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Tém tat: Bai bdo trinh bay mét s6 két qua nghién ciru, lwa chon cong thirc tinh todn vdn chuyén
bun cat phir hop doi véi séng Hong. Trén co so kiém nghiém va danh gia cdc cong thirc phé bién
nhdt dang dwoc tinh hop trong cdc b cong cu mé hinh todn thiy lwc hinh thai mét chiéu (1D).
Két qud nghién cuu voi 13 ham vin chuyén bun cat trén mé hinh MIKE 11ST, da xac dinh dwoc
cdc céng thirc tinh todn bin cdt tong céng, bun cdat dday va bin cat lo limg phit hop nhdt cho
doan séng Hong tir ngd ba Thao Pa dén cira Ba Lat.

Summary: This paper will research results, select a formula to calculate sediment transport
suitable for the Red River. Based on testing and evaluation of the most common formula used to
calculate in 1D morphological hydraulics calculating tool set. The results of 13 sediment
transport formulas on MIKE 11ST model, researchers have identified a formula to calculate the
total sediment, bottom sediment and suspended sediment suitable for a part of the Red river from

Thao Pa confluence to Ba Lat estuary.

I. PAT VAN PE

Tinh toan van chuyén bun cat trong song la
mot van dé ¢t 16i dé nghién ctru quy luat dién
bién hinh thai long dan. Viéc nghién ciru, phat
trién va tmg dung cac cong thirc tinh toan van
chuyén bun cat cho dén nay van nhan dugc su
quan tdm cta cac nha khoa hoc trén thé gigi
véi su hd tro cua cac thiét bi do dac, thi
nghiém, tinh todn md phong hién dai. Ngay
nay voi su phat trién manh mé cua nganh dién
toan voi cac thudt toan giai sb6, nhiéu hé
phuong trinh vat ly va toan hoc phuc tap da
dugc mo6 phong thanh cong thong qua céc
chuong trinh may tinh di¢n tir, trong do c6 céc
cong thic thyc nghiém vé tinh toAn mé phong
quéa trinh van chuyén bun cat cia dong song,
mot s6 cong thirc di duoc tich hop vao cac
phan mém tinh toan thong qua cac mé hinh
toan 1D, 2D hogc 3D. C6 thé ké dén cac mo
hinh todn dién hinh nhu: Mikel1ST,
Mike21ST, Mike21C, Hec6, Wendy, Delft,
GSTARS, EFDC,... Viéc su dung cac mé hinh
toan dé tinh toan mo phong qua trinh van
chuyén bun cat ¢6 vu diém 1a cho két qua tinh

toan nhanh va c6 thé mé phong véi nhiéu cong
thire tinh khac nhau.

Trong nghién ctru nay, ching t6i da su dung
bd mod hinh toan thuy lyc hinh thai mot chidu
MIKE 11ST dé tinh toan kiém nghiém va danh
gia sy phtt hop cua 13 ham van chuyén bun cét
dang duoc str dung phd bién hién nay. Bai bao
trinh bay cac Kkét qua nghién ctru, lya chon
cong thic tinh toan bun cat tong cong, bun cat
day va bun cat lo Iung phu hop cho doan séng
Hong tir ngd ba Thao Pa dén cira Ba Lat.

I. TONG QUAN VE TINH TOAN VAN
CHUYEN BUN CAT TRONG MO HINH
MIKE 11ST

2.1. Gié6i thi¢u vé md hinh MIKE 11ST

M6 hinh MIKE 11 dugc Vién thuy luc Pan
Mach (DHI) xdy dyng va phat trién, cdu tric
ctia MIKE 11 gom mé hinh 13i thuy dong luc
MIKE 11HD va cac m6 dun tinh toan chuyén
d& khac nhu: Dy béo 1t MIKE 11FF, tai khéch
tan MIKE 11AD, chit luong nuéc MIKE
11WQ, mua dong chay MIKE 11RR va mo
dun van chuyén bun cat MIKE 11ST. Pay la
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bd cong cu mo hinh toan thuy luc hinh thai 1D
hién dai, co thé su dung dé tinh toan, md
phdng cac qua trinh myc nude, luu lugng, chét
lugng nude va van chuyén bun cat ¢ cira song,
trong song, trén hé thdng kénh dan. Vi nhiing
vu diém n6i bat nhu giao dién thén thién, linh
hoat va c6 tdc do tinh toan nhanh, hién nay mo
hinh MIKE11 dang duoc sir dung rat phd bién
& trong nudc va trén thé gioi.

