000 24020050570 66.

gooooobooog

57

Hydrodynamics and Geomorphology on Intertidal Flats

Yusuke UCHIYAMA, Marine Env. and Eng. Dep., Port and Airport Research Institute

3)

2cm

5,6)

7)

Baroclinic

1,2)

4)

*239-0826

+ E-mail: uchiyama@pari.go.jp

3-1-1

T
B 1/1000
1/2000
3
PRO-MAT INTRMUD Canadian LISP
LISP-UK 'V 2 12:14)
15-18)
3
19-22)

2
21

1
9
2
190zm

2000 2 B

17)

1994 2000



58

gbooboooooobooon

/

Tokyo Bay
Aqua Line 7 \__
(bridge) 7.

“1om 5m-

Obitsu Rlver

Kisarazu
;'/IO \\ N
‘ km) 5mOM >
tom*
break water /
1
8cm
2 8 9
10055 ook Tas6 1557 1955 1955 2000
year
4
2
1994 10
0.8m 4
45m°/m/y
3.8cm/y
NNW
2.2
3 Stn.1
Stn.2
Stn.1 Stn.2 Stn.2

NNW



oooo
2.6 T T IS S B B | T T T T T T :0.85@
r bed level 1 Qo
2.1f T Jo813
E I amtran ] E
o l.6r vEoo ‘ P [ 1077 @
o TR T A 1 T 1
g | R
0.6F fide - 130 2
[ turbidity F\k MN 175
Ol"mﬁx.mm Hxﬂj\hx d ey el pma b b N R A e lMMlAMlMAKlAAAlAAAAOE
’ 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 2
date (Feb., 2000)
3
1-0:' T T T T T T T T T T T :5
o8t 14
Eoef 132
fo4 2
0.2¢ 41
< 0.0F 10
S B .
'-a SZ 1 1 1 1 1 1 1 1 1 1 1 1 1 1 3
7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
date (Feb., 2000)
4 His Tis
gl.o -
gog LLALAA A A s e e MUMUNUNULL
o
ok AR
10 11 14 15 19 20 21 22
date (Feb., 2000)
5 AMeDAS
1

2.3
23.24)

(T.P., m)

59



60

gbooboooooobooon

,\4-5:'"T"'T"'T"'T"'T"'T"'T"'T"'T T T T T T T T
R4 E — - 1
o 358 N ~ 1 114
E L LUW I N ] \ RE
T25p = L, S — V E
Ol 5E L L ) L 1“_‘ L L L L L L L L L L L i
' 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
date (Feb., 2000)
6 20 180m*/s
(:é\loz T T T T T T T T T T T T T T T
z 8 ;
% 6F :
@ o E
O 4t .
9 of ]
@ b E
o0 0 >~
< 40T E
o9
1 1 poa | SN YN Y NN SN U U T Y ST U Y Y N S N Y S S N S T S N W ST U Y Y SN S N Y N S N S S S [N S S S Y ST WY 805&
7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22
date (Feb., 2000)
7
26) ADV
27)
5.6km
6
20 180m’/s »)
7
28,29
2.4
2000 9
18 30 75m’/s Dollard Estuary™™! Humber Estuary™?
Severn Estuary™ Marennes-Oleron
San Francisco > 36-38)
2

OBS

34)



38°007

44.45)

(

oooo

122°15" 122°00"
Vel

B
\1

Channei > Carquinez Bridge /<5 Sacrar W"mswr
& 3
® varker 9 yare 1siing | Eemcla/&& p
Causeway - Bridge’

L4
Mallard Island

San Joagquin River

San Francisco Bay/

STUDY AREA

San Francisco Bay

northward distance (km)

\
Y South
gy . \
San Francisco Bay
4 @ Suspended sediment monitoring
vateo Bridge | stations operated by USGS
\

(miles)
10

\oo 5 10 (km)

8 San Francisco

1 2cm 10cm 31

39-42)

43)

46)

San Francisco
35)

53)

61

depth (m)
40

35
30

25

10 20 30 40 50 60 70
eastward distance (km)

47)

12-14)

48-52)

54)



