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Development and Application of Watershed Sediment

Transport Process Using Distributed Rainfall-Runoff Model”

Kim, Hyeon Sik

Department of Agricultural and Rural Engineering
Graduate School, Chungbuk National University
Cheongju, Korea
Supervised by Professor Maeng, Seung Jin

Abstract

Recently, as the need for various types of analyses for the integrated
water resources management has increased significantly, it has become
evident that the development of a distributed runoff model for the analysis
of the natural phenomenon is required. Korea Water Resources Corporation
developed a Distributed Rainfall Runoff Model (K-DRUM) which only focuses
on the rainfall runoff analysis of flooding events, and as such, it does not
provide enough information to assist in the decision—-making process for
integrated water resources management. In this study, the developing
purpose of the sediment transport process module is to provide relevant
information need to make reliable and accurate decisions for dam operation,

water planning and investigation. The sediment transport process module



was improved from the existing K-DRUM. In order to develop the sediment
module, the characteristics of various sediment models are examined, and
the best appropriate method for K-DRUM is selected. The best method
should be capable of analyzing the deposition and erosion process for the
watershed sediment physically according to land cover and soil
characteristics, rainfall intensity, and runoff patterns. The applied equations
for watershed sedimentation and transport are from the European soil
erosion model (EUROSEM) and the Cell-based distributed runoff model
version 3 (CDRMV3) models. Hapcheon and Imha Dam were selected as the
study target watersheds and sedimentation analyses were carried out. The
results between calculated and observed sediments were analyzed for
consistency. As the procedure to verify sediment amounts coming into the
reservoir, the Surface Water Modeling System (SMS) model was used. The
sediment transport model, SEDZD is to quantitatively analyze sediment
distribution in a reservoir based on sediment intrusion. For water
level-discharge data required in boundary conditions of the model, real-time
data measured by K-water were used. Sediment depth was compared with
the results of the model by collecting cross-section core samples of the
reservoir. As the result of validation, the sediment depth was similar to
measured value. In the future, by examining the application of K-DRUM to
variable basins and phenomena minutely, the accuracy of the model will be
improved. Especially, to improve K-DRUM, additional functions are needed

to provide various water resources management related information.

* A thesis for the degree of Doctor in August 2015.
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o] 1 SFHEH(USACE)S] WES(Waterways Experiment Station)e} <
W 2 =(U.S. Federal Highway Administration)©] ¢ 73t¢] Brigham Young
University 2] Environmental Modeling Research Laboratory(EMRL)| 4] 7] vt
3k SMS (Surface-water Modeling System) E3&o|t}. SMS 23S 23 &
+98t4 ¥ (Hydrodynamic modeling) & 24 GFGEN &3 RMA-2 =3,
RMA-4 5%, SED2D 538 Soz A% <dtf(Enviromental Modeling

Research Laboratory, 2000a, 2000b, 2000c, 2000d).
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Kinematic wave

Figure 3.1 Basic concept of K-DRUM model

o]

219 (kinematic

3

el

.ﬂoﬁ

el

o

—_
fite)

olo
&
o
s
e
03
0
)A

o]

]

o

o]-&3st3Att.

Al O
1=

Green-Ampt

ot

A

ol Meind}t Larson(1973)9]

S

_(H

7]

o]

_19_

Collection @ chungbuk



N
&
I
Iy
HTl
o2
k1
fr
—z
a
i
iy
2
%!
_)]‘_il
vk
=
2
e
)
ins
R
e
-
%9
k1
Jhu
ot
[o
fr
%

=2
=
e
b
r >
ol
k)
ol
=
o
a
2
N
N
it}
rir
o,
kil
)
r o
fo
o,
ftlo
>~
=
L
oz
2
X
ol
on
30
)

Aol o] g3tnA 3

rir
M
e
oftt
o
o
4o
rie
b
oftt
lo,
N
re
-
N
N
=
ot
o

Rainfall data | M Input data

& 2
© RADAR | i Determine parameters
@ Raingauge . =

uting sequence

GIS data | B Determine channel roughness

o

| M Determine com

.