2.2. Céc cong thirc tinh vin chuyén bun cat
trong Mike 11ST

a. Céng thiic tinh van chuyén biin ct lo ling:
1. Cong thirc Engelund — Fredsoe (1976):
Cong thtc van chuyén bun cia Engelund &
Fredoe (1976) trinh bay chi tiét moi quan hé
gitta van chuyén bun cat véi do0 nham dong
chay. Trong cong thic cua Engelund -
Fredsoe bl:m cat lo Iung g dqu tinh toan dua
vao van toc tirc thoi u va hé so tap trung luu
lugng bun cat lo lung c:

D

g, = [ cudy (1)

a

Trong d6: D: d6 sau cua dong chay, a: chiéu
day 16p hoat dong ctia bun cat c6 thé xac dinh
xap xi bang 2d véi d 1a dudng kinh hat bun
cat, ¢: hé sb tdp trung luu lugng bun cat lo
ling tai khoang cach y tinh tir day song.

u: van toc tic thoi tai khoang cach y so véi
day, dugc xac dinh bang cong thuc:

30y

u=2.5u", In(— (2)

Trong do:

u',: Van tbc ma sat va d6 nham cat tuong
duong,

y: khoang cach so voi day,

k: khong vuot qua 2,5d.

c: Hé s6 tap trung luu luong bun cat lo ling tai
khoang cach y so véi day.
-y 9

D
c=ca

( y D-a
w/(0,4u’y)

2
J voi z 1a sO Rouse, z =

w: 1a van toc lfmg cua chit lo lung, phu thude
vao duong kinh hat, dugc xac dinh:

1 G—1)gd?
i8° v

—{1ov 0.01(s — 1)gd?p™®
w T{IH#I} wiol<d<imm (3)

11[G — 1)gd]*® véi 1mm < d

vl d << 0,1mm

2. Cong thuec Van Rijn:

Cong thirc VanRijn, luu lugng bun cat lo lung
duoc tinh nhu sau:

qs =F.uD.c, 4)

Trong d6: u: van toc dong chay trung binh, D:
d6 sau dong chay,

ca. duoc mo ta nhu la ham b cua duong kinh
hat D+ va tham so trang thai van chuyén T.

*

ca= 0,015 vOi:

D.=d {(S—l)gr N e G s
* M50 2 2 - ] 2
v (u f,cr')

Trong do: u’, : Uing suat day; u’e: Ung suat téi
han; s: néng dd bun cat; g: gia tdc trong
truomg; a= 0,01D; v: d§ nhdt dong hoc cua
nudc.

F: duogc xac dinh bdi cong thirc:

1

)

- { a T’ 12-7
1-=
D

3. Cong thirc Ashida va Michiue Model:

Trong cong thic cua Ashida va Michiue bun
cat lo ling duogc tinh toan theo phuong trinh:

qy =qCa; l(l + %U_VF)JAl + %u_JAz (5)

V6i qs: dong chdy bun cat trén mét don vi
chiéu rong 10ng din (m’/s/m), q: luu luong
don vi (m’/s/m) (=V.R), Ca: (khong tht
nguyén) duoc xac dinh bang;

C, = o,ozs{w—
4

0

G(fo)}
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Al va A2 duwoc tinh toan theo cong thikc:

z 1 z
a 1
A = ——1|d
1 |:h_a:| av!-h|:77 i| 77
a | 1 :
A, = Inn|—-1| d
’ [h—a} J 77[77 } 7

alh

Trong d6 h la chiéu sau dong nudc, a=0.05h,
va chi s0 z dugc xac dinh tor phuong trinh
z=a)0/(1.2Ku'f)Véi K 1a hiang s6 Karman
(x=0.4).

4. Cong thuc Lane — Kalinske:

Cong thuc Lane & Kalinske tich hop trong mo
hinh MIKE 11 tinh toan van chuyén bun cét lo
ling dya trén cac nghién ciu cta Lane &
Kalinske. Cong thic van chuyén bun cat lo
limg c6 dang:

PS

s10° (6)

Trong do6: q 1a luu luong don vi, C, dugc xac
dinh boi:

1.61
uV
C, =5.55| 11X L exp] —(Loy:
2 w, u',

Trong do:

qs = qCO

+u’g van tdc ma sat,

+ mo: Sy suy giam van toc

o, =1/(s—1)gd(,l%+zg—§—\/§)

Véi: s: ndng d6 bun cat day, g; gia toc trong
truong (m’/sm), d: dudng kinh hat bun cat day
(mm), v: d nhot dong hoc cua nudce

Ps duoc xac dinh bang cach tich hop cac
phuong trinh:

1
I {1+L(1n77}exp(—15'w0 anﬂ
0.05 K(/) u S

|14 o A LA . <
¢ =—— v6i V la van toc trung binh qua mat
u
S
cat, k 1a cac hang s6 von — Karman = 0,4.