62

gbooboooooobooon

80 T T 80 T T
t=108d 16h 0 min t=109d 2h 0 min
701 701
5 ~-
60 60

107 108 109

110 111

YA

109 110 111

108 112

E 501 Julian day in 2003 ] E 501 Julian day in 2003
8 Cs (mg/L) 8 Cs (mg/L)
c c
s 0] & 300
2 40 ] 24 ]
) B
§ 250 g 250
£ £
230 200] 230 200
150 150
100 100
1m/s 50 ] 1m/s 50 ]
1mls 1m/s
o 3D Surfaf;e VelocityI (o=1) ) ) ) 0 3D Surfaf:e Velocitx (o=1) ) ) 0
0 10 20 30 40 50 60 70 0 10 20 30 40 50 60 70
eastward distance (km) eastward distance (km)
9 Cohesive
WD-POM 3
59 cohesive sediment
19 WD-POM-SED #
3
3.2 WD-POM-SED 56)
3 G 57) 58)
53 WD-POM
WDS 192D WDS 3
(e}
WDS
3 3.3 WD-POM-SED SF
WD-POM WD-POM-SED San Francisco
San Francisco o
3
San Francisco
8 9
28
3 10



oooo 63

80
30
3 3
Q70 ©
E § 20
° °
hel ©
h T
© [}
Z E
b= b=
2 2
10
60r (cmly)  accretion| erosion (cmly)
0 10 2 0 2
Cont?”r intervals: 2 cm/y contour intervals: 0.5 cmly <
10 20 10 20 30 40
eastward distance (km) eastward distance (km)
10 San Pablo SF
60)
Bioturbation Biostabilization
“ " 61)
35,51)
62-64)
65,66)
4
2.4 1990 35) -
s 67,68)
AGU Radiation Stress Vortex
Salt Marsh  Force®?
Geomorphology 2004 11
Halifax Marsh
Radiation Stress
Salt Marsh

59)



64 gbooboooooobooon

1) 2
219 p.

, (1980)

2)

, , Vol.29, No.1, (1991)
pp-28-36.

3) Paterson, D.M. Short-term changes in the
erodibility of intertidal sediments related to the
migratory behaviour of epipelic diatoms, Limnol.
Oceanogr., Vol.34, (1989), 223 —234.

4) Kakino, J. Dispersal of Japanese littleneck clam
Ruditapes philippinarum (Adams and Reeve) in
relation to changes of bottom level due to wave
action on Banzu tidal flats, Tokyo Bay., Fisheries
Engineering, Vol.37, No.2, (2000), 115-128.

5)
42 (1995) 631-635.
6)
51
(2004) 1201-1205.
7)
(2005)

8) Chesher, T.J. and Ockenden, M.C. Tidal transport
of mud/sand mixture, Development of an
integrated numerical model, HR Wallingford Rep.
(1994), SR 380.

9) Black, K.S., Paterson, D.M. and Cramp, A., eds.
Sedimentary processes in the intertidal zone, Geol.
Soc., London, (1998), SP 139.

10) Paterson, D.M. Biological mediation of sediment
erodibility: ecology and physical dynamics, In:
Cohesive sediments, eds., Burt, N., Parker, R. and
Watts, J., John Wiley and Sons, (1994), 215-229.

11) Dyer, K.R. Intertidal mudflats: properties and
processes, eds., Huntley, D.A. and Oltman-Shay, J.,
Cont. Shelf Res,, 20, (2000), Part I and II.

12)

26
(1979) 225-229.

13) Cheng, R.T., Casulli, V. and Gartner, J.W. Tidal,
residual, intertidal mudflat (TRIM) model and its
ap-plication to San Francisco Bay, California,
Estuar. Coast. Shelf ci., 36, (1993), 235-280.

14) McDonald, E.T. and Cheng, R.T. A numerical
model of sediment transport applied to San
Francisco Bay, California, J. Marine Env. Eng., 4,
(1997), 1-41.

15)

47 (2000) 521-525.
16)

No.677/11-55 (2001), 129-140.
17) Uchiyama, Y., Kuriyama, Y. and Katoh, K.
Suspended sediment and morphological response
on Banzu tidal flat, Japan, Proc. 4th Int’'| Conf.
Coastal Dynamics., (2001), 1038-1047, ASCE.
18)

No. 48, (2001) 531-535.
19)

No. 51,
(2004) 351-355.

20) Uchiyama, Y. Modeling wetting and drying
scheme based on an extended logarithmic law for
a three-dimensional sigma-coordinate coastal
ocean model, Rep. Port and Airport Res. Inst.,
Yokosuka, Japan, Vol.43, No.4, (2004), 3-21.

