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TWO-DIMENSIONAL NUMERICAL SIMULATIONS OF
RETURNING PROCESS OF THE SEDIMENTS TO THE RIVER
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The returning process of sediments, which were deposited in the reservoir, to the river was investigated

experimentally and numerically. A two-dimensional numerical model for the bed variation was constructed
based on the finite-volume method (FVM), flux-difference splitting (FDS) scheme and unstructured grid
system. The model could also treat the mobile as well as fixed bed based on the technique proposed by
Struiksma. The experiments of the returning process of the sediments to the river were conducted and
the data of water level and bed variation were obtained. Against these data, the model verifications were
performed. It showed that the model had the ability to reproduce the returning process of the sediments

to the river.

Key Words :

1. 0OoOo0Oo

0oO00OD0O0OD0O0OD0ODOD0ODODO0ODOO0O00000
0000000000000 O0000000000
000000000 0O0O0O0D0D0DDO0DOoOooonnO
00000O0O0OO0OD0OD0OOODOD0ODOO0OO0OO0O000000
000000000 OO0OO0O000D0D00D0O00O000
00000000000000000O0DOoooo
oooooooooooooob2no
0000000 0OO0OO0OD0OD0OOD0OD0ODODOOOOO
00000000000000oooooooooo
000000000oooYYd00000000000
0000000 O0OO0OD0OO0OO0OO0ODODODODOOOO00000
00000000 0O0O00O000D0D00D0O0O0O0Onn
0000000 O0O0OD0O0O0OD0ODDODODOOO0OO00000
0000000000000O00O0OoOooooon
00000000 0O0O0O000D00D0O0000000
00000000 D0OD0O0O0O0OD0D0OD0ODOODOO0OO0O0O
00000000 0OO0O0OO0OO0O0D0DODOO0ODOO0O0O0O
00000000000 D00000000000Ooono

sediment transport, dam break flow, 2-D numerical simulation, finite-volume
method, flux difference splitting

00000?20000000000000000000
gboobooooobooboboboboooooooo
goooboooboooboobobooooboobgoobon
gbooooboooobooboo
gbooooooooooooobooooboobon
goooooboobooboboboboooooooo
gboboobooboooooboobobobobono
oboooooooooooooboobobooooon
gooboooboooooooboboboooboooooo
ggboooboooooooboooooooooon
obooooboobooooobooboobooboboonoo
oooboooobooobobobooooboooooo
gboboobooboooooboobobobobono
oboooboooooboobooobooboooboonoo
goboooooooooooboboooooo
gbooooooooocoooocooooboobon
obooboooboooooooboobobobobonoo
gooooooooooobooooooobooboooooon
00000%0000000000000000000
obooboooboooooooboobobobobonoo



0000000000000%Y0000000Kassem
and Chaudhry?’ 0 000000000000000C
000000000000000000000000
000000000000000000000000
0000000000000

bobobobobooooooobooooobon
oboboooooboobgoooobooooooooo
oooobooooboobooboooboboobooboo
gboboobooobooboooobooobooobooon
obobobobobobobob 20000000
boboboooooooobooooooobonba
gobooolobooob2000000000000
obobobOooooooboobobobobonDo
bobobooooooboobobobobobd
gbobobobobob 200000000000
oooooooo

2. 0JO0ooO0OO

(1) 0OoO0OO0OO0O0

ooooOoDboOobD 2000000000000U
oooooboo0oboooFEO0D FOODODOO 20 y0O
gooooooOoOoOoOO sOOoOoOoooooooo
000ooo (1)oooood

ou OFE OF

B + D + 87y +S5=0 (1)
h uh
U= |uh| ; E=|u?h+3igh®| ;
vh uvh
vh 0
F = uvh 3 8= | —gh(Sox — Sfz)
v?h + %ghQ —gh(Soy — Sgy)

O000t0000AOO000wD vOO0000 20y
0O000D00gO0O0O0O0OO,S,,0S5,00000
0y00000000Ss,0 S, 0000020 y0
000000000000 00000000000 2
000000000 8,0 8,000000 (2)00
oooo

82;, 82;,
Soxzfi;sozfi 2
ooooooo waEl SfyDDDDDDDDDDDn
00000000000 3)ouooooo

n2uvu? + v2 _ n2uovu2 + v2
Sfx:T ; Sfy:T (3)

(2) 0DOOOO0DOOO0OO0
00000000000000000000000
0ooooooo

% 1 an T an y\
8t+1—M(8x_k8y)70 4)

0000N=0000000004gp,0 ¢, 0000
0:0y000000000000000000000
0000000 ¢z 000000000000090
00D000000000000 ¢z, 00000000
007”0000000000000000000 200
000000000000000 (6)00000 20
0oo0o0000oooon

aps =175 rl? (1= Z2) (1= 22)  (5)

