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MUC LUC
Bai bao khoa hoc
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Tém tit: Pha dudng 1a hién tuong 6 nhiém nude mat dién hinh tai cac hd trong thanh phé
gdy anh huong t6i my quan, strc khoe ngudi dan sdng xung quanh. Nghién ctru tién hanh
danh gid mirc d¢ phu dudng tai 5 hd thude quan Hai Ba Trung ndi thanh Ha No6i qua néng
d6 tong phdt pho (TP) va néng do diép luc a (Chl-a), két hop chi s pha dudng Carlson. Két
qua nghién ctru cho thiy nong do TP tai cac hd giao dong tir 0,277 (mg/l) dén 1,322 (mg/l),
ndéng do Chl-a giao dong tir 0,1 dén 0,244 mg/l. Ca 5 hé khu vuc nghién clru gdém hd Quynh
(TSI = 80), hé Thanh Nhan (TSI = 79), ho Bay Mau (TSI = 90), hé Hai Ba Trung (TSI =
77), hd Thién Quang (TSI = 86) déu ¢ muc siéu pha dudng (Hypereutrophic TSI > 70).
Nghién ciru cho thdy cac hoat dong ctia ngudi dan séng xung quanh hd 13 nguyén nhan
chinh gay pht dudng nudc ho.

Tir khéa: Phi dudng; HO noi thanh Ha Noi; Chi s6 pha dudng; O nhiém ho ndi thanh Ha
Noi.

1. Mé diu

Cung vdi sy phat trién ctia cac d6 thi, cac hd trong nodi thanh ciing chiu nhiéu ap luc vé
tiép nhan cc ngudn nudc xa thai vao trong ho gayra 6 nhiém cac hd nghiém trong. Phu
dudng 1a mot trong nhing loai hinh 6 nhiém diém hinh tai cac ho trong noi thanh gay tac
dong x4u to1 hé sinh thai ho, tao ra mui kho chiu, mat my quan do6 thi.

Theo nghién ctru ciia Uy ban méi trudng hd qubc té, co tdi 40-50% cac ho trén thé gidi
bi phi dudng tir nhitng nam dau cua thap ky 90 [1]. Phu dudng la biéu hién rd rang nhat cua
van dé 6 nhiém mai truong nudc mit, dic biét 1a nude hd. Chinh vi thé pha dudng 1a van dé
moi truong dugc quan tdm nghién ciru trén thé gioi. Cac chat 6 nhiém phat sinh trong cudc
song phat trién hién nay, dic biét 1a chat 6 nhiém dén tir sinh hoat 1a mot trong nhing nguyén
nhéan gay ra hién tuong pha dudng & cac hd trong ndi thanh. Cac nghién ctru trén thé gidi cho
thy, cac hd ndi thanh thuong c6 mirc 46 pht dudng cao hon cac hd ngoai thanh, cac ho thuy
loi, thuy dién [2—6]. biéu nay dugc xéac dinh 1a do céc hoat dong sinh hoat ciia ngudi dan ndi
thanh xa nudc thai chwa qua xtr 1y ra hd din t&i ndng d6 cac chit dinh dudng ting cao giy
phua dudng [7]. Pé danh gia muc d6 phu dudng, chi sé pht dudng do Carlson phat trién [8]
nam 1977 dua trén 3 chi s6 phu 14 chi s6 tong phdt pho (TSItp), chi sé vé& nong do diép luc a
(TSlchia) va chi s6 do sau dia Secchi (TSIsp). Phuwong phap tinh chi s6 phu dudng Carlson da
duogc ap dung rong rii trén thé gidi dé danh gia mirc d6 phti dudng ctia nude hd [6, 7, 9-11].

Tai Viét nam, nghién cuu vé muc dod phu dudng cua céac hd cling duogc tién hanh nhu
nghién ctru nam 2018 tai hd Cu Chinh, Ha Noi cho thiy ho dang ¢ tinh trang phu dudng
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nghiém trong va photpho la chat dinh dudng han ché su phat trién ctia tio con nito chi c¢6
trong mot s6 thoi diém trong cc thang mua mua [12—13]. Nghién ctru tai hd Hoan Kiém cho
thdy ham luong Chl-a ctia nuGe hd dao dong trong khoang 114,8 pg/l dén hon 700 pg/l, Gia
trj TSI(Chl-a) dao dong & muc tir 77 dén 95 twong Gng voi mire siéu pht dudng [14]. Mot
nghién ctru nhdm x4c dinh hién trang phu dudng cua hd chira Quan Son (M§ Ptic) ndm 2023
cho thiy hd chtra Quan Son dang ¢ murc pht dudng cao vé6i gia tri TSI > 60 [15]. Mot nghién
ctru khac thuc hién tai 8 hd trong Kinh thanh Hué cho théy hau hét cac hd déu & muc siéu
phu dudng [16].

Quan Hai Ba Trung 1a m{t quén trung tam ndi thanh Ha Noi, cac hoat dong phat trién
kinh té va sinh hoat cia nguoi dan dién ra manh m&. Céc ho trong quan Hai Ba Trung dong
vai trd quan trong trong viéc tao canh quan méi truong, didu hoa khi hau khu vuc. Cac nghién
ctru vé phti dudng tai Ha Noi néi chung va tai quan Hai Ba Trung néi riéng con han ché. Do
d6 viéc danh gia hién trang phii dudng ciia cac ho trong quan Hai Ba Trung ¢ y nghia rat
16n ddi véi cong tac quan ly chat luong nudce ho trong khu vuc cling nhu nang cao y thirc bao
v€ moi trudng nude hd. Cac muc tiéu cua nghién ciru bao gom (1) Banh gia dugc noéng do
clia cac thong sb gay pha dudng nude hd bao gdm tong phdt pho (TP), néng d6 diép luc a
(Chla); (2) Panh gid mtrc 46 phti dudng cac hd thong qua chi s6 pha dudng Carlson.

2. Phwong phap nghién ctru
2.1. Vi tri quan trdc

Nghién ctru dugce thuc hién tai 5 hd 16n ¢6 vai trd quan trong trén dia ban quin Hai Ba
Trung bao gom: ho Quynh, h6 Thanh Nhan, h6 Bay Mau, h6 Hai Ba Trung, ho Thién Quang
(Hinh 1).

Bang 1. Vi tri cac diém lay miu nudc mat.

TT Pia diém Ky hiéu mau Toa dd

1. Hb Quynh L1 21°00'18.9"N 105°51'12.9"E
2. Hb Thanh Nhan L2 21°00'24.7"N 105°51'24.5"E
3. Hb Bay Mau L3 21°00'40.6"N 105°50'34.2"E
4. Hb Hai Ba Trung L4 21°00'44.7"N 105°51'21.8"E
5. Hb Thién Quang L5 21°01'03.1"N 105°50'44.9"E

2.2. Phirong phdp 1dy mau, bdo quan va phan tich mau

Phuong phap ldy miu va bao quan thyc hién theo hudng din cia QCVN
08:2023/BTNMT. Méu nuéc duoc liy thanh 2 dot thang 3 va thang 4 ndm 2023. MAu sau
khi dugc ldy, bao quan va chuyén vé phén tich phdt pho tong sé (TP) va nong do diép luc a
(Chl-a). D6 sau dia Secchi (SD) duoc do tai hién truong khu vue nghién ctru tai thoi diém
ldy mau.

2.3. Phuwong phdp tinh chi s6 phii dwdng Carlson

Chi s6 phu dudng dugc TSI Carlson duoc tinh todn dya trén 3 théng s6 tong phét pho
(TP), nong do diép luc a (Chl-a), va do sau dia Secchi (SD).

InSD
TSI(SD) =10| 6—
SI(SD) ( In2j oy
TSI(ChI)=1O(6—2'04_0'68|ncmj 2
In2
48
In—
TSI(TP) =10| 6——1F (3)

In2
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TSI tong hop duogc tinh theo cong thic:
. TSI(SD)+TSIgChI)+TSI(TP) @

Két qua tinh toan TSI so sanh v6i mirc phan loai phu dudng theo TSI cua Carlson: TSI
< 30 ho thicu dinh dudng, 30 < TSI < 50 ho ¢6 muc dinh dudng trung binh, 50 < TSI <70
ho bi pha dudng, TSI > 70 ho siéu pha dudng.

Hoan Kiém

T TN VRN

H& Thién Quang Long Bién

~ Déng Da
ol3 L4 0 Hai Ba Trung

H& Bay Mau

L‘.HaiBSTnmg
HbQuynh | @ L2

Séng Héng
Hb Thanh Nhan

Thanh Xuén P e e e T (R LS

Chu thich

. S Hoang Mai ® Vitrildy mau
oang Mai

Hinh 1. Vj tri ldy mau khu vyuc nghién ctu.

2.4. Phuong phap xuw ly dir ligu

Céc két qua quan trac duoc dua vao xir 1y théng keé sir dung phan mém 14p trinh R véi
goi nang cao Psych dé phan tich tvong quan giita cac thong sd quan tric.

3. Két qua nghién ciru

3.1. Nong d@é TP, Chl-a, va SD trong nuwréc hé khu vuec nghién cizu

Két qua nghién ctu cho thay, nong do TP tai 5 ho nghién ciru déu rat cao (Bang 2). Trong
d6 3 ho: hd Quynh, ho Thanh Nhan, ho Hai Ba Trung nong d6 TP déu nam & mic chat lu0’ng
nuée loai B (< 0,3 mg/l) theo QCVN 08:2023/BTNMT trong khi d6 2 hd Thuyén Quang va
Bay Mﬁu chét lLr(mg nudce dat mace loai D véi nf)ng d6 TP vuot murc loai C tir 1,88 dén 2,64
lan véi nong do lan luot 12 0,94 va 1,32 mg/I (Hinh 2).

Dbi v6i ndng d6 Chl-a, ca 5 hé déu nam & muc chat luong nudc loai D (Chl-a > 0,07
mg/l). Nong d6 trung binh cta Chl-a tai khu vuc nghién ctru déu cao hon tir 1,9 dén 3,5 lan
s0 v&i murc chit luong nudce loai C theo QCVN 08:2023/BTNMT.

Bang 2. Nong d6 TP, Chl-a, d6 sau SD khu vyc nghién ciru.

Lan1 Lin 2 Trung binh
TP Chl-a SD TP Chl-a SD TP Chl-a SD
(mgMl) (mgM) (M) (mg/) (mg/l) (m) (mg/l)  (mg/) (M)
L1 0,215 0,172 0,37 0,339 0,166 0,34 0,277 0,169 0,355
L2 0,235 0,111 0,33 0,316 0,90 0,35 0,2755  0,1005 0,34
L3 1,229 0,406 0,3 1,415 0,82 0,31 1,3222 0,244 0,305
L4 0,189 0,107 0,4 0,208 0,153 0,38 0,1985 0,130 0,39
L5 0,814 0,183 0,32 1,063 0,137 0,33 0,9385 0,160 0,325

bia
diem

agrwnPE
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Trong cac hé dugc nghién ciru, hd Bay Mau co néng d6 TP cao nhét trung binh 1,322
mg/l, tlep theo 1a hd Thién Quang 0,9385 mg/l, cac hd con lai & mic tir 0, 198 mg/l dén 0,277
mg/l. H6 Bay MAu va hd Thién Quang c6 noéng do TP cao do cac hd nay tiép nhan nudc thai
tir cac hoat dong cua nguoi dan xung quanh hd. Do ndng do TP cao dan t6i nong do Chl-a
ctia hai hd Bay mau va Thién Quang ciing kha cao tuong umng 0,244 mg/l va 0,16 mg/1.

So sanh nong do TP va Chl-a trong nudc mat hd ndi thanh tai khu vuc nghién curu voi
mot s6 hd noi thanh trén thé gidi cho thiy cac hd ndi thanh ndng d6 cac chat dinh dudng déu
& murc cao. Néng do TP khu vuc nghién ctru giao dong tir 0,1985-1,3222 mg/I1, néng do Chla
tir 0,1005-0,244 mg/1. Trong khi d6 cac hd Hawassa tai Ethiopia nong d6 TP trung binh 0,317
mg/l, néng do Chla 0,0236 mg/l. Cac hd tai Haveri, An Do nhu hd Akkamahadevi, hd
Dundibasaweshwar, hd Mullankere, hé Neharuhalankere va ho Heggere déu c6 nong do TP
0 muc cao tuong ung 8,26 mg/l, 4,73 mg/l, 8,94 mg/l, 4,20 mg/l, 3,04 mg/l. Nguyén nhan
chinh dan téi nong do TP tai cac ho trén & An D0 rat cao duoc xac dinh 1a do cac hoat dong
sinh hoat ctia nguoi dan x4 truc tiép xudng hd khong qua xir 1y [17].

15 -
14 -
13 -
12 -
11 -

1 4
0.9 A

5,08 -

£0.7 -
0.6 A
05 A
0.4 A
0.3 A
0.2 A
0.1 A

0 A

L1 L2 L3

mw [4n 1 e Lin 2 Trung binh ——A B ——C

Hinh 2. Nong d6 TP trong nudc mat khu vuc nghién ciu so véi QCVN 08:2023/BTNMT vai mic
chat lwong nudc hd loai A, B va C.

TP

0.39 -0.79

02 04 06 08 10 12 14

7 ’ Chla

-0.34

030 032 034 036 038 040

T T T T T T T
02 04 08 02 1.0 12 14 0.30 032 0.34 036 0.3% 040

Hinh 3. Tuong quan giita TP, Chl-a, va SD trong nuéc hd khu vuc nghién ciu.
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Phan tich twong quan giita ndng d6 Chl-a v&i do sau cta dia Secchi cho thay (Hinh 3), 2
thong sb nay twong quan nghich vai hé sé twong quan -0,34. Nhu vay khi n6ng do Chl-a tang
thi d6 sau dia Secchi giam. Tuy nhién murc dg twong quan thap ¢ murc -0,34 diéu d6 cho thay
ngoai yéu té Chl- -a anh huong t61 d6 sau Secchi con co cac yéu t6 khac anh hudng téi do sau
Secchi nhu chét ran lo limg khéc. Tuong quan giita TP va Chl-a 1a twong quan thuén, khi
ndng d6 TP ting thi ndng d¢ Chl-a tang (hé sb twong quan 0,39). Tuy nhién ciling nhu twong
quan gitta Chl-a va SD, twong quan gitta TP va Chl-a khong manh. Nhu vay ngoai TP con
yéu t6 khac anh hudng t6i ndong do Chl-a va diéu nay hoan toan phii hop vi su phét trién cta
tao anh hudng boi ca ndng do tong nito trong nude. Tuong quan gitta TP v6i SD 1a kha manh
voi hé s6 twong quan -0,79. Khi TP tang thi SD giam va nguoc lai. Diéu nay két hop véi hé
s6 tuong quan gitra Chl-a va SD cho thay, trong nudc hd ngoai Chl-a anh hudng téi SD con
¢6 chat rén lo limg c6 ham lugng TP cao.

3.2. Bdnh gid mirc ¢ phii dwéng bang chi sé Carlson

Két qua nghién ciru cho thiy, tinh trang pha dudng tai cac hd khu vuc nghién ciru déu &
murc pha dudng cao (TSI> 70). Trong do hd Bay Mau va hd Thuyén Quang c6 mirc d6 siéu
phu dudng vai chi s6 TSI trung binh lan luot 14 90 va 87 (Hinh 4). TSI ctia hai hd Bay Mau
va hod Thuyen Quang cao do nong do TP cua hai hd déu vuot quy chudn nudc mit loai C tir
1,88 dén 2,64 lan.

Bang 3. Chi sé Carlson tai cac ho khu vuc nghién cuu.

. Lin1 Lan 2 TSI
TT D}a trung
diém TSItvp TSlcna TSlso TSI TSl TSlcha TSlso TSI binh
1. L1 81,6 81,1 74,3 79,0 88,2 80,7 75,5 81,5 80
2. L2 82,9 76,8 76,0 78,5 87,1 74,7 75,1 79,0 79
3. L3 106,7 89,5 77,4 91,2 108,88 73,8 76,9 86,5 90
4, L4 79,7 76,4 73,2 76,4 81,1 79,9 73,9 78,3 77
5. L5 100,8 81,7 76,4 86,3 104,6 78,8 76 86,5 86

Qua diéu tra khao sat cho thdy, nudc thai sinh hoat, cac hoat dong kinh doanh dich vu
dugc cho 13 ngudn gy 6 nhiém chinh tai cac hd khu vuc nghién ciru. Mot s6 hd tiép nhan
nude thai tir khu dan cu nhu hd Quynh, hé Hai Ba, hd Bay MAu gay ra hién tuong du thira
N, P tai day. Nudc thai tir cac hoat dong dich vu an uéng, vui choi gén hd cling la m§t nguyén
nhan gay anh huong 16n dén chat lugng nudc. Cac hé nhu Thanh Nhan, Thién Quang, Hai
Ba, Bay Mau déu c¢6 hién tuong nguoi dan d6 nude thai, phé thai xudng hd. Nude thai khong
qua xt 1y do truc tiép xudng ho gy cac hién trong béc mui, mat canh quan va giy 6 nhiém
cho khu vyc 1an can.

100 -
90 -
80 -
70 -
60 -
50 -
40 A
30 -
20 -
10 A

0 m

Gié tri TSI

L1 L2 L3 L4 L5
mmmm TSI-1 s TS[-2  mwmm TSI-TB

Phu dudng Siéu phu dudng

Hinh 4. Muc d6 pha dudng cua cac hd khu vuc nghién cuu.
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So sanh murc 6 pht dudng cua cac ho trong quan Hai Ba Trung Ha Noi voi mot s6 hd
trén thé gisi (Bang 4) cho thay, murc do phti dudng cua cac hd khu vuc nghién ciru rat nghiém
trong. Chi s TSI cua cac hd nghién ctru deu lI6n hon 70 muc siéu phi dudng
(Hypereutrophic) trong d6 c6 hd Bay Mau chi sd TSI dat 90. Trong khi d6 so sanh véi cac
ho néi thanh mot sb thanh phd trén thé nhu cac hd Sharanabasaveshwara (An Dg) TSI = 72,
hd Kaw ctia My chi s6 TSI tir 60-78.

Bang 4. So sanh mirc 6 phu dudng cua ho khu vuc nghién ciu véi mot sé ho trén thé gioi.

TT Hd Quéc gia TSI Mie dd thz‘z; 'l'(‘-;:;o
1. Ho Quynh Ha Noi, Viét Nam 80 Siéu pht dudng
2. H) Thanh Nhan Ha Noi, Viét Nam 79 Siéu pht dudng
3. HdBay Mau Ha Noi, Viét Nam 90 Siéu pht dudng
4. HO Hai Ba Trung Ha Noi, Viét Nam 77 Siéu pht dudng
5. Ho Thién Quang Ha Noi, Viét Nam 86 Siéu pha dudng
6. Dr. Jodo Penido Brazil 53,5 Phu dudng [18]
7.  Aha Trung Quédc 51,5 Phu dudng [19]
8. Hawassa Ethiopia 65,4 Phu dudng [11]
9. Sharanabasaveshwara An Do 72 Siéu pht dudng [20]
10.  Dundibasaweshwar An Do 65 Phu dudng [17]
11.  Mullankere An Do 67 Phu dudng [17]
- Phu dudng-Siéu
12.  Kaw My 60-78 phit dudng [21]
13.  Niepruszewskie Ba Lan 57,5 Phu dudng [22]

4. Két luan

Pht dudng hién tugng phé bién tai cac hd tai quan Hai Ba Trung, Ha Noi. Néng do TP
va Chl-a & mtc cao, ndng d6 TP tai cac hd giao dong tir 0,277 (mg/l) dén 1,322 (mg/1), ndng
d6 Chl-a giao dong tir 0,1 dén 0,244 mg/1.

Ca 5 ho khu vyc nghién ctru gdm hd Quynh (TSI = 80), hé Thanh Nhan (TSI = 79), hd
Bay Mau (TSI = 90), ho Hai Ba Trung (TSI = 77), hd Thién Quang (TSI = 86) déu ¢ mirc
siéu phu dudng (Hypereutrophic TSI >70) theo chi s6 pha dudng Carlson.

Nghién ctru nay moi chi dimg lai 6 mirc d¢ danh gia hién trang phu dudng cua cac ho
dé c6 birc tranh tong thé vé dién blen mirc d6 pha dudng cac hd theo thoi gian, cac hd can
dugc quan tric dinh ky dé co chudi sb liéu phuc vu cho cong tdc quan ly dugc tdt hon. Cac
hc:3 trong quan Hai Ba Trung can co cac bién phap xir Iy dé giam muc do phti dudng ctia nude
ho.

DPong gop cua tac gia: Xay dung y tuong va lua chon phuong phap nghién ciu: D.H.T.,
D.P.A.; Thu thap, phan tich miu, tinh toan xir Iy s6 liéu: B.P.A., D.H.T.; Viét ban thao bal
bao: D.H.T., P.P.A.; Chinh stra bai bao: B.H.T.

