0.65 0.54 0.54
7+820 0.451 19.50 19.58 19.58 19.58 0.08 0.08 0.08
7+925 0.451 19.40 19.68 19.68 19.68 0.28 0.28 0.28
8+030 0.451 19.76 19.87 19.87 19.87 0.11 0.11 0.11 Upstream
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7. Result of Hydraulic Analysis Using Environmental Flow after Installing Natural Riffle
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Table 9. Assessment of Dondaet-bo Plan

Demolitio
n

Alternatives Retention

Environment Functions
Rank(Minimum Required
Depth for Inhabiting Fry)

Flood Control Rank
(Flood Level Reduction)

Adjacent Facility Impact

(Facility Operation) Possible

Impossible Possible

* The lower the rank, the better.
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