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Objectives

Brief overview of catchment modeling and
trap efficiency of reservoirs:

. Upland Erosion Modeling;

. Dynamic Watershed Modeling;

. Modeling of Naesung Stream, South Korea;
. Sediment Yield;

. Case Study in Haiti.




1. Upland Erosion
Modeling

PROBLEM: Upland Erosion
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Rill Erosion

: Splash & Sheet Erosion
Gully Erosion

PROBLEM: ... and Deposition
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RUSLE

* Revised Universal Soil Loss Equation
* Widely used method for estimating soil erosion
* The original USLE is an empirical equation
1. Derived from more than 10,000 plot years of data

2. Natural runoff plots (72.6ft length, 9% slope)

* Originally developed for agricultural purpose.

Main parameters

A=RKLSCP

A is the computed average soil loss (tons/acre/year)
R is the rainfall-runoff erosivity factor

K is the soil erodibility factor

L is the slope length factor

S is the slope steepness factor

C is the cover management factor

P is the support practice factor




Imha Watershed, South Korea

» Watershed area: 1,361km?
* Channel length : 96 km
* Average watershed slope: 40%

* Fast and high peak runoff
characteristics
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Parameter estimation: Rainfall erosivity (R)

Basic equations (Wischmeier, 1959)
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« R=average annual rainfall erosivity (ft-tonf-in-acre-'-h-1-yr)

» E=Total storm kinetic energy (ft-tons-in-acre-1-h-1)

* |3,= Maximum 30-min rainfall intensity

* j=Index of number of years

» K=Index of number of storms in a year

* n=number of yrs used to obtain average R, m=number of storms

E=916+(331)log,, (1), 1<3.0 in/hr
E =1074, 1>3.0 in/hr

* |=Rainfall intensity

Isoerodent Map

* 9 R values were transformed
into spatial isoerodent lines

* Method: Kriging Ordinary
Interpolation method
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Soil Erodibility Factor (K)

Applied soil erodibility factor (Schwab, 1981)

Organic Matter Content
(%)

Textural Class 0.5

Fine sand 0.16
Very fine sand 0.42
Loamy sand 0.12
Loamy very fine sand 0.44
Sandy loam 0.27
Very fine sandy loam 0.47
Silt loam 0.48
Clay loam 0.28
Silty clay loam 0.37
Silty clay 0.25

Soil Classification Map

+ 35 soil types

» Source: Korea National
Institute agricultural and
science technology




Soil Erodibility Map

Slope length/steepness factor (LS)

Basic equations (Renard, McCool, 1997)

« Xh: the horizontal slope length (ft)
* m: a variable slope length factor

S =10.8xSINEA+0.03,
S =16.8xSING—-0.50,

* B: the slope angle (degree)
« 0: the slope gradient percentage(%)




Digital Elevation Model

* 30 x 30m resolution

* Source: Korea Ministry of
Construction and
Transportation
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Slope steepness (S)

Slope length &
steepness

Legend
slope steepness
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Cover Management Factor (C)

Applied cover management factor

Land cover
type

Cover Management Factor
(€)

Applied method

Water

0.00

Urban

0.01

Urban density

Wetland

0.00

Forest

0.03

Trial and Error

Paddy field

0.06

Kim, 2002

Crop field

0.37

Land Cover Map

- Wiater
- Urban

Wetland

- Forest

| | Crop field

B Foddy field

NIAST, 2003

* 30 x 30m resolution.

» Source: Korea Ministry of
Construction and
Transportation
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Cover Management Map

Legend
.
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Support Practice Factor (P)

Applied support practice factor

e Cultivation method and slope (Shin, 1999)
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Support Practice Map
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Results: Annual average soil loss map

* Annual average soil loss:
3,450 tons/km?/year.
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Soil loss map by “Maemi”

- Average soil loss: 2,920 tons/km?
(40% of the annual average)

Legend
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Dynamic Watershed
Modeling
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CASC2D-SED
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Infiltration
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Interception l

CASC2D- Julien et al. (1995)
CASC2D-SED - Johnson et al. (2000), Rojas (2002)

Goodwin Creek Watershed

YA
_ 4‘iii{.-=¢l.l'

o L]
ot

Avw s
Fohn

T
LA

 Location: Panola
County (MS)

e Area;: 21Km?

* Monitored by ARS-NSL
(Oxford, MS)

* 37 rain gages

* 14 stream gages
(water and sediment)

 Channel surveys
* GIS data
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INPUT DATA (DEM)

Terrain Slope
0-1%
1-2%

Bl 2-3%

Bl 3-4%

B 4-5%
5-10%

Derive:

1. Channel Network
2. Slope distribution
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INPUT DATA (soil type)

A
Soil Type
p Calloway
Fallaya
p Grenada
Loring
/ B Collins
. Memphis
/ Gullied land
Numbher of different soil types:
C ¥ Infiliration F' Eroasion
Soil Type Soilf Hydr Cond.  |Suction Head | Meisture Deficii Sand Siir Clay Kimrr
a fudex [emvh] [em] [em3/em3] [%e] [%e] 1] -1
Calloway 1 0.350 22 034 025 0.55 020 04
t Fallaya 2 0,320 14 0.34 025 0.55 0.20 01
Grenada 3 0.370 17 0.34 0.3 0.6 0.10 02
3 Loting 4 0.380 22 034 0.25 0.55 0.20 06
I Collins 5 0.360 18 034 03 0.6 0.10 0z
O Memphis 6 0,450 22 0.34 0.3 0.6 0,10 0.5
7
1



INPUT DATA (land use)
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Land Use
Forest
Water

I Cultivated

I Pasture
Land Use Parameters
Number of different 1

Land Use Type

Manning n

Interception

[mm]

Forest

0.25

1.5

W ater

0.01

0

Cultrvated

0.1

0.8

Pasture

nz
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10/17/81 event:
Duration: 3.5 hr.