n

W Determine initial values

© Thiessen polygon -

© Flow direction | M Warm-up calculation

® Lland cover

@ Soil ‘-"
@ DEM

M Distribute rainfall & apply upper inflow
E =

i Calculate surface flow (Layer A)

- Kinematic wave

@ Surface roughness E Calculate infiltration to Layer B

_ ) — - Green-Ampt

@ Hydraulic conductivity -

ires

@ Infiltration rate e Calculate flow (B layer) —_——
. - Linear storage

® Soil depth # Calculate infiltration to Layer C Sirkie fuhioll

@ Initial soil moisture i Calculate return flow to Layer A Channel discharge

@ Porosity rate e 2 Soil moisture

& Ehanned ronghiess i Caleulate flow (Layer C) Rainfalldistribution

- Linear storage
M Calculate return flow to Layer B

E =

M Calculate channel flow
- Kinematic wave

Input parameters

Flow accumulation

a 6 2 @ 0 @ @

Channel roughness

Figure 3.2 Framework of K-DRUM model

_20_

Collection @ chungbuk



2 K-DRUMEE 9 F8 T/l HF-52 Tabel 313 o] QoFsT],
Table 3.1 Main original data and hydrological parameters
Original data Hydrological parameters Remark

Basin slope

ArcView (Spatial Analysis)

DEM Riverbed slope ArcView (Spatial Analysis)
Flow direction HEC-GeoHMS
Rough fficient .
Land Cover OuSness CoCHclen Reclassified to as 5 types
of land cover
Effective soil depth
Saturated conductivity
Ampt
Soil Map Green & Amp

Wetting front suction

Effective porosity

infiltration process

Grid resolution

100~1,000m
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Table 3.2 Input and output data type
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Figure 3.4 Finite element grid division

294 o

oF

o

=K

M
;O#

e

ojn

o]
olo

o

(Beven, 1979).

1 4 B1) ~ 4 (B3) HYERHAT

ER

;O#

B

(3.1

f

r=R+ Uy,

:7",

oh
L
ot

ox

(3.2)

h=>d,
h<d,|

when

Y

m +ﬂh)

)
ah

alh—d,

(3.3)

(Darcy type)

sinf

)‘A
- 24 -

ky

ﬂ:

Manning type ),

(

v/sinf
n

a:

Collection @ chungbuk



o 71A, h=F4(m), ¢=FNEFF 3 (m'/sec), R=%4%(m/sec), Uy=BF
ol AZo® EIAGdE FHAE(m/sec), f=Green-Ampt? 0.2 A=3 &
Ar(m/sec), dy=A%° EAF7FsEm), \=AF9] T5&, D;=AS
BEA(m), 0=AtH7AAZY, n=Manning®] ZZ=AF, k=ATe FFASF

(m/sec)°] t}.

S,—d Sy—dy =0
UB: BO B ., when Sl;_dl;<0)’ B—)\BDB (3.4)
ds
—=1y= Oy Iy=f,+U: 03=0, +0,, O, =k, Sp. O, =k,S; (35

ok

1714, Sp=BFel AFEFm), dp=BFel E3AF7Hs F(m), \p=BF 2
=&, DyBFY FEEAN(M), =BT FAd4E=(m/sec), Ox=BF2 FE74
E(m/sec), UrCEolrM Beo® EHFsh= F3d4d=(m/sec), O, =BSellA <]
IF = Em/sec), O, =BToMe $UF Fr=4dE(m/sec), k, =Bsel
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_25_

@ CNUNgDUK



dt Ic=0c, 1c=0,+0 . O0c=0,, O, =k Sc 37
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DET="(KE) e (3.16)

A7NA, k=EYF A AF(gJ ), p=EAY] dFF(kgm *), KE= 759

F 2EAUAIm?), b=AFGFH & 2, ¥9E 0931, h=AEH TF

EGEFol w2 ko] Wl: Table 329 2ol AT AAH gE Tl

£ 270 AR Aot A @S TahE Aol Aok AT

Table 3.3 Soil erosion detachability based on soil texture classes

Detachability (EROD : g¢/.J)

