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MO PHONG DIEN BIEN MAN TRONG HE THONG THUY LQI BAC
HUNG HAI CHO KICH BAN LAY NUOC NGUQC TU SONG THAI BINH

Tran Tuan Thach
Truwong Dai hoc Thuy loi

Tém tit: Nghién citu tdp trung vao mo phong dién bién do man trong hé théng thiy loi Bic Hung
Hai vmg vdi trong truong hop ldy mede nguoe tir song Thai Binh. Chudi sé liéu muwc nmede va d mén
thwe do tai cong Cau Xe va An Thé trong thoi ky tir 18-12-2020 dén 15-1-2021 dwoc sir dung dé
danh gid chi tiét moi twong quan giita do mdan va myc nudc su dung phan tich séng con (wavelet
anaIySIS) D¢ man tai An Thé ¢é moi twong quan chdt ché voi myc nudc trong khoang thoi gian 1
gio doi voi trieu kém va 0,5 gio doi voi triéu cwong, trong khi d6 gid tri trén la khoang 2 gio tqi vi tri
cong Cau Xe. Module lan truyén chdt ciia mé hinh MIKE 11 dé dwoc dp dung de mo phong dién bién
mdn trong hé thong img véi kich ban ldy nuéce nguoc tu song Thai Binh qua cong Cau Xe va An Tho
voi do man twong ung trong thoi ky néu trén. Két qua mé phong thé hién rdang xam nhdp man trong
hé thong truyén sdu vao trong ndi di trén séng chinh Ciru An khodng 24,92km, trong khi d6 xdm
nhdp man tinh todan trén séng Dinh Pao la khoang 18,90 km. Tai vi tri nga ba nhdp luu giita kénh
Cau Xe va kénh An Tho, ngd ba nhdp luu giita séng Pinh Pao va séng Ciru An, gid tri dé man tinh
toan ldn liot bang 0,5 va 0,35 PSU. Bén canh do, anh hwong ciia hé so khuéch tan dén qud trinh lan
truyén man trong hé thong cing duoc dé cdp dén trong nghién ciru nay.

Tir khoa: H¢ thong thiy loi Bac Hung Hai, P mén, Dién bién man, Module lan truyén chat.

Summary: This paper presents simulation results of salinity in the Bac Hung Hai irrigation system
in response to the scenario of taking water from the Thai Binh river. The time series of water level
and salinity measured at Cau Xe and An Tho from 18-12-2020 to 15-01-2021 have been used to
evaluate the correlation between salinity and water level using wavelet analysis. Salinity at An Tho
has a strong correlation with water level in the duration of 1 hour for low tide and 0,5 hour for high
tide, while the above value is about 2 hours at Cau Xe. The advection-dispersion module of the
MIKE 11 model has been applied to simulate the salinity in the system for the scenario of taking
water from the Thai Binh River through Cau Xe and An Tho with salinity in the above period. The
simulation results show that saline in the system can intrude for a distance of up to 24,92 km in the
Cuu An River, while the salinity intrusion length is about 18,90 km in the Dinh River. At the
confluence between Cau Xe and An Tho and between Dinh Dao and Cuu An, the calculated salinity
values are 0,5 and 0,35 PSU, respectively. The influence of the diffusion coefficient on the salt
variation in the system was also investigated and discussed.

Keywords: Bac Hung Hai irrigation and drainage system, Salinity, Salinity variation, Advection-
dispersion module.

1. GIOI THIEU CHUNG thuong duge xem xét mot cach can than, béi vi
d6 mdn trong nudc s& anh hudng tryc tiép dén
viéc dam bao cap nude tudi cho nong nghiép.
Ngoai ra, cac thong tin vé su thay ddi d6 man
theo khong gian va thoi gian s& cung cép
nhitng chi dan sinh thai quan trong dé nghién
clru va danh gia sy anh hudng cua cac yéu tb
thuy dong luc, chu trinh thiy van, lan truyén
chét [3]. Mic du, d6 min dong vai trd rat quan