P*:
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b. Céng thikc tinh vdn chuyén bun cdt ddy:

Khi céac diéu kién dong chay dat hodc vuot qua
tiéu chuan khoi dong, cac hat bun cat s€ bat
dau chuyén dong doc theo ddy bdi tich.
Chuyén dong ciia cic hat bun cat dudi cac
dang lan, trugt hoac nhay coc doc theo day
duogc goi 1 van chuyén bun cat day. Cac cong
thire tinh van chuyén bun cat day thuong duoc
dung trong MIKE 11ST:

1. Cong thirc Engelund — Fredsoe:

Cong thic tinh van chuyén bun cat day cua
Engelund & Fredsoe (1976) chi & méi quan
hé gilta van chuyén bun cat vdi d6 nham dong
chay. Cong thurc c6 dang:

b=5[1+(x/6B)/(0" ~0,.)) 414/(8") ~0.70,.)  (7)
Trong do: 0’: umg sudt kéo tai day, O .. ing
suat kéo toi han; p: hé so ma sat dong; d:
duong kinh hat trung binh;

2. Cong thurc Van Rijn:
Cong thirc VanRijn van chuyén bun cat day
duoc tinh nhu sau:

(,b=(0,05T'2,)/(D,*"0,3) (8)

Trong do: D+ la duong kinh hat khong thir
nguyén, T: thong so van chuyén. (xdc dinh nhw
muc 2a)

3. Cong thirc Meyer-Peter va Muller:

Ham van chuyén bun cat day cia Mayer —
Peter va Muller trong Mike 11 duoc xac dinh
nhu sau:

@b = 8(Oer— 0,047)" 9)

Trong d6 O 1a Ung suét cit hiéu qua, dugc
xac dinh theo cong thuc:

0 0 \O7
_ eff _ o By
O = > Uggp = Ug
(s—D)gd n

Véi u'f luu tdc ma sat, n hé s nham, np
=0,0192 dj, , doo 1a dudng kinh tmg véi tung
d6 90% ctia dudong cong cp phdi hat bun cat.
4. Cong thirc Asida and Michiue:

Mb hinh van chuyén bun cat day cua Asida &
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Michiue dua trén quan hé giita van chuyén bun
cat day voi toc do ma sat day, luc can day, ung
suat trugt day.

Phuong trinh van chuyén bun cat day theo
cong thiic cia Asida & Michiue c6 dang:
u,,’

rar [yt | [y
(s—Dg w? S\ (10)

Vi u’g toc dd ma sat, u’p.: toc dd ma sat gioi
han lay tir tuong quan Shield’s, W¢esr: toc do
ma sat hi¢u qua tinh ra tir cong thure trén.

q,=17.

%

=6,0+5,75.1og _R

d(1+26'
Trong do: V la van tde trung binh mat cit, R:
ban kinh thay lyc, d: dudng kinh hat bun cat,
0’: img suét truot khong thir nguyén.

5. Cong thirc Sato, Kikkawa and Asida:

M6 hinh Sato, Kikkawa va Ashida 1a mot mo
hinh bun cat diy nguyén chat. Mo hinh dugc
xdy dung dua trén quan hé giita van chuyén
bun cat day voi tdc dd ma sat day, luc can day,
g sudt truot day va ing sut toi han. Phuong
trinh van chuyén bun cat day theo cong thirc
cua Sato, Kikkawa & Asida c6 dang:

Uy er

13

f
(s-Dg

Trong do6: u' , 1a tbc dO ma sat day, S: mat do

q, = <o(n>F(%) (11)

tvong dbi cua hat bun cat, g: gia toc trong
truong, ham ¢(n) dugc tinh nhu sau:
0.623,n>0.025
0.623.(40n)>7,n < 0.025

voi

p(n) = p(n) = {
n 1a hé sb nham.
6. Cong thurc Asida, Takahashi and Mizuyama:

M6 hinh Asida-Takaha and Mizuyama la
mot mo hinh vé bun cat day day song. Mb
hinh nay dugc xdy dung dua trén quan h¢
gitra van chuyen bun cat day song voi do
dbc, ung suét truot day va ing sudt toi han.
Phuong trinh van chuyén bun cat day theo
cong thuc cua Asida, takahashi & Mizuyama
co6 dang:

g, =\Js-Ded’ = 24:9\5‘ 7,050
COS

(- o) (1-a, |7
T

*

(12)

Trong do: S: mat do tuong ddi cua cua hat bun
cat, d: duong kinh hat bun cat, g: gia toc trong
truong, I: do doc cua day séng, r.: Ung suat

cét, 7., . ung sudt truot.
2 r
=———— trong d6 U, =,/gl R 1a van toc
(s—Dgd
khéi dong cua hat bun cét.
i oo 1 e 1
:m trong do u la van toc trung
binh dong chay.
I duoc tinh theo bang sau:

I =tan (9) a o’
0.000 0.922 0.085
0.015 0.906 0.821
0.022 0.899 0.807
0.025 0.898 0.806
0.049 0.867 0.751
0.100 0.791 0.626

Ghi ché : Néu 7, < ., thi g, =0.

c. Cong thirc tinh vdn chuyén bun cdt tong
cong.

Can clr vao phuong thic van chuyén, tong
luong van chuyén bun cat 13 tong cia luong
van chuyén bun cat day va lugng van chuyen
bun cat lo limg. Dé tinh toan van chuyén bun
cat tong cong, MIKE 11 ST duogc tich hop 4
cong thirc tinh toan khac nhau bao gdm:

1. Cong thirc Ackers — White (1973):

Dua vao khdi niém nang lugng song cua
Bagnold, Ackers va White (1973) da ting dung
phan tich thir nguyén dé biéu dién tinh chuyén
dong va suit van chuyén bun cat dudi dang
mot s6 tham sb khong thir nguyén. Ho coi rang
chi ¢6 phan tmg suit tiép trén day kénh cé tac
dung gay ra chuyén dong cua cac hat tho; con
trong trudng hop bun cat min thi chuyén dong
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bun cat lo ling chiém wu thé va tng suét tiép
tong cong co tac dung gay ra chuyén dong cta
bun cat.

Fgrzus{gd(ﬁ_ H Uy
2l

Trong d6: Us 1a van téc ma sat; n 1a s mii
chuyén tiép, phu thudc vao kich thudc hat; o
1a hé s trong phuong trinh réi nham (=10); d
1a kich thudc hat bun cat va h 1a d¢ sau dong
chay.

Kich thudc bun cat b'?lng mot tham sé hat
khéng thtr nguyén:

1/3
1J

g(vs_
4 g\ )

gr V2
Trong do6: v 1a 0 nhot dong hoc.

Ham van chuyén bun cat tong quat khong thi
nguyén c6 thé dugc biéu dién bang:

Gy = f(Fgr’dgr)
véi:G, - X (Uj (14)
a¥s\u
Y

Trong d6: X 1a ndng do trong luong cta dong
chat 1ong.

Ham véan chuyén bun cat tong quat khong thi
nguyén ciing c6 thé dugc biéu dién bang:

F, \"
Ggr=c(—g—1j
A

Céc gia tri cia A, C, m va n da dugc Ackers
va White (1973) xac dinh dga vao duong cong
phtl hop nhat cua cac sd liéu thi nghiém voi
kich thudc bun cat 16n hon 0.04 mm va sb
Froude nhé hon 0.8.

(15)

2. Cong thurc Engelund and Hansen:
Engelund va Hansen (1972) d3 ung dung
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khai niém nang lugng dong ctia Bagnold va
nguyén li twong tu dé nhan dugc ham vén
chuyén bun cat:

3
BOACE
f

)

2
‘. u . \ A aa .
Voi f = 2—;, trong do usva u la toc do ma sat
u .

va téc do dong chay twong ing. 6 thong so
dong tiép.

3. Cong thirc Smart and Jaeggi:

Smart va Jaeggi (1983) trinh bay mot cong
thirc van chuyén bun cat nd tinh toan van
chuyén bun cat trén séng hoic kénh ddc. Cong
thirc van chuyén bun cat dua vao phuong trinh
Meyer-Peter Muller ban dau duoc bit ngudn
tu nhiing thi nghiém trong phong thi nghiém
v6i bun cat khong don mau c6 mat do khac
nhau véi méang doc khac nhau tir 0.04% t&i
0.02%. Cong thirc cua Smarts and Jaeggi co
dang nhu sau:

15 1.5
D= SI(KSJ 0—0.047}
Kr

Trong d6: ®: van chuyén bun cat khong thi
nguyén, @: thong sd dong tiép cia Shields
K,
K

”

(17)

(khong thtr nguyén), : Hé s6 chi mic do gb

ghé cua day song.