Texture"
Low Mean High
Clay 1.7 2.0 24
Clay loam 1.4 1.7 1.9
Silt 0.8 1.2 1.6
Silt loam 0.8 1.5 23
Loam 1.0 2.0 2.7
Sandy loam 1.7 2.6 3.1
Loamy sand 1.9 3.0 4.0
Find sand 2.0 3.5 6.0
Sand 1.0 1.9 3.0

1) Soil texture classes according to the USDA system
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Govers(1990)2 A ©lF 5 H(TCO7F ¥74(B0 ~ 150im) W91 WellA vha 4

%)
I Fes BT

w=uS (3.19)
TC=clw—w,)" (3.20)
¢ = [(dy, +5)/0.32]7*° (3.21)
n=[(dy, +5)/300]*% (3.22)

o714, S=HAHcem cm-1), u=% ZEF FH(em/s), w =99 FHEY

critical value(0.4cm/s), ¢, n=93 74 W& Ag A4 A4 o]t}
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f<C;H)_ At Ax
(3.23)
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+(1_9) 9j+1 J+Al 9 & )_(€+qs>:0
x
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SMS 22 229 49382 R 3 (Hydrodynamic modeling) & &4 nj= &

BN
oH
r:l

o] WES(Waterways Experiment Station)®} 7] SHE= =2 (U.S.
Federal Highway Administration)©] 17&t¢] Brigham Young University 2
Environmental Modeling Research Laboratory(EMRL)o| A 7§ & ic). 7)
232 GFGEN ®3, RMA-2 53, RMA-4 23, SED2D &3 S22 4
o] ¢t} (Enviromental Modeling Research Laboratory, 2000a, 2000b, 2000c,
2000d).
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Table 4.1 Precipitation station status at Hapcheon Dam watershed

Station Type M?zlagement Obs];r;zﬁon Location (TMI))

gency (dd-mm-yy) X Y
Gabuk T/M? K-water 15-July-1992 289,413 251,738
Geochang | Magnetic KMA? 01-Jan-1971 282,422 241,715
Geochangl /M K-water 01-Oct-1987 281,178 242,968
Byeonggok | Magnetic | MOLIT? 03-Apr-1984 269,953 256,957
Buksang /M K-water 01-Oct-1987 273,252 252,792
Yungyang | Magnetic MOLIT 01-Nov-1926 282,862 256,514
Yungyang ™M K-water 01-Oct-1987 282,027 257,184
Jisan ™M K-water 15-July-1992 291,783 241,191
Chungyeon ™M K-water 01-Oct-1987 282,719 234,105

1) TM : Transverse mercator, 2) T/M : Telemeter, 3) KMA : Korea Meteorological
Administration, 4) MOLIT : Ministry of Land, Infrastructure, and Transport
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Table 4.2 Water level station status at Hapcheon Dam watershed

‘ M Observation Location (TM)
Station Type Agenc Date
E (dd-mm-yy) X Y
Geochangl /M K-water 01-Oct-1987 281,178 242,968
Geochang? T/M K-water 01-Oct-1987 283,685 246,504
Jisan T/M K-water 15-July-1992 291,783 241,191
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datdl FAW AeBSFrE FEAFE 67] #=2, K-water 87 #S4
g X9 EF W #527F f1Aska vk K-DRUM 29 G B5L
ARE A5 myo AT R ALEEA = wE2o] AR AH=
Table 4.3 “eER AT
Table 4.3 Precipitation station status at Imha-Dam watershed
M Observation Location (TM)
Station Type ezlagement Date
S (dd-mm-yy) X Y
Gilan /M MOLIT Aug-1964 371,304 327,350
Dopyeong /M MOLIT Mar-1998 384,251 313,831
Bunam ™ K-water 30-Sep-1987 385,467 316,509
Budong M K-water 01-Jan-2000 392,136 321,897
Seokbo /M K-water 30-Sep-1987 391,676 340,331
Subi2 M K-water 01-Jan-2000 396,734 357,440
Andong | Magnetic MOLIT 01-Nov-1916 361,845 338,763
Yeongyang | T/M K-water 30-Sep-1987 388,303 352,285
Ilyeol M K-water 30-June-1992 386,253 363,128
Imdong | Magnetic MOLIT 01-July-1969 371,593 342,899
Jinbo Magnetic MOLIT 01-July-1969 383,024 338,755
Jinbo2 ™M K-water 01-Jan-2000 384,993 338,643
Chungsong ™M K-water 30-Sep-1987 383,014 327,498
Hyeonseo M MOLIT Aug-1961 371,888 307,903
~ 46 -
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Figure 4.1 Digital elevation map of Hapcheon Dam watershed
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Figure 4.2 Sub-basin map of Hapcheon Dam watershed
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Figure 4.4 Digital elevation map of Imha Dam watershed
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Table 4.5 Roughness coefficient

