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A b s trn c t .  ỉ loa B inh  rese rvo ir was b u ilt  in  ỉ)a  r iv c r  to c a rry  out tw o  top 
ìm portan t d u tics  th a t are gcncra tion  e le c tr ic ity  and flood p reve n tio n  for 
ìow]ands. S incc opo ra tion , Hoa B inh  resc rvo ir has bcen b r in g in g  about vc ry  big 
uscíuỉnesses, b u t also has bcen causing un favourab lo  changes, such as 
deposition in  the  rose rvo ir, local scour in  low er o f tho dam and (lissem inated 
scour tow ards lovvcr. K s tim a tion , s im u la tio n  and p red ic tion  th csc  rhanges to 
l im it  damages a lw ays are pressing and necessary problem s. M a th o m a tica l 
models arc e ffec tive  and econom ir tools to solvp these problo ins.

I1EC-G is a ono-đ im iỉns iona l movable boundary opon channe l flow  num tírica l 
modcl dosigned to s im u la te  and p r iid ic t changcs in  r iv o r  p ro íìlc s  ro K u ltin g  from  
scour aru l/or dopos ilion  ovcr m odcratc t im c  pcriods.

T liis  papcr stud ies and appỉios 11KC-G lo  s im u la tc  changes o f Da r iv o r
pro lìlc  (reach from ỉ loa Binh t.o Thao-Da roníluencc) and Red rive r proíílc  
(reach from Thao-D u coníluence to l la  Noi). Tho rc s u lts  (>f m odel c a lib ra t io n  and 
ve rifica tio n  show th rtt IIE C -6  model vvith tho  selected sot o f o p t im a l param eters 
can use to s im u lu to  changes o f Red r iv c r  system p ro íìlc  in  th o  ĩu tu ro  w ith  
accoptahỉo accuracy. The rc s u lts  o f Red r iv c r  bed chang!! s im u la tio n  using the 
so i o f solccteđ param etors; in it ia l cond ition  is Red r iv e r  bcul, w h ic h  surveyed in 
1992; upstroam  conciitions a rc  typ ica l discharge proccss (avcĩragc typo  o f periocl 
1988 1998) a i hyd ro log ica l s ta tions: Hoa B inh, Yen Bai, V u  Q uang, Thuong
Cat and đow nstream  cond itions is typ ica l 8tag<‘ proccss (avorago typcĩ o f period 
1988 1908) a t Hanoi hydro log ica l s ta tion  show th a t:

Dcĩíìp scour phonom enons rc s u lt in g  from  re g u la tin g  o ffí‘c:t C)f ỉ loa  B in h  roso rvo ir 
happon almost. on ly  in  Da r iv o r  and tra n sm it on ly  to T ru n g  ỉ la  s ta tio n .

Deep scour speẹđ rodur.es graciually. Thcíroĩorc, Da r iv tĩr  bcuỉ w i l l  bceome 

g radu a lly  s ta b il ity  (to roostab lish  tho new balancc State).

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

Red r iv e r  ne tvvork, th e  second b iggest r iv e r  n e tw o rk  in  V ie tn a m , has been 

p la y in g  a s ig n ií ic a n t ro le  in  th e  socio-econom ical đ e ve lo p m e n t o f  th e  c o u n try . Red 

r iv e r  r ises  fro m  a h e ig h t o f  2000 m A M S L  in  V a n  N am  (C h in a ). I t  has a to ta l le n g th  

o f 1126 km . The bas in  occupies to ta l area o f 165794 k r r r ,  in  w h ic h  82630 k m 2 lies  

w ith in  in  V ie tn a m . Recỉ r iv e r  acts as w a te rw a ys  and flo o d  co nveyance  to  p ro te c t the 

m ost N o rth e rn  p a r t o f V ie tn a m  fro m  flo o d in g  and in u n d a tio n . Red r iv e r  is crea ted

68



S irn u ỉa t io n  o f  ch a n g e s  of R ed  r i v c r  systcm. 69

from  th re e  m a in  t r ib u ta r ie s :  Da, T h a o  and Lo r iv e rs . Thao  r iv e r  o r ig in a te s  from  

D ai L v  Lake  in  V a n  N am  o f C h in a , vvhere i t  is ca lled  N g u ye n  r iv e r .  F lo w in g  dow n 
from  th e  a ỉt i tu d e  o f  2000 m A M S L  in  a N o rth w e s t-S o u th e a s t d ire c tio n , i t  en te rs  
V ie tn a m -C h in a  b o rd e r a t Laoca i p ro v in ce  and  is knovvn as Thao  r iv e r .  I t  has a to ta l 
lon g th  o f 902 km  in  w h ich  332 km  v v ith in  in  V ie tn a m . F rom  Yen B a i to  V ie t T r i,  its  
w iđ th s  ra n g e  fro m  100 * 150 m in  average. R ive rb a n k  e leva tions  v a ry  belovv th e  

va lues o f 20 m; th e  average dep th  is  a ro un d  5 m co rresp ond in g  w ith  the  b a n k - fu ll 

d ischarge . T h e  bed s lope is  a p p ro x im a te ly  1%U. T o ta l ca tch m e n t a rea  o f Thao r iv e r  

ins ide  V ie tn a m  is  12100 k n r .  Da r iv e r  rises fro m  the  h ig h ly  m o u n ta in o us  area in  
th e  sam e v ic in i t y  o f  T hao  r iv e r ’s source. R u n n in g  in  a N o rth w e s t-S o u th e a s t 
( iire c tio n  to  H oa  B in h , i t  th e n  changes the  f lo w in g  d ire c tio n  to  S o u th -N o rth , and 

