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Abstract 

 

 Due to the fact that the soil surrounding 

the watershed of reservoirs in Taiwan is 

composed by cohesive sediment, there exists 

no sediment transport theories and models 

available to properly simulate the procedure 

of the transportation in Taiwan. The main 

purpose of this project is to rate out some 

empirical sediment transport formulas and 

develop numerical models applicable to 

reservoirs by the analysis of the characteristic 

of cohesive soil. This project not only takes 

on the job of integration and communication 

but also holds the responsibility of execution 

of one subprogram. This subprogram aims at 

developing a numerical model which is 

c a p able of simulating transportation 

phenomena of cohesive sediment during 

depositing and sluicing in the reservoir.   

 The project will be executed in three 

years. The main goal in the first year is to 

d e v elop and test the flow model in 

depth-averaged approach.  

 

Keywords: Cohesive sediment, Reservoir, 

Sluicing, Model 

 


����� 

 
 ��������[����[��

� [b¡¢£�¤r¥¦§¨a©ª«

9�¬¢ ®¯°1��	����¤

r���±�FTU²³± �´���

�°µ�E¶·���¸���	¹9J



 2

º��»¼½���Av�¾m9<°¿

d����À��Z�Á���Â���

��ÃÄ��Å!�ÆÇÈÉÊ�Á��

 Ë�ÌÍ<�CDÎÏ�������

Ð����Ñ?Ò���Ó�}�ÔÉÊ

ÕÖ×Ø°Ñ?�ÙÏ�Ò¾Ú°Û��

ÙÏÜÝÞÚÒ¾Ú�ß°àá[2,5,7]<�

âzãä�åæç0è�éêë�jìÈ

ÉÊ� í0%î()ïðzÅ!�Æ<

�Ðñßò����·óô�õö�Y3

������L�*d�¿÷�����

���Z��	[�N\�#��ø�]

ù�_`*d�G�º¶ú�D�ûö�

�<  

 =>?@ABüýþ��qAB��

8����\��CDEFG,>?�Z

}=ABJK��F���Y3����

��L��+�¿÷��������L

�}¢	K���°M8�������

����NOPQR�STUVWRX$

%�Y3��������Z��	[-

.\��ø�í'�
�[] ^6_`

#��] 31abc�45�=*dg

�hij*+}¿÷<  

 
����������������

� 

 
 >?@AB�CD~6Gxy��

�ÓpqAB����ß�z���}r

s�Ó�ú��¹rs�j��<=AB

�=�� 3� 10��������P·�

�÷" �!ÀpqABCã"}#$�

�üTQ}�j%8=AB�*dí&�

S'U()JK"*+,-¢}rs./

�0<1gpqAB�23}Cã"�ð

â1� 

A    B    2    3 Cã" 

�[������\��*d 456 

�[��������¢	K�

*d 

789 

�[��Z������	\�:;< 

�$, 

=[��ø�}�+6���.

åK� 

>G? 

@[AÊàá���BC]ù\

�$, 

DEF 

G[��H�] IJ�*d K�L 

�[��]ù�����31a

bc�45*d  

MN$ 

 pqAB�\
�}rs�ðâ1� 

 �    \    
    � rs 

� =���r�ÉO���É

Ê��\�¿÷�=AB�\

rs}�PQrERJS< 

â Q T

UV[5 

� =���rWXY���Z

����Á���%[\¢

	�PS}]^%¢	A�

Ñs_3[�`¢	L��a

brs�*drs}��JS 

>!è 

� T9=ABVWFRX$%

�2cÚ�dFeVfX�=

AB>g��}g��F

*d��<=���r���

��������$%��

h}��~6�*drs}g

������JS< 

>!è 

= =��Y3�+6ij9�

kJ1�*,��úl�m�

_`�S�abrs�*dr

s}��JS< 

>!è 

@ =���rBC¢�P�

�`abrs�*drs}

��JS< 

â Q T

U V [1] 

[2] [3] 

