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1 177 0 41 131 81 205 13 5 17 x}=BlD
1 170 0 4 131 81 205 13 6 2 x}=BlD
1 166 0 39 131 82 205 13 6 89 x}=BlD
1 162 0 38 131 82 205 13 7 75 x}=BlD
2 027 1 63 131 35 253 12 2 1 x}=BCiH
1 551 0 87 132 10 253 12 3 5 x}=BCiH
1 443 0 7 132 27 253 12 4 2 x}=BCiH
1 846 1 34 131 63 253 12 5 25 x}=BCiH
1 837 1 32 131 65 253 12 6 x}=BCiH
1 789 1 25 131 72 253 12 7 x}=BCiH
1 738 1 73 130 47 205 13 2 1 x}=BCiH
1 483 1 13 131 08 205 13 3 5 x}=BCiH
1 365 0 86 131 35 205 13 4 2 x}=BCiH
1 504 1 19 131 03 205 13 5 25 x}=BCiH
1 503 1 18 131 03 205 13 6 x}=BCiH
1 479 1 12 131 08 205 13 7 x}=BCiH

C=@U=Lt T=U=Q@ QN;|v=tR s=o |=Q@hrDNt `]=kt QO QDU@ R=QD C=Q}}eD "12 pmW
"?; CWoQ@ MQt}v

`]=kt QO OOaDt (x=b) |=yC@Uv T=U=Q@ 11 `]kt OwQi OOa C=Q}}eD "11 pmW
"pB E=OL= |=Q@ xOWxDiQo Q_v QO
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|wQ Q@ x=b C@Uv Q}}eD s=ovy x@ b w x pt=a V}=Ri= =} Vy=m Q}F-=D "15 pmW
"QDU@ R=QD C=Q}}eD

%x}=BlD |L=Q] pOt
ds
ds0

=� 0 0008
�x
b

�5
+ 0 023

�x
b

�4 � 0 254
�x
b

�3

+ 1 389
�x
b

�2 � 3 755
�x
b

�
+ 5 210 (9)

%x}=BCiH |L=Q] pOt
ds
ds0

=0 004
�x
b

�5 � 0 09
�x
b

�4
+ 0 857

�x
b

�3

� 3 731
�x
b

�2
+ 7 215

�x
b

�� 3 144 (10)

|oDU )W?; COW ,=twta 'xOW|L=Q] |=ypOt |=Q@ OwHwt hrDNt Cq=L QO
"O@=}|t V}=Ri= x=b C@Uv Vy=m =@ |a[wt

xOw@ x=b hrDNt |=yC@Uv T=U=Q@ xOW|L=Q] |=ypOt 'VywSB u}= QO
�C@=F b Cr=L QO� |m}rwQO}y hrDNt OQ=wt QO C@Uv u}= C=Q}}eD Q}F-=D xm 'CU=
x@ w =RHt CQwYx@ b w x |=yQDt=Q=B Q}F-=D 'xt=O= QO "CU= xDiQo Q=Qk |UQQ@ OQwt
OwOL w xOW |UQQ@ 'OwW|t O=H}= |v=QL@ \}=QW xm |v=tR 'x=b Vy=m s=ovy
QDU@ R=QD QO xOWO=H}= C=Q}}eD ,=D}=yv w 'b w x |=yQDt=Q=B R= x=b C@Uv |Q}PB Q}F-=D

"CU= V}=tv p@=k 15 pmW Q=Owtv CQwYx@
|=ypOt QO 'x=b Vy=m s=ovy x@ QDU@ R=QD QO xOWO=H}= C=Q}}eD x@ xHwD =@
QO |v=Um} Q}F-=D b Q=Okt V}=Ri= =} w x Q=Okt Vy=m 'x=b < 4 2 C@Uv =@
Q=Owtv '4 OOa R= p@k =Pr "OvQ=O |oDU )W?; COW QO Q}}eD O=H}= w x=b Vy=m
V}=Ri= QO xVy=m Q}F-=D '4 2 < x=b < 6 7 |xOwOLt |=Q@ "CU= xOWv s}UQD
bV}=Ri= Q}F-=D 'x=b > 6 7 |=yC@Uv |=Q@ w bV}=Ri= Q}F-=D R= V}@ |oDU )W?;
C@=F b Q=Okt xm CU= |Dr=L Qou=}@ |ki= \N "CU= xOw@ x Vy=m Q}F-=D R= V}@

