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I .  I n t r o d u t io n

Bed e ros ion  p rob lem  w as s tu d ie d  and researched in  m a n y  places a ll  o ve r the  

vvorld. M a n y  m e thods and bed d e fo rm a tio n  m odels vvere b u i l t  to  so lve  the  p ra c tic a l 

p rob lem s. In  V ie tn a m , some m ode ls  such as H E C -6 , M I K E l l . . .  w e re  used to  an a lyze  

and com pute  th e  r iv e r  e ros io n . B u t m ost o f th e m  vvere 1-D m odels , o n lv  co m p u tin g  

bed erosion w ith  the  a s s u m p tio n  o f co n s ta n t e ros ion  dep th  o ve r th e  cross-section  

th a t  co u ld n 't in v e s t ig a tc  th e  sed im en t tra n s p o r ta tio n  and n o n -re g u la r  e ros ion  

processes in  o rth o g o n a l d ire c t io n . Some 2-D  h y d ra u lic  m odels as T E L E M A C  or 

M IK E 2 1  have o n ly  íocused on th e  d is t r ib u t io n  o f vvater f lo w  v e lo c ity  b u t th e  

se d im e n t processes.

R ecen tly  r iv e rs  o f V ie tn a m  have been s tro n g ly  scoured in  b o th  s tre a m -w ise  

and o rth o go n a l d ire c tio n s , in  m any reg ions, the  r iv e r  b a n k  e ros ion  is ve ry  

im p o r ta n t,  because th e v  have  affectecỉ on m any te rm s  o f socia l and  h u m a n  life . O n 

Red r iv e r  sys tem  e ros ion  vvas se rious , espec ia lly  a fte r  the  H oa B in h  H ydropovver 

P ia n t th e  r iv e r  bed c ro s io n  becomes m ore serious. T h u s  i t  is  necessary to 

u n d e rs ta n đ  and s im u la te  th is  process us ing  2 -D  m odel.

The  T w o -d im e n s io n a l R ive rb e d  E v o lu tio n  M ode l- T R E M  - w as co n s tru c te d  in  

th e  n o n -o rth o g o na l c u rv il in e a r  co o rd in a te  system  by N . Iz u m i and  N . T. G iang. 

M ođe l used K in ite  C o n tro l V o lu m e  (FC V) m ethod  and im p l ic i t  schem e o f C ra n k - 

Nicolson. The results of tho model arc tho values of bod elevation, velocity íìeld and 
scc ỉim cn t co n c e n tra tio n  a t th e  g r id  nodes, re sp e c tive ly  vvith each c o m p u ta tio n  t im e  

step. T hen  by u s in g  bank  s ta b i l i ty  ana lys is  th e  r iv e rb a n k  e ros ion  and  b a nk  lin e  

s h if t  can  be d e te rm in e d .

II. Theoritical base ofm odel

1. B a s ic  E q u a t ỉo n s

a. F lu id  flow equations

I n  C a rte s ia n  co o rđ in a te , th e  cỉopth-averaged tw o -d im c n s io n a l shallovv-vvater 

e q ua tio n s  in c lu d e  th e  c o n t in u ity  e q u a tio n  and 2 m o m en tum  e q ua tio n s :
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w here : t:  t im e ; x ,y : th e  stream vvise and la te ra l co o rd in a te s , re s p e c tiv e lv

h: th e  vvater dep th ; z8: th e  vvater leve l, 

p :the  w a te r  de ns ity , 

g: g ra v ity  acce le ra tion (=9 .81  m /s2),

M ,M : x ,y  com ponents o f d ischarge  f lu x  vecto r,

u ,v : x ,y  com ponents o f th e  dep th -ave raged  v e lo c ity  vecto rs ,

Tbl, Tby : x ,y  com ponents o f the  bed shear s tress  re s p e c tive ly ,
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-  u '2 , - u 'v f, - v ' 2 : x ,y  com ponents o f de p th -a ve raged  R eyno lds stress

tenso rs ,

' ô u }  2
- u ’2 = 2Dh - ị K  (1.4)

V õx )  3

u'V'= D h

V'2 = 2D.

