Tim hi€u sy phan b Iuu lugng va dao dong muc nudce triéu doc
theo cura song: ap dung véi mot s6 cura song Mién Bac
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TOM TAT

Hién nay, ving cira song dang duoc khai thac véi nhiéu myc dich khac nhau nhu
néng nghiép, nudi trong thuy san, giao théng vén tai... Dic biét ving cira séng Hong -
Thai Binh - Nam DPinh dang phat trién nudi tréng thuy san man - lg rit manh mé&. Nhu
vay vi¢c danh gia, tinh toan, du bao sy phan bd luu lugng va dao dong muc nudc triéu
doc theo cira sdng 13 rat can thiét.

Phan du cta bdo céo sé tim hiéu dic diém hinh hoc ctia mot sd ctra song mién
Bic; dua vao cong cu Google Earth va so sanh véi s6 liéu khao sat cta Savenije (2012).
Céc nhan t6 anh huéng dén ché do thuy dong luc bao gdm: thuy triéu va dong chay song
phia thuong lIuu (bo qua tac dong ctia sébng). Nhém da thir ap dung cong thirc nghiém giai
tich dé tim qua trinh muc nuéc va luu lugng trong song.

I.Pit van dé

O nudc ta hién nay, ving ven bd ctra song dang dugc khai thac va sir dung mot
cach 6 at voi nhiéu muc dich khac nhau. Ving cira song Viét nam néi chung va ving cira
song thudc hé théng song Hong - Thai Binh — Nam Dinh néi riéng dang dugce quy hoach
st dung dién tich mat nudc, chuyén ddi tir dién tich tr?)ng lua sang nudi tré)ng thuy san
man - 1o phat trién rAt manh & Nam Dinh, Ninh Binh, Thai Binh, Hai Phong. Nhung dién
bién cua céc qua trinh thuy lyc: dao dong muc nudc, bién doi luu lugng,... cung voi
nhimng bién dbi cta chat lugng nudc (min, cac yéu té dinh dudng...) theo thoi gian (ngay
dém, con nudc tridu, mua) va khong gian (doc séng) lai chua duoc nghién ciru danh gia
d?ly du. Vi vay, van dé duoc dat ra 1a tinh toan dién bién cuia muc nude va luu luong &
cac ctra song Ninh Co, Tra Ly, Ba Lat, Pay dudi anh hudng cia diéu kién dia hinh, tu
nhién, thiy triéu, lvu luong nudce song tai luu vue. Dé xuit giai phap 14y nude ngot cho
doi sdng va san xuit nong nghiép va ldy nudc man - lo cho nudi trong thily san tai cac
vung cura song.



Cira song c6 thé xem nhu mot tuyén nbéi mé rong ctia mot dong song toi bién va
dugc didu khién boi hoat dong thuy triéu xam nhap tir bién va dong nudce ngot chay ra tir
song trong mot hé théng thuy luc phiic tap gdm nhimg 10ng dan va ving nudc.

Nudc ¢ vung clra song ven bién ludn c6 su van dong. Dudi tac dung cua cac luc &
phia trong luc dia va phia ngoai bién: dong chay tir séng ra do nudc ngudn dd vé, dong
triéu ngoai bién, dong chdy séng (do soéng gid), dong mat do do sy chénh léch mat do
nuéce séng va nudce bién. Khi cac dong chay hinh thanh lai chiu tic dong cua luc Coriolis
lam cho dong chay & ddy bién ddi khé phic tap.

II. Céc qua trinh vat ly
2.1 Cdc yéu t6 thiy déng lire hoc thiy triéu

- Thay triéu 13 su 1én xudng ctia nude bién theo chu ki do strc hap dan vii try ciia mit
tring, mat troi voi trai dat. Chuyén dong cia thiy triéu 1a chuyén dong co6 chu ki dai: mot
ngay (Song nhat triéu), nira ngdy (Song ban nhat triéu). Dao dong cua thay triéu ciing co
thé theo huéng dung hoic huéng ngang.