jo in ts  T hao  r iv e r  a t T ru n g  H a, 12 km  ups tream  from  V ie t T r i  tow n . The  to ta l leng th  
from  bo rde r to  V ie t  T r i  is abou t 570 k m  w ith  th e  ca tch m e n t area o f 26800 k m 2. I t  is 
the  m ost im p o r ta n t  t r ib u ta r y  o f Red r iv e r  netvvork and n o rm a lly  c o n tr ib u te s  up to  
50% to ta l  in f lo w  fo r Red r iv e r .  Lo  r iv e r  also o r ig in a te s  fro m  V an N am  m o u n ta in s  

area located in  C h in a . Its  to ta l le n g th  is 470 km ; th e  ca tch m e n t area is 136900 k m 2. 

In  V ie tn a m  te r r i t o r y ,  th e  bed slope o f Lo r iv e r  is 2 6%0. In  th e  dovvnstream  course 

from  T u y  en Q u a n g  to  V ie t T r i ,  i ts  vv id th  is abou t 200 m a t flow  d ep th  ra g in g  from
1.5 to  3 m. T h e  to ta l b a s in  o f Red r iv e r  n e tw o rk  considered a t Son Tay is 

a p p ro x im a te ly  70700  k m 2, occu py ing  45% o f N o rth e rn  p a r t area o f  V ie tn a m . Red 

r iv e r  cons ide re d  fro m  V ie t  T r i,  flo w s  th ro u g h  im p o r ta n t u rb a n  cen te rs , Son Tay 
province  a nd  H a n o i Capital  w here  th e  p o p u la tion s  a re  th e  h ig h e s t com paring  
th ro u g h o u t o u t th e  n a tio n .

Hoa B in h  re s e rv o ir , loca ted  on Da r iv e r ,  50 km  fa r  fro m  T hao -D a  con iluence, 

was p u t in to  o p e ra tio n  p a r t ia l ly  in  1990 and fu l ly  in  1994. T h e  effects o f th e  

co n s tru c tion  h a ve  been seen obv io u s ly  in  Da reach a fte r  o f c losure . P re v io u s ly , the re  
vvere some re se a rch e s  p re d ic tin g  th e  im p a c t o f Hoa B in h  re s e rv o ir  on dovvnstream 
m orpho log ica l co n c iitio n s  in  design stagcs. Each o f th e  p rev ious  sud ies has m e rit 
po in ts and l im ita t io n s  due to  th e  de fic iency in  d a ta  fo r v e r t ic a tio n  and 
co m p u ta tio n a l m e tho ds .

In  re c e n t ye a rs , d a ta  and  obse rva tions  o b ta in e d  by D e p a rtm e n t o f 

M anagem ent &  F lo o đ  C o n tro l and R esearch In s t i tu te  o f W a te r Resources show th a t 

the d e g ra d a tio n  o f  D a r iv e rb e đ  has been p ro p a g a tin g  to  th e  dow n s tre a m . B ank 
erosions and a v u ls io n s  d ư rin g  re se n t years  in  d o w n s tre a m  have been serious ly  

occu rring  a t a la rm in g  ra te s . The  rive rb e d s  in  o u te r b ank  are  b e in g  deepened 
rap id ly , the  f lo w  p a th  a p p ro a ch in g  th e  r iv e rb a n k  c re a tin g  se rious a vu ls io n s  in  both 

flood and t r a n s i t io n a l stages. T h is  s itu a t io n  th re a te n s  th e  sa fe ty  o f  n a tio n a l d ike  
system and  vv ill cause  b ig  dam ages i f  th e re  is no in - t im e  a c tio n  to  p re ven t the  

erosion.
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T h is  reseach a p p lie s  H E C -6 m ode l to  s im u la te  and p re d ic t changes o f Da r iv e r  

p ro file s  (reach fro m  Hoa B in h  to  T hao-D a  confluence) and Red r iv e r  p ro file s  (reach 

fro m  Thao-D a con ílue nce  to  H a N oi).

2. Theoretical basis ofmovable boundary calculation of IIEC-6

HEC-6 is a one-dimensional movable boundary open channel flow numerical 
m odel. I t  is đesigned by  U SA H yd ro lo g ica l E n g in e e rin g  C e n te r to  s im u la te  and 
p re d ic t changes in  r iv e r  p ro íĩle s  re s u lt in g  from  scour a n d /o r d e p o s itio n  over 

m odera te  tim e  pe riods ( ty p ic a lly  m on ths  o r years, a lth ro u g h  a p p lic a t io n s  to  s ing le  

flood events  a re  poss ib le). H E C -6  used in  th is  research  is H E C - 6  ve rs io n  4.1 
p u b lishe d  in  1993.

In  H E C -6  mocỉel, a co n tin u o u s  flow  records is  p a r t it io n e d  in to  a series o f 

s teady flo w s  o f v a r ia b le  d ischarges and d u ra tio n s . F o r each flo w , a w a te r surface 

p ro íile  is  ca ỉcu la te d  th e re b y  p ro v id in g  energy slope, ve lo c ity , d e p th , etc. a t each 

cross section . P o te n tia l sed im en t t ra n s p o r t ra te s  are th e n  com puted  a t  each section. 