Class Land Cover Roughness Coefficient
1 Water Area 0.030
2 Urbanization 0.015
3 Eroded Land 0.035
4 Marsh 0.050
5 Grassland 0.130
6 Forest 0.100
7 Paddy Field 0.050
8 Cropland 0.035

(Source : Vieux, 2004)
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Table 4.6 Green—-Ampt infiltration coefficient

Saturated

Wetting front
Effective hydraulic

Class Description suction head

porosity conductivity
(cm)
(cm/hr)
1 Sandy Loam/Sands 0.415 7.980 6.435
2 Clay Loam/Silty Clay Loam 0.371 24.090 0.100
3 Sandy Loam (with gravels) 0.412 11.010 1.090
4 Sandy Loam/Clay 0.399 21.320 0.560
6 Silty Clay Loam/Clay 0.409 29.465 0.065
7 Clay Loam/Clay 0.347 26.255 0.065
14 Sandy Loam/Clay Loam 0.361 15.945 0.595
15 Clay Loam (with gravels) 0.309 20.880 0.100
16 Clay Loam/Silt 0.393 18.780 0.375
17 Clay Loam 0.309 20.880 0.100
49 Rocky Land 0.010 0.000 0.000
(Source : Vieux, 2004)
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Table 4.7

Soil depth coefficient

Class Description Soil depth (cm)
1 Very deep 200
2 Very deep/deep 175
3 Deep 150
4 Moderate/deep 125
5 Moderate 100
6 Shallow/moderate 75
7 Shallow 50
8 Very shallow 25
49 Rocky land 10

(Source : Vieux, 2004)
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Figure 4.7 Land use map of Hapcheon Dam watershed
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Figure 4.8 Soil map of Hapcheon Dam watershed
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Figure 4.9 Soil depth map of Hapcheon Dam watershed

_61_

Collection @ chungbuk



{r
o=
BH
—~
fite)

—

0

EAEE Figure 410 ~ 4.129

vl
=

or=% =
C}:%‘Tr

2B

—
fite)

)

o

o
i)

UER AT B

2}2}

B
i)

B
i)

N

_62_

@ CNUNgDUK



Water Area
Jrbanization
Eroded Land
Marsh
Grassland
Forest
Paddy Field
Cropland

EONERCEN

n
N
n

o 5

Figure 4.10 Land use map of Imha Dam watershed
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Figure 4.11 Soil map of Imha Dam watershed
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Table 4.9 Rating curve of water level stations

Year Station Water Level Rating Curve Note
0.84~1.13m
<h< = _ 4.548
084<h<1.29 | Q=135.810x(h—0.840) (Extrapolation)
Geochangl
3.83~4.49m
< _ . 2.471
1.29<h <4.49 | Q=38.807x (h—0.898) (Extrapolation)
-0.10~1.01m
| <ph < _ 7.593
0.10<h<145| Q=0.545x (h+0.100) (Extrapolation)
2010 | Geochang?2
2.85~3.47m
<h< — 3.951
1.45<h <347 | Q=2.660x(h+0.102) (Extrapolation)
0.46~0.59m
<h< — _ 2.374
046<h<221| Q=25.226x (h—0.460) (Extrapolation)
Yeongyang
2.60~2.85m
<h< = _ 1.923
221<h=<2.85 | Q@=26.924x (h—0.275) (Extrapolation)
0.80~0.94m
<h< — _ 2.025
0.80<h<1.70 | Q=33.098x (h—0.800) (Extrapolation)
Geochang?2
3.36~4.98m
<h < _ _ 2.407
1.70<h=<4.98 | Q=41.639x (h—0.870) (Extrapolation)
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2011 0.63<h<147 | Q=15.569x (h—0.630) (Extrapolation)
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4.00~4.50m
< _ _ 2.600
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Figure 4.13 Stage-discharge relation at Geochang 1 station in 2010
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Figure 4.14 Stage-discharge relation at Geochang 2 station in 2010
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Figure 4.16 Stage-discharge relation at Geochang 2 station in 2011
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Figure 4.17 Stage-discharge relation at Dongcheon station in 2011
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Table 4.10 Observed discharge and sediment at Geochang 1 station