D6 man 1a mot thong sé chit lwong nude quan
trong trong mo phdéng cac qua trinh thuy dong
luc, sinh thai, lan truyén chat [1, 2]. Trong cac
hé théng thuy loi, tinh todn dinh luong d§0 man
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trong trong viéc cap nudc, nhung hau hét cac
hé théng thuy loi lai khong co cac sé lidu do
dac vé d6 man (cod rat it cac tram & clra song,
bién). Qua trinh lan truyén min dién bién phirc
tap do chiu tic dong cia ca cac yéu t§ thuy
dong luc trong song, thuy tridu, qua trinh hoa
tron gitta nudc ngot va nudc bién, pha lodng
do mua, hoan luu, cong trinh thuy luc, hinh
thai long song, kénh...Ngoai ra, do dac d0 man
cling duoc thuc hién trong nhiéu diéu kién
dong chay khac nhau, chu yéu 13 dong chay réi
va khong on dinh, doi khi doi hoi cac bude
thuc hién phuc tap.

C6 nhiéu phuong phap khac nhau co thé su
dung dé do dac va md phong dién bién do
min. PO min c¢6 thé duoc xac dinh su dung
phuong phéap thu thdp mau nudc hién truong,
sau do phan tich x4c dinh d6 mén trong mau
nudc trong phong thi nghiém. Phuong phap
xac dinh d0 man nay thuong cho dd chinh xac
cao, nhung thudng doi nhiéu thoi gian, chi phi
va cong suc. P man cling cod thé duoc xac
dinh dua trén phuong phap do do dan dién -
nhiét d6 - d6 sdu (CTD) truc tiép tai vi tri quan
trac. Cac cam bién CTD duoc st dung thudng
xuyén trong qué trinh khdo sat va giam sat tai
hién truong, dic biét dbi véi truong hop can
xac dinh d6 min theo chudi thoi gian. Ngoai
ra, cac mo hinh toan ciing thuong duogc su
dung dé mo phong dién bién min theo khong
gian va thoi gian, bdi vi cdc mo hinh nay cho
phép thay ddi cac kich ban mo phong mét cach
dé dang.

Muc tiéu chinh cta nghién ctu nay la mé
phong dién bién man trong hé théng thay loi
BHH g vai kich ban lay nudc nguoc tir song
Théai Binh va song Lugc str dung module lan
truyén chat caa md hinh MIKE 11. S§ liéu
quan tric do man chi tiét tai cdng Cau Xe va
An Thé trong khoang thoi gian tir ngay 18-12-
2020 dén 15-01-2021 di dugc st dung cho
muc dich md phong néu trén. Hé s6 lan truyén
tir md hinh sau d6 duoc sir dung dé mé phong
va xac chiéu sdu xam nhdp man trong hé
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théng truc song, kénh ndi dia véi kich ban léy
nudc nguoc.

