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DANH GIA SU PHU HOP CUA CAC CONG THUC
TINH TOAN THAY DOl LONG SONG
VA VAN CHUYEN BUN CAT
TRONG MO HINH MIKE 21
DOl VOI TUYEN SONG HONG
THUOC HUYEN BAO THANG, TINH LAO CAI

TOM TAT:

banh gi4 kha nang tai tao cat séi long séng
14 viéc lam rat can thiét dé cap phép khu vuc
khai théc cat va phong chdng x6i 14 tai nhiing
khu vuc cé nguy co. Trong nghién cdu nay,
mo6 hinh Mike 11HD va Mike 21 FM st dung
dé kiém dinh su phu hop clia mé hinh dbi
v4i danh gia su van chuyén bun cét tai khu
vuc c6 hoat dong dong luc phic tap tai doan
séng Hong chay qua huyén Bao Théng, tinh
Lao Cai théng qua tran 1a xuat hién vao thang
8 nam 2020. Két qua md phéng cho thay tai
khu vuc nghién ctu cé xu huéng boi manh do
luong cét, soéi tir thuong ngudn va 2 bén bd
di chuyén xubng khi xuat hién 1a. Toéc do6 boi
tuong abi manh, dao déng tu 0,1m dén hon
1m. Trong mua can, qua trinh bodi x6i dién ra
quy md nhd, mic d6 bién d6i trong khodng
0,1 dén 0,3 mva thuong diénra & nhtng doan
sdng cong, vi tri c6 bai bdi hodc nga ba séng.
Déi véi doan sbéng thing, qua trinh dién bién
long dan tuong dbéi 6n dinh va it bi bién dé6i.
Khu vuc 2 bén bo cé xu hudng xéi nhe, tuy
nhién khéng dang ké cé chd chi 0,1-0,3m.

T khoa: Mike 11 HD, Mike 21, tdi tao cdt sot,
van chuyén bin cdt, song Hong.

! Truong Dai hoc Mo - Dia chat
* Email tdc gid: tranthingoc @humg.edu.on
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@ Tian Thi Ngoc'*, Phan Thi Mai Hoa!,
Nguyén Thi Thu Huyén!

|. DAT VAN BE

Cung véi su phat trién ctia khoa hoc k¢
thuat noéi chung va linh vuc tai nguyén nudc
néi riéng da xuat hién nhiéu cong cu mé hinh
todn moé phong qua trinh mua hinh thanh
dong chdy, dong chay trén soéng, dong chay
tran bai gay ngap uUng, cing nhu qué trinh
van chuyén bun céat trong song... phuc vu
cong tac du bao, danh gia ngudn nudc, phéat
hién quy luat dién bién hinh théi 1ong song,
x&y dung va thiét ké coéng trinh... C4c m6 hinh
toan cé thé duogc phan nhém va muc dich s
dung nhu sau: (i) Cdc md hinh thiy van: NAM,
TANK, SWAT, HEC-HMS, WetSPASS; (ii) Cac
moé hinh thuy luc: HEC-RAS, VRSAP, KOD1,
ISIS, MIKE11, MODFLOW, MT3DMS, SeaWAT;
(iii) Cac mo6 hinh can bang nudc: IQQM, Mike-
Basin, WEAP; (iv) M6 hinh thuy van - kinh té,
toi uu héa: GAMS, WUP.

Viéc lya chon md hinh 1a khau rat quan
trong trong qua trinh tinh toén, cong viéc
nay duoc tién hanh dua trén cdc muc tiéu cta
van dé va co sé& da liéu thu thap dugc. Trong
nghién cttu nay, bai béo sé trinh bay két qua
viéc st dung mdé hinh Mike 11HD va Mike 21
FM dé mo hinh tinh toan thay d6i hinh thai
16ng song va qua trinh van chuyén bun cat tai
doan s6ng Hong qua huyén Bao Théang, tinh
Lao Cai. Mot phan két qua gitp cho nha quan




Iy c6 danh gid nhanh, dua ra giai phéap kiém
soat tri lugng va hoat déng khai théc cét, soi
va van dé bdi 14p ludng giao théng thay tai
khu vuc.