These ra te s , com b ined  w ith  th e  d u ra t io n  o f th e  flow , p e rm it a v o lu m e tr ic  accoun ting  
o f sed im en t w ith in  each reach The a m o u n t o f SCOU1* o r d e p o s itio n  a t each section  is 

th e n  com puted  and  th e  cross section  ad jus ted  acco rd in g ly . The c o m p u ta tio n s  th e n  

proceed to  the  n e x t flo w  in  the  sequence and the  cycle  is re pea te d  b e g in n in g  vvith 

th e  u pda te  geom etry . T he  se d im e n t ca lcu la tio n s  a re  p e rfo rm ed  b y  g ra in  size fra t io n  

thereby allowing the simulation of hydraulic sorting and amoríng Features of HEC- 
6 inc lu d e : c a p a b ility  to  ana lyze  n e tw o rks  o f s t*eam s, ch a nn e l d re d g in g , va rio u s  
levee and  encroachm e n t a lte rn a tiv e s , and to  use seve ra l m ethods fo r c o m p u ta tio n  o f 
sed im en t tra n s p o r t ra te s .

2.1 T h e o re t ic a l  l ia s i s  fo r  H y d r a u l ic  C a lc u la t io n s

The  h y d ra u lic  p a ra m e te rs  needs to  
ca lcu la te  sed im e n t t ra n s p o r t  p o te n tia l a re  

ve lo c ity , d ep th , w id th  a n d  energy s lope -a ll 
o f w h ich  are o b ta in e d  fro m  vvater surface  

p ro file  c a lcu la tio n s . W a te r  su ríace  p ro fíle s  

are  ca lcu ỉa te d  u s in g  th e  s tanc ỉa rd -s tep  

m ethod to  solve th e  c o n t in u itv  e q ua tio n  
and one-đ im en s io n a l energy e q ua tion  
(E q u a tio n  2.1) a nd  th e  h y d ra u lic  
p a ram e te rs  are  c a lc u la te d  a t each cross section fo r successive d is c h a rg e . F ig u re  2.1 

shows a re p re s e n ta tio n  o f th e  te rm s  in  th e  energy e q ua tio n .

ws, = w s ,+ ^ ỉ-  + he. (2.1)
2 g 2 g

ws?

_ °
^  -1' -Ị”  l ĩ s
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0 o tu » T >

Figure 2.1
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vvhere: g = a cce le ra tio n  o f  g ra v ity ; hc = energy loss; V j, V , = average ve lo c itie s  (to ta l 

d isch a rg e  - r to ta l f lo w  area) a t ends o f reach; W S j, W S 2 = w a te r surĩace  e le va tio n s  

a t ends o f reach  and  a | t a , =  ve loc ity  d is tr ih u ta t io n  coe ffic ien ts  fo r flo w  a t cnds o f 

reach.

T h e  e n e rg y  loss te rm , h,., in  equa tion  2 . 1  is composed o f í r ic t io n  loss, hf, and 

fo rm  losses, h ot as shovvn in  equa tion  2.2. O n ly  co n s tra c tio n  and expans ion  losses in  

the  g e o m e tric  fo rm  loss te rm .

h e = h i + h 0 . (2 .2 )

To a p p ro x im a te  th e  tra n sve rse  d is tr ib u t io n  o f flo w , th e  r iv e r  is  d iv id e d  in to  

s tr ip s  h a v in g  s im ila r  h y d ra u lic  p rope rties  in  th e  d ire c tio n  o f flo w . Each cross 
section  is  s u b d iv iđ e d  in to  p o rtio n s  th a t are  re íe rre d  to as subsections. F r ic t io n , h f> 

loss is c a lc u la te d  as shovvn below :

hí (2.3)

in  w h ich :

NSS

k ; - z
J 1

( ả 2 + Ạ j) . r 2 + r , "
2 l

1 49 2 ->
J

" , LV2
(2.4)

w here: A j,  Á ,  = d o w n s tre a m  and ups tream  area, respec tive ly , o f th e  flo w  n o rm a l to

the  cross se c tio n ; NSS = to ta l num be r o f subscctions across each cross section; Kị =
le n g th *w e ig h te d  subsection  conveyance; 1^ = le n g th  o f th e  j lh s t r ip  be tw een 
subsections; n  = M a n n in g 's  roughness coe ffic ien t; Q = w a te r d ischarge  and H ;. R2 = 

dow nstream  «ancỉ u p s tre a m h y d ra u lic  ra d iu s , respective lv .

E n e rg y  losses due to  con s trac tions  and expansions a re  com pu ted  by the  

fo llo w in g  e q u a tio n :

2

h o = C ,.
a2VỈ q,v, 

2 g
(2.5)

w te re : C( = lo»ss c o e ffic ie n t fo r expansion  o r constrac tiơ n .

2.2 T h e o r e t ic a l  B a s is  fo r  Sedirnent C a lcu la t io n s

S e d im e n t tra n s p o r t ra te s  are ca icu la ted  fo r cach flo w  in  the  h y d ro g ra p h  fo r 

ea;h g ra in  s ize . The tra n s p o r t p o te n tia l is ca lcu la ted  fo r each g ra in  s ize  class in  the  

beJ as th o u g h  th a t  a re  co m prised  1 0 0 ° o  o f the  bed m a te r ia l. T ra n s p o rt p o te n tia l is
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th e n  m u lt ip l ie d  by th e  íra c t io n  o f each size class p re sen t in  th e  bed a t th a t  tim e  to 
y ie ld  th e  tra n s p o r t  c a p a c ity  fo r th a t  size class. These ÍY actions o fte n  change 
s ig n if ic a n t ly  d u r in g  a tim e  step , th e re fo re  an ite ra c tio n  te c h n iq u e  is used to  p e rm it 
these changes to  c ffe c t th e  tra n s p o r t capac ity .