"CU= xOW xO=O Q}}eD x Q=Okt \ki w xOw@
CU= QF-wt |oDU )W?; QO |YNWt |xOwOLt =D R}v u=} QH jta
u}= "OwW|tv xOy=Wt |oDU )W?; jta V}=Ri= 'QDq=@ Q}O=kt QO "(y=b < 3 2)

"OQ=O Ck@=]t [4]'�1983� =tD= w |w}mO=Q Q=m G}=Dv =@ |O=} R Q=}U@ OwOL =D xH}Dv
u=} QH jta QF= |xOwOLt '=yx}=B |xrY=i Vy=m =@ xm CU= QmP p@=k u}vJty

"CU= xDi=} pRvD y=b < 2 75 Q=Okt x@ w xOW QDtm

|Q}oxH}Dv "5
Q=Ri=sQv R= xO=iDU= =@ =}vQi}r=m 15 pB |=yx}=B |OQwt |xar=]t 'VywSB u}= QO
w x}=BlD |L=Q] pOt wO w |R=UpOt OwHwt C=aq]= T=U=Q@ 'BRI-STARS

T=U=Q@ |oDU )W?; jta V}=Ri= |xrO=at w Q=Owtv u} QD?U=vt VR=Q@ "13 pmW
"x}=BlD Cr=L |=Q@ hrDNt |=yx=b C@Uv

T=U=Q@ |oDU )W?; jta V}=Ri= |xrO=at w Q=Owtv u} QD?U=vt VR=Q@ "14 pmW
"x}=BCiH Cr=L |=Q@ hrDNt |=yx=b C@Uv

Qov=}@ ds0 '3 pwOH QO "OyO|t x�=Q= x}rw= |a}@] Cr=L x@ C@Uv =Q 13 w 12
|L=Q] Cq=L QO |oDU )W?; jta ds w x}=B uwO@ Cr=L QO |oDU )W?; jta

"CU=
hrDNt x=b|=yC@Uv =@ OOaDt |=ypOtp}rLD R= xOt;CUOx@G}=Dv|UQQ@ =@
hrDNt |=ypOt QO u; V}=Ri= u=R}t w =yx}=B h=Q]= |oDU )W?; Q}O=kt x@ xHwD =@ w
QO "OQm ?=NDv= =Q �=y�x}=B w pB |Q}oQ=Qk |=Q@ Cr=L u} QDy@ |O=} R OL =D u=wD|t
|=Q@ 10|oDU=NQ@ |=yx@=OQo pN=OD p=tDL= Vy=m Cra x@ x}=BlD Cr=L ' ẁtHt
R}v 13 w 12 `]kt wO u}@ R= "CU= QD?U=vt pB E=OL= CyH 'xOW?=NDv= `]=kt
p=v=m |oOWnvD ^=Lr x@ '13 `]kt "CU= QDy@ x=b = 4 43 C@Uv =@ 12 `]kt
E=OL= |=Q@ w OyO|t u=Wv =Q |QDnQR@ |=y|oDU )W?; 'u; |OwQw |xv=yO QO

"CU}v ?U=vt pB

|HwQN C=aq]= VR=Q@ w |a[wt |oDU )W?; COW "4"4
=@ |oDU )W?; G}=Dv VR=Q@ '|HwQN |=yxO=O w 3 pwOH C=aq]= R= |Q}oxQy@ =@
13 w 12 |=ypmW Q=Owtv T=U=Q@ Q_vOQwt `]=kt QO OwHwt x=b G}=Dv x@ xHwD
T=U=Q@ =yx}=B h=Q]= |oDU )W?; C=@U=Lt |t=tD xm CU= QmP x@ sRq "Ow@ Oy=wN
VR=Q@ Q=Owtv u} QD?U=vt w u} QDy@ T=U=Q@ pmW |wQ \=kv w s=Hv= I}rywQi pwtQi
s=tD |=Q@ hrDNt |=yx=b T=U=Q@ |oDU )W?; jta V}=Ri= |xrO=at "Ov=xOW
|=Q@ Q=Owtv u} QD?U=vt VR=Q@ '13 pmW "CU= xOW |v}@V}B umtt Cq=L
|L=Q] Cr=L |=Q@ Q=Owtv u} QD?U=vt VR=Q@ 14 pmW w 'x}=BlD |L=Q] Cr=L
|L=Q] Cq=L |=Q@ |oDU )W?; jta V}=Ri= |=Q@ pY=L pwtQi "CU= x}=BCiH