I1. PHUONG PHAP NGHIEN CUU

1. C6 s6 tinh todn van chuyén bun cdt trong mo
hinh Mike 11HD va Mike 21ST

Xét trén diéu kién dia hinh cung ngudn di
liéu khi tuong thiy van thu thap dugc trén khu
vuc nghién clu, bai bdo da lua chon bo6 mé6
hinh Mike tu cong ty DHI do Vién Ky thuat
Thuy dong luc va Thuy luc thudéc Pai hoc Ky
thuat Dan Mach phat trién. Trong d6, st dung
hai m6 hinh: M6 hinh thiy luc 1 chiéu Mike 11
HD st dung dé dién toan dong chay trén song;
mo6 hinh Mike 21 FM va két hop modul tinh
toan van chuyén bun cit Sand Transport cho
tuyén song Hong chay qua huyén Bao Théng,
tinh Lao Cai

M6 hinh MIKE 11 la m6 hinh tinh toan
mang séng dua trén viéc giai hé phuong trinh
mot chiéu Saint - Venant [1]:

Phuong trinh lién tuc:

Q_od

x  a 1)
Hoac 9Q ,,h _, )

ox ot
Phuong trinh chuyén déng:
i 0P
@: :gAah:gZ| =0
ot ox ox C°AR (3)

Trong dé: A la dién tich mat cat ngang (m?);
t la thai gian (s); Q la luu lugng nudc (m?/s); x
14 bién khéng gian; g la gia tbc trong trudng
(m/s?); P la mat d6 ctia nudc (kg/m®); b la d6
rong cua long dan (m) va R 1a ban kinh thuy
luc (m).

Mo hinh 21 FM ctia Vién Thiy luc Ban Mach
1a mé hinh hé théng phan bb duogc ing dung
trong viéc tinh todn vé thuy luc, mé phéng
chat luong nudc, tinh toan van chuyén bun cét
cho khu vuc ctra séng, ven bién, bién. .. [2]

Téng luong van chuyén tram tich g, dugc
tinh toan la téng cta luong van chuyén
tram tich day g, va lugng van chuyén tram
tich lo ling ¢,
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9, =4y T4, (4)
Trong dé, téng luong van chuyén tram tich
day duogc tinh theo cong thuc sau:

' =5p(\/?—0-07‘/97c)m

Néu 6> 6,

Trong dé: p la x4c sudt ma tat ca cic hat
trong tung 16p riéng 1é déu chuyén dong

9 1a huéng dich chuyén ctia ng suat day
(tham sb Shields) lién quan téi ma sat bé mat

6, la ung suat dich chuyén day téi han tai
thoi diém bat dau chuyén dong

s 1a ty trong tuong dbi cta vat chat day.

0 dugc tinh theo céng thuc sau:

YU
(s —1I)gd (8)

p dugc tinh bang c6ng thic:
414

A S

)

T

6P

=[1+] -
P 0 -0,

(7)
B = hé sb ma sét dong luc
Theo Einstein (1950), lugng trAm tich lo
liing dugc tinh theo cong thuc:

7. =11.6U}cba{11 ln[i‘”‘juz}

N (8)

Véi C, la su lang dong & day cta tram tich
lo ling

U’f 1a van tbc truot lién quan dén ma sat
bé mat

a=2d la muc nudc lién quan dén

I, va L, la tich phéan Einstein

h la d6 sdu nudc

kN = 2.5d= hé s6 nham Nikuradse

Engelund va Fredsoe da phat trién moi
tuong quan ban thuc nghiém cho gia tri cb
tai a=2d

065
(I +1/1.) véi 2 duoc dinh nghia 1a:

o -0 2P

6 5 o
6 wbue>04nppl6
0.02750 P

2. Kiém dinh va ddnh gig s phi hop ciia mod
hinh trén khu vuc nghién citu
a. Vung nghién cuu:

Cy
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Khu vuc doan sbéng tu vi tri tram thuy van
Lao Cai dén moé cit Minh Thang, huyén Bao
Théng c6 chiéu dai 37,5km. trong dé cé 6
nhanh séng cdp 1 clia séng Hong dé 1a séng
Ngoi Pum, Ngoi Puong, Ngoi Bo, subi Trat,
Ngoi My va Phu luu sb 16 véi téng dién tich
luu vuc cta cédc nhanh séng nay la 1.067km?.