Lo cam doan: Day 1a cong trinh nghién clru cia nhom tac gia, cong trinh chua dugc cong
bo & dau, khong sao chép tir nhitng nghién ctru trude day; khong co su tranh chap lgi ich.
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Assessment of eutrophication status of some inner lakes in Hai Ba
Trung District, Hanoi City

Do Huu Tuan'*, Doan Phuong Anh'

! Faculty of Environmental Sciences, VNU University of Science, Vietnam National
University, Hanoi; tuandh@vnu.edu.vn; doanphuonganh_t64@hus.edu.vn

Abstract: Eutrophication is a typical phenomenon of surface water pollution in lakes in the
city, affecting the city beauty and health of people living around the lakes. This study
conducted to evaluate the eutrophication level in 5 lakes in Hai Ba Trung district, inner
Hanoi city through the concentration of total phosphorus (TP) and concentration of
chlorophyll a (Chl-a), combined with the Carlson eutrophication index. Research results
show that TP concentration in lakes ranges from 0.277 (mg/l) to 1.322 (mg/l), Chl-a
concentration ranges from 0.1 to 0.244 mg/l. All 5 lakes in the study area, that include
Quynh lake (TSI = 80), Thanh Nhan lake (TSI = 79), Bay Mau lake (TSI = 90), Hai Ba
Trung lake (TSI =77), Thien Quang lake (TSI = 86), are at the level of hypereutrophic (TSI
> 70). Research also indicates that the activities of people living around the lake are the
main cause of eutrophication of lake water.

Keywords: Eutrophication; Inner lakes in Hanoi; Trophic state index; Pollution in inner
lakes in Hanoi.
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Tém tit: Tinh trang sat 15 bd bién tai viing Pong bang song Ciru Long (PBSCL) dang dién
ra voi tan sudt nhiéu hon, muc do thiét hai nghiém trong hon. Loai hinh thién tai nay anh
hudng rat 1on dén tinh mang, tai san, sinh ké cia ngudi dan va la ddi tuong nghién ciru cia
nhiéu dé tai, du an. Vién tham la mot trong s6 phuong phap dugc lya chon dé phan tich sy
thay d6i duong bd qua cac nam. Trong nghién ciru nay, anh vién tham Landsat 8 duoc két
hop v&i cong cu DSAS tich hop trong phan mém ArcGIS dé 1am 1 bién dong dudng bd
clng tinh trang sat 16 dién ra tai ving ven bo bién tir Tién Giang t&i Soc Trang giai doan
2021-2023. Két qua phan tich cho thay, khoang 63,71% chiéu dai dudng bo bi x6i 16 & giai
doan 2021-2022. Tuy nhién, dén giai doan tiép theo 2022-2023, con s ndy giam con
59,03%. Piéu nay cho thdy pham vi x6i 16 gan nhu trong dwong & hai giai doan nhung c6
xu hudng giam nhe. Cling véi d6, so sanh két qua véi giai doan 2016-2020, c6 thé nhan thay
& giai doan 2021-2023 cac tinh Tién Giang, Bén Tre va Soc Tring co toc do xo6i 10 giam
nhe, trong khi tinh Tra Vinh ¢6 xu huéng x6i 16 ting nhanh. Két qua I co s¢ dé nang cao
nang luc du bao, canh bao, giam sat sat 10 va quan Iy bd bién, giam thiéu tac dong cua sat
16, bao vé an toan cho ngudi dan va sinh ké nguoi dan.

Tir khéa: Vién tham; Phan tich duong bd; Boi/x6i; Pong bang séng Ciru Long.

1. Giéi thi¢u

Nghién ctru danh gié dién bién dudng bo, x6i 1¢ bd bién 1a mot linh vye day thach thirc
nhung c¢6 pham vi ing dung to 16n trong khudn kho phat trién bén viing bo bién. Van d¢ lién
quan dén x6i mon b bién duoc nhin nhin & khia canh: néu qua trinh nay dién ra lau dai s&
dan dén mat dat, tuy dién ra cham nhung lién tuc. Mat khéc, déac diém hinh thai dai han cua
viing ven bién 1a ludn 1a vin dé quan trong trong viéc quan Iy tai nguyén ven bién, vi nhimng
ton that do su thay doi dan dan, lién tuc hiu nhu khong thé khic phuc duoc. K thuat trich
xuat duong bo dya trén GIS, vién tham va hé thong sb phan tich bién dong duong bo (Digital
Shoreline Analysis System, DSAS) trong thoi gian qua da chimg minh tinh hi¢u qua trong
giam sat bién dong duong bd [1]. Trén thé gidi di co nhidu nghién ctru cho thay diéu do
chiang han nhu nghién ctru phan tich sy thay d6i duong bo bién Ash Shu’aybah, Al
Mujayrimah tai A Rap Saudi duoc thuc hién boi nhom tac gia [2]; nghién ctru toe do x6i 1o
ven bién mién nam Vinh Monterey [3]. K§ thuat DSAS két hop vién tham con tng dung dé
Tap chi Khi twong Thily vin 2023, 754, 9-25; doi:10.36335/VNJHM.2023(754).9-25  http://tapchikttv.vn/
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phan tich cac bién dong duong bo sau thién tai nhu xem xét sy thay d6i dudng b sau bio tai
dao Fire, New York [4] va quan dao Chandeleur, Louisiana [5]; phan tich x6i 1& bd bién va
con cat trong con bao Sandy [6]. Bén canh d6 con c6 nghién ctru danh gid xu hudng x6i mon
va phuc hdi bai bién doc theo ving ven bién Laguna Venice (Y) [7]; st dung k¥ thuat DSAS
Landsat 5,8 dé phan tich sy thay d6i duong bo bién huyén Jambusar, An D9 [8]; tmg dung
anh vién tham SPOT va k¥ thuat DSAS dé tinh cac chi sé bién dong dudng bo nhu SCE,
EPR, NSM.... b& bién thanh phd Surabaya [9]; st dung k¥ thut phan tich DSAS Landsat
theo dbi bién dong dudng bd bai bién Tuban [10]; st dung anh Landsat 8 OLI va k¥ thuat
phan tich dudong bo DSAS dé theo dbi bién dong dudng bd khu vuc rimg ngdp min ven bo
bién tai Tanjung Piai [11].

Viét Nam 1a mét quoc gia ven bién, thuong xuyén hing chiu anh huong cua thién tai va
bién d6i khi hau, chinh vi thé cac nghién ctru vé bién dong duong bo cang co6 vai tro quan
trong hon. Nghién ctru cua nhom tac gia [12] tai Cura Dai cho thiy so v6inam 1996, duong
bo ndm 2015 c6 14n ra bién khong qua 100 m & phuong Cam An véi tbe d6 khong qué 5
m/nam. Tuy nhién, & phuong Cua Dai dén ctra song Thu Bon, bd bién ndm 2015 lai lui sau
vao d4t lién so v6i ndm 1996. Nghién ciru tai ctra song Lach Ghép - Thanh Hoéa cho thdy quy
mo va cuong do boi x6i tai cira song ven bién dién ra voi cudng do 16n [13]. Nghién ctru cia
nhom tac gia [14] da xay dung ban do dién bién duong bd Ha Tinh tir ndm 1998 dén nim
2018. Pong bang song Ciru Long (PBSCL) dong vai tro quan trong trong sy phat trién kinh
té, van hoa cta ca nudc, hién nay tinh trang sat 16 tai khu vyuc nay dién bién ngay mot phurc
tap hon anh hudng truc tlep dén tinh mang, tai san va sinh ké ctia nguoi dan. Két qua nghién
ctru [15] cho thdy mot phan dudng b thi xd Vinh Chau tinh Séc Triang bi x6i 10 nghiém
trong trong giai doan 2006-2020 vdi bé rong rimg ngdp man suy giam khoang 70-140 m ¢
giai doan 2006-2014 va 10-50 m ¢ giai doan 2014-2020. Boan Tién Giang ting/giam gap doi
(tr-11,21én -23,1 m/ndm va +23,4 xuong +11,5 m/nim). Poan Bén Tre va Tra Vinh c6 toc
d6 Iui bo ting gap 1,7 lan va téc do tién bién ting nhe khoang 2 m/nam. Poan Séc Tring co
tdc do i bo ting nhe khoang 2,6 m/nam tuy nhién tdc do tién bién da giam dang ké vai 21,2
m/ndm [16] Hién nay van chua c6 nghién ctru thyc hién dén nim 2023 chinh vi thé nhom
tac gia mudn tiép tuc nghién ctru vé sat 16 tai PBSCL trong ba nim gan day, bo sung s liéu
nghién ctru cho PBSCL va cdp nhat tinh hinh sat 16 méi nhét trong khu vuec. Anh Landsat 8
c¢6 nhiéu vu diém va trién vong ap (dung trong viéc giai doan va xac dinh 16p phu thyc vat
ciing nhur xac dinh bién dong trén bé mit trai dat trén quy mé luu vue lon hodc cap huyén tro
Ién. So voi anh Landsat 7, Landsat 8 c6 kha nang chup va gui vé mdi ngay nhiéu anh hon
han thé hé vé tinh truéc. Tuy nhién, hai kénh phd méi 13 uu thé vuot troi cuia Landsat 8, trong
doé mot kénh pho cho phép v¢ tinh thu thap dugc thong tin ¢ cac tang nudc sau hon trong dai
duong, song, ho; trong khi d6 kénh pho con lai ¢6 thé phat hién may ti va chinh sira cac hiéu
g khi quyén. Thém vao do, bang pho hong ngoai ciia Landsat 8 duoc chia thanh hai, cho
phép xéc dinh nhiét do bé mit chinh xac hon [17]. Vi nhitng wu diém ké trén, nhom tac gia
lwa chon anh Landsat 8 dé trich xuét va phan tich bién dong duong bd khu vuc nghién ctru
(KVNC).

Nghién ctru ¢6 myc tiéu lam rd bién dong dudong bo va xu thé bdi/xoi tai ving ven bién
DBBSCL, doan tir Tién Giang dén Soc Trang, giai doan 2021-2023, sir dung phuong phap tich
hop vién tham va GIS. Ngoai ra, nghién ctru duge thyc hién nhim xdy dung ban d6 sat 10
trong ba nam gan day, xac dinh cac vi tri x6i 10. Qua d6 lam co s¢ dé thuc hién cac nghién
ctru dua ra du bao, canh bio, giam sét sat 16 va quan 1y bd song, 1ong song, bo bién, giam
thiéu tac dong cua sat 16.

2. S6 liéu sir dung va phwong phap nghién ciru
2.1. Khu vuc nghién ciru

Gi61 han KVNC la duong bo bién trai dai bon tinh Tién Giang, Bén Tre, Tra Vinh va
Séc Trang, dugce chia thanh chin doan nhu Hinh 1.
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Trong d6, duong bo tinh Tién Giang nam trai doc trén bd bic song Tién, co chiéu dai
duong bien khoang 32 km, gdm Doan 1 (huyén Go Cong Dong) va Doan 2 (huyén Tan Pha
Pong); dudng bo tinh Bén Tre ¢6 chiéu dai khoang 65 km, gdm Poan 3 (huyén Binh Dai),
Doan 4 (huyén Ba Tri) va Doan 5 (huyén Thanh Phu); duong bo tinh Tra Vinh nam & cudi
cti lao, nam giita song Tién va song Hau, chiéu dai khoang 65 km, g6m Poan 6 (thi xa Duyén
Hai va huyén Duyén Hai); dudng bo tinh Séc Trang ndm & cira Nam song Hau, c6 bo bién
dai 72 km va ba ctra song 16n 1a Dinh An, Tran Dé va My Thanh d6 ra Bién Dong, gdm Doan
7 (huyén Cu Lao Dung), Poan 8 (huyén Tran D&) va Poan 9 (thi xd Vinh Chau).
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Hinh 1. Ban d6 khu vyc nghién ctru.

2.2. Dir liéu

Nghién ctru str dung anh Landsat8 OLI/TIRS Collection 2 Level 1 tir v€ tinh Landsat 8.
Anh dugc cung cap mién phi béi Cuc Khao sat Pia chat Hoa Ky - U.S. Geological Survey
(USGS) tir trang web: https://earthexplorer.usgs.gov/. Anh Landsat8 OLI/TIRS Collection 2
Level 1 dugc chyp ¢ 11 kénh anh véi bude song va do phan giai nhu mo ta & Bang 1 [18].

Béang 1. Bac trung bd cam OLI va TIRs cta anh Landsat 8.

Kénh Buéc song (micrometers) Do phin giai (meters)
Band 1 - Coastal aerosol 0,43-0,45 30
Band 2 - Blue 0,45-0,51 30
Band 3 - Green 0,53-0,59 30
Band 4 - Red 0,64-0,67 30
Band 5 - Near Infrared (NIR) 0,85-0,88 30

Band 6 - Shortwave Infrared (SWIR) 1 1,57-1,65 30
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Kénh Buéc song (micrometers) Do phin giai (meters)
Band 7 - Shortwave Infrared (SWIR) 2 2,11-2,29 30
Band 8 - Panchromatic 0,50-0,68 15
Band 9 - Cirrus 1,36-1,38 30
Band 10 - Thermal Infrared (TIRS) 1 10,6-11,19 100
Band 11 - Thermal Infrared (TIRS) 2 11,50-12,51 100

Dit liéu ctia ba nam duoc 1iy cung mot vi tri va khoang thoi gian chup. Nghién ciru lya
chon cac thang mua kho, it mua, it bi may che phu dé€ lay anh. Vi tri c6 dinh dé€ lay anh cho
ba nam: Path 125-Row 053. Thong tin anh thu thdp dugc trinh bay trong Bang 2.

Bing 2. Thong tin anh vién thim da thu thap.

STT Tén file 4nh Ngay
1 LCO08_L1TP_125053_20210209_20210302_02_T1 09/02/2021
2 LC09 L1TP 125053 20220204 20230429 02_T1 04/02/2022
3 LC09 L1TP 125053 20230311 20230311 02 _T1 11/03/2023

2.3. Phuong phap nghién ciru

Do anh vién tham Landsat8 OLI/TIRS Collection 2 Level 1 dd dugc hiéu chinh btc xa
va hinh hoc nén khong can tién x 1y anh nén khi tai anh vé chi can xir 1y chuyén cac gia tri
sO trén anh vé gia trj ctia birc xa vat 1y tai sensor va gia tri ciia phan xa o tang trén khi quyén
bang cong cu Raster Calculator trong ArcToolbox ctia phan mém ArGIS 10.4.1. Sau khi xir
1y xong anh vién tham, cac budc tiép duoc thuc hién dé trich xuat dudng bo va tinh toan
pham vi va mirc d6 sat 16/bdi tu tai KVNC (Hinh 2). Cac budc thuc hién gom:

Budc 1: Chuyén cac gia tri s6 (DN) trén anh vé gia tri clia birc xa vat 1y tai sensor bang
cong thtrc:

Ly = ML x Qe + AL 1

Trong d6 L, 14 gia trj btrc xa pho tai dng kinh cta sensor (Wm™ ster! pm™); Qca 12 gia
tri s6 trén anh (DN); My la gid tri RADIANCE MULT BAND x; AL la gid tri
RADIANCE_ADD BAND_x.

Budce 2: Chuyén cac gia tri cua birc xa vat 1y tai sensor vé gia tri cia phan xa ¢ téng trén
khi quyén cua vat thé (ddi tugng) bang cong thic:

P = (M, x Quar + A o)/ cos(6,) )

Trong d6 ps. 12 phan xa & tang trén kh1 quyen (Planetary TOA Reflectance, thir nguyén,
khéong don vi); Qe l& gia tri s6O trén anh (DN); M, la gia tri
REFLECTANCRE_MULT_BAND_x; A, la gia tri REFLECTANCRE_ADD_ BAND x; 05,
14 gbc thién dinh (goc cao) ctia Mat Troi (d9) (90 - Sun elevation) [17].

Budc 3: Tinh chi s6 AWEIsh bang cong thirc [19]:

AWEIy, = Prangs +2,5% Ppandz —1 5% (Ppanda + Poands )~ 01 25% Prana7 3)

Budc 4: S6 hoa duong bo theo cting mét ti 1¢ 1:6000.

Budc 5: Sir dung cong cu DSAS dé phan tich duong bd va tinh toan céc chi sb thay do6i
duong bo. Qua trinh thue hién nhu sau: Xac dinh duong chuén (baseline) va cac duong bo
tinh toan (shoreline); Tao cac tuyén ct ngang vudng goc b (transect); Tinh toan cac chi sd
thay d6i duong bo.

Duya trén dir liéu thu thap dugc, phuong phap ty 16 diém cudi (EPR) va khoang cach thay
do6i duong bo (SCE) dugc chon dé phan tich két qua. Trong d6: EPR = khoang cach bién
dong/tong thoi gian theo doi bién dong; SCE = khoang cach 16n nhit gitta cac duong bo (m).

Trong d6 khoang cach bién dong 1a khoang cach giira hai duong bo bién, téng thoi gian
theo ddi bién dong 1a khoang thoi gian giita thoi diém c6 dudng bd cii nhat va méi nhat [20].

Budc 6: Tinh toan dién tich sat 16.
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3.1. Két qua trich xudt dwong bo, tinh khodng cdch va dién tich boi/xéi

13

Sau khi thyc hién cac bude xir Iy anh vién tham nhu mo ta & trén, két qua cac duong bo

duoc sd hoa nhu Hinh 3.

Sau khi trich xuat dudng bo, budc tinh dién tich sat 16 va khoang cach sat 16 tai KVNC

trong ba nam 2021-2023 dugc thuc hién, két qua phan tich duoc thé hién & cac Bang 3-5.

Bang 3. Toc d6 bién d6i duong bo EPR (x6i 16 (-)) giai doan 2021-2023.

Téc d9 bién d6i dwdong bé (m/nim)

) Huyé Tinh hi chu
oan uyén mn 2021-2022 2022-2023 Ghi chd
D 223,03 222,80 Sat
1 Go Cong Dong \ 20,11 16,21 Bdi
o Tién Giang 44,79 28,94 Sat
2 Tan Phi Dong 23,56 25,95 Bbi
5 Binh B 47,70 15,24 Sat
nh Dl 13,50 58,91 Bdi
4 Ba Tri Bén Tre ffg: 123251;’ Sztl
, 25,64 -23.82 Sat
6 Duyén Hai Tra Vinh ;’::5 ;1?02 ;Ztl
: 25,47 16,78 Sat
! Cul Lao Dung 13.47 13,64 Bi
o 54,49 220,42 t
8 Tran bé So6c Trang 16.74 36.43 ]_i?)i
o 26,86 -25.94 Sat
9 Vinh Chau 27.89 10,08 Bbi
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— Duong by 2023
— Dudng bo 2022
— Duong bo 2021

GO CONG PONG
(TTEN GTANG)

TAN PHU PONG
(TIEN GIANG)

(BEN TRE)

— Dudng bo 2023 — Duong bo 2023
— Dudng bo 2022 — DPuong bo 2022
— Dudng bo 2021 — Dudng b 2021

BINH PAI

/
POAN 1 POAN 2 DOAN 3
— Duong bo 2023 — Duong bo 2023 — Duong by 2023
— Duong bo 2022 — Duong bo 2022 — Duong bo 2022
— Duodng bo 2021 = Duong bo 2021 — Dudng by 2021
BA TRI
(BEN TRE) ! . DUYEN HAI
bl TRA VINH
(BEN TRE) ( NH)
POAN4 ||/ POANS ||~ DOAN 6
— Dudng bir 2023 — Dudng bd 2023 — Dudng ba 2023
— Duong bo 2022 — Dudmng biy 2022 — Dudmg b 2022
— Dudng bir 2021 — Dudng bd 2021 — Dudng b 2021
VINH CHAU
. . ‘ (SOC TRANG)
CU LAO DUNG TRAN BE
(SOC TRANG) (SOC TRANG)
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POAN 9
Hinh 3. Puong bo cac nam dugc trich xuat.
Bang 4. Két qua chi sb SCE trung binh giai doan 2021-2023.
A . SCE (m)

Doan Huyén Tinh 2021-2022 2022-2023
1 Go Cong PBong A 21,78 23,18
2 Tan Pht Dong Tién Giang 39,68 24,69
3 Binh Dai 37,25 33,88
4 Ba Tri Bén Tre 29,09 15,87
5 Thanh Phua 21,47 24,09
6 Duyén Hai Tra Vinh 29,07 37,93
7 Cu Lao Dung 21,22 16,94
8 Tran Bé So6c Trang 51,13 33,55
9 Vinh Chau 26,45 20,14
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Bang 5. Két qua dién tich boi/x6i giai doan 2021-2023.