III. KIEM NGHIEM VA PANH GIA SU PHU
HOQP CUA CAC CONG THUC TINH TOAN
VAN CHUYEN BUN CAT DPOI VOI SONG
HONG

3.1. Gioi thi€u khu vue nghién ciru

Séng Hong 1a hé thong song 16n nhat mién
Biéc nudc ta voi phén dién tich luu vuc thudc
1anh thd Viét Nam 1a 86.500 km?. Poan song
nghién ciru tir ngd ba Thao Da dén cira Ba
Lat c6 tong chiéu dai khoang 240 km. So d6
thay lyc mang song tinh toan gdom céc song
chinh nhu song Pa, Thao, L6, Gam, Héng,
Duéng, Ludc, bay, Hoang Long, Tra Ly,
Ninh Co,... va cac tuyén song nho khéc, véi
pham tinh todn mo6 phong nhu hinh dudi.
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Hinh 1: So d6 mang thity lwc mé hinh séng Hong.

3.2. Bién cia mo hinh

- Bién thiiy van: Hé théng cac bién thiy vin
goém 09 bién luu lugng (Q) vao ¢ thuong luu
va 06 bién myc nudéc (H) 6 ha luu cua cac
tuyén song.

- Bién bun cat: Mo hinh st dung 2 dang bién
bun cat d6 1a dang bién Sediment Transport va
dang bién Sediment Supply. Dang bién
Sediment Transport st dung voéi cac bién
thuong luu ¢ sb liéu bun cat thuc do, dang
bién Sediment Supply st dung dbi voi cac
bién khong co sb liéu bun cat thuc do, tai cta
song bun cat dugc thiét 1ap bang 0.

3.3. Tai li€u, so liéu sir dung

- Tai liéu dia hinh: Tai liéu mat cit ngang dia
hinh sir dung dé lap mo hinh da s6 duoc do
dac déng bo tir nam 1999, 2000, 2005, 2007,

2008, 2010, mot s6 song duoc bod sung cac mat
cit do mai trong nhitg nim gan day. Cac tai
lidu nay c6 ngudn gdc 16 rang, dam bao do tin
cdy. SO luong mit cit ngang dia hinh cac song
dua vao tinh toan 1a 677 mat cit.

- Tai liéu thuy van: Tai liéu, s6 liéu thity van
sir dung dé thiét 1ap diéu kién bién, hiéu chinh
va kiém dinh mé hinh 1a cac liét sb liéu thuc
do vé muc nude, luu luong trich Iii va s6 lidu
trung binh ngay cac nam 1996, 2000 va 2001
clia cac tram thily van trén hé thong.

- Tai liéu bun cat: Tai lidu bun cat sir dung dé
tinh toan gdm: Luu lugng bun cat lo ling thuc
do cac nam 1996, 2000 va 2001 cua cac tram
thiy van trong hé théng; Sb lidu phan tich
thanh phﬁn hat tai céc vi tri dién hinh trén song
Hong; Luu lugng bun cat ddy duoc lay bang
15% luu lugng bun cét lo ling.

Bdng 1: Pdc trung hat bin cdt tai khu viee Son Tdy — séng Hong.

D(mm) |3-2 |2-1 [I-0.5 |0.5-0.25

0.25-0.1 0-0.075 (0.075 | D50

Y% 0.1 ]0.13 |1.05 37.3

56.7 3.61 1.1 0.23
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Badng 2: Ddc trung hat biun cdt tai khu viee Trung Ha — séng Hong.

D@mm) | 3-2 | 2-1 | 1-0.5 | 0.5-0.25 | 0.25-0.1 0.1-0.075 | (0.075 | D50

% 0.12 | 0.16 | 1.72 40.6 56.9 0.22 0.27 0.22
Bdng 3: Ddc trung hat bin cdt tai khu ve Lién Tri — song Hong.