T h e  se d im e n t t ra n s p o r t  íu n c tio n  fo r becỉ m a te r ia l load is se lected by user. 

T ra n s p o r t íu n c tio n s  a v a ila b le  in  the  p rogram  are  th  fo llo w in g :

T o ffa le t i ’s (1966) tra n s p o r t íu n c tio n

M adden 's  (1963) m o d ií ic a tio n  o f Laursen 's  (1958) re la t io n s h ip  

Yang 's  (1973) s tre a m  povver fo r sands 

D uboys' t ra n s p o r t  fu n c tio n  (V anon i 1975)

A ckers-V V h ite  (1973) tra n s p o rt fu n c tio n

C olby (1964) tra n s p o r t  fu n c tio n

T o ffa le t i (1966) and  S chok litsch  (1930) co m b in a tio n

M e y e r-P e te r a n d  M u lle r  (1948)

T o ffa le t i a nd  M e ye r-P e te r and  M u lle r  to m b in a tio n

M adden 's  (1985, unpub lished ) m o d ií ic a tio n  o f L a u rs e n 's  (1958) 

re la t io n s h ip

M o d if ic a t io n  by  A r ia th u ra i and K rone  (1976) o f P a rth e n a iđ e s ' (1965) 

m e thod  fo r scou r and K rone 's (1962) m e thod  fo r d e p o s itio n  o f cohesive 

sed im en ts .

C ope land 's  (1990) m od iíìca tion  o f L a u rsen 's  re la t io n s h ip  (C ope land and 

T ho m as 1989)

U se r s p e c if ic a tio n  o f tra n s p o rt coe ffic ien ts  based upon observed  da ta .

T h is  research  is chosen Yang*s sed im ent tra n s p o r t fu n c t io n  to  c a lcu la te  th e  

unm easu red  s e d im e n t in p u t  fo r H E C -6 m odel. T h is  is h is  u n i t  s tre a m  pow er 

e q u a tio n  (Yang, 1973), nam e ly :

w here : C t8 =  to ta l sand  co n ce n tra tio n  (in  ppm  by weight);co = te rm in a l fa ll ve lo c ity ; 

d = m e d ian  sieve d ia m e te r  o f sed im en t p a rtic le s ; V = k in e m a tic  v iscos ity ; 

g = g ra v ita t io n a l a cce le ra tio n ; v s  = u n it  s tre a m  povver and V crS = c r it ic a l u n it  
s tre a m  pow er re q u ire d  a t in c ip ie n t m otion.

V (0
(2.6)
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The basis fo r  a d ju s tin g  bed e levn tions fo r scour o r d e p o s itio n  (s im u la t in g  

v e r t ic a l m ovem e n t o f th e  bed) is tho  c o n tin u ity  eq ua tio n  fo r se d im e n t m a te r ia l 

(E x n e r equa tio n ):

2 .  , B r  •
cĩ

0 (2.7)

w h e re :B u = w id th  o f m ovab le  bed; t  = tim e ; G = average se đ im e n t d ischa rge  ( f t  Vsec) 

ra te  d u r in g  t im e  s tep  A t ; X = đ is tance a long the  channe l and  Y s = d ep th  o f 

sed im e n t in  c o n tro l vo lu m e .

E qu a tio n s  2 .8  and  2.9 rep resen ts  E xne r equa tion  expressed in  f in i te  d iffre n ce  

fo rm  fo r p o in t p  u s in g  th e  te rm s  shown in  F ig u re  2.2

G , ~ G .  Bsp(Ysp- Y sp)G , -  G u t 
0.5fLt + L„) r At

= 0 .

sp Y --------—
(0.5)B 5P

G ạ - G ,  
+ L u

(2 .8 )

(2.9)

where:B*p = w id th  o f m ovable 

bed a t p o in t P; G U1 G d = sed im en t 
loacis a t th e  u p s tre a m  and 

dow nstream  cross sections, 

respective ly ; L u, L d = u p s tre am  
and dow nstream  reach  leng ths , 

respective ly , betvveen cross

sections; Ysp,Y jp =  d e p th  o f

sed im en t before and  a f te r  t im e  
step, respec tive ly , a t  p o in t P; 0.5 
= the  "vo lu m e  shape  fa c to r"
w h ich  w e igh ts  the  u p s tre a m  and dow nstream  reach le n g th s  and At = c o m p u ta tio n a l 

tim e  step.

3. Simulation of changes of red river system proílles using HEC-6 model

3.1 Collectecl da  ta

Research r iv e r  reach  is Da r iv e r  reach (from  Hoa B in h  to  T h a o -D a  con fluence) 

and Red r iv e r  reach  ( fro m  Thao-D a confluence to  H ano i). The  fo llo w in g  d a ta  has 

been co llected to  s im u la te  changes in  th c  p ro íĩle  o f th is  r iv e r  reach:

• Geometric  d a ta :

47 cross sec tions  (fro m  1 to  47) in  Da r iv e r  reach ( fro m  H oa B in h  to  Thao- 

Da conAuence) sounded in  1992.
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17 cross sections (from  48 to  64) in  Red r iv e r  reach  fro m  Thao-D a 

coníluence to  H a n o i sounded in  1992.