- Luu lugng song va ma sat day gay ra sy léch pha giita thuy triéu huéng ngang (van toc
dong chay) va thay triéu hudng dimg (myc nudc). Thiy triéu huéng ngang dao nguoc
som hon thay tridu hudng dimg, va ciing c6 d6 1éch pha gitta van toc gan day va véan toc
gﬁn mat. Van tdc day dao ngugc sém hon van tdc mat, dac biét 1a khi nudc lang vao ky
nuée rong, dd sdu nude nhod va ma sat day 16n. Diéu nay c6 thé giai thich nhu sau: van
téc gan day nho hon van téc gan mat 1a do ma sat ddy, gradient 4p suat ngang phat sinh
boi gradient mit nude khong d6i theo do sau. Két qua 1a dong lugng chét 1ong hudng
ngang thap hon gan day c6 thé sém bi thong tri boi gradient ap suat hon la dong luong
chat 16ng cao hon ¢ mit nudec.

Ngoai ra, ctra song con chiu anh huong ctua luong nudc song. Xét Q, = luu lugng song tur
thuong luu khong doi. Tuy nhién trong pham vi cira song, luu luong sé khac. Tuy nhién
trong pham vi cira séng, luu luong s& khac Q. do dao dong thiy triéu chong 1én.

Trudng hop khong c6 ma sat day luu luong dao dong thuy tridu s& cing pha véi muc
nude thuy triéu. Néu c6 ma sat ddy thi sy dao hudng ciia lvu lwgng thily tridu s& xuat hién
sém hon sy ddo huéng cua muc nudc thuy triéu. Do 16n thay triéu giam khi ma sat day
tang.

Khi Iru lugng song Q. nho, dd dai tham nhap thuy tridu 10n hon va bién do thuy triéu 16n
hon tai mot vi tri nhat dinh so véi luu lugng song lon. Luu luong triéu 1én giam khi luu
luong song ting, cung luc d6 thoi gian tridu xudng ting 1én.

Po dbc day cling c6 anh huong khong nho dén dic diém dong chay ctra song. Khi do doc
day tang, luu luong song khong doi, do dai tham nhap thuy triéu nhé hon béi véan tde
dong chay tai bién song sé& tang do do dbc ting va do sau giam.



Lang try triéu 1a khoi nude chuyén dong vao, ra vinh tri€u trong mot chu ki triéu.
2.2 So bo vé hinh dang cac cwra song thuoc khu vwc Bac Bo ta chon dé nghién ciru

* Ninh Co: Khu vuc nghién ctru 13 ving ctra séng ven bién thudc cac huyén Hai Hau va
Nghia Hung tinh Nam Binh, noi c6 cira song Ninh Co (ctra Lach Giang) d6 truc tiép ra
bién. Séng Ninh Co 12 mot nhanh song phan luu cta dong chinh song Hong, chay hoan
toan trén dia phan tinh Nam Dinh .Séng Ninh Co chay gan nhu hinh sin theo huéng Bic
Péng Bic - Tay Nam véi chiéu dai khoang 55 kilomet, dem lai ngudn nudc va phu Nam
trén bo bién Nam Dinh tuyén dudng bo bién ving ctra Ninh Co.
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Hinh 1: Anh ban d6 ctra song Ninh Co (Google Earth)

* Song Pay: doan qua dia phan tinh Nam Dinh dugc bd sung luong nudce tir song Dao tai
ngi ba Poc Bo, song db truc tiép ra bién qua ctra Day. Gitta song Pay va song Ninh Co
c6 su trao doi nudc qua kénh Quan Liéu. Gan dén bién, song Pay chuyén hudng tir Tay
Bic-Dong Nam sang Pong Bic-Tay Nam r6i db ra vinh Bic Bo ¢ Cira Day.
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Hinh 2: Anh ban db cira song Day (Google Earth)

* Song Tra Ly 1a mot phan luu cia song Hong chay ngang qua tinh Thai Binh gan nhu
theo hudng Tay Tay Bic-Pong Dong Nam véi mot vai doan udn cong, chiéu dai khoang
67 km. Diém cudi 1a cira Tra Ly d6 ra bién Pong, ranh gidi giita hai xa Thai Do
(huyén Thai Thuy) va xa Pong Hai (huyén Tién Hai) cung tinh Thai Binh.

