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A Bed Level Change Model(SED-FLUX) by Suspended Sediment Flux and
Bed Load Flux in Wave-Current Co-existing Fields
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Abstract

A bed level change model(SED-FLUX) is introduced based on the realistic sediment transport process including bed load
and suspended load behaviours at the bottom boundary layer. The model SED-FLUX includes wave module, hydrodynamic
module and sediment transport and diffusion module that calculate suspended sediment concentration, net sediment erosion
flux(Q;) and bed load flux. Bed load transport rate is evaluated by the van Rijn's TRANSPOR program which has been ver-
ified in wave-current fields. The net sediment erosion flux(Q) at the bottom is evaluated as a source/sink term in the numer-
ical sediment diffusion model where the suspended sediment concentration becomes a verification parameter of the Q;. Bed
level change module calculates a bed level change amount(4h;;) and updates a bed level. For the model verification the limit
depth of the bed load transport is compared with the field experiment data and some formula on the threshold depth for the bed
load movement by waves and currents. This model is applied to the beach profile changes by waves, then the model shows a
clear erosion and accumulation profile according to the incident wave characteristics. Finally the beach evolution by waves and
wave-induced currents behind the offshore breakwater is calculated, where the model shows a tombolo formation in the land-
ward area of the breakwater.

Keywords : sediment transport, bed level change, wave-current fields
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Test Case Hy(m) Ty(sec) Hy/Lyg dso(mm) Profile Scale
. Case 1 4.50 9.00 0.036 0.2 erosion
Numerical model - Prototype
Case 2 1.12 7.00 0.014 0.2 accumulation
Case 1 0.125 1.50 0.036 0.2 erosion
Movable bed experiment - 1:36
Case 2 0.031 1.20 0.014 0.2 accumulation
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Case 1 0.88 6.4 0.322 0.30 1/20 1 day 19.12
Case 2 0.88 6.4 0.500 0.30 1/20 1 day 20.26
$26% H3BIE - 20064 5H -317-



g 200 200

= Th(mm) E

-4 3 =
g q;,(m*/m/s) \E @
< 100 am¥m/s) 100 E
P h=

—_— =]
% 0 0 g
U -~ =
= 2
= =2
-100 -1008  E
‘o:a' -]

£ s

2 F

= -200 -200 =

10 20 30 40 50 60
X Grid No.(x10m)
(a) Case 1

g 200 2002

= “Th(mm) E
§ q,,,(m*/m/s) -.E; P
= 100 amYms) 1008
w -
—_ s 3
:
s o 0 g
N -~
£ 3
5 =

-100 -100

z 3

= =

=] =)

2 =

= 2

$-200 -200 3

10 20 30 40 50 60

X Grid No.(x10m)
(b) Case 2
J% 10. =x[2go| giZdE BAM0M 1Y Fo| alHsiEkat AFRAL flux

FLUX)S 7slsith. 29l SED-FLUXE 719 RE=
delo] Stk 3 EEolAe= STWAVE RdS o|-8-5f]
fojale] mlaie}l 8k 9 radiation stressE ARSI T
A8} mgddr= dNIFY 27 5 Ak DIVAST &
S 443 WICU-DIVAST/} 55938 RE|A AL8E2
ok 3AERE 252 &5 flux 08 AFAF flux ¢ps
AxR, S5 flux O AWAAISANA 17 fluxe}
A fluxe] oA Al $HH, AFA} fluxs= van
Rijn®] TRANSPOR Z&13o] oJafjr] Aike]o}ziT),

gl SED-FLUX Ede] H5S fJair A3t
ABARE 7HAE HelaRlolA] st HiE FxA0]
gEglon mdo] Aye FYRIAFY Ay H
Sunamura- Horikawa®] 3RITHHe] 22 /E1% 27} vl
3 A aplgzAdd wE spichde] HAa) Bz 54
< 2 APt

355 FEGIA Bdle] HEE SlEiA o)AV EAls)
AL SfRIoA] X133 0] Y=t Bdle] Ay}
OJQkA| HjFNA 7] tombolo T3S Z VERJITH

Fdsiedle] vizke BAS QA Y] Bl
A A FA2E Aje] BEES 9 2FES SA0l
YA A5 wHgEAe A var) 2.76 m, By}
S NE At} tix7] A 9F 40 em/s, =72 F=
& NNE-SSWolglt. whddl], Ax7ol= il 30 cm/s