G =���\nopq�P�r

��stuJvw�xH�

] �P�S}RX$%�\

_Ç�+�*drs}��J

S< 

>!è 

� =��g&y���åÝ$

%z�{y���åÝ$

>!è 



 3

%�rs}��JS<  

 
������������ 

 
E¶�ZD���b|[��F��

�Â�����FÃÄ�}�()ïð�

����-.\�F$%S~��<T9

=ABVWFRX$%�2cÚ�dFe

VfX�=AB>g��}g��F*

d����VW�������RX$

%�g��ëVW,�����$%<1

g=��F*drs�ðâ1< 

4.1 uJí0%(��� ��) 

�Ê�àá���9��í0% 

( ) qvC
t

C

s

rr

⋅∇−=⋅∇+
ρ∂

∂ 1        (1) 

�Ê��6��Z��9��í0% 

0
)(

)1( =−+⋅∇+− fb
m

s SSq
t

E
p

r

∂
β∂

ρ
 (2) 

>ñbÝ� ��9��í0% 

0)()1( =+⋅∇+− ∑ Sq
t

z
p b

b
s

r

∂
∂ρ     (3) 

¨%�%è�v
r

���&9� t�U��

F
v

��ñÒ�C�àá���� q
r

⋅∇ �ý

þz��9#�Ò6�1��9�
sρ �

 ���β���Ê����_� mE �

6�����
bq
r

⋅∇  ���Ê��bÝ

��9�S�àá�6� fS �6��6�

bz �bÝ�0� p�B�M<  

 g�����!#� í0%�8-

��»R��W���ë�\����

�����8-��»R[������

uJí0%< 

4.2 � í0% 

(1)bÝ��9(bedload flux)qb   

º���Û�j¡¢Å£���¡¢Å

�z�¤Ñry�FÜÝ�S~ ÕÖÉ

Ê¥å°¦ÜÝ-.F\��Ïz���

�Û�F$,�~T§bÝ��9<  

(2)àá�6 (S)  

àá�&1��9}ÜÝ¨¢ÞÒ6

�ÕÖbÝ�&¨��9-.6��Ñ

s<·j3��Ê� k °µ��©��  

S=ªkSe-Sd            (4) 

ªk�ÜÝÊ� k F��fr� Se�

noàá�6� Sd«�Û�àá�6<  

��¬¿÷�����F�	}no

\��=*d�UVè~TF��OP

%îij�+¿÷<�	OP%�

Migniot(1988)[Ziegler(1994)[Shrestha 

(1996)[Mehta&Partheniades(1975)=®<n

oOP%� Partheniades(1962)[Mehta& 

Partheniades(1979)[Ariathurai(1974)�®< 

(3)�Á¯�IJ  

�����}O�����ú«F~

T��¶�Ð�¯�FL���ÜÝ�	

� '�	U�°±°°²�Ñ?�Ó³

ÞÚÒ´µ<=*d�$%ègÜÝ�r

R���h¶8�³ÞÚÒ�j()�·

Ú����Á¯���Æ<  

4.3 RXí' 

�!$%nQ¸g����tu<  

� ��F�!¹ðâ1<(1)%�º

�í0%�ßzí0âTß�¢-åí0

%���r1���b»�  

.¢#·Ú(advection-reaction)b»  

( ) 0)( =⋅∇+ vC
t

C a r

∂
∂        (5) 

z�(diffusion)b»  

q
t

C

t

C

s

ad r

⋅∇−=
∂
∂−

ρ∂
∂ 1

)()(     (6) 

Ïz��{h¼ß(2)[(3)#(5)%�½

��·¼�p	R�è�Xë}(6)%·¾

¿À{ÁÂ�Ã<  

4.4 Ñs}÷" 