* Ctra Ba Lat: 1a mot ctra song delta dién hinh, trong d6 yéu t6 song chiém dia vi quan
trong, ddc biét 1a dong bun cat cta song Hong. Cang tién ra bién, con song cang md rong,
d4o chéin cira la yéu td dac thu cua ctra Ba Lat.
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Hinh 3: Anh ban d6 ctra song Tra Ly (Google Earth)
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Hinh 4: Anh ban db cira song Ba Lat (Google Earth)




I11. Bé rong song so véi cong thirc thwe nghiém

Trén co s& do ban d6 nhur chi ra ¢ cac Hinh 1-4, ta thu dugc mét bang s liéu B ~ x.
Mat khac, st dung cong thirc thyc nghiém vé bé rong song (Savenije 2012) dé tinh

toan, v& biéu do mé ta hinh dang céc ctra song:

—X
B = Boexp (?)

Ta thu duoc cac biéu dd Hinh 5-8.
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Hinh 5: Biéu d6 song quan hé B~X song tra 1y tinh toan va thuc té do dac.

Tir biéu d0 ta thay gia tri tinh toan quan hé giita B~X tuong ty quan hé gitta B~X
thuc té ta do trén google earth cua song Tra Ly. Budng biéu db biéu thi gi4 tri do thuc té

c6 dang gan gibng dudng cia ham mil ™

1200
1000

800

600

400 -
200

\

0 1000 2000 3000

4000

5000

—S6ng Ba lat

Séng Ba lat tinh
toan

thuc té

Hinh 6:Biéu db song quan h¢ B~X song Ba Lat tinh todn va thuc té do dac.

Tir biéu d6 ta thdy quan hé B~X theo thuc té khong phai 1a dudng congnhu quan
hé B~X tinh toan. 2 quan h¢ gitra tinh toan va thuc té trén song Ba Lat van c6 su sai khéc.
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Hinh 7: Biéu d6 song quan hé B~X song D4y tinh toan va thyc té do dac.

Tir biéu d6 hinh 7 ta thdy duong biéu thi quan hé B~X thuc té c6 dang gan gidng
v6i duong biéu thi quan hé B~X theo tinh toan. Tuy nhién 2 dudng biéu thi quan hé nay
van ¢6 su khac nhau.
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Hinh 8: Biéu d6 song quan hé B~X song Ninh Co tinh toan va thyc té do dac.

Ttr biéu dd hinh 8 ta thdy quan hé B~X cua song Ninh Co gitra gia tri thuc té va
gia tri tinh todn c6 dang ham e™ , 2 duong quan hé nay cat nhau tai 1 diém.

Nhu vay c6 thé thiy su thay doi bé rong song do dugc ciing giam dan khi di tir cira
bién 1én thugng ngudn, nhung d6 dbc chua dugc phi hop so véi cac thong sb ma
Savenije (2012) di xac dinh. Trong cac phan tiép theo, nhém cb ging dung coéng cu toan
hoc dé tinh ra myc nudc va luu lugng doc song.

IV. Mo hinh toan
*Phuong trinh lién tyc :
dA aQ

I T
at "ox 7

*Phuong trinh dong luong (SaintVenant) :
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Trong do:
Q: luu luong dong chay qua dién tich mat cat uét A(m’/s)
x: bién khong gian (doc theo dong chay hay truc song) (m)
t: bién thoi gian tinh toan (gidy)
q: Ivu lugng bo sung doc tuyén (vudng goc véi truc song) (m*/s)
A: dién tich mat cit u6t (m?)
h: muc nuéc trén mat chuan (m)
C: hé sb Chezy(m®/s)
R: béan kinh thuy luc (m)
a@: Hé s6 phan phdi moé men dong lugng.