D@mm) | 3-2 | 2-1 | 1-0.5 | 0.5-0.25 | 0.25-0.1 0.1-0.075 | (0.075 | D50

% 0.19 1.7 94.7 1.91 1.47 0.17

3.4. Phuong phap nghién ciru

Sau khi hiéu chinh va kiém dinh mé hinh. Viéc
kiém nghiém va danh gia sy phu hop cua ting
cong thirc tinh toan van chuyén bun cat ddi véi
doan séng Hong tir ngd ba Thao Pa dén cira
Ba Lat dugc dua trén co s¢ phén tich, so sanh
két qua tinh cia ting cong thic véi cac chi
tiéu danh gid nhu sau:

- Chi tiéu d¢ hitu hi¢u R’ ciia WMO (hé so
twong quan): Chi ti€u nay dugc xac dinh cho
ba vi tri 1a tram Son Tay, Ha Noi, Thuong Cat.
Trén co s& s6 liéu thue do va sb liéu tinh toan
tir mo hinh tién hanh v& phdi hop 1én cing mot
hé truc toa do theo mdi phuong an tu do xac
dinh duoc ham van chuyén bun cat déng thot

danh gid muc do phu hop gitta chung thong
qua chi tiéu d6 hiru hiéu R* caa WMO.

- Sai s6 qudn phwong twong déi (c%): Panh
gi4 sai s6 quan phuong tuong ddi giita cac gia
tri bun céat tinh toan va gia tri thuc do ddi véi
ting cong thirc tai cac vi tri kiém tra. Sai sd
quan phuong tuong d6i cang tién toi 0O thi
ching to gia tri tinh toan cang gan véi gia tri
thuc do, cong thirc tinh toan cang phu hop.
Tong hop, phan tich dua trén cac két qua danh
gia chi tiéu do hitu hiéu R* va sai sb quin
phuong twong d6i 6% giita gia tri tinh toan va
thuc do dé xac dinh cc cong thirc van chuyén
bun cat pht hop nhét dbi voi doan séng nghién
cuu.

Twong quan R gilia tinh todn
va thye do

5ai 30 quin phrvme trone doi

:

—_

Céng thiwe bin
4 cdtiong cong
Thist lip md hinh | Chav Fi : ;
Cong thire by \
MIKE 11STcho [ moduyn Y "i.“ :IT\F o
song Hong | bim cit ST | £ /-
_— I
Céng thir bin
cat fe limg

So ginh tinh todn vi thye do | , a1
; 2 e I Lua chon | cong thie phit |
tal ba tram Som Tay - Ha Ko hop cho séng Hong [
= Thuomg Cat il

Hiu chinh cong thix 43 Iva I
chon cho séng Hong de tim
ra b thing 50 pha hop nhat

Hinh 2: So d6 mé ta trinh tiw phwong phép nghién ciru.

3.5. Két qua kiém nghi¢m, danh gia

Do s6 liéu dia hinh dung dé thiét 1ap mé hinh
thily luc cho séng Hong hau hét duoc do tir
nam 2000 - 2002 nén trong lya chon s6 lieu
thuy van va bun cat ciia nam 2001 dé tinh
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toan, thoi gian mo phong tu 1/1 - 31/10/2001.
Két qua tinh toan va kiém dinh véi timg cong
thirc van chuyén bun cat duoc trinh bay trong
cac hinh v& va bang biéu ¢ phia dudi.
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Bdng 4: Két qua kiém dinh cdc cong thire tinh van chuyén bun cdt lo lirng.

Luu lwgng bun cdt R (kg/s) o H¢ 56
A , A Sai so o
Cong thirc Tén tram Rrr R A=RrR %) twong
(kg/s) (kg/s) = > quan R’
Encelund & Ha Noi 758 2848 2090 31.85 0.56
ngelun
Freg:isoe Thuong Cat 2388 1236 1152 56.52 0.43
Son Tay 3223 1947 1276 63.43 0.28
Ha Noi 212 2848 2636 49.98 0.53
VanRijn Thuong Cat 137 1236 1099 66.65 0.41
Son Tay 898 1947 1049 73.50 0.26
Ha Noi 116 2848 2732 33.24 0.52
Lane — Kalinske Thuong Cat 59 1236 1177 60.56 0.40
Son Tay 491 1947 1456 75.71 0.26
. Ha Noi 199 2848 2649 32.00 0.52
Ashida and ]
. Thuong Cat 128.8 1236 1107 56.90 0.40
Michiue -
Son Tay 847 1947 1100 73.80 0.26
Hinh 3. Puong
qua trinh luu
lwong bun cat lo
limg thuc do va
tinh toan theo
cong thirc
VanRijn tai tram
Ha Noéi.
— 5000 * Hinh 4. Tuong
3 oo quan gitta luu
= * lwong bun cat lo
000 * ,..-f"".,f: lieng thuc do va
2000 ray *] __,:_—:- tinh toan theo
1000 ",f‘: * *,* = Cél’lg thue
o 4 - " VanRijn tai tram
o 50 100 150 200 250 300 350 Ha‘ NO"Z
Bttt { kg's ) ¢
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Bdng 5: Két qua kiém dinh cdc cong thirc tinh van chuyén bin cat ddy.