Time

(dd-mm-yy hh:mm)

Discharge (m'/sec)

Sediment (ton/day)

11-July-2010 15:30 169.2 10,302.3
11-July-2010 18:35 151.0 7,584.8
11-July-2010 20:50 122.9 6,671.8
12-July-2010 10:27 29.1 979.6
12-July-2010 14:38 19.9 505.9
14-July-2010 15:18 3.1 68.8
10-Aug-2010 16:55 78.3 4,786.1
10-Aug-2010 19:00 89.8 5,202.4
11-Aug-2010 07:07 508.1 33,491.5
11-Aug-2010 12:40 381.9 22,388.4
22-Aug-2010 11:03 4.2 63.9
02-Sep-2010 00:13 36.5 1,349.7
02-Sep-2010 03:12 478.2 31,5363
02-Sep-2010 10:13 190.4 10,310.1
16-Sep-2010 18:55 53 157.6

......
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Table 4.11 Observed discharge and sediment at Geochang 2 station

Time

(dd-mm-yy hh:mm)

Discharge (m'/sec)

Sediment (ton/day)

29-Mar-2011 13:30 0.7 4.8
05-Apr-2011 15:00 0.7 6.6
25-June-2011 20:14 343 560.3
26-June-2011 15:00 61.7 1,774.0
25-June-2011 19:30 103.5 2,216.7
09-July-2011 13:40 92.8 2,400.9
10-July-2011 21:25 359.5 21,1195
11-July-2011 10:30 112.1 2,428.7
27-July-2011 13:40 10.8 299
27-July-2011 21:00 13.2 55.2
28-July-2011 16:30 8.3 221
01-Aug-2011 22:40 15.6 878.6
02-Aug-2011 08:15 16.3 228.1
02-Aug-2011 13:20 20.8 3759
07-Aug-2011 14:20 7.1 77.6
08-Aug-2011 03:55 118.6 1,275.7
08-Aug-2011 14:30 342 140.0
01-Dec-2011 13:30 4.0 216.1
02-Dec-2011 12:03 2.8 153.4
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Table 4.12 Observed discharge and sediment at Yeongyang station

(dd—mmiifr;ehh:mm) Discharge (m'/sec) Sediment (ton/day)
17-May-2010 15:40 0.3 1.4
10-July-2010 19:10 0.7 5.4
11-July-2010 18:00 5.2 40.0
11-July-2010 21:00 13.2 208.7
12-July-2010 12:00 9.2 103.9
11-Aug-2010 12:10 15.9 266.9
11-Aug-2010 15:50 47.6 1,886.1
11-Aug-2010 20:50 139.8 19,485.7
10-Sep-2010 15:50 3.2 241.6
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Table 4.13 Observed discharge and sediment at Dongcheon station

(dd—mmiifr;ehh:mm) Discharge (m'/sec) Sediment (ton/day)
31-May-2011 12:00 1.0 351.6
14-June-2011 11:00 0.2 1.5
24-June-2011 17:35 355.8 26,196.9
24-June-2011 18:50 404.2 30,643.3
25-June-2011 07:55 93.0 4,596.1
11-July-2011 11:50 31.8 1,306.5
11-July-2011 18:05 125.8 12,380.0
12-July-2011 02:00 72.9 5,014.9
18-Aug-2011 00:00 58.2 2,086.2
18-Aug-2011 09:38 203.2 20,501.5
18-Aug-2011 22:00 33.0 611.8
14-Oct-2011 10:00 0.2 71.0
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Table 4.14 Discharge-sediment relation in Hapcheon & Imha Dam watershed