Intensity (in/h)

Depth: 73 mm.

1

150 200

Time (min)

Rain Gage
Number
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SEDIMENT ROUTING

Suspension Advectio
I Deposition 2ok Suspension
PP _
Parent material —
Outgoing Cell
™~ gy
Osy — |
/ Deposition
v
Receiving Cell
Receiving Cell

Modified Kilinc and Richardson equation

for the overland:
Land use

2.035
g, (tons/m*s) = 23210 5% (%j K Gr

K |
0.15

DEM
Hydraulics
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GEOVISUALIZATION rainfall-runoff
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a)

Sediment Discharge [m3/s]

SEDIMENT RATING CURVES
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Net Erosion and Deposition*

- Erosion

*Net difference between erosion and deposition.

CASC2D-SED

Infiltration l

v

CASC2D- Julien et al. (1995)
CASC2D-SED - Johnson et al. (2000), Rojas (2002)
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CASC2D-SED Web Page

* At Colorado State University
 Under direction of Dr. Pierre Julien

pierre@engr.colostate.edu

« Current manual, source code, example, MPEG
movies

http://www.er:?r.c010state.edu/"/o7epierre/ce_old/
projects/casc2d-Rosalia/index.htm

3. Modeling of Naesung
Stream, South Korea
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d TSS Visualization

Department of Civil and Environmental Engineering
Colorado State University

Water Depth

Water Depth (m)
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Water Depth
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Water Depth

[10 hr]
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Water Depth

[18 hr]
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Total Suspended Solids

4. Sediment Yield
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Sediment Delivery Ratio

Defined as the ratio of the sediment yield at a given stream cross
section to the gross erosion from the watershed upstream

SDR — - Y: sediment yield
A - A;_: gross erosion

* SDR equations

IOV CRUIYGINN SDR = 0.31 A3
VERIGIGEVA) N SDR = 0.42 A %1%

- A : the catchment area (mile?)

S ORPPY Sl 00 ( SDR ) = 2.94259 +0.82362 log( R/L)
WIEILENUCIAAME SDR = 1.366 x10 ™ x A™*%% » (R/L)x CN >**

- A: the catchment area (Km?2)

- R : relief of a watershed (difference elevation between max. and outlet)
- L : maximum length of a watershed

- CN: the long-term average SCS curve number

Sediment Vield

* Sediment delivery ratio: Observed

S __sediment yield sediment degradation _Y
DR ™ Gross soil erosion ~ annual average soil loss rate - At

Spr
— Drainage Area
* Renfro (1975)
— log(Spr) = 1.7935 — 0.14191 log (A)
* Boyce (1975)
— Spgp = 0.41 A7%3
— Topographic Factors
* Williams and Berndt’s (1972)
— Log(Spg) = 0.627 SLPO-403
* Maner (1958)
— log(Spr) = 2.94259 + 0.82362 log (R/L)

@ e ®
IntroQtction Dataset-and Methodology sults and Applications

Conclusions




Sediment Vield

* Julien 2002 (modified after Boyce 1975)
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Sediment Yield

* Kane and Julien (2007)
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Specific degradation (#/km?-year)

-93% confidence interval

- 05% confidence interval

(a)

1 500

1000 1500 2000 2500
Annual rainfall (mm)

Qg ~ SEDIMENT YIELD

(CUBIC METERS PER SQUARE KILOMETER PER YEAR)

Q 10 e]e3 1,000 10,000
= NG G DI ) v [ S e A
B o Sediment yrelds from survey of 28 ] g¢
i reseryoirs in semi—arid climete —
of UL5A, ]
£ . . =
1000 h_ El Frayle (367 m*/km’/yr) =

100

S
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G, = SEGMENT YIELD
(ACRE FEET PER SQUARE MILE PER YEAR)
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Deserts and
permanent ice

Sediment yield
t. km= year-
50 100 250 500 750 1000
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5. Case Study in Haiti
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Example: Peligre Dam in Haiti
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Demographic Expansion

Lowland Slash and Burn
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Farming Hilltops?

Watershed Deforestation
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gre Dam (sedimentation)
S =

Fig. IS —SIMULATION DES WOLUMES SEOMENTED EEPLES [958,
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Hurricane Georges
hits Hispanola
22 September 1998

GOES Project NASA-GSFC - .

y Operation

‘FT' -
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Flood Damages




Could this be avoided?
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Muchas

Gracias!

plerre@engr.colostate.gdu
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