2. HE THONG THUY LQI BAC HUNG
HAI VA DU LIEU THU THAP

2.1. Hé théng thiy loi Biac Hung Hai

Hinh 1: So dé hé thong thity loi Bac Hung Hai

Bic Hung Hai (BHH) duoc biét dén la h¢
thdng thay lgi I6n nhat ving Pong bang chau
thd song Hong, véi tong dién tich ty nhién 1a
214.932 ha, trong do dién tich trong dé la
192.045 ha va dién tich ngoai dé l1a 22.887 ha
[1]. Hé théng dugc bao boc bai bén con song
I6n (Hinh 1): song Pudng dai 67km tir Xuan
Canh dén Pha Lai (6 phia Bic), séng Ludc dai
72 km tir Ha Lio dén Quy Cao (¢ phia Nam),
séng Hong dai 57 km tir Xuan Quan dén Ha
Lao (¢ phia Tay) va sdng Thai Binh dai 73 km
tir Pha Lai ¢én Quy Cao (¢ phia Dong). Theo
thiét ké, hé théng thuy loi BHH liy nudc tur
séng Hong qua céng Xuan Quan va tidu tu
chay ra ngoai song Ludc va song Thai Binh
bang cdng Cau Xe va An Tho, con lai tiéu
bang dong luc. Hé théng thuy loi BHH c6
mang lugi s6ng, kénh noi dia kha day dac, ndi
thdng voi nhau tao thanh mang ludi song,
kénh dan va tiéu nudc kha thuan loi. Mot sb
séng truc chinh trén hé théng co thé ké dén
nhu song Kim Son, DPi¢n bién, Ciru An, Tay
K¢ Sat, Nam Ké Sit, Pinh Pao, Trang Ky,
Cau Xe, An Thd, Lwong Tai, Thach Khoi,
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Quang Lang, An Tao, Hoa Binh va Bac Hb.
Trén cac song va kénh truc chinh néu trén, co
11 cbng chinh (Xuan Quan, Bao Pap, Kénh
Cau, Luc Dién, Bang Ngang, Cong Tranh, B4
Thuy, Neo, Cau Cit, Cau Xe va An Tho) lam
nhiém vu diéu tiét nudc phuc vu tudi, ti€u trén
hé théng. Hé thdng con c6 trén 800 cong va
400 tram bom 16n nho khac nhau dé hd tro 1y
nudc vao mua khd cling nhu ti€u nudc vao
mua mua duoc thuan loi. Mua kho kéo dai tir
thang XI dén thang IV nam sau, mia mua duy
tri tir thang V dén thang X [4, 5].

Hé thong thuy loi BHH dugc xay dyung tir ndm
1959 véi nhiém vu chinh 1a tudi tiéu phuc vu
san xuét ndng nghiép. Ké tir sau khi c6 hd Hoa
Binh, muc nudc sdng Hong ha thap, vao nhiéu
thoi diém cong Xuan Quang bi treo khong lay
dugc nudc. Dé dam bao cip nudc tudi va han
ché anh huong cua viéc thiéu nudc, hé thong
da tang cuong lay nude nguoc qua céng Cau
Xe, An Thé dé tuéi cho ving Nam hé thdng.
Theo quy trinh van hanh, viéc lay nuéc nguoc
chi thyc hién tir thang XI dén thang I nim sau
dé phuc vu cong tac d6 ai cho vy Pong xuan.
Hién nay, viéc lay nuéc nguoc con phai thuc
hién ca trong thoi ky tudi dudng cho lla
(thang 111-1V). Mot sé nghién cau tinh toan
muc nudc trén hé thong da dugc thuc hién s
dung mo hinh toan thuy luc [4, 5]. Tuy nhién,
céc nghién ctru néu trén chua dé cap dén mo
phong dién bién d6 man trong hé théng trong
truong hop lay nudc ngugc tir sdng Thai Binh
qua cbng Cau Xe va An Tho.

2.2 Dix liéu thu thap

Pé mo phéng dién bién d6 man trong h¢ théng
thiy loi BHH tng véi kich ban lay nudc
nguoc tir song Thai Binh qua cong Cau Xe va
An Thd, chudi dit liéu muc nude va dd6 min
trong khoang thoi gian tr ngay 18-12-2020
dén 15-01-2021 da duoc thu thap. Cu thé,
chudi s liéu muc nuée tai Xuan Quan, Cau
Cat, Cau Xe, An Tho va tai cac vi tri khic
trong hé thong da dugc thu thap, trong khi d6
chudi s6 liéu d6 man trong khoang thoi gian
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néu trén dugc thu thap tai cac vi tri Cau Xe va
An Tho. Chi tiét vé cac so liéu do man tai cac
vi tri néu trén dugc trinh bay chi tiét trong
Muc 4.

3. PHUONG PHAP NGHIEN CUU

3.1. Giéi thiéu vé module lan truyén min
cia mo6 hinh MIKE 11

Module lan truyén chit caia md hinh MIKE 11
da dugc sir dung dé tinh todn md phong dién
bién min trong hé théng thay loi BHH @ng voi
kich ban ldy nudc nguoc tir song Thai Binh va
Ludc. Phuong trinh lan truyén khuéch tan
module (AD) cia MIKE 11 c6 dang nhu sau [6]:

0(AS) 0(QS) o [ADﬁjﬂ)

ot oX  OX OX @
Trong do: S 1a ki hiéu d6 méan (PSU), D 1a h¢
s khuéch tan (m%s), Q 1a luu lugng dong
chay (m%s). Hé s6 khuéch cé thé duoc md
hinh hoa 13 ham cua van toc dong chay hodc 1a
hang s6. P6i voi mo ta lan truyén chat trén cac
kénh, song ciia hé thong thuy loi, gia tri dic
trung ctia hé sd khuéch tan thuong thay doi tir
1 dén 20 m?/s [6].