Class

Geochangl

Geochang2

Yeongyang

Dongcheon

Sediment rating

15.138* Q1%

9.3736* Q17

8.3813* Q1122

71.056* Q"0

curve
(2010) (2011) (2010) (2011)
(year)
R’ 0.9928 0.8047 0.9249 0.8496
100,000 E
2 10,000 : :
g
Z 1000 .
:‘“ 'y e
100 g
g = — == ——
E 10 | — Q, = 8.3813Q 2%
= ol R? = 0.9249
s 1
0.1
0.1 1 10 100 1.000

Discharge (m’/sec)

Figure 4.18 Discharge-sediment relation at Yeongyang station

Collection @ chungbuk

_78_



1,000,000

100,000 ettty

10,000

| B

1,000

j Q; = 15.138Q"#%

R =0.9928 =
111 111

100

10
1

Total Sediment (ton/day)

1 10 100 1,000
Discharge (m’/sec)

Figure 4.19 Discharge-sediment relation at Geochang 1 station
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Figure 4.20 Discharge-sediment relation at Geochang 2 station
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Table 4.15 Characteristics of Hapcheon Dam

Characteristics Unit Value
Drainage area km® 1,329
Channel length km 63
Maximum water level EL.m 179
Normal high water level EL.m 176
Effective storage m’ 560 x 106
Flood control storage m’ 80 x 106
Mean depth m 40
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Table 4.16 Performance evaluation standard of numerical analysis model
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Table 5.1 Parameters of K-DRUM model in Hapcheon Dam watershed

Depth coefficient R
No. Code Station Name A B C rougll\:lress
Layer Layer Layer
1 2015110 | Hapcheon Dam 0.8 1.0 1.0 0.05
2 2015638 Geochang 1 0.4 1.0 1.0 0.10
3 2015620 Geochang 2 0.8 1.0 1.0 0.10
4 2015650 Jisan 0.4 1.0 1.0 0.09
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Figure 5.1 Discharge simulation results at Hapcheon Dam (Case 1)
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Figure 5.3 Discharge simulation results at Hapcheon Dam (Case 2)
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Table 5.2 Discharge simulation results (Case 1)

(unit : 10°m*)

St il Hapcheon Dam Geochangl
Discharge Discharge
Observation 506.01 174.24
Total volume 616.76 169.52
Percentage 121.89% 97.29%
R’ 0.89 0.88
NSE 0.87 0.88
PBIAS -21.89 2.71
RSR 0.36 0.35

Table 5.3 Discharge simulation results (Case 2)

(unit : 10°m*)

e Hapcheon Dam Geochang?
Discharge Discharge
Observation 717.11 145.75
Total volume 880.85 149.36
Percentage 122.83% 102.47%
R’ 0.85 0.84
NSE 0.85 0.82
PBIAS -22.83 -2.47
RSR 0.39 0.42
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Table 5.4 Performance evaluation result of Hapcheon Dam

NSE PBIAS (%) RSR
0.86 (Very good) -11.12 (Good) 0.38 (Very good)

of e A

Table 5.5 Parameters of K-DRUM model in Imha Dam watershed

No. Code Station Name Depth coefficient River
A Layer | B Layer | C Layer | roughness
1 | 2002110 Imha Dam 0.8 1.0 1.0 0.070
2 12002620 Yeongyang 0.4 0.4 0.4 0.060
3 | 2002645 Dongcheon 1.0 1.0 1.0 0.030
4 | 2002640 Heunggu 0.5 1.0 1.0 0.070
5 | 2002630 Gwangduk 0.3 0.5 1.0 0.050
6 | 2002650 Chungsong 0.2 0.2 0.2 0.070
7 | 2002660 Songgang 0.2 0.2 0.2 0.035
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Figure 55 Discharge simulation results at Imha Dam (Case 3)
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Table 5.6 Discharge simulation results (Case 3) (unit @ 10°m’)

Imha Dam Yeongyang
Statistical Method

Discharge Discharge

Observation 439.27 142.78
Total volume 585.26 125.54
Percentage 133.23 87.92
R’ 0.80 0.57
NSE 0.66 0.56
PBIAS -33.23 12.08
RSR 0.58 0.67
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Table 5.7 Discharge simulation results (Case 4)

(unit : 10°m*)