Tx U

qBn = qBS( —4/ us:::T* %) (6)

0000s00000000d00007(=u2/sgd) 0
00000007 (=u2./sgd) 000000000 0u,
00000000000 0000000 w0000
0¥00000000000000000000000
0000000000000000u,0 w0000
000000000000000000000000
O pue=1.0000 p=045000000000 w, 00
0000000000 Sy = (n?(u?+02)/k3 00
0ooooooon

Ui = ghSys (7)

(3) UODOOOUOOOUODODOOoOoOoOoO
oooooooooooooooboobobbDoDon
gooobobooooooobbboooobooooon
Struiksma® 00 00000000000000O00O
0000000000 ¢, 00000000

dps = 94Bs (8)

5
¢:sm(gg) L 5 < 4, (9)
o=1; 0> 0q (10)

000é0000000000000006,0000
000000000000000000000000
000000000 1%0000¢000000000
0000 (9000 (100000 0001000000
000



3. gopooo

(1) 0DooooOOOO0

000000000000000 (FVyM)OOOO
0000000000 Euer0000000O000OO
000000D000000D0000000000 (FDS)
000000000000000000000000
0000000000000 000000000000
0000000000000000000000000
0000UO0000000000000000000
0000000000000 000000000000
000000000 0000ooo®oooooooo

(2) 0ODOOOOOOOO
00000000000000000000000
00000000000000000

At 1 Ne
n+l _ _n E *
Zhi T Rbi T 1—x lsi k=1(Lk<quan)>] -

U000z 000:¢:0000 2 00000n0000
oooogooos;,000:0000r000:0000
obobobobooooooooooboobobo
OoN.OO0OO ;000000000 AtO0O0DOOO
O00L,0r000000000000¢g{In,0 kO
oobobobobooooooooboboobooboobog
goooo

. 1
qpng = §(QBR + gpr)dny

gpiIng — qpiing
ZbR — RbL

(zbr — 2zpr)  (12)

D000gpr0n,000000000000000
000 400000000000/000000000
%r,,0 k0000000000000/000000
0000000000000gpg,,00 (500000
0000000 (6)000000000000000
0000 (8)0(9)0(10)0 0000000000000
000000000000

4. 00U

ooooboobogo BOUODbO LOOoOooooboooon
O000o0oo0ooD0ooooooDooD hOOOOoOoo
Oo00bo0z00000O00D0C0O00D0C0O0O0DOOO
oooobooboboobobooboboooboobooog
00 0000000 s=2.6500000 d=0.75mm 0
oooooooo

O0o0o0o()0DooooOooooooooooooo
O000O00001000000()oooooouoo
obooooobD2000000 200000000000

O
Av4 z BEWS
e Joo
B 0 t
y a
= =
£ 2
® fl
& 0 x
BAHBOES L 20m  BEBE |

TiimE T OB

-1 EIEIEIEIEIEIEIEH]DDDD 1oooo)

2.0m | 1.0m | 1.0m |
BEBE)

0-2 D00000oO0o0oooooo (20000)

10002200000000000000000000
o0-100-200000000

10000000000 B=06mOODOOODOOO
L=5.0mO000000=15.0mO000000O000O00OO
00 x=20m 0000000 [=2.0mO00 2,=0.02m
000ooo0dooooooooos3gnoooooon
do0dooooooooobDOoDoDOooooooooo
0000000 o0Oo0ooOoon he OO hy=0.075m0O
0.100mO 00 0.125mO 3000000000 OO0O
00o0oo0ooOoOooo30000000ooOoon
ooooo

20000000000 B=04mODOOOOOO
L=40mO00000=4.0mO000000O0DO0OO-20
00000000000 1.0m x O 0.2m x OO 0.02m
0000000D0O0o00o0gno kg0 0.100mOODOO0O
ddoo—=20000000000000O00O0oO0O00
0l10000000000oooooooooooon
0000000000 2000500080000000O
gooooooooooooo

5. UOobobDoo

(1) 0000
000000000000000000000000

0000 h,=0.00lm0000000000000000

0000000000 »=00100000000000



On=0.0140000000000 N=04000000
000000o0oooU0o0ooooooo (13)0oo

O00000o0O00oo0ooOoooOo(14ooooo

hr=hy ; (dn)r=(n)L ; zer =21 (13)

(dn)gr = —(dn)y, (14)

gbobobOoooooooobooboobOoboonoo
ooboobobooobooboooboobo200030000¢0
obooobooooooooobo2000000
ocoooooooooooDo hOODDOOoOOoOoOo
obobooboobooboooooooboobobonDo
geoboooobooooooboooon