21) Uchiyama, Y. Wetting and drying scheme for
POM and its application to San Francisco Bay,
Hydrodynamics VI - Theory and Application, (eds)
L. Cheng and K. Yeow, Taylor & Francis Group,
London, UK, (2004), 293-299.

22) Uchiyama, Y.

cohesive

Modeling three-dimensional

sediment transport and associated

morphological variation in estuarine intertidal
mudflats, Rep. Port and Airport Res. Inst.,
Yokosuka, Japan, Vol.44, No.1, (2005, in print)

23) Whitehouse, R.J.S. and Williamson, H.J. The
relative importance of tide and wave influences on
bed level change at an intertidal cohesive mudflat
site, HR Wallingford Report, (1996), SR 445.

24) Dyer, K.R., Christie, M.C., Feates, N., Fennessy,



oooo 65

M.J., Pejrup, M. and van der Lee, W. An

investigation into processes influencing the

morphodynamics of an inter tidal mudflat, the
Dollard Estuary, the Netherlands, L.
Hydrodynamics and suspended sediment, Estuar.
Coast. Shelf i, 50, (2000), 607-625.

25) Uchiyama, Y. and Kuriyama, Y.  Hydrodynamics
and morphological processes on an intertidal
sand-flat, J. Coastal Res. (2005, in submission)

26) Conner, C.S. and A.M. De Visser
investigation of particle size effects on an optical
backscatterance sensor, Mar. Geol., 108, (1992),
151-159.

27) Vincent, C.E., D.M. Hanes and A.J. Bowen

Acoustic measurements of suspended sand on the

A laboratory

shoreface and the control of concentration by bed
roughness, Mar. Geol., 96, (1991), 1-18.
28)

No.747/11-65, (2003), 135-154.

29) Uchiyama, Y. and Kuriyama Y. Complex principal
component analysis of medium-term nearshore
geomorphology at North Sendai Coast, Japan,
Proc. Coastal Structures 2003, ASCE, Portland,
OR, USA, (2003), 1176-1188.

30) Christie, M.C., Dyer, K.R. and Turner, P.
Sediment flux and bed level measurements from a
macro tidal mudflat, Estuar. Coast. Shelf Sci., 49,
(1999), 667 — 688.

31) Mikkelsen, O. and Pejrup, M. Comparison of
flocculated and dispersed suspended sediment in
the Dollard Estuary, In: Sedimentary processes in
the intertidal zone, (eds.) Black, K., Paterson, D.
and Cramp, A., Geol. Soc. London, SI 139, (1998),
199-209.

32) Van Der Lee, W.T.B. Temporal variation of floc
size and settling velocity in the Dollard estuary,
Cont. Shelf Res,, 20, (2000), 1495 — 1511.

33) O’Brien, D.J., Whitehouse, R.J.S. and Cramp, A.
The cyclic development of a macrotidal mudflat
on varying timescales, Cont. Shelf Res., 20, (2000),
1593 — 1619.

34) Bassoullet, Ph., Le Hir, P., Gouleau, D. and Robert,
S. Sediment transport over an intertidal mudflat:
field investigations and estimation of fluxes within
the “Baie de Marennes-Oleron” (France). Cont.
Shelf Res,, 20, (2000), 1635 — 1653.

35) Talke, S.A. and Stacey, M.T. The influence of
oceanic swell on flows over an estuarine intertidal
mudflat in San Francisco Bay, Estuar. Coast. Shelf
i, 58, (2003), 541-554.

36)
47 (2000)
636-640.
37)
50 (2003)
471-475.
38)
50
(2003)  556-560.
39)
46
(1999)  1216-1220.
40)
47 (2000) 1121-1125.
41)
48
(2001)  1306-1310.
42)
2
49 (2002) 1286-1290.
43)
(2002)
49 pp.1236-1240.
44)
(2000)
47
Pp.526-530.
45) (2001)
48

pp.1311-1315.

46) Teisson, C. Ockenden, M., Le Hir, P. Kranenburg,
C. and Hamm, L. Cohesive sediment transport
processes, Coastal Eng., 21, (1993), 129-162.



66 gbooboooooobooon

47) Ralston, D.K. and Stacey, M.T. Three-dimen-
sional modeling of intertidal flow and transport:
Periodic stratification and its implications for
sedi-ment transport, Suppl. AGU Chapman Conf.
Salt-marsh Geomorphology, (2004), 27-28.