Imha Dam Dongcheon
Statistical Method
Discharge Discharge
Observation 731.98 402.06
Total volume 839.44 89.85
Percentage 114.68% 22.35%
R’ 0.80 0.80
NSE 0.80 0.34
PBIAS -14.68 77.65
RSR 0.45 0.81
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Table 5.8 Performance evaluation result of Imha Dam

NSE

PBIAS (%)

RSR

0.59 (Satisfactory)

10.46 (Good)

0.63 (Satisfactory)
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Table 5.9 Sediment coefficient in Hapcheon Dam watershed

No. Code Station Name Sediment coefficient
1 2015110 Hapcheon Dam 3.0
2 2015638 Geochang 1 25.0
3 2015620 Geochang 2 3.0
4 2015650 Jisan 3.0
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Table 5.10 Sediment coefficient in Imha Dam watershed

No. Code Station Name Sediment coefficient
1 2002110 Imha Dam 2.0

2 2002620 Yeongyang 3.0

3 2002645 Dongcheon 2.0

4 2002640 Heunggu 2.0

5 2002630 Gwangduk 2.0

6 2002650 Chungsong 2.0

7 2002660 Songgang 2.0
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Figure 5.10 Sediment simulation results at Geochang 2 station
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Table 5.11 Sediment simulation results (Case 1)

Geochangl
K-DRUM
Peak Discharge (m*/sec) | Peak Sediment (ton/day)

Observation 914.4 76,380.3 (1,718.2)
Total volume 898.6 78,458.8 (1,150.9)
Percentage 98.27% 102.7% (64.62%)

R’ 0.88 0.86

NSE 0.88 0.84

PBIAS 2.71 35.38

RSR 0.35 0.39
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Figure 5.11 Comparison between observed and simulated

discharge at Geochang 1 station (Case 1)
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Figure 5.12 Comparison between observed and simulated

sediment at Geochang 1 station (Case 1)
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Table 5.12 Sediment simulation results (Case 2)

Geochang?2
K-DRUM
Peak Discharge (m*/sec) | Peak Sediment (ton/day)
Observation 298.3 8,994.3 (86.0)
Total volume 385.2 7,059.4 (48.1)
Percentage 77.44% 78.5% (55.8%)
R? 0.84 0.85
NSE 0.82 0.79
PBIAS -2.47 44.13
RSR 0.42 0.46
400.0
=)
2 300.0
é R==0.9208
=
=
= 200.0 |
=
£
w
100.0
0.0 ¢ . ! !
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Figure 5.13 Comparison between observed and simulated
discharge at Geochang 2 station (Case 2)
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Table 5.13 Performance evaluation result of Hapcheon Dam

RSR

0.41 (Very good)

PBIAS (%)

19.94 (Satisfactory)

NSE

0.83 (Very good)
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Figure 5.15 Sediment simulation results at Yeongyang station
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Figure 5.16 Sediment simulation results at Dongcheon station
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Table 5.14 Sediment simulation results (Case 3)

Yeongyang
K-DRUM
Peak Discharge (m’/sec) | Peak Sediment (ton/day)
Observation 149.9 1,925.4 (157.8)
Total volume 85.9 2,425.4 (83.40)
Percentage 57.3% 125.9% (52.9%)
R’ 0.57 0.91
NSE 0.56 0.81
PBIAS 12.08 47.10
RSR 0.67 0.44
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Figure 5.17 Comparison between observed and simulated

discharge at Yeongyang station (Case 3)

20.0
=
= 150 -
[—]
£
P
=. 100 -
=
2 R2=0.538
=
= 50
=
,/
0.0 ; ! |
0.0 5.0 10.0 15.0 20.0

Observation (103 ton/day)
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Table 5.15 Sediment simulation results (Case 4)

Dongcheon
K-DRUM
Peak Discharge (m’/sec) | Peak Sediment (ton/day)
Observation 428.6 12,636.4 (187.7)
Total volume 210.1 17,799.2 (100.6)
Percentage 49.0% 140.8% (53.58%)
R’ 0.80 0.89
NSE 0.34 0.86
PBIAS 77.65 46.42
RSR 0.81 0.37
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NSE
0.64 (Satisfactory)