CONG NGHE

Luu lwong bun cdt R (kg/s) Sai sé o | HE s
Cong thirc Tén tram Rrr R A=R+rR (%) twong
(kg/s) | (kg/s) TT—=rb ’ quan R’
Engelund & Ha Noi ’ 263.4 | 4273 163.9 38.4 0.55
Fredsoe Thuong Cat 108.9 185.5 76.6 41.3 0.44
Son Tay 60.58 ]292.1 232.1 79.5 0.35
Ha Noi 27.8 726 698.2 96.2 0.53
VaRijn Thugng Cat 8.3 312 303.7 97.4 0.41
Son Tay 14.4 456 441.6 96.8 0.26
Ha Noi 18.3 427.3 408.9 95.7 0.55
Meyer perter Thugng Cét 8.1 185.5 177.3 95.6 0.43
Son Tay 7.3 292.1 284.8 97.5 0.26
Sato - kkiawa Ha Noi ’ 82.1 427.3 345.1 80.8 0.55
& Asida Thugng Cat 63.5 185.5 122.0 65.8 0.44
Son Tay 28.7 292.1 263.4 90.2 0.26
Ha Noi 69 427.3 358.3 83.9 0.55
Asida & Micchiue | Thugng Cat 53 185.5 132.5 71.4 0.43
Son Tay 42 292.1 250.1 85.6 0.26
. . | Ha Noi 1326 427 898 81.0 0.55
gsﬁ?;uyg‘;hasm Thuong Cat | 1083 | 185 | 897 63.4 0.4
Son Tay 478 292 186 64.0 0.25
Hinh 5. Puong qua
trinh luu lwong bun
cat day thyc do va tinh
toan theo cong thirc
Engelund & Fredsoe
tram Son Tay.
Twong quan giita hru hreong bin cat day tinh toan va thec do tram Son
10000 Téay theo cong thivc Engelund & Fredsoe
9000 = 00T T
8000 B2 = 03453
7000
. 6000
P s000 Hinh 6. Tuwong quan
2 000 Z gitka luu lwvong bun
3000 * cat day thyc do va tinh
?EEE N * .. wol T — . toan theo cong thirc
. ; ; Le 4 M Engelund & Fredsoe
o 50 100 150 200 250 350 tram So’n Tdy
Rt (kgis )
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Badng 6: Két qua kiém dinh cdc cong thirc tinh van chuyén bin cdt tong cong.

Luu lwong bun cdt R (kg/s) Sai sé & H¢ S0
Cong thirc Tén tram Rrr R A=R+—R (%) twong
(kg/s) (kg/s) = 0 quan R’
Engelund & Ha Noi ’ 1706 3276 1570 26.75 0.56
Hansen Thuong Cat 1280 1422 142 66.49 0.45
Son Tay 875 2239 1364 60.03 0.37
Ha Noi 679 3276 2597 27.54 0.53
Acker and White | Thuong Cat 1264 1422 158 71.55 0.40
Son Tay 314 2239 1925 75.60 0.26
Ha Noi 541 3276 2735 37.30 0.55
Smart and Jaeggi | Thugng Cat 105 1422 1317 71.60 0.43
Son Tay 308 2239 1931 80.80 0.26
Duting qua trinh e heng bim car tdng cong tinh todn vi thire do tram
B it{kg's) Thwreng Cat theo cong thive Engelund & Hansen ndm 2001 Btdkgs)
23000 14000
Retd{kgn)| | 12000
171711 - PR ASE| FRSS P M SS— " pa— | F_—_— . _____ Retikpn)
= — 1 1 [ 10000
SRR E
10000 i 8000 Hinh 7. Duong qud
'E L 1000 trinh luu lwong bun cat
5000 4 ~ A’. . = tong cong thie do va
p - 2000 , , “
L\y\,ﬂw\‘ ﬂ‘w wd tinh toan theo cong
P s e 0 thuc  Engelund &
' §&a884& Hansen tram Thuong
258 =s82 3 Cat .
Thén gian { nghy)
Twong quan gitia lu lugng bn cht téng cng tinh tokn v thye do trem Thuong Cht
— thea cong thire Engelund & Hanaen niam 2001
= - v = dE-05xf + L1B83x |+ 124.66
- B® = 0446
20000
15000 A s
E i Hinh 8. Tuong quan
B A —— i CE———— gitta luu lwong bun cat
+ L . = ____.--4"*":_;_;_# tong cong thuc do va
2900 :;,: R é:t ':'.'."" T e S tinh toan theo cong
% thiec  Engelund &
! a 20‘00 -NJ::IU 6000 000 10000 12000 14000 Hansen tram Thu’07’lg
Rt ( kg/s ) Cat.
* Nhén xét két qua tinh: Son Tay, Ha Noi va Thuong Cat & trén, co thé
thy rang:

Qua tong hop két qua tinh todn, danh gia hé sb
twong quan va sai sO quan phuong twong dbdi - Péi voi timg cong thire tinh van chuyén bun
ddi voi ting cong thue tai cac tram kiém dinh  cat khac nhau, so sanh gitta két qua tinh toan
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va thuc do c6 su sai khac tuwong ddi 16m.

- Trong s6 04 cong thirc tinh van chuyén bun
cat lo lting thi cong thirc Engelund & Fredsoe
1a cong thie c6 két qua mo phong phit hop nhét
s0 véi sb liéu thuc do. Hé s6 tuong quan (R2) la
16n nhat nam trong khoang tr 0,28 — 0,56, sai
sO quan phuong tuong ddi (o) 1a nho nhat tir
31,85 - 63,43% so vai cac cong thirc khac.

- Trong s6 06 cong thirc tinh van chuyén bun
cat day thi cong thirc Engelund & Fredsoe 1a
cong thirc co két qua mo phong phu hop nhét
so voi so liéu thyc do. HE s6 twong quan la 16n
nhit nam trong khoang tr 0,35 - 0,55, sai sb
quan phuong tuong dbi 1a nho nhat tir 38,4-
79,5% so véi1 cac cong thuc khéc.

- Tror}g s6 03 cong thirc tinh van chuyén bun
cat tong cong thi cong thiuc Engelund &
Hansen la cong thirc co két qua mod phong phu
hop nhét so véi so liéu thuc do. HE so tuong
quan 16n ’nhat nam trong khoang tu 0,37 -
0,56, sai sO quan phuong tuong doi la nho nhat
to 26,75 - 66,49% so voi cac cong thirc khac.
IV. KET LUAN VA KIEN NGHI

4.1. Két luin

Qua nghién ctru kiém nghiém vai 13 cong thirc
tinh toan van chuyén bun cat da dugc tich hop
trong mo hinh MIKE 11ST thong qua viéc tinh
toan mé phong cac qua trinh thuy van dong
chay va van chuyén bun cat trén song Hong
nam 2001. Két qua phan tich, danh gia céc tiéu
TAI LIEU THAM KHAO

B GIGSI  CONGNGHE |
chi v& hé sb twong quan R” va sai s6 quéin
phuong o giira tinh toan va thuc do ddi voi
tung cong thic, dd xac dinh dugc cac cong
thirc tinh toan van chuyén bun cat duoc xem 1a
phui hop nhit cho doan séng Hong tir ngi ba
Thao Pa dén cira Ba Lat nhu sau:

- P6i véi tinh toan van chuyén bun cat lo limg:
Cong thuc Engelund & Fredsoe;

- P6i voi tinh toan van chuyén bun cat ddy:
Cong thuc Engelund & Fredsoe;

- Péi vé6i tinh toan van chuyén bun cat tong
cong: Cong thiic Engelund & Hansen;

Trén co s& cac két qua nghién ciru nay, kién
nghi ap dung cac cong thuc trén khi st dung
cong cu md hinh toan MIKE 11ST dé tinh toan
van chuyén bun cat va nghién ctu dién bién
1ong dan cho song Hong.

4.2. Kién nghi

Do viéc tinh toan va kiém dinh vé bun cat cho
song Hong duoc thuc hién trong diéu kién con
thiéu dong bo vé céc tai licu, so liéu (dia hinh,
thuy van, bun cat); cac truong hop nghién ctru,
vi tri kiém dinh danh gia con it; sai sO giita
tinh toan va thuc do con 1om,... Vi vy dé nang
cao d0 tin cay cua cac cong thiic hon niia, can
thiét phai co cac nghién ciru tiép theo nhu: Ma
rong pham vi tinh toan moé phong vé bun cat
trén hé théng, hiéu chinh cdc tham sd, hé sb
mil ctia cong thie dé phu hop hon ddi véi song
Héng.
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