�Ä��������IJ�=*d

�¶�Å�bcÆ 8000XÇ�ÈÉ 100X

Ç�bÝÊ�� 0.0005�ËÌ�R� 0.03<

Í�®~T���Û�Ê�$,��h�

0.001mm(y�)[0.05mm(Î�)[0.01mm(Ï

�y�}Î�ÃÐF-Ñ�)�bc Ò

Ó��� 0�ÜÝÊ���frp� 1/3<



 4

RXQR�h� mx 200=∆ [ my 20=∆ [

sec600=∆t �1aÔÑÕ8�� 4.5 XÇ�

¹$,U�ü 6 Ö<×=ØÙ¨aÚÛÉ

�¬¢� 0.24 cms/m�ÜÑ�	ÞÚÒ�

0.06 N/m2�¬¢�� 2000 ppm< 

4.4.1 �	$, 

ü¶AÝ�ØÙ�h¿÷¢�ÞØÙ

1~ØÙ 4�¬¢9 0.02[0.08[0.16[0.24 

cms/mß[ÜÑÛ	ÞÚÒÞØÙ 4~ØÙ 7�

ÜÑÛ	ÞÚÒ 0.10[0.40[1.10N/m2ß[

#��ÞØÙ 8~ØÙ 10��� 4000[6000[

10000ppmß3Û	�MF45<$,�+

Ñs«â© 1·à<  

© 1 �	$,�+_Ç© 

áh Migniot Ziegler Shrestha Mehta  
��

�� 

1 .���

�	
�

���

��	


����

����

2 .���

����

�� !

"#$%&

' K r one 

(1962)()

*  +

1 .���

�	
�

���

��	


����

����

2 .���

����

�� !

"#$%&

' K r one 

(1962)()

*  +

  

1.���

�	
�

���

��	


����

���� 

2 .,-�


�.�

/0!"

#��(

��1


)* 2

�345

678�

���9

:$;<)

* =>

?Krone(

) *  

����

	

�

���

��	


��@A

����

�+ 

 

BC

9D 

����

EFBC

GH�I

����

BCJK

L�IM

N�OP

����

��BC

N�OP

�QR(

�S!T

UV��

����

WX

YZ 

�[\N

�]��

�^_�

���+ 

BCN�

�YZ`

�'a+ 

BCN�

�YZ`

�'a+ 

bcd(

��C`

�I$Ve

9f�Q

R9:(

gh@i

jBC 

k-

lm

MW

 6

-� 

�[\N

�I�$n

)*@6

o-$p�

[\N�

��$��

qr��

��^_

�st+ 

 

 

 

 

���

�	
�

1u�$�

�W W

Xpv$V

w0.1��

x�y$p

Vwz 0.4

�{�$�

|s��

y��+ 

 

1.���

	
}�

���

�	
I

� 0.25 �

|s~�

����

�+ 

2.���

�1o-

�W W

X{+ 

4.4.2 no$,  

=*d�=®~Tí'$,�

1.PartheniadesÞ1962ß(7�©�noOP

%�2.PartheniadesÞ1962ß(7�©�no

OP%i¨ÜÝ¯� 3.TUT9©�no

#â¢ãäÞParthenidesÞ1962ß(7�©

�noOP%å? AriathuraiÞ1974ß(7

�â¢ãäOP%ßëi¨¯�IJ�

4.MehtaæPartheniadesÞ1979ß�ç�¯�

T9�noOP%<=èé�EF�G�

�êb�ë�0g©�no[â¢nä[

#¯�IJ�ìíjT9�í��>Fn

oIJ<$,�+Ñsâ© 2·à<  

© 2 no$,�+_Ç© 

áh 1 2 3 4 
��

�� 

n��)

* �B

C"��

�$�B�

����

���$�

���	


��

����

	
�$�

����

��$�(

��qr

� � +

  

����

����

	
��

����

��	


����

����

� � �

���� 

!�"#

$%&�

��'(

)*$%

��	


��+�

  

}���

BC�$�

��	


���

���	


�$�r

��"�

��$p�

���	


���

���

�K��

���	


���

r�K�

�$  

)* �

���	


M��

A�$)*

 2��

����

����

��� 

¡$¢"#

����

£¤p£

� ¥ �

�$¦��

st(B

C+ 

WX

YZ 

f§h¨

©���

f§h¨

©b$��

\�I�

ª�r"

��«�

���¬



 5

C��

��b$®

<��¯

(���

.°`± 

���.