3.3. Thiét 1ap mé hinh MIKE 11 cho hé
thong nghién ciru

Hinh 2 thé hién so d6 thiét 1ap mo hinh MIKE
11 cho hé théng thuy lgi BHH, bao gom vi tri
cic mait cét trén 15 truc song, kénh chinh cta
hé théng, vi tri bién thugng luu va cac bién ha
Iwu. Chi tiét vé cac séng chinh, s lugng cac
mit cat trén cac song chinh thiét 1ap trong mo
hinh tham khdo trong cac nghién ctu trudc
day [4, 5]. Luu y rang, quy trinh van hanh ciia
cac cong trong hé thdng ciing da duoc thiét lap
trong m6 hinh nham thé hién mot cach chinh
xac hién trang thuc té ctia hé théng. Trong tinh
toan thuy luc, muc nudc tai céng dau mdi
Xuan Quan da dugc st dung la dir li€u tai vi
tri bién thuong luu, trong khi muc nudc tai cac
cong Cau Cét, Cau Xe va An Tho duoc st
dung lam dit liéu dau vao tai cac vi tri bién ha
luu. Mit khac, trong mo phong dién bién man,
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d6 min tai bién thuong luu bang khong. Do
min tai Cau Xe va An Tho st dung d0 man do
dac trong khoang thoi gian tor ngay 18-12-
2020 dén 15-01-2021. Dé ddm bao 6n dinh,
budc thoi gian At = 30 gidy da dugc lya chon
cho ca mé phong thuy luc va dién bién lan
truyén mén trong hé théng.

Hinh 2: So hoa thiét Idp mé hinh cho hé thong
thuy loi BHH, vi tri mat cat, bién thuong va ha luu

4.KET QUA VA THAO LUAN
4.1. Quan hé gitra d0 man va muc nwéce

Hinh 3 thé hién phan tich séng con (wavelet
analysis) cua chudi s6 liéu d6 min va muc nudc
trong khoang thoi gian tir ngay 18-12-2020 dén
15-01-2021 tai vi tri céng An Thd. Do mén c6 xu
hudng 16n trong thoi ky triéu cudng va nho trong
thoi ky triéu kém (Hinh 3a). Gia tri d6 mén 16n
nhét ghi nhan tai vi tri cong An Thé trong khoang
thoi gian do dac 1én dén gan 4 PSU. Phé phan b
d6 min thé hién chu ky bién doi cuia 46 man thay
ddi trong khoang thoi gian tir 4 gio dén 2,6 ngay
(Hinh 3b). Két qua phan tich song con ctia chudi
s6 liéu d® man va muc nude trong khoang thoi
gian do dac thé hién réng dd man tai vi tri céng
An Thé ¢6 xu huéng tuong quan voi muc nude
trong khoang thoi gian véi bién d6 1a gio (Hinh
3c). Cu thé, trong thoi ky triéu kém, su léch pha
cta do man va muc nuoc khoang 1 gio, trong khi
do6 khoang thoi gian Iéch pha gitra d0 man va myc
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nude tridu 13 0,5 gid trong thoi ky triéu cudng.
Diéu d6 thé hién anh hudng cua thuy triéu dbi véi
qua trinh khuéch tan va pha trén gitra nude ngot
va nuéc midn trong cac thoi ky triéu cuong va
triéu kém. Luu ¥ rdng, cac mii tén trong Hinh 3c
thé hién mdi quan hé vé pha gitta d6 man va myuc
nude tridu, voi miii tén hudng xudng hodc hudng
1én biéu thi myc nuéc anh huéng chinh 1én do
mén va mii tén chi sang trai (hodc phai) cho biét
do man nguoc pha (hoac cung pha) véi muc nude
tridu. Tuong tu, tai vi tri Ciu Xe, phan tich song
con ctia chudi sb liéu d6 min va muc nude trong
khoang thoi gian do dac duoc thé hién trén Hinh
4. Gia tri d6 man 16n nhéat tai céng Cau Xe trong
thoi gian do dac 1a 3,5 PSU. Pho phan bb d6 man
tai CAu Xe thé hién chu ky bién dbi ciia d6 man
chi yéu tir trong khoang thoi gian nho hon 16 gid
(Hinh 4b). Quan hé gitra d0 man va muc nudc
trong khoang thoi gian do dac (Hinh 4c) thé hién
réng dd6 man tai vi tri céng Cau Xe ¢ tuong quan
v61 myc nudce trong khoang thoi gian véi bién do
khoang 2 gio. Diéu d6 c6 nghia rang thoi gian
cho qua trinh khuéch tan lan truyén nudc bién
cling nhu qua trinh pha tron gilta nudc ngot va
nudc bién tai vi tri cong Cau Xe s& dai hon so véi
vi tri céng An Tho.