(2) 0DOODOOOOO0OO0O0O0OO0
0-300he=0.075mO00000000000000
0000000000000000000030005
00080000000 (Num)OOO0D0O0 (Exp.) O
00000000000000 stepld3000000
000000000000000000000000
000000000200000000000000
000000000000000000000000
000000000000 stepl 000000000
DO0DO0Ostep20 step300000000000000
0000000000000000000 Ostepl OO
000000000000 step0000000000
00000000000 0stepl 0000 stepO000
000000000000000000000000
000000000000000000000000
000000000 200000000000000
000000000000000000000000
O step20step3 000 00000000000000
0000000000000000000000

(3 ODODOO0OUDDOUOOODDOUOOOOUD
0400-500-60000000000000O00O0
0000000000 000O00O000O00 (Num.)O
0000 (Exp)0O0O0OO0OO0OOstepd 00000000
000000000 Ostep20 step30 0000000
000000 steplOstep3 000 0O00O0O0O0OOO
000000000 stepl O step3 000000000
00oooooooooooooooooooooon
0od0oooooooooooooooooooog
00000000 he=0.075m 000 00O stepldstep3
000000000000 ooooooooooog
o0o00O0oO0O0o0O0000 (Dooooooooogd
00)00000000000000ooooooon
0-6000000000000 hp=0.125m0O000
0000000000 0z=25mO0000000000
0od0D0oOooU0o0o0oo0oooooDOoooog

3s BedLevel (Exp.)
5s BedLevel (Exp.)
8s BedLevel (Exp.)
3s WaterLevel (Exp.)
5s WaterLevel (Exp.)
8s WaterLevel (Exp.)

0.06 [ 0

o
o
©
T
Obompe

5s (Num. )

Elevation(m)

] ’ l‘_i._._i‘_ﬁ_:é_g‘j"-.. ".. N
oL : i L1 e ]

1 2 3

Distance (m)

0.1

3s BedLevel (Exp.)
5s BedLevel (Exp.)
8s BedLevel (Exp.)
3s WaterLevel (Exp.)
5s WaterLevel (Exp.)
8s WaterLevel (Exp.)

0.06 [ .

0.08 -

O>omp e

il
AAAA;-.\
A

Elevation(m)

0.04 [ 8s (Num. )

0.02 e

Distance (m)

0.1

3s BedLevel (Exp.)
5s BedLevel (Exp.)
8s BedLevel (Exp.)
3s WaterLevel (Exp.)
5s WaterLevel (Exp.)
8s WaterLevel (Exp.)

0.06 - 3s (Num. ) ]

o4 [ ?’-%%E;"n._
[ ! %, AAAEiLUQdﬂ~ [

0.02 [

0.08 [

O>ompe

5s (Num. )

Elevation(m)

8s (Num.)

Distance (m)

0-3 0000000000000 (he=0.075m00000
oo)

oboooobooooboooooooboobobonoo
gooboooooooooboboboooboooooo
gbO3oboooboobooboobobobooboooo
oboobobobo2000000000000000
gooooooboooboobobobobobooDoo
gbobobgoboo 3sboooobooboooooooo
gboooobooboooooboooooon

(4) 20000

o-70000000000000DO000DO0O00DOO
gboboobooobooooooobooboobobono
uoooooobooooobooooboooooboooo
oboooboobooooooobooboboobobonDo



step1 (Num. )
[ . step1 (Exp.)
0.04 7

Initial Condition

BedLevel (m)

step3 (Num.)
. step3 (Exp.)

BedLevel (m)

O Distance (m)

04 00000 ODOOOO0DOOO

stepl ENum )
. stepl (Exp.)

BedLeve | (m)

step3 (Num. )
step3 (Exp.)

BedLevel (m)

O Distance (m)

0-5 0000 o0.100mOO00O00O0OOO

o s

0.04 [ ]

BedLevel (m)

step3 (Num. )
. step3 (Exp.)