'  Õ14 d v  
----4*----

V dx dx J

(1.5)

(1.6)
à y )

Dh = ahu , (1.7)

w here : I ) h: th e  eddy v isco s ity ; k: dep th -averaged  tu rb u le n t  energy,

a : co n s ta n t; u .: th e  ír ic t io n  velocity(w « = — , r : th e  bed sh e a r s tress).
\ p

T ra n s íb rm a tio n  o f the  above th re e  equa tion s  in to  n o n -o rth o g o n a l c u rv il in e a r  

co o rd in a te  can be fo und  in  N aga ta  (2000).

6 . Sccỉimcnt con tinu ity  equation

T he  se d im e n t c o n t in u ity  e q ua tio n  in  2-D w r it te n  fo r  th e  la y e r  extended  fro m  

th e  b o tto m  to  bed su rface  in  genera l coo rd ina te  system  can expressed by:
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rựể c<p
=  0 ( 1.8 )

vvhere: T|: bed e le v a tio n (w a te r  su rface  e le va tion  s u b tra c t w a te r dep th ),

VỊ/, <p: g e n e ra l c o o rd in a te  axis,

Â: p o ro s ity  o f th e  bed m a te r ia l,

J : Ja co b ia n  o f the  tra n s íb rm a tio n  fro m  C a rte s ia n  co o rd in a te  to  non- 

o rth o g o n a l c u rv il in e a r  co o rd in a te  system . I t  is com puted  by:

(1.9)

where: xv, x<p ,yv,v\p: í ỉ r s t  pa rt ia l  derivatives of X, y,

QĨ '9 Ĩ  : load  đ ischa rge  per u n it  o f vvidth in  vjy and cp, re sp e c tive lv .

They a re  c a lc u la te đ  fro m  the  bed loacl đ ischa rge  in  s (s tre a m w ise  d ire c tio n ), 

and  n (the  d ire c t io n  o rth o g o n a l to  th e  stream vvise d ire c tio n ) Processes o f c o n v e rtin g  
is p resen ted  as fo llo w s :
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vvhere: y 1( \ ị / y ,  ( Ị > „ ,  <py: f i r s t  p a r t ia l d e r iv a tiv e s  o f \ụ and < J > .  

A fte r  change, o b ta in s :

Ị7  + ụfy ~  (ỊỈ + [ -  yrx “  + V y  prjí/fc" = —  -  u v ch  ) ( 1 1 2 )
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c. transport equations:

In  o rd e r to  accom plish  th e  sed im e n t tra n s p o rt c o n t in u ity  e q u a tio n , th e  

com ponen t o f bed load  tra n s p o r t  in  s tre a m w ise  d ire c tio n  (s) and th e  d ire c tio n  

orthogonal to (s) direction m ust be speciíled before hand. In the study, Ikeda’s 
equa tions  fo r se d im e n t tra n s p o r t ra te  w h ich  couples th e  e ffec t o f  s p ira l flo w  and th e  

lo n g itu d in a l s lope o f r iv e rb e d  a re  adopted. Those e q ua tion s  have th e  fo rm  of:
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Ôn
(1.15)

w here : q ‘ , q “ : n o n -d im e n s io n a l bed load  se d im e n t t ra n s p o r t  ra te  in  (s) and (n) 

d ire c tio n s  in  th e  c u rv i l in e a r  co o rd in a te  system .

T* : non d im e n s io n a l bed shear stress.

r ^ :  n o n -d im e n s io n a l c r i t ic a l bed shear s tress, i t  can  be com pu ted  by any 

m ethod, in  th is  s tư dy , th e  Iw a g a k i’s ĩo rm u la  ( 1958) is  used,

Ịic: C ou lom b í r ic t io n  fa c to r, va lu e  o f 0.7 was ta k e n  fo r c o m p u ta tio n ,

ul,v*b : th e  d im e n s io n le ss  s lip  v e lo c ity  com ponen t in  stream vvise and

tra n sve rse  d ire c tio n s  in  th e  c u rv il in e a r  (s,n) co o rd in a te  system .