Bacia

Hinh 1. Vi tri m6 cdt Minh Thing

Dé tinh to4n luu lugng dong chay khu gitta
doan song, nghién ctru st dung phuong phéap
luu vuc tuong tu tram thiy van Nam Muc do
tram thily van cé chudi di liéu thuc do dai va
dang tin cay. Tram thdy van Nam Muc cach
khu vic mo khoang 100km vé phia Tay Nam,
c6 dién tich luu vuc 1a 2680 km? gap 2,5 1an so
voi téng dién tich khu giGa, c6 su chénh léch
vé dién tich luu vuc tuong tu khong nhiéu nén
dam bdo duoc két qua tinh toan. Chudi luu
luong dong chay khu gitra bé sung cho séng
Héng doan tu tram thay van Lao Cai dén vi tri
moé khai thac cat dugce tinh theo cong thuc:

= Khu git Khu git
QKhu gitra QNém Mic R I
Nam Muc Nam Muc
Trong do:
Q : Luu lugng thang tai tram thay van

Nam muc

Nam Muc (m?/s).
Q : Luu lugng dong chéy khu gitta (m?/s).

khu gilta
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o wies Dién tich tinh dén tram thuy van
Nam Muc (km?).
_: Dién tich khu gitra (km?).

khu gitra
X i aime: LUONG mua trung binh luu vuc
u gita
khu gitia
X : Luong mua trung binh luu vuc

tram gﬁ%&één Nam Muc

b. D liéu s dung:

Tai liéu dia hinh: dua trén s6 liéu do dac,
khédo sat dia hinh long séng, nghién ctu s
dung 10 mat cat duogc phéan b6 déu trén doan
sbng mo phong vdéi trung binh 460m/1 mat
cat. Pia hinh duogc xay dung dua trén ludi phi
cu trac véi dién tich tuong d6i nhé dao dong
tr 50 - 200m? dé dam bao dd muc do chi tiét
bién d6i long dan 1ong song.

Tai liéu thuy van duoc st dung dé thiét 1ap
didu kién bién, hiéu chinh va kiém dinh mo
hinh 1a nam 2020 [4]. Nghién ctu st dung sb
liéu tram thuy van Lao Cai, két hop tinh toan
dong chay khu gitrta théng qua tram thiy van
Nam Muc.

Tai liéu bun cat: Cat trén séng Hong duogc
dé&nh gia cht yéu véi thanh phan 1a cat hat min
va trung, thd yéu 1a cat hat thé. Theo két qua
phan tich mAu dd hat tai khu vuc nghién ctru
cho thé\y (mau) c6 dd hat >2.5 mm chiém cao
nhéat 2,4%, thip nhat 0,9%, trung binh 1,6%;
b6 hat tu <0.14 mm, cao nhét 1a 5.1%, thép
nhéat 2.9%, trung binh 4.0% [5].

L

[[C]uemiivi v
I:l'-n- - ay wo S -
)

Hinh 2. Dit liéu dia hinh khu vwc mo khai thdc
va vung lan can




Hinh 3. Mo phong dia hinh dang 3D trong
Mike 21FM

c. Phuong phép thuc nghiém:

Thiét 1ap mang s6ng: Poan séng duoc xac
dinh xay dung mo hinh thay luc Mike 11 HD
cé chiéu dai 4,6km, vi tri thugng ngudn cach
diém dau mo cét khoang 1,6km va vi tri ha du
céach diéu cubi ctia mo cat khoang 1km.

Khai bdo bién: Bién trén dugc xac dinh
thong qua qua trinh thuc do tai tram thy van
Lao Cai va lugng gia nhap khu gitta. Lugng
gia nhap khu gitta da dugc xac dinh & phan
trén. Bién dudi do khoéng cé s6 litu thuc do
nén sé khai béo dang mbi quan hé muc nudéc -
luu lugng tai vi tri mat cét cubi cung ctuia doan
séng moé phéng.