. . Dién tich bdi (ha) Dién tich sat (ha)
Doan Huyén Tinh 20212022  2022-2023  2021-2022  2022-2023

1 GoCongPong — poa oo 14,88 8,63 19,62 29,01
2 Tan Phu Péng 9,02 15,40 50,32 18,45
3 Binh Dai 9,09 39,44 71,84 21,97
4 Ba Tri Bén Tre 9,59 3,63 17,41 10,88
5 Thanh Pha 6,70 12,50 37,00 38,44
6 Duyén Hai Tra Vinh 75,56 74,64 67,51 112,85
7 Cu Lao Dung 6,72 9,38 24,46 16,01
8 Tran Dé Séc Tring 1,10 23,31 49,43 6,59

9 Vinh Chau 47,12 11,70 75,86 81,27

3.3.1. Poan 1 (huyén Go Cong Péng, tinh Tién Giang)

Téc d6 sat va bdi tu & huyén Go Cong bong c6 xu hudéng giam qua ba nam, cu thé tbc
do sat giam tir 23,03 m/nam con 22,08 m/nam, toc do bdi ty giam manh tir 29,11 m/ndm con
16,21 m/nam. Khoang cach dao dong trung binh trong giai doan 1 1a 21,78 m, giai doan 2
tang 1én 23,18 m. Di¢n tich sat tang tir 19,62 ha 1én 29,01 ha va dién tich boi tu giam manh
tir 14,88 ha con 8,63 ha. Co thé vi tri co toc do sat ting dot bién, chuyén tir boi tu sang sat 16
& phia nam dudng bo tiép gidp giita xd Tan Pién va xa Tan Thanh (Hinh 4). Vao mia gi6
Pong Bic, khi song 10n va dong hai luu manh chiém uu thé di cung v6i do 1a dong chay song
vao mua kho la tuong d6i nho tao nén dong chay ven bo ¢6 luu tdc 16n. Song 16n s& gy ra
hién tuong két cau dia chat bo bién bi phéd v tai nhimg noi sdng manh nhu xa Tan Dién va
nhiing noi dia chit yéu. Hién tuong x6i 16 bd bién dién ra manh vao mua nay [21].
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Hinh 4. Tc d6 bdi-x6i duong bd huyén Go Cong Pong (Tién Giang) giai doan 2021-2023.

3.3.2. Doan 2 (huyén Tan Phii Pong, tinh Tién Giang)

Téc d6 sat & huyén Tan Pha Pong giam déng ké qua ba ndm, cy thé giam tir 44,79 m/nam
con 28,94 m/nam, toc d6 boi tu tang tir 23,56 m/nam dén 25,95 m/ndm. Khoang cach dao
dong trung binh trong giai doan 1 1a 39,68 m, giai doan 2 giam con 24,69 m. Dién tich sat
giam manh tir 50,32 ha xudng con 18,45 ha va dién tich bdi tu ting tir 9,02 ha 1én 15,40 ha.
Hinh 5 thay vi tri thudng xuyén dién ra sat 16 & cuc dong ciia huyén thudc xa Phu Tan do ¢6
dang hinh mili nhon thudng xuyén hing chiu gié va song bién & cudng do cao. O phia Tay
Bic gan Ctra Tiéu va phia Nam duong bo (Cira Dai) di chuyén tir xu thé x6i 16 sang boi tu.
Dong chay manh tai Ctra Tiéu va Cira Dai 1a nguyén nhan cht yéu khién & hai vi tri nay c6
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tdc d6 x6i 16 va boi tu dién bién phuc tap, bén canh d6 hinh dang nhd ra cua huyén Tan Phu
Dong khién bo bién phia bac gan Cua Tiéu hirng dugc phan 16n khoi lugng cat xo1 16 tu
huyén Go Cong PBong.
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Hinh 5. Tc d6 bdi-x6i dudng bd huyén Tan Phu Dong (Tién Giang) giai doan 2021-2023.

3.3.3. Poan 3 (huyén Binh Pai, tinh Bén Tre)

Tbc do sat & huyén Binh Dai giam dang ké qua ba nam, cy thé giam tir 47,70 m/nam con
15,24 m/nam, toc dd boi tu tang manh tir 13,50 m/nam 1én 58,91 m/ndm cao nhat trong cac
huyén. Khoang cach dao dong trung binh trong giai doan 1 1a 37,25 m, giai doan 2 giam con
33,88 m. Dién tich sat giam manh tir 71,84 ha xudng con 21,97 ha va dién tich bdi tu ting
manh tr 9,09 ha 1én 39,44 ha. Hinh 6 cho thiy vi tri c6 tbc d6 sat giam manh va chuyén sang
xu huong boi tu & khu vuc gan ctra song phia Bic va Cira Ba Lai phia Nam duong bo. Cac
con cat & clra song nay da phat trién manh, cira Ba Lai 1a mot vi du v€ sy tan lyi ciia mét cura
song do tac dong ctia con nguoi. Nam 1999, hé théng cong dap & cira song Ba Lai duoc xdy
dung, hé qua 1am cho qué trinh bdi 14p xay ra nhanh hon [22]. Bén canh d6, do dong chay
clia song Ba Lai yéu nén khong chuyén tai phii sa dat tir cira Pai vao cira Ba Lai. Hé qua ctra
Ba Lai bj phu sa boi ddp va dong chay song Ba Lai ¢6 xu hudng nghén ¢ dau ra cira bién
[23].
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Hinh 6. Téc d6 bdi-xo6i dudng by huyén Binh Pai (Bén Tre) giai doan 2021-2023.
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3.3.4. Boan 4 (huyén Ba Tri, tinh Bén Tre)

Tbc do sat & huyén Ba Tri ¢6 xu hudng giam qua ba nam, cu thé giam tr 25,46 m/nam
con 22,13 m/nam, tde do boi tu giam manh tr 41,08 m/nam con 13,57 m/nam. Khoang cach
dao dong trung binh trong giai doan 1 1a 29,09 m, giai doan 2 gidm con 15,87 m. Dién tich
sat giam tir 17,41 ha xubng con 10,88 ha va dién tich bdi tu giam tir 9,59 ha xubng 3,63 ha.
Céc vi tri chuyén tir sat 16 sang bdi tu va nguoc lai duoc thé hién trong (Hinh 7).

106°39'0"1 106°42'0"1

106°39'0"F 106°42'0"

z

Tbe d§ x6i 16/bdi ty (EPR) (m/nim) 007515 3 45 6

Chi thich 1:120,000 RS A

Hinh 7. Téc d6 bdi-x6i duong bd huyén Ba Tri (Bén Tre) giai doan 2021-2023.

3.3.5. Boan 5 (huyén Thanh Phu, tinh Bén Tre)

Téc d6 sat & huyén Thanh Pha c6 xu huéng gidm qua ba nim, cy thé giam tir 25,64
m/nam con 23,81 m/nam, tdc do bdi tu ting tir 11,04 m/nam 1én 19,62 m/nam (Hinh 8).
DPudng bo bién dong trung binh 1an luot 14 21,47 m va 24,09 m & giai doan 1 va 2. Dién tich
sat tdng tir 37,00 ha lén 38,44 ha va di¢n tich bdi tu tang manh tir 6,70 ha Ién 12,50 ha. Tur
Hinh 8 cho thay vi tri thudng xuyén dién ra sat 16 ¢ cuc dong xa Thanh Hai do hinh dang miii
nhé ra bién. O phia Nam duong bo gén Cira C6 Chién c6 toc do sat giam manbh, chuyén t
xu thé x6i 16 sang boi tu. Giai thich cho hién twong dién bién phtc tap nay 1a do tac dong
tong hop ciia dong chay trong song, thuy tridu va séng cong véi dia hinh nhanh C6 Chién
hep va sau hon, dong chinh lai chay qua nhanh nay nén su bién dong duong bd dién ra manh
mé& hon so v6i nhanh Cung Hau [24].
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Hinh 8. Téc do bdi-x6i dudng bd huyén Thanh Phi (Bén Tre) giai doan 2021-2023.
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3.3.6. Doan 6 (thi xa Duyén Hai va huy¢én Duyén Hai, tinh Tra Vinh)

Téc d6 sat & Duyén Hai gan nhu khong di qua hai giai doan, 1an luot 1a 32,62 m/nim
va 31,62 m/nam, tdc do bdi tu tang tir 26,89 m/nam lén 39,70 m/nam. Khoang cach dao dong
trung binh trong giai doan 1 1a 29,07 m, giai doan 2 tang 1én 37,93 m. Dién tich sat ting manh
tir 67,51 ha 1én 112,85 ha va dién tich boi tu gidm tir 75,56 ha con 74,64 ha. Quan sat anh ta
thiy vi tri thuong xuyén xay ra sat 1& trong ba nam tai ghénh ¢4 Dan Thanh va Vam Rach C6
- Cira Binh An - Mé Kéng (Hinh 9). Hinh dang miii nhon va vi tri dic biét ctia khu vuc ghénh
d4 Dan Thanh khién phan 16n dién tich tiép xtic v6i gid va song bién & cudng do cao, bén
canh do 16p thuc vat che phu it khién khu vuc nay thuong xuyen bi sat 16. Tai Ctra Pinh An
trong nhitng nim gan gy nguyén nhan sat 1 chi yéu la do giao thong thiy (chlem 44,12%),
hién nay tinh Tra Vinh v6i luu lugng giao thong thuy tang rat nhanh dé van chuyén hang hoa
va vt liéu xay dung, két hop van chuyén lua gao. Trén cac séng cia tinh Tra Vinh luu luong
tau thuyén voi tai trong dao dong tir khoang 280-1050T khi d6 chiéu cao song dao dong
khoang tir 0,2-0,5 m két hop vé6i dat yéu (bun sét) dan dén sat 16 ting cao tai khu vuc [25].
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Hinh 9. Téc d6 bdi - x6i dudng by Duyén Hai (Tra Vinh) giai doan 2021-2023.

3.3.7. Boan 7 (huyén Cu Lao Dung, tinh Soc Trang)

Téc d6 sat & huyén Cu Lao Dung giam dang ké qua ba nam, cu thé giam tir 25,47 m/nam
con 16,78 m/nam, toc do bodi tu gan nhu khong doi 1an luot 14 13,47 m/niam va 13,64 m/nam.
Khoang cach dao dong trung binh trong giai doan 1 1a 21,22 m, giai doan 2 gidm con 16,94
m. Dién tich sat giam tir 24,46 ha con 16,01 ha va dién tich bdi tu ting tir 6,72 ha 1én 9,38
ha. Quan sat ban @6 Hinh 10 nhan thay khu vurc gan cira bién phia Nam (Ctra Tran D¢&) c6 tdc
d6 sat giam manh trong khi d6 ¢ ctra bién phia Bic (Ctra Dinh An) gan khu vuc rimg ngap
man sinh thai c6 téc do sat tang dot bién. Qua cac niam xu hudng chinh cua dudng bd huyén
Cu Lao Dung chu yéu la b01 tu do 16p thuc vat phong ho ven bo gitp gitr lai phu sa cho khu
vuc ndy, tuy nhién cang gan cira séng, xu hudng x61 mon cang tang cao [26]. Dac biét gan
ctra song Dinh An, vi tri ¢6 luu lugng tau thuyen di qua 16n két hop voi gié mua Pong Bic
tac dong tryc tiép 1a nguyén nhan gay ra bt on dinh dudng bd tai khu vuc phia béc. Tai phia
nam dudng bd do hinh dang phang va nhé ra hon so véi bd bac va 16p thuc vat che phu ciing
cl}iém wu thé hon tao diéu kién gitr lai cat tur phia bo béc db Xuéng cling nhu tir ctra Tran Dé
do ra.
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Hinh 10. Tdc d6 boi - x6i dudng bd huyén Cu Lao Dung (Soc Tring) giai doan 2021-2023.

3.3.8. Doan 8 (huyén Tran Dé, tinh Soc Tring)

Tdc do sat & huyén Tran Dé giam dang ké qua ba nam, cu thé giam tir 54,49 m/nam con
20,42 m/ndm, toc d boi tu tang manh tr 16,74 m/nam 1€n 36,43 m/nam. Khoang cach dao
dong trung binh trong giai doan 1 1a 51,13 m, giai doan 2 gidm con 35,55 m. Dién tich sat
giam manh tir 49,93 ha con 6,59 ha va dién tich bdi tu tang tir 1,10 ha 1én 23,31 ha. Quan sat
ban d6 nhan thay toc d¢ sat 16 giam trén phn 16n doan duong bo dic biét chuyén tir xu thé
sat 16 sang boi tu & phia nam dudng bo gan cira bién My Thanh (Hinh 11). Rung ngdp médn
tai huyén Tran Dé, tinh Séc Trang c6 vai tro lam giam nang lugng song tridu bién tir d6 giam
tac dong x0i 16 ven bo. DY day cua rung khac nhau, kha nang lam giam song R (%) va ty 1¢
glam song R’cling khac nhau [27]. Khu vue phia Bic -duong bo chiu anh hudng truc tiép cua
gi6 miia Pong Béc va dong chay ciia cira bién Tran Dé cong véi do day rimg ngap man khong
du dé triét tiéu tac dong tir bén ngoai va giir lai phu sa ven bo, chinh vi thé tinh trang sat 16
tai day dién ra phuc tap. Nguoc lai, & khu vuc phia Nam d6 day rimg twong ddi cao gitp han
ché mat dat do tac dong cua gié va song, bén canh dé khu vuc phia Nam con dugc tlep nhan
luong 16n phi sa tir cira bién My Thanh, chinh vi thé xu huéng chii yéu tai day 1a boi tu.
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Hinh 11. Téc d6 bdi - x6i dudong bd huyén Tran Dé (Séc Trang) giai doan 2021-2023.
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3.3.9. Boan 9 (thi xa Vinh Chau, tinh So6c Trang)

Tdc d6 sat & thi x4 Vinh Chau giam qua ba nam, cu thé giam tu 26,86 m/nam con 25,94
m/nim, toc do boi tu giam manh tir 27,89 m/ndm con 10,08 m/ndm (Hinh 12). Khoang cach
dao dong trung binh trong giai doan 1 1a 26,45 m, giai doan 2 gidm con 20,14 m. Dién tich
sat tang tir 75,86 ha 1én 81,27 ha va di¢n tich boi tu giam tir 47,12 ha con 11,70 ha.
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Hinh 12. Téc d6 boi - x6i dudng bo thi xa Vinh Chau (Soc Tring) giai doan 2021-2023.

3.2. Thdo ludn

Két qua thong ké tir Bang 3-5 cho thay, khoang 63,71% chiéu dai ctia 243 km dudng bo
tai KVNC bi x61 16 ¢ giai doan 2021-2022. Tuy nhién, dén giai doan tiép theo 2022-2023,
con s6 nay giam con 59,03%. Piéu nay cho thdy pham vi x6i 16 gan nhu twong dwong & hai
giai doan nhung c6 xu hudng giam nhe. Sau ba nam, dién tich d4t bi thu hep khu vuc Ién dén
370,52 ha.

Tdc do 1ui bo tai doan 8 (Tran Dé-Séc Trang) 14 16n nhit vao khoang 54,49 m/nim giai
doan 2021-2022, tiép d6 1a doan 3 (Binh Dai-Bén Tre) khoang 47,70 m/nam giai doan 2021-
2022. Tir nam 2021-2023, trén ca chin doan thudéc KVNC c6 su boi x6i xen k& nhau trong do
da s6 toc do xo6i chiém wu thé hon, tuy nhién & giai doan 2022-2023 & doan 3 (Binh Pai-Bén
Tre) c6 xu hudng tién bién (58,91 m/nam), didu nay tri nguge véi giai doan trude 2021-
2022 khi vi tri ndy c6 téc d6 x6i cao thir hai trong khu vuc (Bang 3).

Giai doan 2021-2022, trén ca chin doan thuoc KVNC déu xdy ra xo0i 16, véi tde do 1ui bo
lan luot 13 23,03 m/nam (doan 1), 44,79 m/nam (doan 2), 47,70 m/nam (doan 3) va 25,46
m/nam (doan 4), 25,64 m/nam (doan 5), 32,62 m/nam (doan 6), 25,47 m/nam (doan 7), 54,49
m/nim (doan 8), 26,86 m/nam (doan 9) (Bang 3). Pudng bd (chi sé SCE) giai doan nay c6
su bién dong tir 0,01-431,81 m, trung binh dao dong khoang 29,46 m (Bang 4). Tong dién
tich sat cia ca khu vuc 1a 413,46 ha, tong dién bdi 179,78 ha, do d6 tong dién tich dat bi thu
hep cta giai doan nay 1a 233,69 ha.

Giai doan 2022-2023, trén c4 chin doan thuoc KVNC déu xdy ra xoi 16, véi toe do 1ui bo
lan luot 1a 22,80 m/nam (doan 1), 28,94 m/nam (doan 2), 15,24 m/nam (doan 3) va 22,13
m/nam (doan 4), 23,82 m/nam (doan 5), 31,62 m/nam (doan 6), 16,78 m/nam (doan 7), 20,42
m/nam (doan 8), 25,94 m/nim (doan 9) (Bang 3). Pudng bo (chi sé SCE) giai doan nay c6
su bién dong tir 0,01-598,45 m, trung binh dao dong khoang 27,41 m (Bang 4). Tong dién
tich sat cua ca khu vuc la 335,47 ha, téng dién bdi 198,64 ha. Nhu vay, KVNC da dién ra xu
thé chuyén tir x6i 10 (2021-2022) sang boi tu (2022-2023), dién tich sat 16 ctia khu vuc da
giam déng ké, giam di 77,99 ha so véi giai doan 2021-2022, dién tich bdi tu ting 18,86 ha.
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Hinh 14. Biéu d6 thé hién tc do sat 16 ctia cac huyén trong ba ndm (2021-2023).

Tir biéu @6 Hinh 13 va 14 ta thay: Dién tich va tbc do sat dudng bo tai cac huyén Tan
Phu Pong, Binh Pai, Cti Lao Dung, Tran D¢ khé cao ¢ giai doan 2021-2022 dic biét 1a &
Binh Pai va Tran Dé, nhung dén nam 2023 lai giam xudng dang ké, day co thé xem la két
qua kha quan do nha nudc di c6 nhimng bién phap cp bach kip thoi dé han ché sat 16 nhu ké
giam song bao vé bo bién khu viuc Con Ngoai, Con Nhan xi Bao Thuan, huyén Ba Tri; ke
giam song bao vé bo bién khu vue Con Bung, x4 Thanh Phong va cong trinh chdng x6i 16 bd
bién khu vyc Con Lot, xd Thanh Hai, huyén Thanh Phu [28]. Tai cac huyén khac nhu Thanh
Phu dién tich va toc do sat thay d6i khong dang ké va co xu hudng ting. Pang chu ¥ tai
Duyén Hai dién tich sat 16 ¢6 xu hudng ting cao gan nhu gap d6i & nam 2023.

Dé theo ddi dién bién sat 1¢ trong KVNC tir nam 2016-2023 va kiém dinh tinh chinh xé4c
ctia két qua, nghién ctru da ké thira két qua nghién ctru trudc ctia nhom tac gia [16]. Két qua
phén tich EPR giai doan 2016-2018, 2018-2020 va két qua nghién ciru 2021-2023 duoc thé
hién trong Béang 6.

Bang 6. Toc do sat 16/bdi tu giai doan 2016-2023.

Tinh 2016-2018 2018-2020 2021-2023
Sat l& Bdi tu Sat 1& Bédi tu Sat 1& Bdi tu
Tién Giang -11,2 23,4 -23.1 115 -20,6 17,2
Bén Tre -13.2 15,4 22,1 175 -18,9 17,6
Tra Vinh 7,6 9,9 -13.8 11,1 -20,5 23,7
Séc Tring 17,4 52,1 -20,0 30,9 -18,4 13,7

KVNC -12,8 29,3 -17,5 21,9 -19,3 18,4
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Hinh 15. Biéu d6 toc do sat 16 cia KVNC tir 2016-2023.

Tur Bang 6 cho thay xu hudng sat 16 dang gia tang cham tai KVNC (tang 1,5 lan giai
doan 2016-2023), lan luot 1a 12,8 m/nam (2016-2018), 17,5 m/nim (2018-2020), va 19,3
m/nam (2021-2023). Trong khi dé, tc do boi tu lai giam 1,6 1an trong giai doan 2016-2023,
lan luot 14 29,3 m/nam (2016-2018), 21,9 m/nam (2018-2020) va 18,4 m/nam (2021-2023).
Tai Tién Giang, toc d¢ sat 16 ting 1,06 lan & giai doan 2018-2020 (tir 11,2 1én 23,1 m/ndm),
dén giai doan 2021-2023 giam nhe con 20,6 m/nim. Tuong tu, tai tinh Bén Tre toc do sat
tang 0,67 lan (tir 13,2 1én 22,1 m/nam), dén giai doan 2021-2023 giam con 18,9 m/nam. Tai
Tra Vinh, toc d sat gia ting qua cac nam, tir 7,6 m/ndm thap nhat trong khu vuc ting 0,82
lan & giai doan 2018-2020 (tir 7,6 1én 13,8 m/nam), dén giai doan 2021-2023 tiép tuc ting
0,49 1an 1én 20,5 m/nam cao tht 2 trong khu vuc (chi sau Tién Giang). Téc d sat 16 tai tinh
Soc Trang thay di khong dang ké qua cac giai doan, chi ting nhe 0,15 lan ¢ giai doan 2018-
2020 (tir 17,4 1én 20,0 m/nam), dén giai doan 2021-2023 giam nhe con 18,4 m/nim. Quan
st biéu d6 (Hinh 15), ¢ thé nhéan thay cac tinh Tién Giang, Bén Tre va Soc Tring c6 toc do
x0i 16 giam nhe & giai doan 2021-2023 so véi cac giai doan trude do, trong khi Tra Vinh cé
xu huéng x6i 16 ting nhanh, can c6 nhitng bién phap phong tranh va giam thiéu tac dong ciia
sat 16 duong bo tai dia phuong nay.