Water lovel im) &

Tanie {1 howr)

Tone (1 houry

Hinh 3: Dién bién: a) do man va myc nuwoc
theo thoi gian, b) pho phdan bo man va c) pho
quan hé giita do man va muc nuoc tai An Tho
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Hinh 4: Dién bién: a) @6 man theo thoi gian,
b) pho phan bo man va c) pho quan hé gitta
do man va muc nuoc tai Cau Xe

4.2. Két qua mod phéng dién bién min trong
hé thong ng véi kich ban iy nwéc nguoe

Dé mo phong dién bién min trong hé thng thuy

a) dAnTho Cuu An

EECCCLVEEN  CONG NGHE |
loi BHH tng v6i kich ban 1iy nudc nguoc (liy
nudc ngugce tr song Thai Binh va Ludc vao hé
théng qua cong Cau Xe va An Thd), module lan
truyén chét va thuy dong luc cia mé hinh MIKE
11 da duoc 4p dung. Hé sb nham trong module
thiy dong luc dugc ké thira tir cac nghién ctu
trudc day [1, 2]. Trong khi d6, hé sb lan truyén
bang 10 m%s, nam trong khoang gia tri tir 1 dén
20 m?/s khuyén céo ap dung trong huéng dan sir
dung md hinh [3], da duoc str dung dé mo phong
dién bién mian trong khoang thoi gian tir 1-12-
2020 dén 20-01-2021. Ngoai ra, trong module
thiy dong luc, gia tri muc nudc thue do tai trong
khoang thoi gian néu trén da dugc st dung tai
bién thuong (Xuan Quan) va céc vi tri bién ha
Iuu (céng Cau Cit, Cau Xe va An Thd). Trong
module lan truyén chét, gia tri cua d6 man tai
bién thuong luu gia thiét bang khong. Tai bién
ha luu, 6 mén gia thiét bang khong tai Cau Cat,
trong khi d6 gia tri @6 man thyc do tai Cau Xe va
An Thé da duoc str dung tai bién ha luu & vi tri 2
cdng néu trén.