£!£²

�� �

��N�

5���

¬³´µ

¶$nz�

����

·F�� 

���$�

\���

¸¹�K

���

�wº$"

����

�K��

�±��

r+ 

³´��

»$¼#�

��½¾

�$V��

�.qr

³ $́¼#

nS,-

��¿À

p��¿

I�Á�

�BC+ 

k-

lm

MW

 6

-� 

ªB�"

���$�

�B��

��$�Â

\°��

���

�
�$V

��ÃÄ

Å���

�sÆ�

Ç+ 

 

ÈÉBC

"���

�¸¹�

�st$Ê

%ËBC

� K �

�$V��

@�ÌÍ

Î+ 

±�BC

¸¹��

stÏ"�

����

K��	

z��T

UÐÑÒ

Ó���

ÔÍ;�

��+ 

�TU�

�ÕÖ�

×Ø�$i

ÙÚ®Û

�¸¹Ü

	Ý	� t

w$Þn�

1Í;B

C¸¹�

� � s

t+ 

 

 
�������� 

 

 =AB#pqABg���tuZm

�ìS?�P�r�~6<>?ABCã

"�î2ïðAB�í&}���ñ3r

¾òó<  

=AB��ô*d¨�eV��v×

=FL��+î�+���������

ýþqAB�#qAB��¿÷����

����\�}¢	K�<ë>?¨ð*

d�+����}1abc�õö���

RX$%¿÷��������è�-.

#n��/0�âqAB�<õIY3�

�^6�Kö��+�+6��õö�â

qAB=�S�+��] �IJ�âq

AB@#qABG<ú�Y3��] 

���]ù�����31abc�45

�\:;�âqAB�<âz�g���

���-.¬���{]ù{bC���

Fõö>?Òî�()�÷�øì��+

~Ð<  

�~02ù�eV�����WXY

��Ëúûü~0ýOþ8�Ø�ûü~

0�0@���<´�ô���°µ��

��ê�FI �j�!�*drs6�

WXY��ûü~0���S�jH26

�R	P
!"�8î�<=*dgå?

����~0�\���\×�*d�T

U�SÚ���~0�v�0�(U()

Ç¹#2ùd��+Ñs<âz���

�ôÑ}~0ÑF-¢��ç�ôÑ}~

0Ñ�£�<  

 

	�
�� 
 

�����j�d������'9���¢�

��d�g����~0*÷ 

Þ1998ß<  

�������¢¢Z�L��Æ}L�QR�

¼�gÝ���~0*÷ Þ1999ß< 

���������¢BC]¢�P�gÝ���

~0*÷ Þ1999ß<  
�����Ariathurai, R. (1974), “A finite Element Model 

for  Sediment Transport in Estuaries”, Ph. D. 

Thesis,  Department o f  Civil Engineering, 

University of California, Davis.  

�����L ee, H. Y.,Lin Y. J. ,and Lin, C. H.,

ß Investigations of Freely falling Process of a 

single sphere particleà,ICHD(2000)  

�	���Mehta, A. J. and Partheniades, E. (1975), “An 

Investigation of The Depositional Properties of 

flocculated fine Sediments”, Journal of Hydraulic 

Research, ASCE, Vol. 13, No. 4, pp. 361-381.  

�
���Mehta,  A. J.  and Partheniades, E. (1979), 

“Kaolini te resuspension properties, Technical 

Note, Proc.”, Paper 14477, Journal of Hydraulic 

Division, Procs. Of the ASCE, Vol. 105, No. 

HY4, April, 1979.  

�����Migniot,  c .  (1989),  “Bedding-down and 

rheology of muds, Part I”, La Houille Blanche, 

No.1, 1989, pp. 11-29. (in French)  

�����Partheniades,  E.,  (1965),  ”Erosion and 

Deposition of Cohesive Soils”, Journal of Hydr. 

Div., Proc. ASCE, Vol. 91, No. HY1, Proc. 

Paper 4204.  

�����Shrestha,  P. L. and Orlob, G. T. (1996), 

“Multiphase Distribution of Cohesive Sediments 

and Heavy Metals in Estuarine Systems”, Journal 

of Environmental Engineering, ASCE, Vol. 122, 

No. 8, pp. 730-740.  

������Ziegler, C. K. and Nisbet, B. S. (1994), 



 6

“Fine-Grained Sediment Transport in Pawtuxet 

River, Rohde Island”, Journal of Hydraulic 

Engineering, ASCE, Vol. 120, No. 5, pp. 

561-575. 

 