V. Chuong trinh tinh toan
Ap dung nghiém giai tich (xem Bai giang Murc nuéc - dong chay) dé tinh toan:

*Toc dg truyén song:

=
Cc—= f — —I:D\'.L
N
14 147242
N
Trong do:

w 12 tan sb gbc cua song (rad/s)

k 12 s6 song

cola toe do truyén song (I thuyét) (m/s)
A 12 dién tich mit cét uét (m?)

m 1a trung binh ctiia ma sat trong 1 chu ky triéu (l/s.mz), m duoc xac dinh boi:

m= glal (1/s.m%)
CZAZR
trong do:

C 14 hé s§ Chezy (C=50 m"?/s)
R 12 ban kinh thay luc.
g 1a gia toc trong truong.

Tir quan hé nay c6 thé két luan véi 2 truong hop sau:



m = 0 (khong c6 ma sat): ¢ =

c 4] '\.’E

m= (0 (co ma sat): ¢ = =< ¢,

mot dai lwong =42

- Sy tit din cua song triéu duge x4c dinh bing dai lvong e** trong nghiém téng

quat. Muc nudc (1) trong viing cira séng anh hudng tridu dugc cho boi:
n = 1,e™ cos(wt + kx)

trong do:

Ty 1a bién do song tai x=0

1i,e** 1a bién do song, ham phu thudc vao x.

Su giam dan cua bién do:

R—
mJ 1+N|'1+mz‘ﬁ'2
A= (m™).

cuvz

Va luu lugng doc theo vung cura song la:

Q=Q, + bij,w

— kcos(wt+ kx)]

Trong do: (I, 1a hang s tich phan. Thanh phan thir hai 13 phan dao dong ma dugc
thém vao luu luong khong d6i Q,.

A 1a do chiét giam bién d6 song.

Nghiém luu lugng tai mot diém x doc song co thé duoc tim nhu sau:

- bod qua ma sat:

b1 w

Q=0Q, - cos(wt + kx)

- X6t to1 ma sat:

eﬂx Ax

Q=0Q, —bijw FERE 5 Tz keos(wt + kx) + bij jw FE—

——— Asin(wt + kx).



Ap dung nghiém giai tich trén dé tinh toan ra dang duong qua trinh myc nudc theo

cu thé cua cac cira song: Song Py, Song Ninh Co, Séng Tra Ly, Song Ba Lat. S6

lidu céc ctra song duoc 14y theo Savenije (2012) trén Bang 1.

Béang 1. Tinh toan ddc trung cua céac cua song, Ay, Ry va Q léy theo Savenije

(2012).

Ngay Ag(m) [Re(m) |[T(s) K Q (m’ls)

S.TraLy 15/12/2008 1940 4 86400 0,21 140
9/3/2009 1940 4 86400 0,21 110

Ninh Co 15/12/2008 2950 3 86400 0,27 84
9/3/2009 2950 3 86400 0,27 66

Song Pay | 15/12/2008 2950 5 86400 0,24 308
9/3/2009 2950 5 86400 0,24 242

Ba Lat 15/12/2008 4350 5 86400 0,18 350
9/3/2009 4350 5 86400 0,18 275

* Song Tra Ly: tinh cho ngay 15/12/2008

0 140

u===——= 0,0722 (m/s)
1940

27 2

Ww=—= = 7,27 X 1072 (rad/s)

T 26400

. _glel g lol

Co m _ ghl
CZAZR C2RA A

CZAR

. mA_glul_m.Iu_.mzz I 721107

C2R 50%.3.9

m?4?  (7,40.107)°

= — = 0,99
w? (7,3.1072) ’
Thay vao biéu thirc tinh c:
e '\.I"E c '\1"5
c=7 2 =— 7~ 0,91c,
I llw 4 1+4/1+0.99
J 1+ |1+ 3

—co=/gh=V10.4 = V40~ 6,32 (m/s)

— ¢ =0,91.4/40 = 5,76 (m/s)
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i 2 42
meA
Ei,l—]‘+]]+~

N w? 7,2710 %4/ —144/140.90 ‘
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Ap dung tinh twong tu cho céc ctra song vdi cac so li€u con lai ta co bang két qua sau:

Bang 2: Két qua tinh cho cac cira song

Ngay co(m/s) |c(m/s) |A(m))
s.Traly | 15/12/2008 6,32 5,76 521.10°
9/3/2009 6,32 5,93 4,22.10°
Ninh Co | 15/12/2008 5,48 5,30 3,35.10°
9/3/2009 5,48 5,36 2,68.10°
S.Pay 15/12/2008 7,07 6,29 5,26.10°
9/3/2009 7,07 6,52 4,30.10°
Ba Lat 15/12/2008 7,07 6,54 4.20.10°
9/3/2009 7,07 6,72 3,38.10°

Thay vao cong thirc nghiém giai tich ta v&€ dugc duong qua trinh mat nudc trong song
sudt thoi gian 18 h, mdi truong hop duge xét dén 7 vi tri khac nhau trong song: X1 =0
(clra sdng giap bién), X2 = 500 m (cach cira song 500 m), ..., X7 = 3000 m. Két qua thé
hién trén céc biéu dd Hinh 9 — 16.

Ap dung cong thirc tinh 1 ta c6 dugc biéu dd n thay doi theo thoi gian va theo chiéu doc
song :

Bang Tinh eta (n) Song Tra Ly sé liéu do ngay 15/12/2008

— Series | =——Series2 — Series3 ——Series4 — Series5 —— Series® —— Series?

Hinh 9: Budong muc nudc trong song (Trong do: Series 1 — Series 7 1a gid tri cua n) ing
voi X] — X7)
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Bang Tinh eta (n) Séng Ninh Co s6 liéu do ngay 15/12/2008
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—Series] =———Series2 —— Series3 ——Series4 ——Series5 —— Series6 —— Series?

Hinh 10: Buong muc nude trong song (Trong do: Series 1 — Series 7 tng vl X, — X5).

Bang Tinh eta (n) Séng Day sé liéu do ngay 15/12/2008

e SEIES] e SEIES2 e SEI1ES3 e S€ri€84 e Series5 o Series6 —— Series?

Hinh 11: Budong muc nudc trong song (Trong do: Series 1 — Series 7 img vo1 X — X5)

Bang Tinh eta (n) Song Ba Lat sé liéu do ngay 15/12/2008

— Series! =——Series2 ——Series3 ——Series4 —— Series5 —— Series6 —— Series?

Hinh 12: Buong myc nudc trong song (Series 1 — Series 7 ung voi X, — X5)

12



* Ap dung cong thirc tinh Q ta c6 dugc biéu d6 Q thay dbi theo thoi gian va theo chiéu

doc song :
Bang Tinh Q Song Tra Ly sé liéu do ngay 15/12/2008

140,4
N
140,2
1401 NG TN AN TN P

140 >< A A A A X
- i i > >< o -l
139,7
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139,4

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

e SET€5] =—Series2 ——Series3 = Series4 —— Series5 —— Series® —— Series?

Hinh 13: Buong muc nudc trong song (Trong do: Series 1 — Series 7 1a gid tri cia n Gng
voi X] — X7)

84,6
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84
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83

Bang Tinh Q Soéng Ninh Co' sé liéu do ngay 15/12/2008

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19

— Series| =——Series2 ——Series3 = Series4 —— Series5 —— Series6 —— Series?

Hinh 14: Buong myc nudc trong song (Trong do: Series 1 — Series 7 1a gia tri cia n ing
voi X] — X7)
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Bang Tinh Q Séng Pay sé liéu do ngay 15/12/2008

308,6 -
308,4
308,2
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307,8
307,6
307,4
307,2
307

1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19
e S€I7188] e Serie82 e Series3 = Series4 —Series5 «—— Series6 —— Series?

Hinh 15: Buong muc nudc trong song (Trong do: Series 1 — Series 7 1a gia tri cia n ing
vOi X] — X7)

Bang Tinh Q Ba Lat sé liéu do ngay 15/12/2008
351
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350

349,5

349

348,5
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— Series] =—Series? ——Series3 — Series4 — Seriesd —— Series6 —— Series?