10 cross sections in  Thao r iv e r  (from  Y en B a i to  T h a o -D a  confluence) 

sounded in  1992

6 cross sections in  Lo  r iv e r  (fro m  V u  Q uang to  V ie t T r i)  sounded  in  1992

2 cross sections in  D uong r iv e r  sounded in  1992

Thalvveg p ro íìle s  o f  Red r iv e r  (fro m  Hoa B in h  to  T h a o -D a  conAuence) 

sounded in  1992, 1994, 1997

• Hydrological d a ta :

- F low  data : da i ly  average w a te r d ischarges in  yea rs  fro m  1988 to  1998 a t Ha 

N oi and  Son Tay s ta tio n s  in  Red r iv e r ,  T huong  C at s ta tio n  in  D uong  r iv e r ,  Yen B a i 
s ta tio n  in  Thao r iv e r , Hoa B in h  s ta tio n  in  Da r iv e r  and V u  Q u ang  s ta tio n  in  Lo 

r iv e r .

- W a te r leve l: d a ily  average vvater leve l in  1993 ye a r a t Son Tay s ta tio n  and in  

yea rs  fro m  1988 to  1998 a t H an o i s ta tio n .

- W a te r te m p e ra tu re : m o n th ly  average vvater te m p e ra tu re  o f p e r io d  fro m  1988 

to  1998 a t G s ta tio n s : Hoa B in h , Yen B a i, , V u  Q uang, Son T ay, H a n o i, T h uong  C at, 

s ta tio n s .

•  Sed im en t d a ta :

- D a ily  average suspended se d im e n t co n cen tra tio n s  and  d ischa rge s  yea rs  from  

1988-1996 a t 7 s ta tio n s : H oa B in h , Y en  B a i, V u  Q uang , Son T a y , H a n o i, T huong  
Cat.

• M o n th ly  average g ra in  size co m p os itio n  o f suspended s e d im e n t a t 7 s ta tions : 

Hoa B in h  (64-70, 72-75, 77-78), Yen B a i (64-70, 72-75, 77), V u  Q u a n g  (65-70, 72-75, 

77-78) , Son Tay (65-70, 72-75, 77-78), H a N o i (65-70, 72-75, 77 -78 ), T huong  C at 
(65-70, 74, 77).

- G ra in  size g ra d a tio n  cu rve  o f  suspended se d im e n t and  ta b le  o f g ra in  

com pos ition  percentages co rrespo nd in g  to  g ra in  d ia m e te rs  a t cross sections: 2 in  Lo 

r iv e r ;  10 and 37 in  Da r iv e r ;  1 in  Thao r iv e r ; 54, 63, 70 in  Red r iv e r  a n d  2 in  D uong 
r iv e r  (surveyed in  O ctober 1996).

- G ra in  size g ra d a tio n  cu rve  o f bed sed im en t and  ta b le  o f g ra in  com position  

percentages (%) co rresp o n d in g  to  g ra in  d iam e te rs  (m m ) su rveyed  in  M a y  1996 a t 
cross sections 63, 65, 67 in  Red r iv e r  and cross section  4 in. D uong  r iv e r  

(dovvnstream  o f T h u o n g  C a t s ta tio n ).



S im u la t io n  o f  ch n n g e s  o f  Red r iv e r  systern. 75

3.2 C o in p iita lio n a l scheine

D epend ing  on th e  data 

a v a ila b i l ity ,  h yd ro lo g ic  s ta tio n s  and 

p r in c ip le s  used in  H E C -6 m ođel, the 
w ho le  research  r iv e r  netvvork is 

sch e n iă tica lixe d  in  íìgu re  3.1.
U ps tre am  b o u n d a rie s  used in  the 

m odel are H oa B in h , Yen Ba i, Vu 

Q uang and T h u o n g  C a t s ta tions .
D ovvnstream  b o u n đ a rie  is  H ano i 

s ta tio n . C o m p u ta tio n a l scheme fo r 

th e  r iv e r  ne tvvork cons is ts  o f 1 m a in  
r iv e r  and 3 t r ib u ta r ie s  vvith to ta l 82 

cross sections. M a in  r iv e r  o f the 

c o m p u ta tio n a l schem e is Red r iv e r  

reach w ith  dovvnstream  bounda ry  is 
H ano i h y d ro lo g ic a l s ta ion  and 

ups tream  is  H oa B in h  hyd ro log ica l 

s ta tio n . The f i r s t  t r ib u ta ry  
( t r ib u ta ry  o f d iv is io n  w a te r) o f the 

co m p u ta tio n a l schem e is D uong 

r iv e r  reach w ith  u p s tre a m  boundary  

is flow  d iv is io n a l p o in t betvveen Red
r iv e r  and D uô n g  r iv e r  and Fiẽure 3.1. C o m p u ta tio n a l scheme o f Red 

dovvnstream  b o u n d a ry  is T huong  r iv e r  n e tw o rk  (research reach)

Cat hyd ro lo g ica l s ta t io n . The seconti
tr ib u ta ry  o f th e  c o m p u ta t io n a l s c h e m e  is Lo  r iv e r  reach w ith  d o w ns trea m  boundary  

is ju n c tio n  o f  Red r iv e r  and Lo r iv e r  and u p s tre am  b o unda ry  is V u  Q uang 
hyd ro log ica l s ta t io n . T h e  th ir d  t r ib u ta ry  o f the  co m p u ta tio n a l scheme is Thao  r iv e r  
reach vvith u p s tre a m  boun da ry  is Vu Q uang h yd ro lo g ica l s tá tio n  and  dovvnstream  

boundarv is T h a o -D a  confluence.