Khai béo thong sb thiy luc: Xac dinh thong
s thuy luc thong qua qué trinh diéu tra khao
sat dia hinh va thdm phd khu ha luu hd két
hop hé s6 nhdm cta so6ng thién nhién [3].
Théng s6 thuy luc ctia séng Hong doan chay
qua khu vuc nghién cttu duge xéc dinh trong
khoang tir 0,03 - 0,04. Hé s6 nham long séng
theo Manning (M) dugc hiéu chinh va thibt
1ap cho phi hop véi su bién déi gitra 1ong dan
va bai song, véi long séng hé sb nham tir 30-
33m1/3/s, trén bai song tu 20-25 m1/3/s.

Budc thoi gian tinh todn: nghién ctru thiét
lap ludi tinh toan va chon budc thoi gian mo
phéng hop 1y, viéc thiét 1ap thong sb da lua
chon khoang thoi gian At khéc nhau (60s, 30s,
10s) nhan thay véi At = 30s thi mé hinh chay
6n dinh (v6i hé s6 Cr<0.8).

Hé s6 nhét rbi theo phuong ngang
Smagorinsky: Dua vao d kién hién trang
cta viung nghién ctru, chon hé s6 nhét rbéi =
0,28 (m? /s).
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Hinh 4. S6 héa mang song trén mé hinh Mike
11HD

[1l. MO PHONG VA BANH GIA KET QUA

Kich ban duoc st dung dé danh gia dién
bién long séng 1a tran 1a xay ra vao cubi thang
8 nam 2020. Do nhan théy tran 1G la mét trong
nhiing tran 14 1én véi mac do gay thiét hai lon
nén nghién cu thuc hién s dung truong hop
bat lgi vé dong chay trén séng lam diéu kién
dau vao dé mé phéng.

Théng qua viéc phéan tich luu lugng dong
chay, truong luu tbe (current speed), néng do
bun cat (sediment concentration), dia hinh day
séng (bed level), mic d6 thay déi long séng,
hai bén bo dé xac dinh dién bién van chuyén
cat tai thdi diém trudc vao sau tran la thang 8
nam 2020.
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Vé luu lugng: Tran 1 c6 dong chay 16n nhat
tai khu vuc nghién ctu trén séng Hong dat -
4023 m?/s, —

Vé tbc d6 dong chay: Dong chdy cé su bién
dong vé luu lugng gay ra su bién déi vé luu
toc, tbc dd dong chay trudc khi xuat hién dinh
1t dao déng tir 0,4 - 1,15m/s. Khi dinh 1a xuét el
hién téc d6 dong chay 1én nhét dat 1,15m/s. -

Nong d6 bun cat: Long dan séng Hong
mang lugng buin cat tir thuong ngudn cong véi i
su b6 sung hoac maét di ctia bun cat trén toan .=
doan 8 dat dén can bang. Trong qué trinh S e ey
nay da hinh thanh céc khu vuc cé luong tap i M
trung bun cat lo ltmg cao vao thoi diém mua Hinh 6. Qud trinh myc nudc thoi diém li
1. Vao thoi diém luu luong dong chay thdp  dat dinh
Q< =500m?%s khu vuc néng dé bun cat lo Iing .
P tir 1000-2600g/m?, vao thoi diém xuét hién _
dinh 1t néng dé bun cat dao déng 3400-3700g/
m? g4y ra nhiéu khu vuc bi boi x6i, céc khu vuc ’
bdi x6i nay xuat hién va di chuyén kha nhanh
trong thoi gian luu lugng dong chéy 16n. s