2

=

fir e

-318 -

o|iL 43k FT NNEZ s|FAdRo] =7 9ake ui= A
S 2 Uepdtt e} Ea549E sl 2o F4%)
S50l FHE I A FTS e A= By

HWEIHS o van Rijnd] 2412 Te} 9}.35 F7oAM =
T 283 A8 RIS RFQdth Bde] vize BA
< e w3t Ak sl A 1S 4235t
of FAsle] SAGAlS ol el <t gk
3} vt B wdle] Ayl v.5F FEFoIA van
Rijn®] Z7]0)EHAITAT FARH Yehd 2dle] vizis
= i$- 453 Aoz AlgHn).

SED-FLUX =¥ 3}, 55 9 ulga} 22 gkl oy
Z700 o3t AFAR} F-HARe] AsS aele ] A
W3S AR 5 QS Aow Hrh groz ajghiel Wl
7= gk AFHsle] o 5o] 7FsshH o] wsle
T F Y& Ao Hr}

)

LAl 2
B dTE A Ee QAL e
siek AE)%) JezAle) Ao olzolgen olo] B

RS



Ap AlA AL See EFUT

m
o

nt=!

HAE, oA, olE5(1998) AFEA wiFo] oAl FFol
W3 A7 AR, ssfiotsasata|X|, d=afit - s
33k3], A|107 235, pp. 83-92.

HE, A8, AFH, o1FA(2004) WAMIEH¥A FAAE
ol83 iAol FAAY . shRalotiYBESIX|, Fhalietel
333, Al16d 33, pp. 162-170.

DHI (1999) MIKE21 Sand Transport Module : Current and Waves
Scientific Documentation.

Jonsson, 1.G. (1990) Wave-current interactions, John Wiley & Sons
Inc., LeMehaute and D. M. Hanes ed., New York.

Horikawa, K. and Watanabe, A. (1967) A Study on the sand move-
ment due to wave action. Coastal engineering, Japan, 10, pp.
39-57.

HydroQual (2002) 4 Primer for ECOMSED ver 1.3 Manual, Hyd-
roQual Inc., One Lethbridge Plaza Mahwah, N.J., pp. 32-48.

Falconer, R.A. (1986) A Two-Dimensional mathematical model study
of the nitrate levels in an inland natural basin. Proc. Inter. Conf.
Water Quality Modellings in the Inalnd Natural Environ.,
BHRA, Fluid Engineering, Bournmouth, J1, pp. 325-344.

Sawaragi, T., Lee, J.S., and Deguchi, 1. (1984) A study on the near-

E2648 E3IBIE - 20064 SH

shore current and bed level change model around the estuaries.
Proc. 31st Conf. Coastal Engineering, Japan, pp. 411-415.

Smith, J.M., Resio, D.T., and Zundel, A.K. (1999) STWAVE :
Steady State Spectral Wave Model,; Report 1 : User's manual
for STWAVE version 2.0, U.S. Army Engineering Research and
Development Center, Vicksburg, MS.

Spasojevic, M. and Holly, F.M. (1994) Three Dimensional numeri-
cal simulation of mobile bed hydrodynamics. U.S. Army Engi-
neer Waterways Experiment Station, Vicksburg, MS.

Sunamura, T. and Horikawa, K. (1974) Two-Dimensional Beach
Transformation due to Waves. Int. Proc. 14th Coastal Eng.
Conf., Copenhagen, Denmark, pp. 920-938.

van Rijn, L.C. (1993) Principles of Sediment Transport in River,
Estuaries and Coastal Seas. AQUA Publications, Amsterdam,
Netherlands.

van Rijn, L.C. (1984a) Sediment Transport Part 1 : Bed Load
Transport. J. Hydraulic Engineering, ASCE, 10, pp. 1431-1456.

van Rijn, L.C. (1984b) Sediment Transport Part 2 : Suspended Load
Transport. J. Hydraulic Engineering, ASCE, 10, pp. 1613-1641.

Watanabe, A., Maruyama, K., Shimizu, T. and Sakakiyama, T.
(1986). Numerical Prediction model of three dimensional
beach deformation around a structure. Coastal engineering,
Japan, 29, pp. 179-194.

(A=Y 2005.10.25/9AK4:2006.2.20/39412E2 L :2006.2.20)

-319 -