So v6i nghién ciru [16] nghién ctru nay gidi han cho 243 km dudng bo, chiém khoang
3/10 do dai dudng bo cuia PBSCL twong dwong tiéu ving 1 ctia nghién ctru trude [16]. Tuy
nghién ctru ndy 6 muc tiéu danh gi tinh trang sat 16 & timg dia phuong cua tiéu ving, lam
rd vi tri bi sat 1 nhiéu nhét cling nhu dién bién duong bod ciia khu vuc.

Céc tinh khu vue PBSCL d3 va dang dimg trudce nhidu khé khin, thach thie trude tac
dong khon luong cta bién doi khi hau, nuéc bién dang. Bo bién tir Tién Giang dén Soc Tring
bi anh hudng nang né trong cac ndm qua. Vi pham vi va mirc d6 nhu vy can c6 nhiéu bién
phap cap bach, kip thoi hon dé han ché thiét hai d6i véi con nguoi va thién nhién.

4. Két luan

Nghién ctru ndy ung dung GIS, vién tham xac dinh mirc do va pham vi x6i 16 bo bién
Tién Giang-Soc Trang, giai doan 2021-2023. Két qua cho thay, tir nim 2021-2023, bd bién
tir Tién Giang dén Soc Trang c6 dién tich sat 16 trung binh nim khoang 14-47 ha. Pic biét,
khu vuc c6 dudng bo bién dai nhu Duyén Hai, Vinh Chau c¢6 dién tich 16n hon (68-113 ha).
Téc dd sat trung binh khoang 21-38 m/nim. Khoang cach dao dong dudng bd trung binh tir
khoang 19-42 m. Tong dién tich sat 16 ctia toan KVNC trong giai doan ba nam 2021-2023 la
578,78 ha, boi tu 1a 243,26 ha. Khu vuc gan ctra bién thudng c6 dién bién bdi xo6i phirc tap
qua cac nam gﬁ‘)m Cira Tiéu, Ctra Dai, Ctra Ba Lai, Ctra C6 Chién, Ctra Dinh An, Cira Tran
Pé va Cira My Thanh. Pén nam 2023 tdc do x6i ¢ xu hudng giam trén toan khu vuc tuy
nhién dién tich x6i van tdng cao & mat s6 khu vuc co duong bién dai nhu Duyén Hai, Vinh
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Chau. Khu vuc nay can c6 cac bién phap hiéu qua dé tinh hinh sat 16 dugc kiém soat tot hon,
giam thiét hai ¢én murc téi thiéu nhat.

Do han ché vé thoi gian thyc hién nghién ctru, giai doan s6 hoa duong b can sy chinh
xdc cao, nhom tac gia chua thé xay dung bo dir liéu nghién ciru cho toan bo khu vire PBSCL
dé c¢6 cai nhin téng quat hon v€ tinh trang sat 16 dwong bo ma chi gi6i han xtr Iy dir liéu cho
bdn tinh Tién _Giang, Bén Tre, Tra Vinh, Soc Trang. Bén canh d6 nghién ctru gap phai mot
vai han ché vé dir liéu thyc do, chua c6 s liéu do dac tai dia phuwong dé so sanh voi két qua
phan tich tir anh vién tham. Cac két qua nghién ctru chi dua ra mirc d6 va pham vi sat 1o
nhung chua tim ra nguyén nhan chinh x4c tai sao dién ra cic qua trinh d6 (chi duara ¢ phan
phan tich théng qua thu thap tai liéu). Tir cac han ché trén nhom tac gia mong mudn mé rong
pham vi nghién ctru trong tuong lai, trong qua trinh nghién ctru s€ thu thap thém dir liéu thuc
do dé tang thém do tin cdy cho két qua chiét xut .duong bo. Budce tiép theo can md hinh hoa
dé tim ra nguyén nhan boi, x6i tir 46 1am co s¢ dé dé xudt thuc hién cac bién phép, giai phap
kip thoi ¢ nhiing khu vuc ¢6 nguy co x6i 16 cao.

Dbong gop cua tac gia: Xay dung y twong nghién ciru va dét ra bai toan: B.T.L; Xur ly s lidu:
P.V.T.P.; Viét ban thao bai bao: P.V.T.P., P.T.H.H.; Chinh stra bai bao: B.T.L., P.T.H.H.

Loi cam on: Ching t6i xin cam on Truong Pai hoc Bach Khoa, PHQG-HCM di h trg cho
nghién clru nay.

Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cta tap thé
tac gia, chua dugc cong bd ¢ dau, khong dugc sao chép tur nhitng nghién cuu trude day;
khong c6 su tranh chap 1gi ich trong nhom tac gia.
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Application of remote sensing, GIS to assess the rate and range of
coastal erosion in the Mekong River Delta, from Tien Giang to
Soc Trang Province
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Abstract: Coastal erosion in the Mekong Delta is happening with more frequency and more
serious damage. This type of disaster greatly affects people's lives, properties and
livelihoods and is the subject of many research projects and projects. Remote sensing is one
of the methods chosen to analyze the shoreline change over the years. In this study, Landsat
8 remote sensing images were combined with the DSAS tool integrated in ArcGIS software
to clarify the shoreline changes and erosions occurring in the coastal area from Tien Giang
to Soc Trang in the period of 2021-2023. The analysis results show that, about 63.71% of
the length of the shoreline will be eroded in the period of 2021-2022. However, by the next
period 2022-2023, this number drops to 59.03%. This shows that the extent of erosion is
almost equal in the two periods but tends to decrease slightly. Along with that, comparing
the results with the period 2016-2020, it can be seen that in the period of 2021-2023 Tien
Giang, Ben Tre and Soc Trang provinces have a slight decrease in erosion rate, while Tra
Vinh province tends to have a slight decrease in erosion rate. the direction of erosion
increases rapidly. The results are the basis for improving the capacity of landslide
forecasting, warning, monitoring and coastal management, minimizing the impact of
landslides, and protecting people’s safety and livelihoods.

Keywords: Remote sensing; Shoreline analysis; Accretion/erosion; Mekong Delta.
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thanh tao ngén nén dét chua cb két cao, luc dinh han ché nén d@ sat 16, dé bao vé vung dat
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Thanh Long.

1. Mé& dau

Nhitng ndm qua, tinh hinh sat 16 tai cac quén déo, dao, con, cu lao trén thé gidi dién
bién phuc tap, cu thé nhu sat 10 & Red Rock, ddao Coochiemudlo, phia nam cua Vinh
Moreton, thuéc Péng Nam Queensland, Uc [1]. Trén thé gidi ¢ rat nhiéu nghién ciru vé
viéc du bao x6i 16 bo bién ciing nhu giai phap khic phuc. Trong d6, Pilarczyk (2001) da
dua ra co ché pha hily dé khi song tran qua dé bién. Mai dé phia bién chiu tac dong truc tiép
ctia song. Than dé s& bi pha hong ¢ phia bién do song va ap luc thim day nguoc dudi day
bé mat gia cd. Pinh dé s& bj x6i bé mat, trugt do thdm. Nhu vay khi song tran, mai trong
ddng va mai ngoai bién déu s& bi ph4 huy.

O Viét Nam, hinh thirc sat 16 nay ciing xay ra nhiéu noi. Cti Lao Dung (Séc Trang) voi
gan 17 km dudng bo bién, 1i thang 10/2011 da pha hiy nhiéu tuyén dé trén huyén Cu Lao
Dung v anh huéng 2.000 ha dién tich cdy trong. Cac tai bién bd séng bd bién dang dién
bién hét strc phtrc tap trén dia ban Cui Lao Dung [2].

Nhing nim gan ddy, tinh hinh sat 16 tai cii lao Tan Phong (xd Tan Phong, huyén Cai
Lay, tinh Tién Giang) dién bién rat phirc tap. Binh quan mdi nim, xa Tan Phong bi sat 1 tir
2,0+3,0 m, lam mat dét san xuét tir 2,0+3,0 ha. Khu vuc dau cu lao, sat 16 14n sdu vao hon
30 m. Di doi dé bao ba 1an nhung tinh trang sat 16 van tiép dién. Tur thang 4/2022 dén nay,
ctt lao Tan Phong lién tiép xay ra nhiéu vu sat 10; pham vi anh huong sudt chiéu dai 1.350
m; hang nim, sat 16 anh hudng dén hang chuc ha dét san xuét (Hinh 1).

Con Long Khéanh (huyén Héng Ngu, tinh Béng Thép) bi sat 1& voi chiéu dai 3.000 m,
14n sau vao 50 m [3], sat 16’ ndm nao cling dién ra. Tuyén dudng ven song Tién thudc dé
bao con Ong, xd Tan Khanh Trung, huyén Lap Vo, 1a noi tiép gidp voi khu vuc khai thac
cat (Mo cat thudc xa Tan My - Tan Khanh Trung) va cac loai sa lan, ghe tau qua lai nhiéu
nén trong thoi gian qua da xuat hién nhidu vét nut 16m; cu thé, tur ngay 24/5+10/6/2019 xay
ra sup lun tuyén duong, l4n siu vao sat mép duong dan, chiéu dai 60 m. Trong hai ngay
3+4/7/2019 sat 16 chiéu dai 30 m, 1an vao hon 2/3 mit dudng, cach bo khoang 50 m trd ra
song co cao trinh ddy tir -14 + -16, rat siu.
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Vinh Long 1a tinh thudc ha luu MeKong, nam gitra sOng Tién, song Hau, téng dién tich
tur nhién 152.573,2 ha, bo song C6 Chién (doan tir vam song Muong Lo dén rach Ba Bong),
thude TH 9, T 10, ép Binh Thuan 1, xa Hoa Ninh, huyén Long H9, tinh Vinh Long da xay
ra vu sat 16 nghiém trong, vao khoang 16 gio 30 phut ngay 05/12/2022, chiéu dai doan sat
16 khoang 350 m, rong khoang 160 m, tong dién tich khoang 41.516 m?, anh huéng dén 30
ho dan; thiét hai 13 can nha, 01 nha kho, 01 xe cubc, 02 ao nudi, 01 ghe gb tai trong 2,5 tan,
cac vat dung trong gia dinh bi chim xudng song. Thiét hai khoang 35 ty ddng, anh hudng
16n dén tai san, doi séng cia ngudi déan [4]. Con Thanh Long dugc hinh thanh gitta dong
song C6 Chién nam 1984, 1a ving dat dai mau md, tru phu. Cdn phan chia dong chay nhanh
phai séng C6 Chién thanh hai nhanh; nhanh phai chay vé phia xa Qudi An, nhanh trai chay
vé xd Qudi Thién, bén nhanh phai khu vuc dau con lai 1a hop luu cia séng Mang Thit. Con
nhu 1a mét hon ddo dugc tao bdi cac nhanh song hop thanh, cung véi dac diém 1a c6 hé
thdng song kénh rach chang chit [5].

Hinh 1. Sat 16 cii lao Tan Phong (trai), Sat 16 dé bao con Ong (phai).

Nhiing nim gan day con da xay ra tinh trang sat 16 bo xay ra ngay mdt nghiém trong.
Trude nam 2016, dién tich cua con khoang 50 ha; tor nam 2016 dén nay con thuong xuyén
xay ra nhiéu vi tri sat 16, mat khoang 11 ha dat, con lai khoang 39 ha. Trong tuong lai, con
sé bi blen mat néu khong co giai phap can thi€p. Vi vay, viéc xac dinh nguyén nhén sat 16
va dé xuat giai phap bao vé con la rat cap thiét. Tinh méi ciia nghién ctru 14 phan tich anh
vién tham, tinh téc do sat 16 giai doan 1984- 2020.

Bai bao v6i muc tiéu nghién cru danh gia on dinh bd séng, phan tich anh vién tham,
tac dong dong chay d6i véi long dan, song do gié chudng, gia tai mai bd, van chuyén bun
cat, dién bién x6i bdi...; tir 46 dé xuét giai phap cong trinh k¢, mé han bao vé con.

2. Phwong phap nghién ctu va tai ligu thu thap
2.1. Gigi thigu khu viec nghién ciru va ddc diém khi tong thiy vin

2.1.1. Pham vi nghién cuu

BAN DO RANH GIOT HANH CHINH TINH VINH LONG
Y 1: S

Con Thanh Long

Hinh 2. Ban d vi tri cdn Thanh Long [5].



Tap chi Khi twong Thiiy vin 2023, 754, 26-43; doi:10.36335/\VNJHM.2023(754).26-43 28

Pham vi nghién ctru Cén Thanh Long thudc 4p Phuéc Ly Nhi xa Qudi Thién, huyén
Ving Liém, tinh Vinh Long. Théi gian nghién ctru 1a giai doan 1984-2023 (Hinh 2).

Long dan séng C6 Chién doan chay qua cdn co sy bién d6i manh, doc theo chidu dai
song xuat hién nhiéu hd x6i cuc bd (Hinh 3).

Cao d6 trung binh mat dit ty
nhién tr +1,5 + +1,8, cao trinh long
din dau con kha sau; -5,0 + -19,5;
khu vuc gan bo -3,0 + -8,0 vai xu thé
lach sdu ép sat dau con. Phia dudi
dau con bén nhanh trai da xuét hi¢n
hé x6i -15,5, cach bd 80 m; lach sau
c6 cao do -12,0 = -14,5. Nhanh phai
lach sau c6 xu thé ép vé phia con. Tai
ngd ba séng Ming Thit hd xdi c6 cao
do -16,5 cach bo 100 m. Lach sau
long dan nhanh phai doan phia dudi
nga ba song Mang Thit c6 cao do tu -
10,0 + -12,5. Long song phia dudi cOn nong hon, cao do tur -0,5 + -2,0; cach dudi con vé ha
lru 300 m ciing xuat hién hd x6i -20. Long dan khu vuc dau con va vé ha luu khoang 500
m bén nhanh trai va 300 m bén nhanh phai c6 hinh thai bét loi dbi véi sy 6n dinh bo sbng
va dé gay sat 16 bo song [5].

Hinh 3. Dia hinh long song con Thanh Long va vi tri mot
s6 mat cét (MC.) dién hinh.

2.1.2. Pic diém khi hau, khi tuong va ché do thay vin dong chay

Khi hau, khi twong nam trong vung nhiét d6i gié mua. Téng luong mua binh quén cao
nhét trong nam 1 1. 893,1 mm/nam. Ché do thuy van chiu anh hu’0’ng ctia nhidu yéu t6 nhu
dong chay thuong ngudn ‘Mekong, : ; /
thuy triéu bién Déng, ché d6 mua
doéng bang, song CO Chién, séng
Ming Thit va hé théng kénh rach.
Muc nude va bién do triéu kha cao,
cuong do triéu tmyén manh, mua 14
bién d6 triéu khoang 7090 cm va
mua kho bién do tridu dao dong
114+140 cm [5]. Luu tdc, luu
luong, muc nudce ké thura tir cac du
an trudc. Nghién ctru chi quan tric
01 tram do muc nudc va 02 tram do
luu tdc, luu luong, thoi gian do tir
ngay 7+10/4/2021, do 24/24 (mdi
gio do 1 1an). Vi tri khao sat duoc
thé hién & Hinh 4; do luu toc, tring

A . % Hinh 4. So hoa vi tri khao sat do dac thay van, bun cat tai
voi thoi gian do myc nude, chéch  ¢3n Thanh Long.

do do 12/24 (02 gid do mot 1an).

2.1.3. Muc nudc va van toc dong chay

- Khao sat myc nudce trong 03 ngay dém, tir 7-10/4/2021, ché do do 24/24 cho thiy ché
d6 myc nude chiu anh hudng cua thiy tridu 1a chinh; duong qua trinh myc nude dang hinh
sin voi ché do ban nhat triéu khong déu mot chan triéu thap va mot chan triéu cao. Tur
7+10/4/2021, dinh triéu 16n nhit +155 cm, chén triéu nho nhat -106 cm, bién do triéu kha
16n, dat 261 cm; muc nude c6 xu thé ting dan, binh quan mdi nim ting 1,7 cm, ching to
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myc nu6e khu vie cling chiu anh hudng cia BDKH - nuge biép dang; trong khi d6 myc
nude dac trung thap nhat ndm tang giam theo quy luat chu ky nhiéu nam (Hinh 5).
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Hinh 5. Buong qua trinh muc nude thue do (a) va dac trung (b) nam [5].

- Luu luong dong chay thudc nhanh trai 16n hon nhanh phai, khi triéu xuéng khoang
2,89 lan, khi triéu 1én 2,03 1an.
Luu lugng, luu téc dong chay khi triéu xudng va triéu 1én gan bang nhau trong mua
kiét (nhung nguogc chiéu); cho thiy khu vuc khong c6 anh huong cua dong chay 1o thuong
nguon trong mua kiét. Luu luong, luu tdc & nhanh trai 16n hon nhanh phai cho nén dién
bién x6i 16 ¢ nhanh trai 16n hon nhanh phai (Hinh 6).
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Hinh 6. Qua trinh luu lwong va luu tdc: (a) Qua trinh luu luong thuc do

nhanh trai (tu

7+10/4/2021); (b) Qué trinh Iuu lwgng nhanh phai (tir 7/04/2021+10/4/2021); (c) Qua trinh luu tdc

nhanh trai (tir 7-10/4/2021); (d) Qué trinh lwu téc nhanh phai (tir 7+10/4/2021) [5].
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2.1.4. Ché dd bun cét

Theo cac tai liéu thu thap dugc [6-8], ham luong phu sa song Tién va khu vuc nghién
ctru khong 16n; mot phan phu sa lang dong trong song, ddng, phan khac ra bién. Vi tri MC.
do, lay mau va két qua khao sat 36 mau bun cat cho mdi nhanh va 12 mau bun cat day trinh
bay trén Hinh 7.
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Hinh 7. So 6 vi tri 14y mau bun cat day (trai) va ham luong bun cat lo ling thuc do tram 1 (nhanh
phai) va tram 2 (nhanh trai) (phai).

2.1.5. Thuc trang sat I ¢6n Thanh Long

Véi chu vi con khoang 2.750 m, sat 15 véi chiéu dai 1.900 m, 03 vi tri sat 15 16n gdbm
[5]:

- Khu vye dau Con (KV.1) chiéu dai sat 16 800 m, trong d6 nhanh trai 500 m va nhanh
phai 300 m, sat 1& dién ra ngay mot manh hon, manh nhat véi toc do tir 5+8 m/nam (Hinh
8).

Hinh 8. Hinh anh minh hoa sat 1o bd séng khu vuc ddu ¢6n Thanh Long (KV.1): (a) Khu vuc dau
¢dn - Nhanh phai; (b) Khu vuc dau con - Nhénh tréi.

- Boan bo nhanh trai (KV.2) voi chiéu dai 700 dén gan cudi con sat 16 b dién ra ciing
twong d6i manh, vdi toc do tir 2+4 m/nam (Hinh 9).

Hinh 9. Hinh anh sat 16 by song con Thanh Long (KV. 2): (a, b) Khu vuc nhéanh tréi.
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- Nhanh phai (KV.3) doan hop luu voi séng Mang Thit voi chiéu dai 400 m, sat 16 dién
bién phtrc tap, tde do tr 1+2 m/nam, long song da xuét hién hd x6i cach bo khoang 80 m,
chd sau nhat dat dén cao trinh -17, 13 mot trong nhitng nguyén nhan gy ra sat 15 bo, cung
truot sat 16 c6 thé 14n vao b tir 10+30 m (Hinh 10).

Hinh 10. Hinh anh sat 16 bo séng con Thanh Long (KV. 3): (a, b) Khu vuc nhanh phai.

Pudi con ¢6 vai vi tri sat 16 nhé 1a do dép bo tao ao nuoi ca khong dam bao on dinh. Vi
tri cac khu vuc sat 16 va cac MC. dién hinh thé hién & Hinh 11.

Tuyéin ké KV 1-Bu con-chidu dai sat 15 800m ‘

Tdc 60 =31 1 5-3m/nam

x4
Chianh
An

Tuyén ké KY3- chigu dii sat 1 400m
Toc a5 sat bif 1-2 rnEm

%
%
&

Hinh 11. So db vi tri sat 16 con Thanh Long va cac MC. dién hinh.