A l l  o th e r  sym b o ls  have  been de íìed  p re v io u s ly .

d. T ransform ation  o f  bed load equations

In  so lv in g  th e  c o n t in u ity  e q u a tio n  in  th e  g e n e ra l n o n -o rth o g o n a l co o rd in a te  

sys tem , e q u a tio n  (1 .14) a nd  (1.15) sh o u ld  be tra n s íb rm e d  a cco rd in g ly  to  (vị/,<p) 

co o rd in a te  in s te a d  o f  (s, n) co o rd in a te . Each te rm  in  those equa tio n s  are 
tra n s ío rm e d  su b s e q u e n tly  as íbllovvs:

( l) .T e rm Ẽ 1
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(1.16)
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e. The co n tinu ity  equatỉon  o f  suspended sedim ent

In  C a rte s ia n  c o o rd in a te  system , th e  c o n t in u ity  e q u a tio n  o f suspendeci load has 
th e  fo rm  as described  in  íb llovv ing  eq u a tio n :

ô(Ch) d ( QxC) d(QyC) õ 
ôt dx õy õx d x ) õy

hs
ÕC 
õy )

- { E r - / ) * )  = 0 (1.19)

U s in g  th e  a s s u m p tio n  o f lo c a lly  c o n s ta n t d if fu s io n  c o e ffic ie n t in  h o riz o n ta l 

d ire c tio n , re s u lt in g  in  a tra n s íb rm e d  eq ua tio n :
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vvhere: C: suspendeđ c o n c e n tra t io n  a t  leve l z.

2. N u r n e r i c a l  s o lu t io n s

a. Concept o f  d iscre tiza tion  in FVM

The  bas ic  o f f in i te  vo lu m e  m e tho d  (F V M ) is  based on th e  c o n s e rv a tio n  ru le  

a p p lie d  fo r í ìn ite  c o n tro l vo lu m e . T he  g ene tic  c o n s e rv a tio n  e q u a tio n  fo r a sca la r ộ 

tra n s p o rte d  by th e  f lo w  has th e  in te g ra l fo rm  of:

In  th e  e q u a tio n  ( 1 .2 1 ), o  and  s  are  th e  vo lu m e  o f  a n d  su ría ce  e n c lo s in g  c v ,  

re sp e c tive ly ,

n: unit  vector orthogonal to surface s  and direction outvvard, V is fluid velocity
vecto r,

p: th e  d e n s ity  o f m ix tu re  o f w a te r  and  suspended s e d im e n t,

Term ( 1 ) is  th e  ra te  o f change  o f th e  p ro p e rty  v v ith in  th e  c o n tro l vo lum e ,

T e rm  (2 ) is  n e t f lu x  o f th e  q u a n t ity  ộ tra n s p o r te d  th ro u g h  th e  c v  b o u n d a ry  by 

convective  m echan ism ,

T e rm  (3) is ne t f lu x  o f th e  q u a n t ity  <ị> tra n s p o r te d  th ro u g h  th e  c v  b o u n đ a ry  by 

d iffu s iv e  m echan ism ,

T e rm  (4) is to ta l sources o r s in k s  o f q u a n t ity  ộ o ccu r v v ith in  th e  c v .

T he  F V M ’s d is c re t iz a t io n  in v o lv e s  in  to w  s teps . T he  f i r s t  s tep  is 

ip p ro x im a t io n  o f in te g ra ls  in  e q u a tio n  ( 1 .2 1 ) and  th e  second step  is th e  
n te rp o la tio n . The f in a l ou tcom e o f d is c re t iz a tio n  process is an  a lg e b ra ic  sys tem  

ha t needed to  be so lved by any  c o n v e n tio n a l m e thods.. G e n e ra lly  sp e a k in g , F V M  is 

in  advanced approach  o f  f in i te  d if fe re n t m e th o d  (F D M ), w he re  th e  mass

:o n se rva tive  c h a ra c te r is t ic  is s t r ic t ly  re se rve d  fo r  each c v  s u rro u n d in g  a 
ĩo m p u ta tio n a l node.