48) Lin, B. and Falconer, R.A. Three-dimensional
layer-integrated modeling of estuarine flows with
flooding and drying, Estuar. Coast. Shelf i, 44,
(1997), 737-751.

49) Inagaki, S. Effects of a proposed San Francisco
airport runway extension on hydrodynamics and
sediment transport in South San Francisco Bay,
Engineer’s Degree Thesis, Stanford University,
Stan-ford, CA, USA (2000).

50) Stephen G. Monismith Jeffery R. Koseff
Jeremy D. Bricker

48
(2001) 641-645.

51) Bricker, J.D., Inagaki, S. and Monismith, S.G.,
Modeling the effects of bed drag coefficient
variabil-ity under wind waves in South San
Francisco Bay, Proc. 8th Int'l Conf. Coastal and
Estuarine Modeling, ASCE (2004).

52) Nakagawa, Y. Fine sediment transport in Ariake
Bay, Japan, Proc. INTERCOH 2003. (2005, in
print, Pers. Comm.)

53) Blumberg, A.F. and Mellor, G.L. Diagnostic and
prognostic numerical circulation studies of the
South Atlantic Bight, J. Geophys. Res., 88, (1983),
4579-4593.

54) Zheng, L., Chen, C. and Liu, H. A modeling study
of the Satilla Estuary,
Flooding-drying process and water exchange over

River Georgia. I
the salt marsh-estuary-shelf complex, Estuaries,
26 (3), (2003), 651-669.

55) Xie, L., Pietrafesa, L.J. and Peng, M.
Incorpora-tion of a mass-conserving inundation
scheme into a three dimensional storm surge
model, J. Coastal Res., 20, (2004), 282-296.

56) Burban, P.Y., Xu, Y., McNeil, J. and Lick, W,
1990: Settling speeds of flocs in fresh and sea
waters, J. Geophys. Res., 95, 18213-18220.

57) Partheniades, E., 1992:
dynamics and shoaling processes, In Herbick, J.
(ed), Handbook of Coastal and Ocean
Engineering, 3, 985-1071.

58) Krone, R.B., 1962
of sediment in estuarial processes, Final Report,
Hydraulic Eng. Lab. and Sanitary Eng. Res. Lab.,

Estuarine sediment

Flume study of the transport

Univ. Calif., Berkeley, CA, USA.

59) Van Proosdij, D., Daborn, G.R. and Brylinsky, M.:
Environmental Implications of Expanding the
Windsor Causeway (Part 2): Comparison of 4 and
6 Lane Options: Report Prepared for Nova Scotia
Department of Transportation and Public Works.,
Contract # 02-00026, (2004), 18pp.

60) Fagherazzi, S.; Sun, T. A stochastic model for the
formation of channel networks in tidal marshes,
Geophys. Res. Lett., Vol. 31, No. 21, (2004), doi:
L21503 10.1029/2004GL020965.

61) Black, K.S., Tolhurst, T.J. Paterson, D.M., and
Hager-they, S.E. Working with natural cohesive
sediments, J. Hydr. Eng., 128, (2002), 2-8.

62) P. Rolke

No. 635/11-49, (1999) 127-139.

63) Uchiyama, Y., Nadaoka, K., Rolke, P., Adachi, K.
and Yagi, H. Submarine groundwater discharge
into the sea and associated nutrient transport in a
sandy beach, Water Resour. Res., 36 (6), (2000),
1467-1479.

64)

No.670/11-54 (2001) 37-48.
65) Rodney J. Sobey

47 (2000) 1141-1145.

66) Greenblatt, M.S. and Sobey, R.J. Subsurface flow
and salinity response patterns in a tidal wetland
marsh plain, J. Coastal Res., Special Issue 27,
(2001), 88-108.

67) Longuet-Higgins, M.S. and Stewart, R.W.
Changes in the form of short gravity waves on
long waves and tidal currents, J. Fluid Mech., 8,
(1960), 565-583.

68) Hasselmann, K. On the mass and momentum
transfer between short gravity waves and larger
scale motions, J. Fluid Mech., 50, (1971),
181-201.

69) Craik, A.D.D. and Leibovich, S. A rational model
for Langmuir circulations, J. Fluid Mech., 73,
(1976),401-426.

70) McWilliams, J.C., Restrepo, J.M. and Lane,
E.M. An asymptotic theory for the interaction of
waves and currents in coastal waters, J. Fluid
Mech., 511, (2004), 135-178.