2.2. Dir liéu sir dung va so' dé cau tric nghién citu

Tai liéu, dia hinh thuc do k’hu vuc nghién cuu thépg 94/2021. Tai liéu dia chét: j’ham
khao dia chat cong trinh cua cong Cai Tom [5]. So do cau tric nghién ctru dugc thé hién
trén hinh 12.

Thu thap tai liéu dia
hinh, thuy van, dia
chat.

Khao sat thuc dia,
hién trang sat 16.

Panh gia 6n dinh bo sbng,
phan tich anh vién tham,
tic dong dong chay dbi
véi long dan, séng do gi6
Chudng, gia tai mai bo,
van chuyén bun cét, dién
bién x6i bbi...;

Xac dinh nguyén
nhan sat 16.

Khao sat lap binh dd
long sbng.

D& xuit cac giai
phép xu ly sat 16.

Khao sat thuy van
(lwu tée, luu luong,
muc nudc, bun cat
lo ling, bun céat
day).

Hinh 12. So d cau tric nghién cau.
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3. Phén tich két qua va thao luin
3.1. Pdanh gia kha ning mat én dinh bo séng

Bang 1. Két qua tinh toan dn dinh mai b truong hop hién trang [9].

Hé sé an toan tinh toan
MC.1 MC.2 MC.3 MC.4 MC.5 MC.6

[K]=>1,15 1,30 1,16 1,02 0,97 1,13 1,25

Két qua tinh toan on dinh minh hoa trén Hinh 13.

- Tai dau con, MC.3 c¢6 K = 1,02 va MC.4 ¢6 K = 0,97, nho hon [K], mai bo song khu
vuc ndy cé kha nang mét 6n dinh cao. Thuc té & khu vuc nay dang sat 1& voi tdc do tir 5+8
m/nam.

- Nhénh trai ¢n, MC.5, K = 1,13 nho hon [K], kha ning mai bd séng & tinh trang cn
bang tam thoi, chi can co tic dong nho 1én bo sdng ciing s& gay sat 16.

- Nhanh phai con, MC.2, K = 1,16 > [K], mai bd séng ¢ tinh trang cin bang tam thoi,
chi can c6 tac dong nho 1én bd song ciing s& gy sat 1.

- Pudi con, MC.1, nhanh trai, K = 1,30 va nhanh phai MC.6, K = 1,246 16n hon [K], do
dé hién trang mai bo song khu vyuc ndy twong d6i on dinh.

Hé sb an toan cho phép

MAT CAT 2
MAT CAT 3

(b)

Lrvyy g

CAO TRINH

CAO TRINH

P 4
000 1 M % H K O 0 NS 10 W 10 1B K 150 00 0 0 20 30 4 0 6 70 8 % 100 110 120 130 140 150
KHOANG CACH KHOANG CACH

Hinh 13. Hé s6 6n dinh mai bo tai MC.2 (tréi) va MC. 3 (phai) [5].

3.2. Phdn tich anh vién tham

Phan tich anh vién tham trén nén tang
Googlearth Engine dién bién hinh thai caa song tir
nam 1984-2020 (anh c¢6 d6 phan giai cao qua cac
nam 2010, 2015 va 2020). Két qua thé hién trén
Hinh 14; téc do va dién tich x6i 1¢ dau con dién ra
manh nhat & ngé ba song C6 Chién va song Mang
Thit; dau con phia bo phai bi x6i 16 nhiéu nhat, noi
dong chay song C6 Chién hudng thang vao. Phia
cudi con trude nim 2015 ¢6 xu hudng boi.

Téc d6 x6i 16 trung binh & dau va bén trai con
giai doan 2010+2015 la khoang 10+12 m/nam.
Giai doan 2015+2020 téc d6 x6i 16 dau con giam
con 1+3 m/nim. Riéng phia bo trai dau con toc do
duy tri khoang 7 m/nam. Pudi con xu thé bdi manh
& giai doan 20102015 voi tbec do trung binh 5
m/nam. Téc df) x01 16 giai doan 2015+2020 co Hinh 14. Dién bién duodng bo cdn Thanh
giam di so voi trude, nhung trong twong lai giam  Long tir 2010 dén 2020 [5].
khoang 80% bun cat vé PBSCL, chic chin toc do
x0i 16 s€ tang (Hinh 14).
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3.3. Do ddt yéu va tac dong cia dong chay doi véi long dan

L6p bun sét yéu day trén 11 m, géc ma sat trong tir 3+5°, lwc dinh 0,05 kg/cm? chiu luc
kém, dé bi nén lin, tan ra; dé én dinh, hé s mai dbc cua bo song phai 16n hon 3 [10].

Dong chay c6 van toc 16n hon van tc khong x6i cho phép cua dét cAu tao 1ong dén, thi
s€ xdy ra x01 16. Mirc d6 x6i 16 phy thude vao: (1) d6 1on cua van toc dong chay so voi véan
tdc cho phép khong x6i cua long dan; (2) thoi gian duy tri cac gia tri van tdc 10n; van toc
cho phép khong x6i cua 1ong dan tinh tir van téc khoi dong bun cat cia Eri, Gontrardp,

Samép [11].
0,0004
Vid =3,9 \/(1+ —d )gd

Cong thuc cua Eri: @

cong thirc cua Gontrardp:  Viq = 88h | 2. 2

ong thuc cua Gontrardp: =97 175 (2)
d 2

Cong thirc cia Samép: Via =4,6§/h —— 3

ong thuc cua samop kd (100()} 3

Trong d6 Viq 13 Iuu tdc khoi dong cta bun cat (m/s); K 13 hang s6; a 1a hé s Acsimet,

Vs —

a= Y thuong iy a = 1,65; ys, v 1a trong lugng riéng cua bun cat (KG/m®), nudc; g 1a

gia tc trong truong (m/s%); h 1a chiéu siu dong nude (m); d la dudng kinh hat (m). Két qua
tinh (Vix) ciia bun cat theo Eri, Gontrarép, Samdp va tra biéu dd (theo Asce Task
Committee va Mehrota) thé hién & Bang 2.

Bang 2. Két qua tinh toan Viq bun cét tai nhanh trai, nhanh phai [5].

Miu Via (M/s)
Vit budné;at ;)“.1 l:(::og (l:]lrlr:l) Eri Gontrarop Samép Tra biéu d6 Tt;l;r;]g
, BC 4 0,045 0,275 0,241 0,210 0,510 0,309
NpTér‘ih BC5 0,032 0,289 0,287 0,255 0,540 0,343
BC 6 0,071 0,297 0,309 0,232 0,440 0,319
, BC 7 0,015 0,270 0,220 0,201 0,450 0,285
Nthraé?h BC8 0,019 0,269 0,224 0,224 0,500 0,304
BC 9 0,018 0,268 0,215 0,198 0,520 0,300

Két qua Vix cho phep cua dat cau tao long dan & phia nhanh phai 16n hon nhénh trai.
So sanh van tc trung binh MC. (Vi) vOi Vi trén ciing mot hé truc toa do (Hinh 15) dé
phéan tich nguyén nhan gay sat 16.
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Hinh 15. So sanh luu to¢ dong chay va luu toc khdng x6i cua long dan [5].
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- Ttr ngay 7+10/4/2021, duong qua trinh luu tdc ca hai nhanh deu ¢0 Vip > Vix ké ca
luc trleu 1én va triéu xudng, vi 1a mua kiét, dong chay tur thuong ngudn vé it, do d6 vao mua
1it van tdc Vip s& 16n hon va thoi gian duy tri van tde 16n ciing s& cao hon.

- Nhanh trai Vi, > Vix khoang 42%, nhanh phai Vi > Vix khoang 30 %. Vix ¢ nhanh
trai nhd hon nhanh phai trong khi Vi nhénh trai 16n hon nhanh phai, cang lam cho kha
ning x6i 1ong dan & nhanh trai dién ra manh hon nhanh phai.

St dung mé hinh toan mé phong ché do thuy dong luc va hinh thai song C6 Chién
doan qua cu lao Thanh Long, c6 kiém ching béng s6 liéu khao sat thuc té, dé co thé lam rd
hon ché d6 thuy dong luc, hinh thai (x6i boi) 1ong din. Hinh 16 minh hoa cach tiép cén
chung, trong d6 cdc mo hinh vai ti 1¢ va muc do chi tiét khac nhau duoc thiét lap.

MO HINH MO RONG %y MO HINH CHI TIET

Hinh 16. Pham vi va luéi tinh khu vuc nghién cau [5].

Mo hinh toan da duoc thiét 1ap, hiéu chinh va kiém dinh bang s6 liéu thuc do, ké thira
két qua cac du an trude, tir mo hinh toan bién Pong, mé hinh luu vuc Mekong cho dén cac
m hinh chi tiét hon thyc hi¢n cho DPBSCL.

Dé phan tich ché do thuy dong lue, dong chay ving nghién ciru, cac diém P1 dén P8
déu cach bd 5 m dugc xem xét trich xut van toc dong chay (Hinh 17).

Két qua md phong bang mo hinh toan trong nim dién hinh (2009) mé ta dic diém ché
do thuy dong luc khu vuc nay kha rd nét. Mua kiét muc nude thép, gia tri lon nhét dat duoc
khoang 1,4 m twong ung dong chiy tong hop
thoi ky nay ciing kha nho tir thang 11 dén
thang 5 cua nam sau. Ngugc lai, trong thoi ky
mua i myc nuée, van téc dong chay tang
nhanh, gia tri 1on nhat twong tmg co thé dat
1,9 m va van toc dat 1,5 m/s (Bang 3). Bién do
triéu 16n nhat dat 2.5 m. Ngoai ra, khu vuc
chiu chi phéi manh cua ché do thuy luc
thuong ngudn, van toc thoi ky triéu rat 16n
hon nhiéu so véi triéu 1én (Hinh 18).

Dong chay phia bo trai 16n hon so véi bo
phai, van tdc 16n nhat ven bo trai tir 0,7+1,5
m/s, van téc 16n nhat phia bd phai thap hon, tir
0,5+0,9 m/s (Hinh 19). Két qua nay giai thich
vi sao nhéanh trai bi sat 16 nhiéu hon nhanh [g ™
phai. Ty I¢ phan luu doan song C6 Chién qua  in 17, v tri trich xuét (P1 dén PS) dé phan
con trén thé hién trén Bang 4 cho thay trong  tich két qua tinh toan tir mé hinh.
mua 1t nam 1979 nhanh trai ¢6 luu lugng 16n
nhét, 16n hon nhanh phai va tong lugng nhanh
trai gap gan 4 lan tong luong nhanh phai.
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Bang 3. Van téc dong chay tong hop 16n nhat (Vimax) tai céc vi tri P1+P8 ven bo [5].

Vi tri Vmax (M/s) Ghi chu Vi tri Vmax (M/s) Ghi cha
P1 0,90 Pau ct lao P5 0,86 Cubi cu lao
P2 0,84 . , .. P6 1,37 B& nhénh trai cU
P3 0,83 1035 Iaghanh phai P7 1,09 lao
P4 0,59 P8 1,25

Bang 4. Ty I¢ phan Iuu hai nhanh cua con Thanh Long [11].

Vi tri Qmax (M¥/s) triéu 1én Qmax (M%/s) triéu xudng Ty 1¢ phan hru (%)
Chinh 4975 8.327 100

Bén tréi 4.497 7.473 79

Bén Phai 1.549 1.775 21

1126000

1125500

1125000

1124500

Luu tée (z/s) 1124000 s Luru toe (ms)
Bl Trén 09 &

Bl Trén 090
080- 090

1123500

627000

627000 628000 620000 630000 631000

[m)

P2: Muc nuoc [m] P2: Muc nuoc [m)

2009-10-08 10-10 1012 10-14 2009-10-08 10-10 10-12 10-14
P2: Luu toc (a's) e P2 Luu tée (als)

Hinh 18. Ché do dong chay vang nghién ctu, phia trén 1a truong phan bé dong chay mua i luc
triéu rat va tridu Ién, phia dudi 1a duong qua trinh myc nuéc va dong chay tong hop tai vi tri P2 [5].
P2:Lwu téc (m/s) _

TS5 T6 T7 T8 T9 Ti10 T11 TI12 T1 T2 T3 T4
2009 2009, 2009 2009 2009 2009 2009 2009 2010 2010 2010 2010
P2: Luu toc gm/sg

P8: Luru toc (m/s
lxllllllai«v‘.“‘lﬂI‘H“”I“".‘ll
o503 fAaARAIRAAARRANAMAR N A Rt ARARIRARAAT TR >
ooott S ITHY LU R LR L] RARN]
00:00 00:00 00:00 00:00 00:00
2009-10-04 10-09 10-14 10-19 10-24

Hinh 19. Pudng qua trinh van tc dong chay tong hop tai vi tri P2 cho mot nam khi
hau dic trung (trén) va giita diém P2 va diém P8 [5].
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3.4. Do séng gi6 va séng tau thuyén tac dong dén xoi I6 long dan

3.4.1. Song tao boi gié mua Pong Bic (gié Chudng)

Viét Nam nam trong ving nhiét d6i gié mua, mdi ndm cé hai moa la moa khd va mua
mua; mua kho bit dau tir thang 11 nidm trudce cho dén thang 4 nim sau, mua mua tir thang 5
dén thang 10. Thoi gian cia hai mua gin trung véi thoi gian anh hudng cia hai mua gio
mua 1a gié mua Ty Nam va gi6 mua Pong Bac. Vinh Long bi chi phdi boi ché do gio mua
trén Bién Dong. Gié Chudng - gié miia Dong Bac va gi6 tin phong; dau mua, gié Chudng chi
chiém tir 20+30%, dén thang 02 thi ti 1¢ gi6 chudng trén 73%, van tdc gio cap 6+7 dat 36,4%,
gio cap 8+9 dat 35,8%, dac biét gié voi van toc 11 m/s dat 21,2%.

Két qua trich xuét gi6 tir mo hinh toan ciu tai Con Thanh Long thé hién bang hoa gi6
trén Hinh 20. Gié mua Dong Béc c6 hudng thdi 1a Péng Bic hodc Pong tring véi hudng co
da gio (mat thoang) 16n nhét tac dong va giy ra song 16n dap vao khu vuc dau con, 1am pha
v& két cau dat & dau con gy sat 10 16n. Mua gié Tay Nam, do da gio nho hon so véi mua
Pong Bic, song tao ra bai gié mua Tay Nam ciing nhé hon.

Lang gio
25.38 %

2,8-5,6
Dudéi 2,8

Hinh 20. Huéng gi6 mua DB (gié Chudng) va hoa gid tai ving nghién ctu [5].

Dé xem xét mure do tac dong cua gié Chudng, tinh toan song do gi6 gay ra [13].

Hs = 0,0208W°4D13 (4)

Trong d6 Hs 12 chiéu cao song (m); W 1a toc d6 gié (m/s) va D 1a da gid (km).

Theo Beaufort, gi6 tir cip 5 tr¢ 1én thi mat nudc hinh thanh séng. Vi vay, tinh toan
song do tac dong gid vao mai bd con Thanh Long dbi vai gid tir cp 5+9. Két qua tinh toan
& Bang 5 cho thay chiéu cao séng do gi6 mua DPong Béc kha 1o, tir 0,33+0,97 m. Chiéu
cao ndy c6 kha ning gay ra sat 10 16n hon nhiéu do séng tau thuyén.

Bang 5. Két qua tinh toan chiéu cao song tac dong vao dau con (g véi cac cap do gio.

Cép Tén chp vié Téc 4o (m/s) Téc dd Tac dung cia gio trén D (km) Hs (m)
en ca 10 oc do (m/s
gio Pg : t/binh (m/s) mit déit
Cay nho lay dong, mat nuéc hinh
5 Gi6 vira 8,0+10,7 9,6 ay o fay cong, matnuoe iin 085 0,333
thanh séng
6 Gi6 hoi manh 10,8 + 13,8 12,3 Canh cay 16n rung chuyén 0,85 0,454
b A h A kh , .
7 Giokhamanh  13,9+171 15,5 Ca cay rung ¢ L;ylzn Odinguoe  noc 0,606
8 Gi6 manh 17,2 + 20,7 19,0 Gi6 lam giy canh con 0,85 0,779

Gi6 rit manh 20,8+ 24,4 22,6 Gi6 lam thiét hai nha ctra 0,85 0,971
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3.4.2. Séng do tau thuyén

Song tau thuyén gay ra tir 0,20+0,30 m va nho hon song do gio Chudng gay ra. Ngoai
ra, tic dong ctia dong chay do chan vit ctia tau thuyén cling gay ra xoi 16 [14].

3.5. Do gia tang tai trong lén mép bo

Tai trong mép bo ting, khdi dat mai bo xuat hién Gng suét du 16n, ving ¢6 Gmg suét du
vuot qua kha nang chiu tai cua dat mai bo, hinh thanh vung bién dang déo. Tai trong ting
dan thi ving bién dang déo ciing phat trién. Khi tai trong vugt qua gidi han cho phép, ving
bién dang déo phat trién ra dén mai bo thi cac hat dat sé bi tach ra, dat b bi sat 10.

Gia tai 1én mép bd song gdm cac nguyén nhan Xay dung cong trinh, neo dau tau
thuyén, chat hang hoa, mua to, i xudng, triéu rut. .

+ Mua gay bao hoa va tang trong lugng khéi dat b0, phat sinh ap luc thim...;

+ Lii xudng, tridu rat lam tang ap luc tham giam ap luc day noi; vé mua lu muc nudc
trong song dang cao lam dang muyc nudc ngam, khi 1i rit, triéu xudng nude ngam s& chay
ra song, kéo theo nhimng hat dat ciia mai bd vao 1ong song.

Pénh gia tac dong cua viée thay doi muc nudce (thap nhat va trung binh) va cac mirc do
gia tai (tlr 1+6 tan), tién hanh tinh toan 6n dinh cho mai bd song (Bang 6).

Bang 6. Két qua tinh toan 6n dinh mai bo theo cac muyc nudc, tai trong khéc nhau [5].

STT Truong hep tinh toan Kminmin K] Nhan xét

1 Muc nuéc min, H=-1,49 1,246 1,15 On dinh

2 Muyec nuéc TB, Hth=0,4 m 1,465 1,15 On dinh

3 Tai trong trén bo T=1 tin 1,192 1,15 On dinh

4 Tai trong trén bd T=2 tin 1,139 1,15 On dinh tam thoi

5 Tai trong trén by T=3 tin 1,092 1,15 Tiém an nguy co sat 16 bo
6 Tai trong trén by T=4 tin 1,050 1,15 Tiém an nguy co sat 16 bo
7 Tai trong trén bo T=5 tin 1,010 1,15 Tiém 4n nguy co sat 1¢ bo
8 Tai trong trén bo T=6 tin 0,974 1,15 Sat |6 bo dd xay ra

Khi muc nuéc Hip = 0,40 m thi Kminmin = 1,465 nhung khi myc nudc giam xudng dén
Hmin = -1,49 M, Kninmin gidm xuéng 1,246. Cho théy khi 1 Xuéng hodc triéu rut, muc nuoc
xudng thap 1am bd song kém 6n dinh hon.

Khi chua chat tai, Kminmin = 1,246, khi chat tai ven b 1an luot tir 1+6 tn, thi Kminmin d
giam dan cho ti khi chét tai dén 4 tan, thi Kminmin = 1,05, tiic 1a by song c6 thé bi sat 16.

3.6. Do ché dé véin chuyén bun cat

Hinh 21 thé hién twong quan gitta dién bién bun cat [15] véi diéu kién khi hau, ché do
thily van thuong ngudn tai My Thun va tng suat tiép day véi chu ky mot nam khi hau.

Két qua tinh toan cho thiy thoi ky mia mua Ii (tir thang 7+11) c¢6 ngudn phu sa tir
thuong ngudn doi dao nhit trong nam, 1a thoi ky cung cdp bun cat chi yéu cho DBSCL.
Dong chay trong muia nay 1a 16n nhat trong nim va phan bd bun cat rat cao. Qua trinh boi
tu, x6i 10 dién ra chi yéu trong thoi ky nay. Truong phan bd bun cat tai mot thoi diém trong
mua 1ii trinh bay trén Hinh 22; ham luong bun cat 16n nhat thoi ky nay co thé dat 200-300
mg/l; ham lugng bun cat 16n nhat mua nay nho hon mua la rét nhiéu [16].

Thoi ky mua kiét, dong chay tong hop nho, tng suat t1ep day kha thap, ngudn bun cat
phia thuong nguon vé rat it, bun cat tai ~vung nay kha thap, diéu kién bdi tu thuan loi nhung
nguon cung cap bun cat han ché din dén xu thé x6i 16 trong thoi ky nay chiém wu thé, dic
biét 1a giai doan chuyén tiép tir mua kiét sang mua I
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Hinh 21. Twong quan bién dong bun cat va thuy dong luc tai ving nghién ctru trong nam 2009 [5].