— Ị p ộ d í ì  +  Ị pộVndS = Ị rgradộndS  + ị  qệd í ì
(1.21)

(4)
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C o n tin u ity  e q ư a tio n  o f suspended se d im e n t c o n c e n tra t io n  in  th e  g cn cra l 

coo rđ ina te  system  has fo rm :

J  —  ( C h ) +  —  Ụ c Q * )+ —  Ụ c ọ * —
> a . . . \  *  /  a _ \  *  /  a . . .  ^  J  õ y f  J  õ ọcỉ

d(p
he

+ Ụ c Q ¥)+ ị -  Ụ c Q *  ) - 4 - ^ hõy/ cọ c\ự

^ J  C(p J  õụ ỉ )

(1.22)

(1.23)

U s in g  C ra n k -N ic o ls o n  schem e in  th e  in te g ra l, th e  co rresp o n d in g  fo rm  o f 

e q ua tio n  ( 1 .2 2 ) can be p re sen te d  as:

J { c h ) n; '  + — — {j c q v Ỵ 1 + - - ? - ( j c q ọ Ỵ '  -
•' 2 ôụ/x hl 2 d<p fMJ

A t  (    * > y  1  > V '»  \

<7^ ^ J  o\ự J  Õ<p y

g n g c Ỵ" 1 

2 5(0 11 í J  dọ J  eV ) t i

~AIJ{ER - I ) , x ;  +
,y 2 õiị/ 2 õ<p

+Ẻ.JLhc(ễạ.Ẽl-SiLẼ£.T' + ị 4-hsẨ ẳỉi.Ẽ£-ỉiL Ĩ£.T ' +Jịch)r‘ .  0.
2 ^ ./  7  2 <7<ơ ^ J  d(p J  Sụ / ) I J

b. N ine-d iagona l coefficient m a tr ix  solver

From  p re v io u s ly  d e riva tio n s , the  suspended sed im ent tra n s p o rt equation  in  non- 

o rthogona l coo rđ ina te  system  in  d iscre tized  fo rm  vvritten  fo r con tro l vo lum e (i j )  is:

I  ! . ;  +  a i '  I . J  +  * « ♦ ! . ;  +  ^ 4 ^  +  a s '  , . J  f |  +

+  í7ó S  \ . j  ) +  7 + M Ml.Vl + ữ 9^-|M.y + l ’ (1.24)

w here : a r a9 : a re  co e ffic ie n ts  *

B q u a tio n  (1 .24) is  g e n e ra lize d  as:

(1.25)

T h e  re s u lte d  sys te m  o f e q ua tio n s  in vo lve s  u n k n o w n  fo r s in g le  eq ua tion  in  

each t im e  step  and  has th e  fo rm  o f band  m a tr ix .  T he  a lg o r ith m s  fo r so lv in g  th a t  

s ys tcm  o f e q u a tio n  can  be any  in te g ra t io n  m ethod. H e re b y , the  research acỉopted 

th e  lin e -b y - lin e  te c h n iq u e  to  solve those re le v a n t e q ua tions .
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c. I)iscretizatio?i o f  E xner 's  equation  

R rvv rito  Exner*s c q u a tio n  in  th e  fo rm :

N  I [ ^ L ) +£ ^ L ) W(K o  )./
(1 - Ả a<p

( 1.26)

A p p ly in g  th e  sam e ru le  o f  d is c re t iz a tio n , we have:

(1.27)

)
(<p

U . J )
A(p

S u b s t itu tc  e q u a tio n  (1 .27) , (1.28) in to  e q u a tio n  (1 .26), o b ta in s :

At
A n  = -

0 - W i
a , ,  +  b , ì + j * ( e , 1, - d 1J I .

(1.28)

(1.29)

E q u a tio n  (1 .29) is th e  f in a l d e scre tize d  fo rm  o f E xn e r*r e q u a tio n . I t  is so lved 

by e x p lic it  schem e. T he  ou tcom e is  th e  change  in  r iv e rb e d  e le v a tio n  a t each t im e  

step a t ce n te r o f  each c o m p u ta tio n  g r id . T he  new  bed e le v a tio n  is  u p d a te d , and flow  

m odu le  is  s ta r te d  c o m p u tin g  fo r  th e  n e x t t im e  step.