b} AnTho DinhDao
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Hinh 5: Phdn b6 dé man I6n nhat doc theo céc nhanh song trong hé théng
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Hinh 5 thé hién phan bd d6 man 16n nhat doc
theo cac song trong hé thong thiry loi BHH tir
cdng Cau Xe va An Tho. Két qua md phong
thé hién réng xam nhdp man trong h¢ théng co
thé vao sau khoang 24,92 km trén séng chinh
Cuu An, trong khi do chiéu su xAm nhap man
tinh todn khoang 18,90 km trén song Dinh
Dao. Hinh 6 thé hién sy phan b theo khéng
gian cua d6 min trong toan bo hé thdng thuy
loi Bac Hung Hai tai cac thoi diém khac nhau.
Két qua cho thdy, d6 man giam dan tir ha luu
(kénh Cau Xe, kénh An Thd) dén thugng luu.
Ngoai ra, d man & cac song va kénh khac
nhau cta hé thong thuy loi Bac Hung Hai thay
d6i dang ké, tuy thudc vao ting vi tri va thoi
gian mo phong cu thé. Hon nita, 6 mdn 16n
(>1,0 PSU) chu yéu xay ra & kénh An Thé va
Cau Xe, trong khi d§0 médn & song Ciu An va
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song Pinh Pao dao dong tir 0 dén 0,6 PSU.
Hinh 7 thé hién sy thay d6i d6 man theo thoi
gian tai vi tri ngd ba song Pinh Pao va song
Ctru An, kénh Cau Xe va kénh An Tho. Két
qua mo phong tir mo hinh thé hién mot cach
logic su lan truyén d6 man trong hé thong thuy
lgi BHH, v6i céc gia tri nho xdy ra & khu vuc
thuong ngudn ciia hé thong. Tai vi tri ngd ba
nhap luu gitta kénh Cau Xe va kénh An Tho,
gia tri d0 man tinh toan béng 0,5 PSU. Trong
khi d6, gia tri d6 man bang 0,35 PSU tai vi tri
nga ba nhdp luu gitra song Dinh Dao va song
Ciru An. Trong module lan truyén chit, hé sd
khuéch tan 1a thong s6 chinh can phai dugc
hiéu chinh. Tuy nhién, do thiéu dit liéu do dac
d6 man bén trong hé théng thuy lgi BHH nén
gi4 tri 10 m%s dd dugc sir dung cho hé s
khuéch tan.
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Hinh 6: Phdn b6 do man trong hé théng thuy loi BHH tai cac thoi diém khdc nhau
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Hinh 7: Két quad mo phong dién bién man tai hai vi tri ngd ba nhap luu gitra kénh Cau Xe
va kénh An Thé (dwong mau den) va ngd ba nhdp lwu giita séng Ciru An va Pinh Dao
(dwong mau xanh)

Hinh 8: Phdn b6 do man I6n nhdt trong hé thong vng véi cdc hé sé lan truyén
a) 5, b) 10, ¢) 15 m%/s

Pé khao sat anh hudéng cia hé s6 khuéch tan,
cac mo phong str dung gia tri hé s6 khuéch tan
bang 5 va 15 m?/s da duoc thuc hién bd sung.
Hinh 8 thé hién su phan bé d6 min 16n nhat
trong hé thong thuy lgi BHH khi sir dung céc
gia tri khac nhau cho h¢ s6 khuéch tan. Két
qua mo phong thé hién rang gia tri d6 min 16n
nhét twong ty trong cac kénh Cau Xe va kénh
An Tho khi sir dung cac hé s phan tan khac
nhau (tirc 1a 5, 10 va 15 m?%/s). Ngoai ra, gia tri
d6 man 16n nhat tai song Ciru An va song
Dinh Dao chi ¢6 su chénh lIéch nho.

5. KET LUAN

Dién toan do man trong hé théng thay loi BHH
trong trudng hop ldy nude nguoc qua cong Cau
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Xe va An Tho dugc phén tich va mo phong véi
mét s6 diém chinh da dat duge nhu sau:

(i) St dung phan tich song con (Wavelet
analysis), d0 min tai An Tho c¢6 mdi twong
quan chit ché trong khoang thoi gian 1 gior dbi
v6i triéu kém va 0,5 gid dbi voi tridu cuong,
trong khi d6 gié tri trén 1a khoang 2 gi¢ tai vi
tri céng Cau Xe.

(i) Ap dung module lan truyén chat ciia mo
hinh MIKE 11, dién bién lan truyén min theo
khong gian va thoi gian trong hé thong thuy
loi BHH di duogc khao sat. Két qua mé phong
thé hién réng xam nhap man trong h¢ théng co
thé vao sau trong khoang cach 1én dén 24,92
km trén song chinh Cuu An, trong khi do
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khoang cac xdm nhdp man tinh todn khoang nga ba nhap luu gitta song Pinh Pao va song
18,90 km trén song Pinh Pao. Tai vi tringd ba  Ctru An, gia tri d0 mén tinh toan 1an lugt bang
nhap luu gitra kénh Cau Xe va kénh An Tho, 0,5va 0,35 PSU.
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