1127000

1124000

1123000

Di c6 nhiéu nghién ctru vé tic dong gy thiéu hut bun cat do cac dap trén dong
Mekong gy ra. Nghién ctru ndy, tién hanh mo phong ving nghién ctru voi kich ban thuong
ngudn x4u nhét (hinh thanh 11 dap trén Mekong). Ké thira cac nghién ctru trudc ddy, bién
thuong ngudn trong tinh toan ndy bun cat tai Kratie giam 80% so v&i nam 2015 [17].

Két qua tinh toan x6i boi ving nghién ctru chi tiét duoc trinh bay trén Bang 7 va trén
Hinh 23 cho thay su thay doi buc tranh x6i 16 sau khi giam bun cat vé mot cach rd rét. Muc
d6 x6i 16 & ving dau con ting gap 1,5 1an so v6i hién trang (tir khdi luong x6i -4.522 m®
ting 1én -6.541 m%). Mirc d6 boi nira dudi con giam manh (tir khéi lwong bdi 3.779 m® giam
con 1.043 m®). Toan khu vuc con & vung con lai thi boi tu tir 63.913 m® khong con nita, x6i
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16 chiém wu thé v6i khdi lugng -712.433 m?,

F 600

400

200

632000

Hinh 22. Trudong phéan bd nong do bun cét trong muia 1 (trai) va mua kiét (phai) [5].
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Hinh 23. So sanh dién bién hinh thai ving nghién ctu gitra kich ban hién trang (trai) va kich ban
phat trién thuong ngudn (phai).

Bang 7. Két qua tinh toan x6i boi chi tiét giira hién trang va kich ban phét trién thuong ngudn
(giam 80% bun cat vé) [5].

Kich ban Phan viing Dién tich (m? Thé tich bun cat (m®)
Ving lan can Cui_ Trude 39.079 -4.522

Hién trang Lao Sau 70.257 3.779
Ving con lai 1.9155.336 63.913
Vung lan can Cu Truédce 39.079 -6.541

Giam 80%  Lao Sau 70.257 1.043
Ving con lai 1.9155.336 -712.433

Ung dung két qua mo phong ché do thuy dong luc va hinh thai (x6i, boi) bang
MIKE21FM di 1am rd ché d6 thuy dong luc trong mua 1ii, mua kiét cia nam dién hinh va
tinh toan dy bao x6i 1o, bdi ling sau mot nam thay vin dién hinh va co xét dén tac dong boi
thiéu hut bun cat vé PBSCL sau khi hoan thanh cac dap trén dong Mekong. Két qua minh
chimg tac dong ciia dong chay 14 nguyén nhan chinh gay ra x6i 1& va boi lang khu vuc con,
dac bi¢t duoi tac dong giam 80% bun cat, murc dd xoi 16 trong khu vuc s€ gia tang dang Kké.

3.7. Dién bién hinh thdi (x6i/béi) trong nam dién hinh

Két qua cho thay dau c6n Thanh Long x6i 16 chiém wu thé, phia nira cudi cu lao x6i bdi
xen k& va boi 16n hon (Hinh 24). Tuy nhién trén toan cu lao thi x6i chiém wu thé. Dé 1am rd
hon, dé phan vung va tinh toan cho vung lan can phia thuong luu con (mau do), vung lan
can phia ha luu con (mau vang) va toan by vung nghién ctru (mau xanh). Két qua cho thay
ving thuong luu co6n sau mot nam bi xo6i khoang 4.522 m® , vung ha luu con dugce bodi
khoang 3.779 m® (Bang 8). Nhu vay, xu thé cho toan khu vuc van 1a boi lang, phia thuong
Iru con (ntra dau) bi x6i 16 va phia ha luu (ntra dudi) con duge boi lang.

Thay déi chiéu dai
dy téng cdng (m)
Trén 080
[ 060- 080
[ o40-
[ o30-
[ 020- 030
[ o10-
] 005-
1 000-

628000 628500 629000

629500

Hinh 24. Dién bién hinh thai cho nim khi hau dic trung ving nghién ctru (trai) va phan vang tinh
toan di&n bién hinh thai cho nam dién hinh (phai).
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Bang 8. Két qua tinh toan x4i bdi cho ndm khi hau dién hinh cho khu vuc nghién ciwu [5].

Kich ban Phan vung Dién tich (m?) Thé tich bun cat (m3)
Vung lan can _Trudc 39.079 -4.522

Hién trang Cu Lao Sau 70.257 3.779
Ving con lai 19.155.336 63.913

3.8. Tong qudt cdc gidi phdp khdc phuc sat 16 bo séng

Trudce tinh hinh sat 16 bo song kénh rach dé va dang dién ra rat nghiém trong va trén
dién rong & PBSCL, khong thé khi nao ciing sir dung cac bién phap cong trinh cho cac
vung sat 16. Do do, tuy timg noi v6i mirc d6 quan trong, vu tién vé phat trién kinh té, co s&
ha ting cua dia phuong dé ap dung bién phap phi cong trinh hay cong trinh hodc phai két
hop ca hai.

Hai loai hinh cong trinh duoc dé Xuét ap dung cho khu vuc cdn dua trén yéu cau chinh
tri séng: (1) Ké ap mai bao vé truc tlep, (2) K¢ hinh chit V nguoc dé bao vé tir xa cho dau
con va hé thdng moé han cimg duge bo tri & hai bén hudng dong chay ra xa bo, giam duoc
tac dong ctua dong chay gay sat 16 bo.

3.8.1. K& 4p mai bao vé bo truc tiép

K¢ 4p mai ing voi bo song bi sat 10 dudi tac dong ciia dong chay, 10ng dan tai d6 c6 hd
X6i sdu nam sat bo, mai bo song bi mat 6n dinh do mat khdi dat phan ap, khong du kha
nang gilt on dinh cho mai bo, dé ddm bao 6n dinh bo, cin quan tam nhiéu phén chan ké.
Tuy theo dia hinh, dia chat khu vuc bao vé dé xac dinh khdi luong vat liéu 1ap hé x6i; theo
kinh nghiém, khéi vat liéu ddp bu tao duoc mai m = 3, hay m = 4 tir dinh ké dén khi gip
1ong song thi dimg lai. Trén co sé nghién ciru va thyuc té dé xuat dang ké 4p mai; phan
tuyén ké gdm ba khu vuc: (1) Khu vue dau con 800 m, trai ro da trén MC. ngang 1a 4 tham
ro da: dai 24 m; (2) Khu vuc bo nhanh trai con 700 m, trai ba ro d4 dai 18 m; (3) Khu vuc
bo nhanh phai 400 m, trai ba ro da dai 18 m.

Cao trinh dinh ké duoc tinh toan [18] v6i cong trinh cap IV:

Zd =Htk + Hsl + a (5)

Trong d6 Hu 1a muc nude thiét ké tmg tan suat thiét ké 2% Hu = +1,96 m, Hg 14 chiéu
cao song leo (M), a = 0,3 m 1 d6 gia cao an toan cua ké). Két qua tinh dugc cao trinh dinh
ke Z4 = 2,70.

o, £ The 0b 44110 58wl

Topkn ki KV2-Nhirh iré gk o ns.mfum

wm 1 2 4mivdin

Hinh 25. Mat bang va MC. ngang két ciu ké 4p mai con Thanh Long [5].

_ - Tinh toan 6n dinh tong thé: Str dung phan mém GeoSlope [19] tinh 6n dinh, két qua
thé hién trén cac Hinh 26 va Bang 9.
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CAO TR

TEH

CAO TRINH

KHOANG CACH

Hinh 26. H¢ s6 6n dinh MC.4, MC.3 (trén) va MC.5 va MC. 2 (dudi) [5].

Bing 9. Két qua tinh toan 6n dinh tai cac MC [5].

Hé sb an toan Heé s6 an toan tinh toan (K)
cho phép MC.2 MC.3 MC.4 MC.5
[K]>1,150 1,25 1,49 1,20 1,22

Theo két qua tinh toan tai cac MC. K > [K], cong trinh dam bao 6n dinh tong thé.

3.8.2. Ké hudéng dong

K¢ bao vé tir xa hinh chit V ngugc dé bao vé dau con véi chiéu dai 200 m, bd tri hai
bén cdn, mdi bén ba moé han; nhanh phai chidu dai moé han 20 m, nhanh tri chiéu dai moé
han 30 m, huéng dong chay ra xa bd (Hinh 27). Cao trinh dinh ké +2,5, ding coc éng ly
tam dudng kinh 30 cm, chiéu dai du kién 15 m; dong dén cao trinh -12,7, budc coc 1 m,
dung vé xe 6 to phé thai tha vao cac coc, sau d6 ghim lai, tao thanh nhu mdt tam chan dé lai
dong nudc sang hudng khéc; dinh cac coc duoc lién két ddm mii BTCT. Ctr mdi 10 m theo
chiéu doc mé han, gia c¢6 ting on dinh bang cum ba coc hinh tam giac; phia ngoai tuyén ke
duoc gia cb thém ro da, dam bao chéng x01.

Kb huding soeg coc BTCT Dap

K& huting dbng coc BTCT D30
Kl hop vl By phe thi

Hinh 27. So d chinh tri b tri mo han khu vyuce con Thanh Long [5].
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Hinh 28. Két cau cat doc (trai) va mat bang (phai) ké huéng dong [5].

4. Két ludn

Két qua nghién ctru cho thiy nguyén nhéan chinh va nhan t6 anh huéng dén x6i 16 con
Thanh Long 1a do: (1) Tac dong cua dong chay lu, thuy triéu (triéu 1én va triéu Xuéng) déu
16n hon van toc khong x6i cho phép cua long dan, lam cho 1ong dan bi x61, dan dan lan vao
bo va gly ra sat 10 bd; (2) Dia chét cia bo song 1a loai dat bun sét yéu - tram tich méi hinh
thanh o tinh chiu lyc kém, tinh nén lun cao va dé tan ra dudi tac dong cua ngoai luc; (3)
Tac dong ciia song giy ra cha yéu tir gi6 mua Dong Bic (huong gio trung vdi da gid 1on -
chiéu rong song) va dap vao bo pha vd két ciu dat va gay x6i 16 trén bé mit bo song. Ngoai
ra, song do gié Tay Nam va song tau thuyén ciing gop phan gdy sat 10 bo; (4) Vige gia tai
lam tang tai trong trén bo, gop phan giy ra sat 16; (5) Mot s tac dong khac nhu thiéu hut
bun cat vé ha luu; khai thac cat tréi phép, dat bo song bi bao hoa nudc, tang tai trong ven
bo,...

Tur d6 bai bao da dé xudt duogc cac giai phap khic phuc x6i 16 1 ké ap mai, ké hudng
dong, mo han cho con Thanh Long. Trong thoi gian chua c6 kinh phi thi giai phap phi cong
trinh 13 giai phap trudc mét can thiét phai dugc thyuc hién ngay dé giam thiéu x6i 16 cho con
Thanh Long. Thuong xuyén theo ddi dién bién long séng dé canh bao nguoi dan di doi,
dam béo tin mang va tai san trén con Thanh Long.

Loi cam on: Bai bao hoan thanh nhd két qua “Bao céo tinh hinh sat 1& tai con Thanh Long
xa Quéi Thién, huyén Viing Liém” cta Vién Khoa hoc Thuy 1gi mién Nam.

L1 cam doan: Tac gid cam doan bai b4o nay la cong trinh nghién ctru cua tac gia, chua
tung dugc cong bo, khong sao chép cac nghién ctru trude day.
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Construction solutions overcomes erosions in Thanh Long
Island

Van Huu Huel*

1 Mien Tay Construction University, Vinh Long; huuhuevan@gmail.com

Abstracts: Thanh Long Island was formed by the alluvial process of the river. The
formation time is short, so the soil is not highly consolidated, and the cohesion is limited,
SO it is easy to be eroded. To protect this land, it is necessary to clearly define the geology,
flow, suspended matter content, wind impact... to find the cause of erosions and propose
overcome solutions. The study used methods of investigation, collection, inheritance,
evaluation of information, analysis of remote sensing images, mathematical models,
consultation with experts... to determine that the main cause is the flow towards the head
of the island caused erosions and proposed solutions for embankments and groynes to
protect Thanh Long Island.

Keywords: Thanh Long Island, Solution for protection the island; Stabilization of
riverside land; Erosion at Thanh Long Island.
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Tém tat: Bai bao da s dung phuong phap Delphi két hop ciing véi quy tic KAMET va
phuong phap phan tich hé théng phan cap (Analytic Hierarchy Process AHP) dé xay dung
bo chi s6 khan hiém nudc (Water Scarcity Index_WSI) danh gia mac do khan hiém nuéc
cho db thi. Trén co s& cac nghién ciru mirc @ KHN bang chi s WSI trén thé gioi va Viét
Nam, c&c nguyén tic xay dung chi sd, cac diéu kién, dic diém cu thé cua thanh phd Pa
Ning. Bai b4o da xay dung duoc bo chi s6 gdm 04 nhom chi sb, 19 chi sb chinh va 10 chi
s6 phu, ddng thoi ciing da xac dinh dugc mac d6 anh hudng cua ting chi sé ddi véi bo chi
s6. Cac nhém chi s6 dé biéu thi mirc do khan hiém nuéc do thi 4p dung thi diém cho thanh
phd Pa Nang gom: (1) Nhém chi s6 Ngudn nuéc va khai thac sir dung nude (WSI_1); (2)
Nhom chi s6 H¢ sinh thai va Méi truong (WSI_2); (3) Nhém chi s6 Cung cap nudc sinh
hoat d6 thi tir cong trinh cap nua6c tap trung (WSI_3) va (4) Nhom chi s6 WSI Ning lyc tng
pho (WSI_4) twong ung chi 50 trong bo chi sé duoc xac dinh lan luot 13 50,3%, 16,8%,
20,0% va 12,9%. Chi s WSI tong hop cho timg khu vuc cu thé va toan viing nghién ctru la
co s& dé danh gia mirc d6 khan hiém nudc d6 thi ¢ thoi diém hién tai va trong tuong lai.

Tir khéa: Khan hiém nudc (KHN); Chi s6 khan hiém nuéc (WSI); Delphi; KAMET, AHP.

1. Mé& dau

Nudc la tai nguyén déc biét quan trong cua mbi quoc gia, la mot phan khong thé thiéu
trong doi sdng ciia con nguoi, moi trudong va phat trién bén vimg. Tuy nhién, nudc lai 1a
nguon tai nguyén hiru han va viéc ddm bao an ninh nude 1a mot trong nhirng thach thirc mang
tinh toan cau. Cac bao céo chi ra rang lugng nudc ti€u thy trén toan cau da tang hon sau lan
trong thé ky qua va khung hoang nudc la rui ro sO mot dbi vé6i kinh té xa hoi (KTXH) [1].
Trudce ste ¢p cua gia tang dan so6 va tang truong kinh té, mo rong ndng nghiép tudi tiéu, thay
do1 mo hinh tiéu dung thi tinh trang thiéu nuéc va 6 nhiém da tr¢ thanh nhimg van dé toan
cau nghiém trong de doa stc khoe con nguoi, moi truong sdng va su phat trlen bén ving.
Trén toan céu, hai ty nguoi song & cac quoc gia trong diéu kién cang thang vé nudc cao, bon
ty nguoi bi cang thang nghiém trong vé nudc it nhit mot thang moi ndm va 1,8 ty nguoi it
nhat sau thang moi nam. Udc tinh dén nam 2050 hon mdt nira dan s6 toan cau s& song & cac
ving thiéu nude va hang triéu ngudi chét vi cac bénh lién quan dén thiéu nudc va 6 nhiém
nuéc moi nam [2].

Tap chi Khi twong Thity van 2023, 754, 44-58; doi:10.36335/VVNJHM.2023(754).44-58  http://tapchikttv.vn/
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Theo UNESCO/UN-Water [3] Bién d6i khi hu (BDKH) s& anh huéng dén ngudn nudc,
chat luong va luong nude st dung cho cac nhu cau co ban cua hang ty nguoi trén thé g|01 vé
st dung nude sach va vé sinh moi truong. Nhu cau sir dung nudc toan cau da tang gip 6 lan
trong 100 ndm qua va dy kién sé tiép tuc tang khoang 1% mdi nam do ting déan s6, phat trién
kinh té va thay d6i mé hinh tiéu ding. Cing véi su kém 6n dinh ciia tai nguyén nude, BDKH
s& lam tram trong hon tinh trang cing thang vé nudc hién nay ¢ mét s khu vuc va mé rong
pham vi cac khu vuc phai di pho véi tinh trang nay. BPKH c6 thé s& kéo dai thoi gian khan
hiém nudc (KHN) ¢ mot sé khu vue, vi du nhu tir theo mua thanh trong ca nim. Dbi voi mbi
nhiét d tang Ién thi trung binh khoang 7% dan sé toan cau s& phai d6i mat véi khoang 20%
suy giam nguodn tai nguyén nudc tai tao (trung binh cac mé hinh phat thai khi nha kinh) [4]
va dén nam 2050 thi chi phi lién quan dén KHN ctia mot s6 khu vue c6 thé s& 1én dén khoang
6% GDP [5]. Bén canh do6, nghién ctru [6] chi 5 d6 thi hoa va BDKH dang lam tram trong
thém tinh trang KHN khi nhu céu str dung nu6e vugt qua kha nang cung cap dbi véi cac
thanh phd trén thé gidi. Két qua nghién ctru cho thiy dan sb d6 thi toan cau dbi mat véi tinh
trang KHN duogc du doan sé tang tir 933 triéu ngudi (mot phin ba dan sé do thi toan ciu) vao
nam 2016 1én 1,693+2,373 ty nguoi (mot phan ba dén gan mot nira dan sd d6 thi toan cau)
vao nim 2050. SO luong cac thanh ph 16n roi vao tinh trang KHN du kién sé& ting tir 193
1én 284 v&i 1020 siéu d6 thi. Hon hai phan ba cac thanh phd co thé giai quyét tinh trang
KHN béng cach dau tu co sé ha ting, nhung nhﬁng danh d6i dang ké vé moi truong, hé sinh
thai co thé xay ra lién quan dén giai phap giam thleu muc do KHN (Hinh 1).
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Theo mua Khéng co

Hinh 1. Tinh trang khan hiém nudc d6 thi hién nay [6]: (a) Phan bd cac thanh phd 16n trong khu vire
KHN (cac thanh phé c6 dan s trén 10 tridu ngudi vao nam 2016); (b) Dan sb d6 thi KHN & quy mo
toan cau; (c) Dan sb d6 thi KHN pham vi quc gia (10 qudc gia co gia tri 16n nhat).

Nhitng nim gan day, cac véan dé lién quan to1 tai nguyén nudc (TNN) da va dang tro
thanh mét trong nhiing mdi quan tdm hang dau cta cac cap quan ly khi phai d6i mat voi mot
t6 hop thach thitc anh huong dén kha ning cung tmg nudce cho doi séng dan sinh va phéat
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trlen kinh té xa hoi ca ¢ hién tai va tuong lai (Hinh 2), gom (i) Su gia tang dan sd, d6 thi hoa
va toc do ting truong kinh té ngay mot cao lam tang nhu cau st dung nudce trong khi ngudn
bd cap han ché; (ii) BDKH va cac hoat dong khai thac nguon nudc mat & vung thuong luu
song da va dang gay ra cac tac dong lam suy giam ca v€ so luong va chat luong; (iii) Chat
lugng nude bi suy giam do chat 6 nhidm tir cac hoat dong kinh té lam ting nguy co can kiét
ngudn nudc theo nghia khong thé st dung. C6 thé néi TNN phuc vu cho thanh phé dang
dung trude nguy co suy giam va can kiét do tac dong da chiéu cta nhiéu nhan té. Noi cach
khac, tinh trang KHN dang ngdy cang ting da dit ra nhiéu yéu cau ddi v6i cong tac quan 1y,
khai thac, st dung va bao vé€ TNN trong khu vuec.
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Hinh 2. Nhiing twong tac, phan hdi phirc tap hon gitra hé théng tw nhién va xa hoi [7].

Nhin chung cho dén thoi diém hién tai cac nghién ciru vé KHN va khung dénh gia vé
KHN d6 thi 1a rat it. i v6i thanh phd Da Nang va luu vuc song (LVS) Vu Gia - Thu Bon
chua c6 nghién ctru bai ban va truc tiép vé KHN ciing nhu phuong phap danh gia mic du
thanh phd dang phai d6i mat véi tinh trang thiéu nudc sinh hoat d6 thi nhu trong cac nam
2018, 2019, 2021 vira qua. Mot sd nghién ciru dé cap gian tlep dén cac van dé riéng 1é lién
quan dén viéc dam bao an ninh nudc cua luu vue co thé ké dén nhu nghién cru danh gia
TNN [8-9], phan bo ngudn nude [10-12], can bang nude [13—-15], dong chay t6i thiéu [16],
han han [17], Xam nhap man [18—20], tic dong ctia mua 1ii [21], bién dong sir dung dat [22],
bién doi tham phu thuc vat [23], va tic dong cua viéc van hanh hd thuy dién dén XNM va
cung cép nudce sinh hoat ¢ ha luu [18, 24],...