<?. D e te r m in in g  tn e a s u r e  o f  s t r c a m - b a n k  e ro s io n

C ross sections, a f te r  sco u ring , w i l l  c re a te  a new  ro o f w ith  g re a te r  slope. U s in g  

s lip  c o m p u ta tio n  m e thod  o f so il m echan ics  can d e te rm in e  m e a su re  o f  s tre a m -b a n k  

e ros ion . S lip  fo rm  can  be f la t  s lip  o r s lip  cu rve , u n d e r e ffe c t o f  s lip  a n d  a n t i-s lip

forces:

„ Zc.l, +Ĩ. N,'gv.
---------- 1 T,------------ '

w here : N u m e ra to r  is a n t i- s lip  force, and d e n o m in a to r is  s lip  fo rce ,

c,: s tic k y  fo rce ; 1 ,: le n g th  o f i th s lip  cu rve ,

N fc: a n t i- s lip  fo rce (sh ea r d ire c tio n ),

T ,: s lip  fo rce  (n o rm a l d ire c tio n )

(1.30)
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In  a p p rồ x im a b ilitv  fo rm , a p p ly in g  p r in c ip le  o f s tro n g  ba lance  o f C o u lo m l cann  

com pute  th e  needed slope to  g u a ra n te e  s te a d y in g  s tro n g  ba lance :

tg Ịí= tg ip+C /y.H  (1 .3 1 1 )

w here : |í: slope o f s te a d y in g  s tro n g  balance,

<p: in s id e  ír ic t io n  ang le ; C: s tic k y  íorce,

H : ỉ ỉc ig h t  o f slope roo f; y: spec ific  w e ig h t o f sandv so il.

III. Test mocỉol to curved bend oí’ Red river

T h e  model was developed and  app lied  fo r  te s tin g  in  S onT ay c u rv e d  b e n d  < o f 

Red R iv e r ( f Ì£ . l) .  In  o rd e r to  c ie te rm ine  the  ups tream  and d ovvns tream  b o u n d a ry y , 

r iv e r  netvvơrk is ro u te d  by H E C -6 mơdel. T o p og ra ph ica l c iata is  a đ o p te đ  fro n m  

m easured  da ta  d u r in g  th e  end o f 1997 and b e g in n in g  1998. T he  g r iđ  s y s te m  w e rre  

gene ra ted  bv soítvvare G cnG ridO õ o f C A F L A B  (Y uengnan ì U n iv .-  S o u th  K o re a a ). 

T im e  s tep  fo r co m p u ta tio n  flo w  vvas 0.25 second and fo r se d iir ìe n t c o m p u ta t io n  vvaas 

2 seconđ. R esu lts  o f d is t r ib u t io n  o f bed e leva tion , ve lo c ity  f ie ld  and d e p th  o f  th a e  

segm en t vvere shovvn in  ta b le  1 and fig . 2 . R a tin g  cu rve  a n d  bed c h a n g e  a fte e r 

c o m p u ta tio n  are coincicỉed w ith  observed re su lts  a t S onTay s ta tio n  th a t  loca teecỉ 

w ith in  th e  segm ent. T h is  is the  p re lim in a ry  te s t so the  e ro s io n -c ru m b lin g  o f  b a n k k s  
was n o t com puted  ye t.

Figure 1. SonTay curved bend o f Red R ive r
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T a b le  1 . C o m p u ta tio n  re su lts  ơf d is tr ib u tio n  o fv e lo c ity , depth  and bed e leva tion  o f