Dia hinh day séng va muc do bién déi dia
hinh: P6i véi nhitng doan séng cong, day séng
b 16m cé xu thé thap hon so véi boy 16i, con dbi
v6i doan s6ng thang thi su bién déng long dan
it hon qua. Két qua tinh todn su bién ddi long
dan doan séng qua khu vuc thay rang doan cé
nguy co bi séi ndm gan khu vic bén b phai
clia séng Hong, khu vuc cho thy rang cé xu
huéng bdi nhe. Hinh 7. Truong heu toc dong chdy tai thoi diém
trudc khi xuat hién li

suoo.

e wm e P e o e wsme
=

P e e o s P Py s peny i

100N o Sup 2000,

Hinh 5. Cao trinh muyc nudc lic chua xudt Hinh 8. Truong heu toc dong chay tai thoi diém
hién li lii dat dinh
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ol s T ol Hinh 12. Cao trinh ddy song sau khi xudt

Hinh 9. Phan bé nong d bim cdt ciia dogn song ~ hién li
khi chua xuat hién li
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w0
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77.788%
75.2934

20
€5.311¢

§7.8282
§6.3297

i o s

Hinh 10. Phan b6 nong do bun cdt ciia doan Hinh 13. Cao trinh ddy song tai thoi diém dau
song khi xudt hién dinh lii

=

77.7888 *|
75.2534

70.3028

€5.311¢
€2.0161

Hinh 11. Cao trinh ddy song trude khi xudt Hinh 14. Cao trinh ddy song tai thoi diém cudi
hién li tran li
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IV. KET LUAN

Nghién ctu da tién hanh phan tich hién
trang dong s6ng va qué trinh van chuyén bin
cat trong diéu kién kich ban thdi tiét cuc doan
tai doan séng Hong thudc huyén Bao Théng,
tinh Lao Cai bang Mike 11 HD va Mike 21 FM.

Két qua tinh toan lugng van chuyén bun
cat doc tuyén song vaéi néng d6é bun céat dat
gié tri 16n nhat 1a 4500g/m? tai thoi diém luu
lugng 1G dat dinh, khi dong chdy dat trang thai
binh thuong né)ng do dat 480g/m3. Nhan théy
trong mua can, qué trinh boi xéi dién ra quy
m6 nho, mirc d6 bién déi trong khoang 0,1 dén
0,3 m va thuong dién ra & nhitng doan séng
cong, vi trf cé bai bdi hodc nga ba séng. Dbi
véi doan song thang, qué trinh dién bién long
dan tuong dbi 6n dinh va it bi bién déi. Vao
thoi diém 1a, téc do bdi tuong dbi manh, dao
déng tir 0,1m dén hon 1m do lugng buin cat tir
thuong ngudn két hop véi luu lugng dong chay
16n. Khu vuc 2 bén bd céd xu hudng xd6i nhe,
tuy nhién khéng dang ké c6 chd chi 0,1-0,3m.
Khu vuc gitra séng, noi ¢ go dat duoc hinh
hinh trudc dé, cé cao d6 tuong dbi 16n so véi 2
mép bo, két qua md phéng cho thdy khu vuc
nay dia hinh khéng cé su thay doéi nhiéu.

Ngoai ra, két qua nghién cau cho thdy mo
hinh Mike 21 dugc xem nhu mét phuong phap
cé dd chinh xac cao, tiét kiém chi phi trong
cong tac quan ly chp phép khai thac cat théng
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SUMMARY

The application of mathematical modeling
tools in the problem of river bed sand and
gravel regeneration is very The application of
mathematical modeling tools in the problem
of river bed sand and gravel regeneration is
very necessary. This study utilized the Mike
11HD and Mike 21 FM models to evaluate
sediment transport in a dynamically complex
area along the Hong River in Bao Thang district,
Lao Cai province during the flood event in August 2020.
Simulation results indicated sediment deposition
due to sand and gravel from upstream and
both riverbanks moving downstream during
the flood. Deposition rates were relatively
strong, ranging from 0.1m to over 1m. During
the dry season, sediment deposition occurred
on a smaller scale, with fluctuations of 0.1 to
0.3m typically observed in curved river sections,
river confluences, or bends. In straight river
sections, sediment transport was relatively
stable with minor variations. Erosion on both
riverbanks was slight, with some areas experiencing
changes of only 0.1-0.3m.
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