Hinh 16: Buong myc nudc trong song (Trong do: Series 1 — Series 7 1a gia tri cia n ing
VOl Xl — X7)

VI. Phan tich so tri va két luan
Phan tim hiéu mo hinh nay da mo ta ung dung ctia mo hinh sb tri mot chiéu don gian
(Hearn 2008), véi cach mé hinh héa sai phan hitu han (finite difference) dé cho ta thiy
dugce sy bién d6i vé dudng muyc nude theo thdi gian dién ra tai ving cira song. Chia khu
vuc cua song thanh N doan déu nhau, doan dau tién (mat cit s6 0, Hinh 13) tng véi vi tri
tiép giap v6i bién. Ban dau myuc nude déu bang 0. Diéu kién bién 1a dao dong diéu hoa
Mgy =@ rsing2 e pin )

cua myc nudc phia bién: r

Cac tham s6 dau vao gdm c6: N (sb diém chia), dx (khoang cach giira cac diém),
dt (khoang thoi gian giita cac diém), u (Iuu tdc), px (40 dbc cao do), ux (dd chénh léch
Iuru toe theo khong gian), 1 (cao d6 mit nudc).
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Hinh 17: So do biéu dién phuong phép sai phan hitu han.

Trén co s& d6, nhom da chuyén thuat toan thanh mot chwong trinh bang ngén ngir lap
trinh Julia (www.julialang.org), mot ngdn ngit hd trg tinh toan kiéu nhu MATLAB. Ma

1énh chuong trinh dugc 1iét ké trong phu luc.

Tir két qua tinh todn ta co thé biéu dién duoc biéu dd biéu thi dudng muc nude trong cira
song tai cac thoi diém khac nhau theo huéng cuia truc Ox, ta thdy dudong muyc nude bién
d6i tuyén tinh & ving ctra séng toi thuong luu duong myc nudc dan chuyén thanh phap
tuyén voi mit cit song ¢ thuong luu.
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Hinh 18: Budong muc nudc song Tra Ly theo mé hinh hoa Finite Difference

Bén canh nhitng vu diém ma mé hinh mang ti thi ciing ¢6 mot sé mit han ché trong bai
nghién ctru ndy vi trong bai nay ta xét bé rong song (B) va do sau (h) 1a khong dbi trén
song, ta xét dong mot chiéu va b qua anh hudng cia song tai ving cira song. Tai thuong
lru gia thiét khong c6 luu lwong chdy qua va thuong luu dong kin vi thé luu lwong muc
nuéc phia thuong luu c6 xu hudng nam ngang.

Neéu c6 dicu kién ti€p tuc nghién ctru, nhdm s€ mo rong mé hinh dé tinh dén sy bién doi
bé rong song.
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http://www.julialang.org/

Két ludn

Qua nghién ctru nay, nhom di tim hiéu hinh thai va co ché thuy luc cira song. Dya theo
s6 lidu do Savenije (2012) thu thap va cac cong thic giai tich, qua trinh muc nudc va luu
lugng cua song (Tra Ly, Pay, Ba Lat, Ninh Co) da dugc tim ra. D1 nhién, tinh toan chi ap
dung véi thay tridu déu (bién d6 khong d6i) va chua phan anh duoc didu kién thuc té.
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Phu luc

N = 36;
dx = 1/N
dt = 0.01;

a =1.4;

initial eta = 0.;
sum = 0;
u = [1:N+1]*0.;
ux = [1l:N+1]1*0.;
n = [1:N]*0.;
px = [1:N]*0.;
for i = 1:N;
nl(i] = initial eta;
end;
ulN + 11= 0;
tau = 1;
T = 86400;
t = 0;
nbien = a*sin(2*pi*t)/T;
for tt = 0:30000;
t = tt/100;

for i = 2:N;

px[i]l= (n[i]- n[i - 11) / dx;
end; px[1l] = (n[l]- a*sin (2*pi*t/T)) / dx ;
for i = 1:N;
uli]= uli]+ dt*(-px[i]- ul[i]/tau):;
end;
for 1 = 1:N;
ux[il= (uf[i + 11- ulil)/dx;
end;
for i = 1:N;
nlfi]= n[i] - dt*ux[i];
sum = sum + nf[il];
end;
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