3.3 I n p u t  d a ta

In p u t da tn  f i le  o f H E C -6 is o rgan ized  in to  3 g roups: th e  f i r s t  g roup is 

geom etric da ta , th e  fo llo w in g  group is sed im en t d a ta  and the  la s t g roup  is 

hyđ ro log ica l d a ta . G eom e tric  da ta  is a rranged  in  fo llo w in g  o rde r: th e  p o s itio n  o f 
local ju n c tio n  a nd  d iv e rs io n  po in ts  in  th e  r iv e r  netvvork, th e  p o s it io n  o f cross 

sections in  th e  r iv e r  netvvork, the  geom etrv o f cross sections (coo rd ina te  p o in ts  o f 

crcss sections a nd  th e  d is tances between cross sections), th e  va lues o f M a n n in g 's  

roughness n in  cross sections (inc lude  M a n n in g ^  n va lues  o f th e  m a in  channe l and 

overbank areas) a n d  conveyance lim its  o f channe l a t cross sections. S e d im e n t da ta
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in c ludes  f lu id  and sed im e n t p rope rties , th e  in f lo w in g  se d im e n t load d a ta , th e  
g ra d a tio n  o f m a te r ia l in  th e  s tream  bed, th e  tra n s p o r t ca p a c ity  re la t io n s h ip  and 

u n it  vveights o f deposited  m a te r ia l. H yd ro lo g ica l d a ta  inc lu d es  vvater d ischarges, 
te m p e ra tu re s , dow n s tre a m  w a te r su rĩace  e leva tions  and flo w  d u ra t io n .

3.4  I n i t i a l  a n d  b o u n d a r y  c o n d i t io n s

I n i t ia l  c o n d itio n  is cross section geom etry  o f r iv e r  segm ents in  co m p u ta tio n a l 

scheme a t th e  t im e  th a t  co m p u ta tio n  is s ta rte d . M easured  geom e tric  d a ta  o f 82 
cross section  in  c o m p u ta tio n a l scheme in  1992 is used as th e  in i t ia l  co n d itio n . T h is  
da ta  is  rep resen ted  in  co o rd ina te  p o in t fo rm  (s ta tio n s , e lv a tio n s ) o f p o s itio n s  in  

cross sections in  th e  o rd e r from  th e  le f t  to  th e  r ig h t  (dovvnstream ). The e leva tion s  
may be pos itive , zero o r n ega tive . The cross sections are a rra n g e d  fro m  dow ns tream  

to up s tre am , s ta r t in g  fro m  cross sections o f  th e  m a in  r iv e r ,  th e n  to  cross sections o f 

th e  t r ib u ta ry  r iv e r .

In  a r iv e r  system  th e re  are th re e  types o f b ounda ries : u p s tre a m , dovvnstream  

and in te rn a l. The u p s tre a m  and  dovvnstream  bounda ries  a re  a t th e  cross sections 

th a t a re  m ost u p s tre a m  and m ost dovvnstream , re sp ec tive ly , on  a s tream  segm ent. 

There  are  th re e  types o f in te rn a l boundaries : a loca l in f lo w , a t r ib u te ry  ju n c t io n , 

and a h y d ra u lic  c o n tro l p o in t. There  are also th re e  b o un d a ry  c o n d it io n s  th a t  can be 
prescribed  by H E C -6 : w a te r d ischarge , sed im en t d ischa rge , and  su rface  e le va tio n  

(stage). The w a te r and sed im en t d ischarges m u s t be de íìn e d  a t each u p s tre am  

bo un da ry  and a t each loca l inílovv p o in t. S tage m u s t be p resc ibed a t the  
dovvnstream  boun d a ry  o f th e  p r im a ry  s tre am  segm ent; and  i t  can  be p re c rib e d  a t 
h y d ra u lic  c o n tro l p o in ts . In  s tudy  r iv e r  netvvork th e  u p s tre a m  b o u n d a ry  co n d itio n s  

inc lud e  w a te r d ischarge , sed im en t d ischarge and d a ily  average te m p e ra tu re  a t Hoa 
B inh , Yen B a i, V u  Q uang  and T huong  C at s ta tio n s . The  dovvnstream  b o und a ry  

co n d itio n  is d a ily  average stage (vvater suríace  e le va tio n ) a t H a n o i s ta tio n . The 

co m p u ta tio n a l t im e  step is one day.

3.5  M o d e l  c a l i b r a t i o n

H E C -6 m odel s im u la te s  changes o f r iv e r  p ro file s  com b ined  u s in g  th re e  models: 

hycừaưlics m odel, se d im e n t tra n s p o r t model and m o rp h o lo g ic  m odc l. H y d ra u lic s  
model is used to  com pu te  w a te r suríace  p ro íìle  a t each t im e  step. S ed im en t 

tra n s p o rt m odeỉ is used to  com pute  sed im en t tra n s p o rt d isch a rg e  across each cross 

section in  c o m p u ta tio n a l schema a t each tim e  step. M o rp h o lo g ic a l m odel is used to 
com pute changes o f r iv e r  bed e leva tions  fo r scour o r d e p o s itio n . P a ra m e te rs  needed 

c a lib ra tio n  in  H E C -6  a re  m a in ly  pa ram e te rs  o f  h y d ra u lic s  m odel, th a t  are 

M a rm in g ’s roughness co e ffic ien ts  o f r iv e r  bed, le f t and  r ig h t  o ve r banks .