Céc nha quan 1y can ¢ co so khoa hoc 16 rang dé tim 15i giai cho bai toan KHN d6 thi
cling nhu hoach dinh duogc chién lugc phat trién bén virng. Nghién ctru dé xuit bo chi s6 danh
gia mirc 0 KHN trén co sé ké thira mot s6 chi sd cua cac nghién ciru trude va phat trién cac
chi s6 phit hop véi dic trung riéng ciia thanh ph6 Da Nang & thoi diém hién tai va trong tuong
lai dudi tdc dong cua BDKH.

2. Phuwong phap nghién ciru va tai li¢u sir dung
2.1. Cdch tiép cdn
Céc yéu td can dat dugc dé dam bao cap nude do thi gom (1) Nguoi dan c6 du nudce dé

str dung phuc vu doi séng, sinh hoat, an udng va phat trién kinh té - xa hoi? (i1) Chét luong
nudce sinh hoat ¢6 duge dam bao theo quy chuan?; (iii) Tét ca cac yéu td néu trén phai duoc
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duy tri trong diéu kién hé sinh thai vin duoc bao ton?; va (iv) Ning luc tng pho véi cc st
ép phat trién trén nhu thé nao?

C6 rat nhidu yéu t6 (bién/chi sd) lién quan dén TNN, tuy nhién, dé tinh toan duoc chi sb
danh gia mac do KHN cho cac vung d6 thi cia Viét Nam can xac dinh dugc cac yéu td phu
hop cAn dam bao céc nguyén tic sau: (1) Phai mang tinh dai dién: Cac yéu td duge lya chon
phai 13 cac yéu t6 c6 kha ning gy ra su cing thang vé TNN; (ii) C6 thé do ludong duoc: Céc
yéu té duogc lwa chon phai ¢6 kha ning dinh lugng dugc; (iii) DE dang thé hién trong cac cong
thirc: Cac yéu t6 dugc Iya chon phai c¢6 kha ning dua duoc vao cac cong thic tinh toan; (iv)
C6 san dir liéu dé tinh toan: Cac yéu t6 duoc lira chon phai c6 kha ning c6 dit liéu dé co thé
tinh toan; va (v) C6 thé chuan hoa duoc trong khoang gidi han tur 1+5 v6i 5 1a cyc ky khan
hiém va 1 la khong bi khan hiém. Viéc 4p dung cac nguyén tic nay gitp xac dinh duoc mot
b chi sb hop 1y nhit phu hop véi diéu kién cu thé cia ving nghién ctru (Hinh 3).

Chi s6 danh gia mirc dé khan

hiém nwac do thi (WSI)
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Phén tich, xde dinh phwrong phép tinh todn

Hinh 3. So d6 khdi phat trién bo chi sé danh gia mirc d6 khan hiém nude do thi.

2.2. Phirong phdp lwa chon chi s6

Hién nay cac nghién ctru vé phat trién bo chi s6 danh gia lién quan dén cac linh vuc TNN
thuong str dung cac phuong phap: phuong phap DPSIR (Driving Force - Pressure - State -
Impact - Response); phuong phap SMART (Specific - Measurable - Attainable - Realistic -
Time bound); phuong phap mo hinh héa dong lyc hé théng SDM (System Dynamics
Modelling); phuong phap phan tich qua trinh PAM (Process Analysis Method); Phuong phap
bang hoi Delphi. Trong cAc céch tiép can trén thi phwong phap Delphi cling quy tic KAMET
(Knowledge Acquisition for Multiple Experts with Time scales) [25, 26], duge danh gia c6
vu diém va phu hop khi ap dung phat trién bg chi sé danh gia mirc d6 KHN db thi. Phuong
phap Delphi 12 mot phurong phéap nghién ctru dinh tinh c6 hé thong dya trén danh gia ciia cac
ca nhan dugc xac dinh 1a chuyén gia trong chii dé dang dugc xem xét [27] cung cap mot giai
phép lap di lap lai dé dat duoc sy dong thuan chung ciia chuyén gia vé diém sb hoic khi cac
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phan hdi dat dugc mirc d6 6n dinh nhat dinh [28]. Bén canh d6 quy tic KAMET cung cap
mot ngudng dinh lwong dé dimg cac vong cau hoi Delphi tiép theo. Quad trinh ndy bao gdm
viéc lya chon cac chuyén gia, nhan phan hdi tir cac chuyén gia va kiém tra muc do dat yéu
cau theo bd quy tic KAMET.

Phuong phap Delphi dugc phat trién vao nhitng nam 1950 boi Olaf Helmer va Norman
Dalkey thugc Tap doan RAND dé giai quyét mot s van dé trong cac du an quan sy [27]. Ké
tir 46, nhiéu tmg dung thyc té ciia phuong phap da dugc thue hién trong nhiéu linh vyc, trong
d6 linh vuc thuy van va quan Iy TNN di va dang duogc ap dung [29-32]. C6 thé ké den nhu
sau: Nghién ctru [33] da sir dung phuong phap Delphi trong viéc danh gia quan 1y tong hop
TNN. Bang cau hoi duoc thyc hién voi 21 chuyén gia dugc lya chon qua ba vong va da dat
dugc dong thuan cua cac chuyén gia vé bo chi sé danh gia muc d6 thuc hién quan 1y tong
hop TNN & Dong bang song Ciru Long cta Viét Nam ¢ muc trung binh cao, v6i khia canh
Maéi truong thuén loi dat diém cao hon dang ké so v0i ba thanh phan khéc 1a: Cong cu quan
ly, Thé ché va sy tham gia va Tai chinh, trong do yéu t6 Tai chinh 1a kém nhit; Hay nghién
ctru [34] da st dung phuong phéap Delphi dé hd tro lwa chon va phén bd diém sd cho tit ca
cac tiéu chi kha thi gbp phan vao tinh d& bi lii Iyt & ving dong bang ven bién cia LVS
Jugeriquere ¢ Brazil, st dung 15 chuyén gia trong ba vong.

Phuong phéap Delphi dugc sir dung dé thu thap dir liéu déng tin cdy trong nhiéu linh vuc
va nghién ctru khac nhau, do d6 phuong phép nay dugc coi 1a phu hop véi muc dich nghién
ctru. Cac bang cau hoi dugc thiét ké tap trung vao cac chi s6 co lién quan dén KHN, mdi bang
cau hoi tiép theo duoc phat trién dua trén két qua cta bang cau hoi trude d6 va nhan xét lién
quan tir vong trudc. Qua trinh nay s€ dung lai khi cau tra 161 dat dugc sy dong thuan hay khi
da trao d6i day du thong tin [35]. Phuong phap nay khong cho phép 19 dién céc chuyén gia
dua ra danh gia, xem x¢&t vé van dé d6 co phu hop voi nhimg nguoi khac khéng, va ho c6 thé
thay d6i ¥ kién néu mudn. Qua trinh lua chon cac chi sé WSI duoc thuc hién qua 8 budc nhu

Hinh 4.
Xay dlmg ké
hoach didu tra
Luwa chon chuyén gia
!
Thure hién vong ciu héi Delphi
I

Thu thip va phén tich phan héi

I
Kiém tra cic quy tat
KAMET

Diém trung binh >=3.5

Phuong sai <15%
& Q<=0.5

Két thiic bang ciu héi

Hinh 4. Quy trinh thyc hién tham véan theo phuong phap Delphi.

+ Budc 1: Xay dung ké hoach chi tiét cho cac budc diéu tra.

+ Budc 2: Lwa chon nhém chuyén gia c¢6 lién quan téi qua trinh tham van s6 luong tir
10+40 nguoi.

+ Budc 3: Xay dung bang hoi Delphi: Bang hoi gdm céc cau hoi vé cac chi sO duya trén
cac tong quan nghién ciru, cach tiép can va danh gia sy phu hop trong vin dé nghién nham
xin ¥ kién tham van cua cac chuyén gia va cac nha khoa hoc lién quan.
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+ Budc 4: Diéu tra Delphi 1an 1: Cac bang cau hoi md duge giri t6i timg chuyén gia. Cac
chuyén gia duoc yéu cu danh gia mic d6 dong thuan véi bo chi sb va cac chi tiéu dua ra.
Mirc d6 ddng thuan duoc sip xép tir 1+5, theo thang diém lan luot: (1) rat khong lién quan;
(2) khong lién quan; (3) cd it nhiéu lién quan; (4) lién quan va (5) rat lién quan. MAu ciu hoi
cho chuyén gia dugc trinh bay trong Bang 1.

+ Budc 5. Phan tich dit liéu vong 1: Sau khi nhan duoc dép 4n tir cac chuyén gia, tong
hop va phan tich két qua dwa vao quy tic KAMET. Quy tic nay dua ra mirc d6 danh gia quan
trong ctia mdi chi sb (qi) ¢ timg giai doan khac nhau trén co s¢ danh gia to hop cac gia tri
thong ké gdm Trung vi (Mdqi); D6 1éch tir phan vi (Qqi); Gia tri trung binh (Mgi) va Phuong
sai (Vqi). Can luu y rang, phuong sai 1a ty 18 s chuyén gia thay d6i danh gia, c6 don vi 1a
%. Quy tic KAMET dugc mé ta chi tiét v6i 3 diéu kién dé danh gia nhu trong Bang 2 [25].

+ Budc 6. G két qua diéu tra cho nhom chuyén gia: Cac bang cau hoi sau khi da loai
cac chi s6 hay ciu hoi khong thoa mén nguyén tic KAMET duoc phéan guri téi hoi dong.

+ Buéc 7. Piéu tra Delphi vong 2: Thuc hién diéu tra Delphi vong 2 véi bang héi sau
khi két thac vong 1. Tuong tu nhu vong 1, sau khi thu dugc cac dap an tir cac chuyén gia,
nhom Delphi lai tién hanh phan tich dua vao quy tic KAMET. Céc gié tri théng ké bao gom
Trung vi (Mdqi); B 1éch tir phén vi (Qqi); Gia tri trung binh (Mqi) va Phuong sai (Vqi) dugc
tinh todn lai & bude nay. Trong trLIO’ng hop tit ca cac cau hoi dugce chip thuan hodc tir chdi;
hoic Gia trj trung binh cao hon 3,5 va phuong sai thap hon 15%, phuong phap xin ¥ kién két
thuc [25].

+ Budc 8. Phan tich va tong hop két qua: can cir cac budce néu trén va bo chi sé so bo dé
léy’y kién chuyén gia, trinh bay két qua tinh toan va cubi ciing 14 Iyra chon dugc bo chi sé can
thiet.

Bang 1. Mau ciu hoi cho cac chuyén gia vé sy lién quan cua bo chi sé danh gid mirc d6 khan hiém
nude (KHN).

Miic d9 6 lién Coit Lien Rit

quan ctia bd chi so/chi so Rat khong Khéng lién A o lién
s nhieéu lien  quan

lién quan (1) quan (2) quan

Nhém chi s/ Chi sb quan (3) @ (5)

Neudn nuée va KT SDN
Hg¢ sinh thai va méi truong
Cung cip nudc sinh hoat d thi ty CTCNTT

Néang luc ing pho

Bang 2. Bang Quy tic KAMET phan tich danh gia tir cac chuyén gia st dung phuong phap Delphi [25].

Vong t Vongt+1 Vongt+2
Né [ inh (ai) > < s 0
G tung b e chp nbin vt hong e i
(qi) =35 o, thiq C p nhd g p

tham van vé qi nira

Gia tri trung binh ~ Néu gia trj trung binh (qi) > 3,5, Q < 0,5 va (%)
i)>3,5 > 15%, thi can tham vAn vong 2 . £ N

(qi) = B A) 1 can a‘m van. vons . < /o 15% thi qi dugc chap thuan va

Gia tri trung binh Néu gid trf trung binh (qi) <3,5 e Q=05va (4)) khong can phai tham vén vé qi
. < 15% thi qi bi loai, va khong can phai tham van

(qi) <35 v qi nita nita.

Néu (qi) >3,5,Q<0,5 va (%) <

2.3. Phwong phdp xdc dinh trong sé

Sau khi xac dinh dugc cac chi s6 thanh phan, can phai xac dinh duoc trong s6 cho tng
chi s6 dé khang dinh vai tro cua tung chi sO trong bo chi s6 voi luu y rang tong trong sd ca
cac chi s6 thanh phan nay phai bang 1. Dé tinh trong s6 khong déu, hai phuong phap thuong
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duogc sir dung 1a phuong phéap phén tich hé thong phan cip (Analytic Hierarchy Process -
AHP) va phuong phap Iyengar-Sudarshan. Phuong phap Iyengar - Sudarshan dugc str dung
trong nghién ctru dua trén co so thong ké, duoc sir dung ddi voi sé ving/huyén va sb chi sb
phu hop. S6 ving tinh toan tbi thiéu quy dinh phai 16n hon 11 ving, tirc 1a 11 gia tri dé thoa
man cac dac trung thdng ké [36], do vay khong phu hop dé tinh toan cho 05 ving nhu thanh
phé Pa Néng. Déi voi vung c6 it hon 11 vung c6 thé st 'dung phuong phap phan tich thir bac
AHP [36] dugc dé xuat boi Thomas [37]. Cac budc tién hanh theo phwong phap AHP nhu
Hinh 5.

[ Thiét ap thit bac ]

: ,
4-[ So sanh cac cip chi so ]

!
[ Tinh trong 30 W, ]
Sai — ! -
[ Tinh chi sé nhét quan CR |
+ ¥
([ Cr>01 ] ([ Cr=<ol J

l Piing
[ Chon trong s6 W, ]

Hinh 5. Phuong phép tinh toan trong sé theo AHP.
3. Két qua va théo ludn

3.1. BJ chi sé dé xudt ban dau

Thuc hién phuwong phép Delphi trong dédnh gida TNN, dé xuat cac chi s6 ban ddu danh gia
mirc 6 KHN d6 thi gom 4 nhém chi s véi 25 chi s6 chinh va 12 chi s6 phu dé xin y kién
16 chuyén gia nham Iya chon chi s6 phu hop. Cac chuyén gia duoc liwa chon 1a nhimng nha
khoa hoc, nha quan 1y dén tir Trudng Pai hoc Thuay loi, Vién Khoa hoc KTTV va BDKH,
Vién Khoa hoc Tai nguyén nudc, Vién Dia 1y, Vién Han 1am KH&CN Viét Nam, Truong
Pai hoc Bach khoa Pa Néang, S6 TNMT thanh phd Da Nang. Bo chi s6 nay gom cac nhém
chi sb va chi s6 cu thé nhu sau:

3.1.1 Nhém chi s6 nguon nudce va khai thac st dung nude

O Viét Nam, nguon nudc mat dugce sir dung cho cac muc dich nhu nong nghiép (tudi va
chan nu6i), cung cap nude cho sinh hoat, dich vy, cong nghiép, nuéi trong thuy san.. Nguon
nude dén co kha nang khai thac (KT) va viéc khai thac st dung (KTSD) c6 vai tro rat quan
trong d6i véi doi sdng, phat trién kinh té xa hoi va moi truong. Ngudn nude dén co kha ning
KT cang phong pht thi mirc o KHN cua ving s& cang giam va lugng nude duge KT cho
ting linh vuc c6 dap tng nhu cau st dung nuée (N CSDN) khong? Qua d6 phan anh muc do
KHN cua luu vyc/vung. Nghién ctru da chon nhom chi s6 Nguon nudc va KTSDN la nhém
chi s6 thir nhét trong viéc danh gia mic d6 KHN db thi, bao gdm cac chi sd:

Bang 3. Thanh phan va cach xac dinh nhém chi s Ngudn nuéc va KTSDN.

Chi s6 chinh Chi s6 phu Pon vi Cich xdc dinh

bo ‘ san c6 cia Theo binh quan nim 1/s/km? M&b dun dong chdy binh quan nam
nguon nudc Theo binh quan mua kiét M6 dun dong chay binh quan mua kiét
Ti s6 giita tong luong dong chay binh
m3/ngudi/  quan nim va téng dan s6
nam

Lugong nudc mat
binh quidn dau Theo binh quan nim
nguoi
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Chi s6 chinh Chi s6 phu Pon vi Cach xac dinh
Theo binh quan mua kiét M neudi/ Ti s6 gitra tong lugng dong chay dén cac
3 thang kiét nhat lién tuc ng%y diém khai thac nuéc binh quan thoi doan

Thang kiét nhat tinh toan va tong dan s6

Sy bién d6i cua Theo trung binh nim H¢ s bién d6i dong chay nam

ngudn nude mat Theo trung binh mua kiét ¢ He¢ s0 bien doi dong chay mua kiét
Luong mua binh Tinh theo ndm mm
quan Tinh theo mua kiét
Sitc ép KTSDN Tinh theo Cé‘nﬁn‘lA % T1 .56; giita tong N'CNAchoq czilc ngé}nh s0
Tinh theo mua kiét % Vi tong lugng nude dén ca nam/mua kit
£ . - Pénh gia theo Quyét dinh s6 1460/Qb-
hat 1 t h N I 5 .
Chat luong nude mét qua chi s6 VN_WQ TCMT ngay 12/11/2019
. - R x Ti s6 gitta lwong nudc KT phuc vu néng
KTSD ho linh h % . I L
IO CA0 2InA Ve nong NEiep ° nghiép va tong NCN ndng nghiép
, , La ti s6 gita luong nuée KT ph hi
KTSDN cho linh vuc phi néng nghi¢p (cong ? 150 gu.IAa uqrr‘lg, Izuoc PAe Vi Ap
nohip. dich cong cong,...) % néng nghiép vai tong NCN phi ndng
ghiep, dich vu, geong,... nghiép
. Lw t7 A i~ ti\ 1 z t r
Khé nang trit nudc cla cac cong trinh Ngay 4 11 50 glua fong IUONS NLoC trong cac

hd chira, dap dang vai tong NCN 1 ngay

3.1.2. Nhom chi s6 hé sinh thai va méi truong

Béo v¢ He¢ sinh thai (HST) va moi truong (MT) dong song 1a noi dung khong thé thleu
trong KTSD nudc va phat trién bén vimg cua (LVS). Trén LVS nhat 13 dong chinh ludn can
phai duy tri mgt lugng nudc nhét dinh dé c6 thé chuyen tai, luu thong dugce lugng bun cét,
cac vat chat, cac ngudn dinh dudng trong ngudn nudc qua cic mit cat song, dam bao cho kha
nang pha loang cing nhu kha nang ty lam sach cua nudc song. Luu luong nude duy tri trong
song cling can phai dam bao ¢ mét mire do nhat dinh dé cho ca va céc loai thay sinh vat c¢6
thé ton tai va phat trién binh thuong. Trong thyc té HST va MT cua nhleu song ¢ nuoc ta
hién nay da bi 6 nhlem va suy thoai do anh hudng cua cac hoat dong phat trién cia con nguoi,
anh hudng den ngudn cap nudc sach cho d6 thi, qua d6 dugc chon la nhom chi sO thir hai
trong bo chi s6 danh gia mic d6 KHN d6 thi, bao gom cac chi s chinh dugc thé hién trén
bang 4.

Bang 4. Thanh phan va cach xac dinh nhém chi s6 Hé sinh thai va Méi truong.

Chi s6 chinh Pon vi Cich xic dinh
Mirc d6 duy tri dong chay tdi X . o
hidy Y g chay %  Tilé phin trim muc do dap éng vé dong chay t5i thiéu
AL x N , La ti sb gifta tdng luong nudce thai tir cac hoat dong kinh t& va
O nhiém ngudn nudc % A £ , g e Ag At dong
tong lugng nude ty nhién
La ti 1¢ giira dién tich bé mit dugc phi xanh (rimg + cdy phan
Mt dém % @ 17 gl CIen TIER be ma TUoC b (rimg + cdy p
tan) so véi tong dién tich ty nhién.
/ . . . La ti & gifta tdng dién tich khong duoc che phu rimg va mat nude
Hg¢ s0 suy giam hé sinh thai % *& g dis g aue P & :

so v6i tong dién tich tu nhién.
Tac dong cua cac ho dap dén

bién doi dong chay va suy giam S CT
HST va MT sbng

Puoc xac dinh thong qua s6 lugng cong trinh, vi tri, chirc ning
hoat dong cta cong trinh trén séng nhanh, séng chinh

3.1.3. Nhom chi s6 cung cip nude sinh hoat d6 thi tir cong trinh cap nudc tap trung

Trong Két luan sé 36/KL/TW [38] di dua ra muc tiéu: Can ddi du nuéc phuc vu dan
sinh va phat trién KTXN; 100% ho gia dinh & thanh thi va 80% h¢ gia dinh & nong thon duoc
su dung nu6c sach theo quy chuan. Muc d6 dap tmg nuGce sach cho nguoi dan cling phu thuge
kha ning cung cap nudc sinh hoat tir cac cdng trinh cap nudce cia do thi. Vi thé nghién ciu
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dé xuat nhom chi sé cung cip nuéc sinh hoat d6 thi tir céng trinh cap nudc tap trung
(CTCNTT) lam nhom chi s6 danh gia mirc 46 KHN d6 thi vai cac chi so duoc thé hién trén
bang 5.
Bang 5. Thanh phéan va cach xac dinh nhom chi s6 Cung cip nudc sinh hoat d6 thi tir cong trinh cép
nudce tap trung.