BedLevel (m)

O Distance (m)

0-6 0000 O0125mO00000D0OOO

gbobobooobooooobooooooooboba
bobobobOoboooooooooboobobo
oooooooo

0-800-200000 A-A’000000000O
00000000000-900-200000 B-B' O
000000000000000000000000
000000000000000000000000
00 (Num.) 00000 (Bxp) 0000000000
000000000000000000000000

BedLevel (m)
WaterLevel (m)

0.1

[0.0901
—0.0802
—0.0703
0.0604
0.0505
0.0406
0.0307
0.0208

0.0109

0.001

O-7 D00O0O0O000O00DO0OOO0OO0OO0O(Cooon)

gboboobooboooobooboobooooDbo
oobobo-900 B-BOOO0ODOOODOOOODODOO
gbooboobdooooooboooooan

0o-1o000cCc-cobopoOoooopooooooog
oboooobo-900oo0obo0ooboboobooooon
gboooboooobooboooobooboooo
u-110o00bo0bobsoboobooboooboooboaon
obooboooboooooooboobobobobonoo
gbooboobooooooooooooobobono
gboobooobobOoooobobooooooooo
obooboooboooooooboobobobobonoo
gbooboobooooooooooooobobobo
gbOoboobooboooooboobooboobobonoog
oboobobooooooobobooboooboooooo
gboobooboooooooooooboobobono
obooooooooon

6. ODUOOO

obooboooobo 20000000000000A0
gbooboooooooboboboboooooooo
gbooooobooboboobooooooooooon
ooobooooooooooboboooobono
gobliooboboooooooboboooboboooooon
gboooooobobooboooboboboooboon
goboooooobooz2000000000000¢0
gboooooooon

gooooboooooooocoooobooobon
oooooooooooobobooboooboooooo



0.1

2s BedLevel(Exp.)
5s BedLevel(Exp.)
8s BedLevel(Exp.)
2s WaterLevel(Exp.)
5s WaterlLevel(Exp.)
8s WaterLevel(Exp.)

0.08 | 2s(Num.)

O omp e

5s (Num.) — —

=4 =4
o o
= =

Elevation(m)

0.02

1.5 2 2.5

Distance(m)

0-8 A-A’00 (y=0.15m)

2s BedLevel(Exp.)
5s BedLevel(Exp.)
8s BedLevel(Exp.)
2s WaterlLevel(Exp.)
5s WaterLevel(Exp.)
8s WaterlLevel(Exp.)

A
0.08 2s (Num.) -
I
o

o [=} -

I e SRR

Elevation(m)

0 0.1 0.2 0.3 0.4

Distance(m)

0-9 B-B’'00 (2=2.1m)

2s BedLevel(Exp.)
5s BedLevel(Exp.)
8s BedLevel(Exp.)
2s WaterLevel(Exp.)
5s WaterLevel(Exp.)
8s WaterLevel(Exp.)

Opomp e

2s (Num.)

Elevation(m)

0 0.1 0.2 0.3 0.4

Distance(m)

0-10 C-C’O0 (z=3.2m)

gboboboboboobobs3sgboooooooo
obobobOoooooooooboooobobonog
obobobobooooooooooboobobo
goooooo

2000000000000DO0O0ODOO0ODO
bobobobobooooooooboboono
obobOobobOoooocoooooooboobonbo
oboboboobooobooooooobooboboDbo
ubobobooooooboooobooboboono
oboooboooboobOobooobooobooooon
obobobobo200000000000000

5s (Exp.)

0-11 5000000000000

gbobooboooobooboooobooboooo
gbooboooooboobobobooooooooo
obob2000000000000000O

obo0 O0OooOobooobooboooooboboo oo
goobooooboooboobobobooboobooonoo
gboooooooobobobooooboooboooo
oboooooo

good

1) 0o0oo0oooooUooUooooooUooUoUoOO
oooo,000(@O),0015060.

2) 000,0000000D00O0O0OUOOOOUDO
goooooooooooo,b02000000,00
170 20.

3) 0000,000,0000,00000FDSO0O0O1
0oooUooOoo,00o00o0o0g, No. 677/11-55, pp.
103-113, 2001.

4) D0O0O0,00000,0000FDSOO0OO 10000
ooooooo,00o00go, 0470, pp. 667672,
2003.

5) Kassem, A. and Chaudhry, M.: Comparison of cou-
pled and semicoupled numerical models for alluvial
channels, Journal of Hydraulic Engineering, ASCE,
Vol. 124, No. 8, pp. 794-802, 1998.

6) D0O00,00000000000D0O0O000OODODO
000oooo,ooo0ooog, pp- 59-69, 1972.

7) 00000000o0o0oo0ooOooooooooooo
0000ooog,0o0ooooog, 1984.

8§) OUUU0UOULOOUOOLDODUOOUDOO,0UD
0oogd, pp- 1-21, 1958.

9) Struiksma, N.: Mathmatical modeling of bedload
transport over non-erodible layers, River,Coastal and
Esturine Morphodynamics, pp. 89-98, 1999.

10) 00000,0000,0 0O0O0DODO0ODODOOOOOO
0000000 10000 200000 200000
000O0oo,0000000, No. 705/11-59, pp. 31-43,
2002.

(2005. 9. 3000)