T he  s tu d y  used h vd ro lo g ica l and se d im e n t tra n s p o r t d a ta  in  1993 to  c a lib ra te  

h y d ra u lic  and se d im e n t tra n s p o r t m odel.
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T h e  c a l ib ra t io n  process o f h y d ra u lic  m ode l is c a r r ie d  o u t as fo llow s :

* Preliminary selection a set of roughness coefficients at all C )f cross sections in 
com p u ta tion a l schcm e. This preliminary selection is carried out on experience: 
se lec tion  ro ư g h n ess  coefficients fronì 0.1 to 0 .15 for over bank part and from 0.022  
to 0 .042  for river bed part.

- Using H EC -6 model, in turn smulation hydraulcs with the selected set of 
hydrau lics  p aram eters  in condition that the channel is regarded fixed channel. 
Input data  of hydraulics  are daily average w ater d ischarge of Hoa Binh, Yen Bai, 
Vu Q uang, T huong Cat sta tion s  and daily average stage  (w ater suríace e levation) at 
Ha noi s ta t io n  in 1993. R esu lts  of hvdraulics s im ulation  are the s tage  at all of cross 
sections in th e  com pu tation al sch em e at each tim e step.

- T ak e  Son T a y  sta tion  in  Red river (section 54) to  make control section . From 
hyciraulics s im u la t io n  resu lts  w ith  the selected set of param eters , extraction and 
d ra w in g  021 g ra p h  c o m p u te d  d a ily  average stage Ị)rocess a t Son T ay  s ta tio n  1993. 

C om parison it vvith m easuređ  daily average s tage  process at Son Tay station  1993 
and e s t im a t io n  agree  level by Nash norm.

After a lot of try and error tim es with many different couples of river bed and 
over bank roughn ess  coeĩricients, the study selected a couple of river bed and over bank 
roughness coefficients that results in the best hvdraulics sim ulation  result: river bed 
roughness coefficient is 0.029, left and over bank roughness coeííicients is both equal
0.10. With th is  set of hydraulic parameters, effective level o f  the model computed on 
Nash norm is the highest (98.9%) and the forms of com puted and measured water 
suface e levation  process graph agree highly each other (Figure 3.2).

Stage (m)

Kigurc 3.2
Compiitcd and meastiriđ dail V slage proccss al Son Tav station ỉn 1993
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Accuracy o f  s ed im e n t  transport s im ulation  of river network depends on 
accuracy of hydraulic  s im u la t ion  results , on accuracy o f  d efin it ion  param eters  of  
sed im en t transport m ođel and selected  sed im ent transport function. The study  
d eĩin ed  carefu lly  p aram eters  o f  sed im ent transport m odel bas ing  oneself  on 
collected  data, s e lec ted  Yang's sed im ent transport function and ran sed im en t  
transport model u s in g  th e  set of hydraulic param eters  th a t  selected  vvhen 
calibration  hydrau lic  m odel. The sim ulation  resu lts  are daily  sed im en t  d ischarges  
across each cross sec t io n  in com putational schem e in 1993. From th ese  results, th e  
stuciy extracted  daily  scd im en t discharge process data across  cross section  of Son  
Tay station , drew con ìb inative lv  com puted and m easured d aily  sed im en t d ischarge  
process graphs at Son Tay station  in 1993 on th e  sa m e  coord inate  system , and  
estim atecl e ffective  leve l of sed im ent transport model on N a sh  norm. T h ese  resu lts  
show ed  th a t com pu ted  and  m easured sed im ent d ischarges agree  rather  each oth er  
(F igure 3.3), effective  level com puted on N ash norm reachs 0 .76.

Sedimcnt d isch argc R  (kg/s)

F igure 3.3. C om puted and measured da ily  sedim ent discharge process graphs a t Son
Tay s ta tion  in  1993

3.6 M o c ỉc l  v c r i f i c a t i o n

M orphological m odel is s im ulated  based on com pu tation al sch em c estab lished  
for hydraulic  model w ith  u lt im ate  hydraulic and sed im en t  param eters . River 
thalvvegs m easuređ  in 1994 of reach from Iioa Binh to T ru n g  Ha. and  in 1997 of  
reach from ỉ loa Binh to Ma Noi are used to verifv th e  m odel. Inpu t data is daily  
average d ischarge  from 1992 to 1997. T he rcsults  include: total sed im en t discharge
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inílovv and outflow  each river reach for each grain tvpe at each tim e step , quantity  
o f scour or deposition  sed im ent on each river reach at each t im e  step , w ater  surface  
and river ỉ)ecỉ e lev a t io n s  at cross sections of com putational sch em e  at each tim e  
step . totnl sed im en t discharge from tributaries inflow m ain  river and outflow main  
river, total scour and deposition sed im en t quantity over stud y  river reach.
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R esu lts  of com parison  betvveen com puted  and m easured  thalvvegs of D a  river 
reach from Hoa Binh to T rung Ha in 1994 and Red river reach from Hoa B in h  to Ha 
Noi in 1997 are sh o w n  in  F igures  3.4 and 3.5. T hese  figures shovv th at com puted  
river th a lw eg  agree  ra th er  vvith m easured river thalw eg. E ffective  level of the  
model com pu ted  on N a sh  norm  of 1994 reachs 0.93 and of 1997 reachs  0.87.