%CU= 10 w 9 \@=wQ CQwYx@
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UOv
yt Cra x@ '=y|oOWnvD |=OD@= QO �|OQwt |xar=]t u}= QO 13 `]kt� OwHwt `]=kt

"OvDU}v ?U=vt pB E=OL= |=Q@ |v=QL@ u=} QH \}=QW QO |Q}oQ=Qk
'CU= `k=w pB E=OL= |=Q@ |@=NDv= `]=kt |OwQw |xv=yO QO xm '11 `]kt
w xDW=O =Q QDU@ R=QD w ?; jta C=Q}}eD |xv}W}@ w xv}W}@ CaQU Q=Okt u} QDW}@
COW "Ow@ Oy=wN Fr < 1 `]=kt Q}=U |=Q@ "CU= xOW pt=W =Q |v=QL@ \}=QW
"O@=}|t V}=Ri= �4 R= QDu}}=B Q}O=kt x@ xS} w x@� x=bVy=m =@ |a[wt |oDU )W?;
'x=b < 4 2 |xOwOLt |=Q@ 'Cr=L u} QD|v=QL@ QO x=b C@Uv Q=Okt Vy=m =@
|=Q@ "Ov=xDW=O |oDU )W?; C=Q}}eD QO |v=Um} Q}F-=D b V}=Ri= =} w x Vy=m
|=yC@Uv |=Q@ w xDW=O |QDW}@ Q}F-=D x Vy=m '4 2 < x=b < 6 7 |xOwOLt
|xOwOLt QO R}v u=} QH |@Uv jta "CU= xOw@ QDQF-wt b V}=Ri= 'x=b > 6 7
|xOwOLt '=yx}=B |xrY=i Vy=m =@ "CU= xOw@ QF-wt |oDU )W?; QO y=b < 3 2

"CU= xO}UQ y=b < 2 75 x@ |@Uv jta QF=

|=yC@Uv Q}F-=D |UQQ@ Qw_vtx@ "CU= xOW ?=NDv= pB E=OL= pLt QO x}=BCiH
CLD OwHwt C=Q}}eD '|UOvy w '|@ wUQ '|m}rwQO}y |=yQDt=Q=B QO x=b hrDNt
?=NDv= =yxU}=kt |=v@t u=wvax@ 'CU= Cr=L u} QD|v=QL@ xm '?q}U ẁkw \}=QW
CSU w I}rywQi pwtQi 2 '=yx}=B h=Q]= |oDU )W?; C=@U=Lt |=Q@ "CU= xOW
R= QDW}@ �11 OwOL =Q |oDU )W?; I}rywQi |xrO=at xm CU= xOW swrat w |UQQ@
xO=iDU= s=ovy x@ "CU= xOw@ QDxv=Q=mx_i=Lt |L=Q] ^=Lr x@ w xOR u}tND CSU

x=b < 7 C@Uv =@ |=ypOt QO |oDU )W?; jta V}=Ri= u=R}t 'CSU pwtQi R=
"CU= uOQmQ_vhQY p@=k x=b < 8 5 |=yC@Uv |=Q@ I}rywQi pwtQi QO w

uDW=O Cra x@ x}=BlD Cr=L 'x}=BCiH w x}=BlD |L=Q] pOt wO u}@ R=
|oDU=NQ@ |=yx@=OQo pN=OD p=tDL= Vy=m w ?; u=} QH |=Q@ QDW}@ CmQL |=[i
w wO |=ypOt x@ C@Uv '=yx}=B h=Q]= QO |WQ@ VvD O}OWD Vy=m u; p=@vO x@ w
u}vJty "CU= QD?U=vt ,=L}HQD w xO=O u=Wv |QDtm |=y|oDU )W?; 'x}=BOvJ =}

=yCWwv=B
1. bridge stream tube model for alluvial river simulation
2. Yang & Sang
3. Chang & Hill
4. stream tubes
5. Los Gatos Creek
6. United State geological survey
7. federal highway administration
8. Je�erson Barracks
9. Mississippi
10. wake vortices
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