r iv e r  reach

I J X Y z u V H

1 1 -8212.75 2989.2 8.526 0.434 •0.573 4.132

1 9 -81G3.Õ898 3033.6699 2.273 0.604 •0.822 10.385

1 3 -8114.4399 3078.1399 0.808 0.801 •1.123 11.85

1 4 •80(30.2 7 08 3122.6001 1.516 0.8 • 1.157 11.141

1 5 -8 0 1G. 1299 3167.0701 2.489 0.741 •1.107 10.169

1 6 -7966.9702 3211.54 2.835 0.692 -1.068 9.822

1 í .7917.8198 3256.01 2.872 0 .666 -1.062 9.786

1 8 -7868.G602 3300.47 2.868 0.647 • 1.067 9.79

1 9 -7819.5098 3344.9399 2.952 0.627 -1.072 9.705

1 1 0 -7770.3501 3389.1099 3.599 0.594 -1.051 9.058

1 1 1 ■7721.2002 3433.8701 3.947 0.556 - 1 .0 2 8.711

1 1 2 -7672.04 3178.3401 4.762 0.516 •0.981 7.896

1 13 -7622.8901 3522.8101 6.355 0.45 -0.889 6.302

1 14 -7573.73 3567.28 7.228 0.383 -0.788 5.43

1 15 -7524.5801 3611.74 10.133 0.282 -0.603 2.525

1 16 -7475.4199 3656.21 10.132 0.102 -0.228 2.525

CROSS SECTION OF SONTAY STATION PASS EROSION
Z(nn)

—♦— zo ® z l  z4 .......... 28  ••••*— z l  9

Pigure. 2. Cross section o f SonTay s ta tion  pass flood days
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IV. Comments

1 . R ecen tly , th e  e ros ion  o f r ive rb e d  is  th e  h o t p rob lem  so a tv vo -d im cn s io n a l 
m odel to  ana lvze  and s im u la te  those processes is  needed.

2. M ode l com puted  tra n s p o r t o f bed and  suspended se d im e n ts  to  o r th o g o n a l 
d ire c t io n  and  d is t r ib u t io n  fo llo w in g  depth  o f suspended sed im en t, r e f le c t in g  rnore 
adequa te  resasons and p re sen t co n d itio n  o f r iv e r  e ros ion  and s e d im e n t tra n s p o r t  

ba lance.

3 .M ode l uses f in ite  c o n tro l vo lu m  and  C ra n k -N ico lso n  schem e th a t  has 

e ffe c te r to  se d im e n t tra n s p o rt.

4 .T h is  is  beg in ing  tes t,the re fo re  e ros ion-crum ble  p rob lem  n o t is in v e s tig a te d  yet.
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NG H IÊN  CỨU ỨNG DỤNG MỒ HÌNH 2 CHlỂU TÍNH T O Á N  
BIẾN DẠNG LÒNG DAN
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Khoa K h í tượng Thuỷ văn & Hải dương học 
Đại học Khoa học Tự  nh iên , ĐHQG Hà Nội

V iệc  ngh iên  cứu xói lở lòng  sông đả dược t iế n  hành  ỏ n h iề u  nơ i t r ẽ n  t h ế  g ió i, ở 
nưỏc ta  đã sử dụng  m ột sô mô h ình  như  H E C -6 , M IK E 1 1  đế phân  tíc h , t ín h  toán  xói 
lở. T u y  n h iê n  các mô h ìn h  trê n  m ỏi ch ỉ g iả i q u yế t b à i toán  1 ch iể u . M ộ t sô mô h ình  
th ủ y  lực 2 ch iể u  như T E L E M A C  hay M IK E 2 1  củng  m ối ch ỉ xé t ở p h ạ m  v i phản  bố 

tốc độ dòng chảy.

Cho đến nay hệ thông sông ngòi V iệ t Nam  bị xói lở theo cả chiều dọc và  chnểu ngang 
rấ t m ạnh mẽ và chúng có tác động tương hỗ với nhau. V ì vậy cần th ié t có m<ột nnô hình 2 
chiếu dò g iả i quyết bài toán này. M ô h ình biên dạng lòng dẫn 2 chiểu tro n g  hộ t.oạ độ phi 
tuyên  không trực giao TR E M  (Tvvo-dimensional R iverbed E vo lu tion  M ọdel oonstructecl in 
the nun-orthogonal cu rv ilin e a r coordimate system) cho phép xác đ ịn h  sự phân  bô tóc độ 
cùng như b iến đổi đáy sông theo cả hướng dọc và hướng ngang.