3 .7  S im u la t i o n  c h a n g e s  o f  R ed  r i v e r  bed to  2032

The resu lts  of m odel ca libration  and verification show  th a t  HEC-6 m odel with  
th e  set  of se lec ted  op tim al p aram eters  can use  to s im u la te  c h a n g e s  of Red river bed 
in th e  future.

W ith in tin ia l condit ion  is  m easured  river bed proíìle in  1992, th e  Symbolic 
w ater  d ischarge p rocesses  (average of 11 years  fom 1988 to 1998) at Hoa Binh, Yen  
Bai, Vu Q uang, T huon g  C at s ta tion s  are th e  upstream  b ou n d ar ies  and the sym bolic  
s ta g e  processes  (a verage  of 11 years  fom 1988 to 1998) at H a Noi s ta t io n  is the  
dovvnstream boundary, th e  study s im u la ted  changes of Red r iver  bed to 2032. The  
rersu lts  are shovved in F igure 3.6. These resu lts  show  that:

Deep scour phenomenons resulting from regulating eíTect of Hoa Binh reservoir 
happen almost only in Da river and transmit only to Trung Ha station.

The deep scour speed in  Da river reduces gradually (See table 3.1). Da river 
bed will becom e gradually stability (to reestablish th e  n ew  balance State).

Figure 3.6. Predited result of Rccỉ river bed changes to 2032 
(reach from Hoa Binh to Ha Noi)

T a b le  3.1 A verage deep scour speed at som e cross section in d e íử e n t  period (m/year)

Cross section 1992 - 2002 2002 - 2012 2012 - 2022 2022 - 2032
Section 5 0.380 0.168 0.062 0.000
Section 18 0.061 0.003 0.001 0.000
Section 48 0.021 0.017 0.014 0.013
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M Ỏ  PHỎ NG  D IỄ N  B IẾ N  LÒ N G  D AN  H Ệ  T H Ố N G  SÔNG H ồ N G  

B ẰN G  M Ỏ  H ÌN H  H EC -6 
(Đ oạn sông  Đ à từ  Hoà B ìn h  đến  ngâ ba T h a o  Đ à 

và  đoạn  sông  H ổ n g  từ  ngả ba T h a o -Đ à  đến  Hà N ô i )

Nguyển Thi Nga

K h o a  K h í  tượng T h ủ y  v ă n  & Hải d ư ơ n g  học  
Đ ạ i học K h o a  học T ự  n h iê n , Đ H Q G  H à  N ộ i

v ỏ i  hai nhiệm  vụ  quan trọng hàng đầu là phát đ iện  và  phòng lù cho hạ du, từ 
khi vận hành, hồ Hoà Bình đà và đang đem lại nh ử ng lợi ích hết sức to lớn nhưng  
củng đă và đang gãy ra những thay đổi khá bất lợi như bồi lan g  lòng hồ, xói cục bộ 
hạ lưu đập và xói lan truyền  vê hạ du... Đánh giá, mô phỏng và dự báo các thay đỏi 
sau khi xây dựng các công trình trên sông  đê c!ê xuất các biện pháp hạn  chê các 
th iệ t  hại luôn là đề tài cấp th iế t  và có ý  nghĩa thực t iễn  lốn. Công cụ hữu hiệu và 
kinh tê (lể giải quyết các  dể tà i này là mô hình toán.

HEC-6 là mô h ình  sô thủy động lực một ch iều  trong lòng dẫn hở có biên di 
động được Trung tâm  Kỹ th u ậ t  Thủy văn Hoa Kỳ th iế t  kê để mô phỏng và dự báo 
các thay đôi trong trắc diện dọc sông do xói hoặc bồi trong các thời đoạn vừa.

Bài báo này n gh iên  cứu ứng dụng mô hình HEC-6 để mô phỏng diễn biến lòng  
sông Dà phía hạ lưu đáp Hoà Bình (đoạn từ  Hoà Bình đên ngã ba T hao-Đ à) và lòng 
sông Hồng (đoạn từ  ngã  ba Thao-Đà đến Hà Nội). Kết quả h iệu  chỉnh và kiểm định  
mỏ hình cho thấy mô hình HEC-6 vói bộ thông s ố  tôi ưu đà lựa chọn có th ể  sử dụng  
dể mô phòng diẻn biên lòng sông Hổng trong tương lai VỚI mức độ chính xác có the 
chấp nhận được. Kết quả mô phỏng (liền biến đáy sôn g  H ồng bằng mô hình HEC-6  
vối bộ thông sô đả lựa chọn vỏi điểu kiện ban đầu là lòng sôn g  H ồng đo đạc năm
1992, điêu kiện biên trên  là đường quá trình lưu lượng điển  hình (dạng trung bình  
n h iề u  năm  th ờ i kỹ 1988-1998) của  các t rạ m  Hòa B ìn h , Y ên  B á i, V ụ  Q u a n g , Thư ợng 
Cát và điếu kiện biên dưới là đường quá trình mực nước đ iển  hình (ciạng trung bình  
n h iê u  năm  th ờ i kỳ  1988-1998) của  trạ m  H à  N ộ i cho th à y :

• Hiện tượng xói sâu  do ảnh hưỏng điêu t iế t  của hồ Hoà B ình chủ yêu  chỉ xảy
ra trên sông Đà và chỉ lan truyền  đên trạm thủy văn T rung Hà.

■ Tốc độ xói có xu hướng giảm  dần. Lòng sông  Đà dần dần trở nên ổn định (lập
lại trạng thái cân bằng mói).