Table 5.16 Performance evaluation result of Imha Dam
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Figure 5.26 Long term sediment simulation results at Geochang 2 station
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Table 5.17 Long term discharge simulation results in Hapcheon Dam
watershed
Dam Geochangl Geochang?2
K-DRUM Discharge Discharge Sediment Discharge Sediment
(m'/sec) (m'/sec) (ton) (m'/sec) (ton)
Observation 8,091.47 3,193.22 | 1,450,619.77 1,401.19 | 221,533.53
Total
9,847.63 2,627.31 | 599,212.93 1,740.68 | 165,115.07
volume
Percentage 121.70% 82.28% 41.31% 124.23% 74.53%
R? 0.93 0.87 0.78 0.57 0.72
NSE 0.93 0.86 0.76 0.50 0.70
PBIAS -21.70 17.72 58.69 -24.23 25.47
RSR 0.27 0.37 0.49 0.71 0.55
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Table 5.18 Performance evaluation result for long term of Hapcheon Dam

Class NSE PBIAS (%) RSR
Discharge 0.76 (Very good) -9.40 (Very good) 0.45 (Very good)
Sediment 0.73 (Good) 42.08 (Unsatisfactory) 0.52 (Good)
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Figure 5.28 Observed and simulated discharge at boundary 1

- 131 -

Collection @ chungbuk

Sediment (103 ton/day)



160 32
140 —Dis?harge | g
----- Sediment
¢ 120 - 24
n
-
E 100 - 20
P
=11]
= g0 | - 16
—
2
Q 60 7 B 12
40 A - 8
20 - - 4
| ] . M | ! !
0 ; l A B il A g nal Y i Ay L el 0
02-Jan-2002 12-Mar-2004 21-May-2006 29-Jul-2008 07-Oct-2010 15-Dec-2012

Time (dd-mm-yy)

Figure 5.29 Observed and simulated discharge at boundary 2
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Table 5.19 Measured and predicted bed change from 2001 to 2012

Section Variation of Measured | Variation of Simulated Results Error (m)
(No.) Bed Changes (m) Bed Changes (m)

No.42 0.33 0.267 0.063
No.37 0.26 0.234 0.026
No.35 0.25 0.232 0.018
No.31 0.23 0.210 0.020
No.24 0.06 0.100 -0.040
No.9 0.10 0.032 0.068
No.8 0.10 0.024 0.076
No.1 0.10 0.003 0.070
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Table 520 Comparison of the bed changes sinulated in the nodel and measured in the field

Section Class Value (m)
Observed 0.26
A Calculation 0.21
Variation -0.05
Observed 0.19
B Calculation 0.17
Variation -0.02
Observed 0.21
C Calculation 0.13
Variation -0.08
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Fig. A.9 Run preview
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Fig. A.10 2D animation view
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Fig. A.11 3D animation view
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Fig. A.12 Analysis result

Fig.

A.13 Reservoir operation tool
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Fig. A.14 Reliability analysis tool
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Table A.1 Reliability analysis method and equation

No. Method Name Equation
) R Coefficient of g2 — g Ziz1 (0 — M)
’ determination ¥¥ . (0, —0)?
) R Adj. Coefficient of ae iy, BEE E;El(oi — M) i
) determination N—k—1%;=(0, -0)*
T, (0, — My)?
3 NSE Nash-Sutcliffe Efficiency NSE=1-SF ———=
f:l(oi O}
a0 - M)
4 PBIAS Percent BIAS BB ===y o e - 2 LD
=1 "k
N i 32
5 RMSE Root Mean Square Error EMSE = M
i
Relative Root Mean Square 2L (0 — M)?
6  RRMSE v au N
Error RRMSE = ———
N - 3
7 MAE Mean Absolute Error MAE = w
i
RMSE-observations RMSE L
8 RSR RSR= =y i
standard deviation ratio STDEVps  +L(0:—0)?
Mean Absolute Percentage v [Mi— O
9 MAPE 5 g E:1| 0; |
Error MAPE = =
10 TIC Theil Inequlity Coefficient e
HE‘i:l M; +\ n =1 0

% O @ Observed data, M : Calculation data
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