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Revised Universal Soil-Loss Equation (RUSLE)

E = R K L S C P 

E: mean annual soil loss

R : rainfall erosivity

K : soil erodibility

L : slope length

S : slope steepness

C : cropping management

P : conservation practice

Results: Annual average soil loss map

• Annual average soil loss: 

3,450 tons/km2/year. 
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• Kane and Julien (2007)

Upland Degradation Problems

9/49
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Desirable stable landscape!
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Cumulative precipitation 
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TREX: Two-dimensional Runoff Erosion and eXport
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From J. Halgren, 2009 
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PLANTATION
(OIL PALM)

URBANIZATION

TROPICAL RAIN 
FOREST

From Jazuri Abdullah

TREX Model simulation  with 450 mm of rain in 4 days                                  
Dec . 21, 2006

KOTA TINGGI FLOOD
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Runoff and TSS Visualization at Naesung Stream

20/45

Water Depth

[10 hr]
Water Depth (m)

3. Dynamic Modeling of Mountain Watersheds
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Total Suspended Solids

[8 hr]
TSS (g/m3)

3. Dynamic Modeling of Mountain Watersheds
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Runoff and TSS Visualization at Naesung Stream

3. Dynamic Modeling of Mountain Watersheds
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Imha Reservoir has suffered from turbidity problems since 2002. 

• Watershed area covers 1,361 km2

• Three major tributaries
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3-D Model simulation view at El. 141m 

/37

Inlet point
0 km 4 km

Unit : kg/m3

/37

Inlet point
0 km 4 km

Unit : kg/m3



10

/37

0 10 200 10 20

0 200400 600800

0 10 20

28

July 11, 08:00  July 11, 12:00  July 11, 16:00  July 11, 18:00 July 11, 04:00 

0 10 20

0 200 400600800 0 200 400 600 800 0 200 400 600 800

Observed

Simulated

105

115

125

135

145

0 200400600800

NTU

105

115

125

135

145

0 10 20

Temp.

Water 
Intake

/3729

30

Reservoir Sedimentation

1. Sediment Sources and Yield

2. Dynamic Modeling

3. Density Currents

4. Dambreak Simulations

5. Multi-objective Decisions



11

ResultsResultsIV.IV.
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38th Annual AGU Hydrology Days38th Annual AGU Hydrology Days

21 Mile Dam, Elko County, NV, Feb 8, 2017

How does the flood wave 
propagate downstream?

Bento Rodrigues Town,
6 November 2015

Gesteira Town
6 November 2015

Doce River at  
Governador Valadares City 

11 November 2015, 
C ≈30,000 mg/l 

Coast, 21 November 2015
C ≈1,500 mg/l

Candonga Dam, 6 November 2015
C ≈ 700,000 mg/l
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Observed hydrographs in Doce River after the Fundão Dam break (ANA,
2015).
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The one-dimensional advection-dispersion equation is applied on the evaluation of transport of
suspended load in open channels (Fischer et al., 1979; Julien, 2010).

Analytical solution for a constant spill in finite time interval is given by (Chapra,
2008):
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Where: 	Γ 1 4 and

The error function complement, erfc, is equal to:

1 1
2
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C is the concentration;
	is the flow averaged velocity; 
is the longitudinal dispersion 

coefficient; 
is the settling rate.

36



13

37

Reservoir Sedimentation

1. Sediment Sources and Yield

2. Dynamic Modeling

3. Density Currents

4. Dambreak Simulations

5. Multi-objective Decisions

/3738

Thank you!
Questions?Sangju Weir, SK 

from Hwayoung Kim 
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Other Issues besides sedimentation
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• It is hard to change reservoir operation rules 
for sedimentation problems because 
we have many other issues to deal with.

Flood control

Water supply

Turbidity

Stream ecology

Riverside 
environment

Hydropower
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MCDA Rating (WAM)
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Main Criteria (5)

Sub‐criteria (4)

Sub‐criteria (3)

Sub‐criteria (2)

Sub‐criteria (3)

Sub‐criteria (2)

Overall score and 
Ranking

Rating

Step 1
Criteria Identification

Step 2
RIF Definition

Step 3
Constraints  Analysis

Step 4
Alternatives development

Step 5
MCDA Modeling
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Hydraulic Thresholds

Open the gates above 
Q threshold =  620 m3/s 

Operate the dam above  
H threshold = EL. 43.6 m

41

41 42 43 44 45 46 47
0

0.5

1

1.5

2

2.5

WS (El.m)

B
/C

 r
at

io

 WS threshold

Summary and Conclusions

1. Sediment Sources and Yield

Erosion mapping locates problem source areas 

2. Dynamic Modeling

Dynamic models like TREX can simulate extreme floods 

3. Density Currents

Turbidity problems from density currents can be modeled

4. Dambreak Simulations

New models for flood and sediment wave propagation 
from dam break

5. Multi-objective Decisions

Base dam operations on hydraulic thresholds and MCDA
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CSU Hydraulics Laboratory

NEW 2018
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Thank You!

Terima Kasih!
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