Chi s6 chinh Pon vi Ciach xic dinh
KTSD nudc cho linh vuc sinh % La ti sb giira {u(yng nu(fc khai thac (qua cong trinh) phuc vu
hoat sinh hoat va tong nhu cau nudce sinh hoat
S6 dan duge cap nude sach sinh % Lati sb gifra} s6 ngudi dan duoc cung S:ép nudc sach tir cac
hoat cong trinh cap nudc tap trung va tong so dan trong khu vuc
Tén thét ciia hé théng cip nuse % La ti s6 gitra tong lwong nudc ghi thu va lugng nudc phét vao

hé thong cép nudc

S6 luong dong hd do nudce % La ti s giita s6 lugng dong hd va tong s6 ho dan

Ap lyc nuée trung binh dén ho % Ti 1& % mirc d6 dap tng vé ap luc nudce tai cac ho sir dung
dan nudc theo quy dinh cua Quy pham

Aph hu(}}lg ciia xam nhap man %o Puoc xac dinh bﬁng d0 man tai vi tri khai thac nuéce tho cho
doi véi cap nude sach sinh hoat

3.1.4. Nhom chi niang lyc ing pho véi tinh trang khan hiém nudc

Nang lyc ing pho biéu thi kha nang cting nhu d6 nhdy cua cac cap quéan ly trong viéc
dap Gmg kip thoi va dy du tit ca nhu cau sir dung nude cho cac hoat dong phat trién KTXH
ciia mot do thi trude moi tac dong bat 1gi ctia ca yéu t6 chu quan va khach quan. Vi thé day
cling 1a mot nhém chi s6 dung dé danh gia mac do KHN ciia mot do thi. Thanh phan va cach
xéac dinh nhém chi s6 nang luc ung pho dugc thé hién trén bang 6.

Bang 6. Thanh phan va cach xac dinh nhom chi sé ning luc tng pho.

Chi s6 chinh Pon vi Cach xac dinh
La ti s6 giita cong sudt may bom bom nuéc ngot pha lodng
Ung pho véi tinh trang XNM % trén tong cong sudt cua nha may nudc bi anh huong béi xam
nhdp man

Luong nudce thai sinh hoat dugce xu o La ti s giita cong suat nha may xtr Iy nudc thai sinh hoat va
. 0 2 , be .
ly tong lugng nude thai sinh hoat

Kha ning chi tra tién nuéc (Thu La ti sd gitra s tién chi tra tién nudc binh quan hing thang

\ o . .
nhéip binh quan dau ngudi) ° trén tong thu nhap binh quén hang thang ctia ngudi dan
Ung pho khi ngudn nudce gip su ¢d % La ti s6 giita luong nude du phong cho sinh hoat theo quy
vé 6 nhidm méi truong chuin va lugng nuée cin dap tng khi gap su cb

Ung pho nhu ciu nudce sinh hoat LA n ., I R X .,
Ti s0 gitra lvong nudce san xuat gia ting va nhu cau nude cia

. - . < R 0, A A
gia tang do du lich cao diém 3 % khach du lich cao diém 3 thang cu6i mua kiét

thang cubi mua han

3.2. Bé chi sé déanh gid mure do khan hiém nuée do thi

Qua 3 vong tham van vé6i 16 chuyén gia da xéc dinh dugc bo chi s6 danh gia KHN do
thi. Két qua dugc the hién trong Bang 7, chi s6 ¢6 dau (*) 1a chi 50 bi loai do khong dam bao
diéu kién theo quy tic KAMET va chi s Iya chon cudi cuing dugc trinh bay trong Bang 8.

Bang 7. Két qua xin y kién chuyén gia d6i voi cac chi sd.

Vong . X by léch tr Phwong . A Dé léch tir  Phwong
tham vén Chi s phén vi sai (%) Chi b phén vi sai (%)
Vong 1 A . 1 0,50 ) A 0,50
Vong2 ~ Modun dg;‘i g:qay binh 0,50 188% ~ Uonemu binh quén 1,00 37,5%
Vong 3 a 0,50 12,5% 0,50 56,3%
Vong 1 Mo dun dong chay binh 0,00 Luong mua binh quén 0,50

Vong 2 quén mua kiét 0,00 12,5% mua kiét @ 1,00 50,0%
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Vong . A boléch tr  Phuong . % Do léch tr  Phuong
tham van Chi so phin vi sai (%) Chiso phéin vi sai (%)
vong 3 0,00 12,5% 0,50 75,0%
Vvong 1 Luone nuée mat binh 0,50 Strc ép khai théc sir 0,50
vong 2 0 %; o 0,50 31,3%  dung nuéc (KTSDN) cd 0,50 43 8%
vong 3 quan dau nguol_nam 0,50 12,5% nim 0,50 12,5%
Vong 1 Luong nude mét binh 0,38 Strc ép khai thac st 0,50
\Vong 2 quan dau nguoi_mua 0,50 6,3% dung nudc (KTSDN) 0,38 25,0%
vong 3 kiét 0,50 12,5% mua kiét 0,50 6,3%
Vong 1 Luong nudce mat binh 0,50 £ . 0,50
Vong2  quan 3 thang kiét nhit 0,50 438y  Chatluong If‘t“’c (CLN) 0,50 31,3%
vong 3 lién tuc 0,50 12,5% ma 0,38 12,5%
Vvong 1 Luong nude mat binh 0,50 - 0,50
Vong2  quin diu nguoi thing 0,38 25,0% KTSEE Cﬁoﬁigh vue 0,50 12,5%
vong 3 kiét nhat 0,50 12,5% & nghiep 0,50 12,5%
Vong 1 Su bién déi ciia ngudn 0,38 " 0,50
Vong2  nwée dén binh quan 0.75 37,5% KTi?II:{Eh(’nhﬁit{m 0,50 12,5%
vong 3 nim 0,38 12,5% phinong nghiep 0,50 12,5%
Vvong 1 Su bién doi ciia ngudn 0,50 Khi nne trif nuée cia 0,38
vong 2 nuée dén binh quan 0,50 75,0% Céi inh 4 0,50 25,0%
vong 3 mua kiét 0,50 6,3% g 0,50 12,5%
Vong 1 0,50 S6 luong dong hd do 0,50
Vong2  Mite do duy tri nuée 0,50 25,0% T 1,00 37,5%
Vong 3 0,50 12,5% ¢ 1,00 37,5%
Vong 1 A x A 0,50 Ap luc nude trung binh 0,50
Vong 2 O nhiém nguon nudc 0,50 43,8% P .d*n ho dAn(,g 1,00 43,8%
vong 3 0,38 12,5% e ¢ 1,00 31,3%
Vvong 1 0,50 ; . \ 0,50
vong 2 Miit dém 0,50 25,0% Ané’éh“g?iécui jgiM 0,50 25,0%
vong 3 0,50 12,5% 1 vorcap 0,50 12,5%
vong 1 . 4 i 0,50 . i 0,50
vong 2 HE so sut};"égilazgl hé sinh 0.50 37.5% Ung pho)zﬁlhzlnh trang 0.50 31,3%
vong 3 0,50 12,5% 0,50 12,5%
vong 1 e e 0,50 e 1,00
Vongz 4 done cuabo Qap 0,50 a7y uenenuochaisuh g5 43,8%
vong 3 0,50 12,5% at duoexuly 0,50 37,5%
vong 1 i 0,38 o 1,00
Vongz TSP cho linhviee 0,50 18.gyp M nang chyraien 138 50,0%
vong 3 : 0,50 0,0% 1,38 43,8%
Vong 1 P Sy 0,50 Ung pho khi ngudn 0,50
vong2 S0 dans‘iir?h"}cl;;‘f fuoe 0,50 18,8% nuée gip sw cd vé o 0,50 18,8%
vong 3 : 0,50 12,5% nhiém méi truong 0,50 12,5%
Vvong 1 PO T 0,75 Ung pho véi lugng
Vong2  1om ‘hjg e 22 thong 0,88 37,5%  khch du lich cao diém 0,50 12,5%
Vong 3 p 0,38 18,8% 3 thang cudi mua han 0,50 12,5%
Bang 8. Két qua bo chi s6 danh gia mirc 6 khan hiém nudc.
Nhém o . Nhém L v A v, .
. % Ky hiéu Chi so chinh va phu . X Ky hiéu Chi s6 chinh va phu
chi so i - chi so * :
WSl 1.1 Dcf)’ sﬁnu cO cua nguén WSl 2.1 MEC dd duy tri dong chay tdi
- nudc mat WSI 2 - thiéu
M6 dun dong chay binh - A N
Wsl_1.1.1 o cuncons chdy Hésinh  WSI_2.2 O nhidm ngudn nudc
quan nhi€u nam e s
WSI_1. M6 dun dé hav binh thai va
Y O dun dong cna 1mn A
Nguén WSI_1.12 o dunconschay méi WS 2.3  Matdém
] quan mua kiét \
nuroe Luong nudc mat binh truong Tac dong cua cac hd dap trén
vakhai WSI_12 ong nuoe M WSl 2.4 1dc dong cia c ap
thic s - quan dau nguoi - song dén HST va MT
ac su
dun WSI_1.2.1 Trong nam WSI_ 3  WSI_3.1 KTSD nuéc cho linh vyc SH
m-rc’y% WSI_1.2.2 Trong mua kiét Cung cdp WSI_3.2  S6 dan duoc cép nude SH
3 thang kiét nhat lien nudc SH . C
WSl 1.2.3 ang Kt mat e P2 WSI 3.3 Tén thit cua hé théng cép nudc
tuc do6 thi tr
o CTCNT Anh hud ja XNM ddi voi
WSI_1.2.4 Thang kiét nhat WsI 3.4 0 huone cua o val
- T - cap nudc sinh hoat
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Nhom Nhom

chi s6 Ky hiéu Chi so chinh va phu chi sé Ky hiéu Chi so chinh va phu
WSI_1.3 iﬁét(’:‘e“ doi cua ngubn WSI_4.1  Ung pho véi tinh trang XNM
ws1_4 Ung phé khi ngudn nuéc gip su
WSI_1.3.1  Trung binh nim Ning lyc WSI 4.2 P10 Kiineu £ap st
img pho co ve 6 nhiem MT
WSI_1.32  Trung binh mua kiét wsl 43 Ungphovoilugngkhich dulich
cao dieém 3 thang cudi mua han
WSI_14  Suc ép KTSDN
WSI_1.41 Céanam WSI_1.6 KTSDN linh vyuc néng nghiép
WSI_1.42 Mua kiét WSl 1 WSI_1.7 KTSDN linh vuc phi Nnghiép
WSI_1.5  Chét luong nuée wsl 1.8 <hd nang trir nuée cua cong

trinh

3.3. Trong $6 cia bé chi sé

Trong s6 cua céc chi s6 duoc xac dinh theo phuong phap AHP véi 11 phiéu khao sat thu
thap dugc tir cac chuyén gia. Két qua mirc d¢ anh hudng ctia nhdém chi so6/ chi s6 dugce thé
hién ¢ Hinh 6 va Bang 9.

n= |I| Number of criteria (3 to 10) Scsle: |:|
H= Number of Participants (1 to 20} [+ 5 Cunsen5u5:|:|

p=E selected Participant (O=consol} = 7 |

Objectiv| B4 chisd Banh gia mirc o khan hiém nwéc
e
Author [iguEnba_|
Date S-0Oct-23 EWM check:  15BE-0F
Table Criterion Comment Weights| Rk
1 Nguon nwirc va k 50.3% |1
2 Hé =inh thai va mi 16.8% [ 3
3 Nwirc sach sinh H 200% | 2
4 Nang lyc tng phd 128% | 4
5
i1
T
8
q far 9&10 unprotect the input sheets and expand the
# question section [+ in row B8]
Result Eigenvalue lambda:[  4.033]
Consistency Ratio 037 Go 00¢] cr[rex

Hinh 6. Trong s6 bd chi s6 danh gia mirc 6 KHN thanh phd Da Ning.

Bang 9. Két qua trong s bo chi s6 danh gia muc d6 khan hiém nudc cia thanh phd Pa Néng.

I . . £ o Xép hang thw
Chi so Hang muc danh gia Trong so (%) tu wu tién
WSI B0 chi s6 danh gia mic do KHN d6 thi
WSI_1 Ngudn nuéc va KTSDN 50,3 1
WSI_3 Cung cap nudc sach SH db thi tir CTCNTT 20,0 2
WSI_2 HST & Mbi truong 16,8 3
WSI_4 Nang luc ung pho 12,8 4
WSI_1 Nhom chi s6 Nguon nude va KTSDN
WSI_1.1 Mb dun dong chay binh quan nhiéu nim 26,7 1
WSI_1.2 Luong nudc binh quan dau ngudi 17,1 2
WSI_1.3 Sy bién doi cta ngudn nude 12,3 3
WSI_1.5 Chat luong nude 11,8 4
WSI_1.4 Stic ép KTSDN 10,8 5
WSI_1.6 KTSDN cho linh vuc néng nghiép 8,8 6
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. X . e £ o Xép hang thw
Chi so Hang muc danh gia Trong so (%) tur wu tién
WSI_1.7 KTSDN cho sinh hoat va phi néng nghiép 1,7 7
WSI_1.8 Kha nang trit nuéc 4,6 8
WSI_2 Nhom chi sb Hé sinh thai va méi truong
WSI_2.2 O nhiém ngudn nudc 41,1 1
WSI_2.1 Mirc d6 duy tri dong chay tdi thiéu 31,5 2
WSI_2.3 Mat dém 14,8 3
WSI_2.4 Tac dong cua cac hd dap 12,6 4
WSI_3 Nhom chi sé Cung cip nuée sach tir CTCNTT
WSI_3.2 S6 dan dugc cip nude sach sinh hoat 46,7 1
WSI_3.3 Tbn that cia HTCN 23,6 2
WSI_3.1 KTSDN cho sinh hoat va phi néng nghiép 19,8 3
WSI_3.4 Anh huéng cia XNM dbi véi cap nudce sach 9,9 4
WSI_4 Nhom chi sé Nang luc tmg pho
WSI 43 bap ung luong nuéfc sinhil?oat‘véi du lich cao diém 3 47,0 1
- thang cuoi mua han
WSI 4.2 Ngudn nude duy trit .c:ho sir}h hoe:1t khi gdp su ¢ vé 6 331 2
- nhiém moi truong
WSI_4.1 Ung pho véi tinh trang XNM 19,9 3
WSI_1.2 Chi s6 Luong nudc binh quan dau ngudi
WSI_1.24 Binh quan ngudi/thang kiét nhat 44,6 1
WSI_1.2.3 Binh quan nguoi/3 thang kiét nhat lién tuc 27,6 2
WSI_1.2.2 Binh quan ngudi/mua kiét 18,4 3
WSI_1.2.1 Binh quan nguoi/nam 9,5 4
Chi s6 phu Céc chi s6 ¢6 2 chi s6 phu, mdi bién 50

4. Két luin

Bai bao st dung phuong phap Delphi cing véi bo quy tic KAMET va phuong phap
phan cap tht bac AHP, da xac dinh duoc bo chi s6 danh gia mic 46 KHN d6 thi gdm 4 nhém
chi sb, 19 chi sé chinh va 10 chi sé phu hinh tao thanh 25 thong sé véi mic d6 anh huong
khéc nhau cua ting chi sb theo tiép can dinh nghia cia FAO vé KHN. Bén canh viéc ké thura
céc chi s6 da co trudce day, két qua nghién ctru da phét trién moi cac chi sé ¢ tac dong dén
mitrc 46 KHN d6 thi qua téc do tang truong dan sd, mic do d6 thi hoa, cung cip nudce sinh
hoat db thi, khai thac sir dung nuéc cho cac hoat dong phat trién. Cac tac dong nay duoc thé
hién qua nhém chi s6 Cung cap nudc sach sinh hoat d6 thi tir CTCNTT (WSI_3), Ning lyc
g phd vai sic ép vé KHN (WSI_4), va cac chi s6 gom Lugng nuéc mit binh quan dau
ngudi 3 thang lién tuc kiét nhat va thang kiét nhat (WSI_1.2.3), (WSI_1.2.4); Sirc ép KTSDN
mua kiét (WSI_1.4.2); KTSDN cho linh vuc sinh hoat va phi nong nghiép (WSI_3.1), Anh
hudng cia XNM doi v6i cap nude sach (WSI_3.4); Ung pho voi tinh trang XNM (WSI_4.1),
Ung pho khi gap su ¢ vé 6 nhidm MT (WSI_4.2) va Ung pho véi lugng khach du lich cao
diém 3 thang cu6i mua han (WSI_4.3).

B6 chi s6 sau khi tinh toan voi cac sb liéu tir cac thong ké, béo c4o, vin ban quy pham
va két qua tir cic md hinh toan s& 1a co s dé dénh gia duge mirc @0 KHN lan luot qua timg
chi sb phu, chi s6 chinh va nhom chi s6 tuong Umg, tur do xac dinh dugce chi so WSI tong hop
cua tung Vung cling nhu cua toan dé thi. Piém sd danh gia cua cac chi sé va nhom chi la
dong lyc dé cac nha khoa hoc, nha quan ly tlm giai phap phtt hop nhim giam thiéu mirc do
tac dong cua viéc KHN ciing nhu dam bao cdp nude an toan cho phat trién bén vimng cua do
thi.

Bén canh két qua dat dugc nhu trén, do han ché vé co s& dir lidu va phuong phap luan
nén mot s6 chi s6 mdi duoc tinh toan & goc d dinh tinh nhu chi s6 tac dong ctia ho dap dén
HST va moéi truong (WSI_2.4) hodc dugc tinh qua trung gian cua cac cac thong s6 khac, day
ciing chinh 1a céc ton tai can dugc giai quyét trong cac nghién ctru tiép theo.



Tap chi Khi tuwong Thiy van 2023, 754, 44-58; doi:10.36335/VNJHM.2023(754).44-58 56

Pong gop cua tac gia: Xay dung y tudng nghién ciru: N.B.T., N.A.D,, N.T.V.; Lya chon
phuong phap nghién ctru: N.D.T., N.A.D.; Xur Iy so0 liéu va tinh toan: N.B.T., N.B.T.; Viét
ban thao bai bao: N.D.T., N.B.T.; Chinh stra bai bao: N.A.D., N.T.V.

Loi cam on: Bai bdo nay duoc thuc hién trong luan &n tién si caa NCS Nguyén Pai Trung
thuc hién tai Truong Dai hoc Thiy loi. Tap thé tac gia xin tran trong cam on Cac co quan
quan 1y, cac chuyén gia, cac nha khoa hoc da hd trg cac qua trinh tham van dé hoan thanh
nghién curu nay.

Loi cam doan: Tap thé tac gia cam doan bai bao ndy 13 cong trinh nghién ctru cua tap thé
tac gia, chua duoc cong bd ¢ dau, khong duge sao chép tir nhitng nghién ctru trude day;
khong c6 su tranh chap loi ich trong nhém tac gia.
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Abstract: The article uses the Delphi method combined with the KAMET rule and the
Analytic Hierarchy Process AHP to build a set of water scarcity index (Water Scarity
Index_WSI) for urban water scarcity. On the basis of research on the level of science using
the WSI index in the world and Viet Nam, the principles of index construction, the
conditions and specific characteristics of Da Nang City belonging to the lower Vu Gia Thu
Bon river basin, the article builds a set of indicators including 04 groups of indicators, 19
main indicators and 10 sub-indicators, and also determines the level of influence of each
index in the index set. This index combination is divided into 4 index groups to represent
the level of urban water scarcity, applied to Da Nang city, including: (1) Water source and
water exploitation and use index group (WSI_1); (2) Ecosystem and Environment Index
(WSI_2); (3) Index group Urban water supply from public water supply works (WSI_3) and
(4) WSI index group Response capacity (WSI_4). The importance of the index groups in
the WSI_1, (WSI_2), (WSI_3), (WSI_4) sets of indexes is determined to be 50.3%, 16.8%,
20.0% and 12.9%, respectively. The calculation process determines the aggregate WSI
index for each specific area and the entire study area as a basis for assessing the level of
urban water scarcity at the present time and for future development.

Keywords: Water Scarcity; Water Scarity Index (WSI); DELPHI, KAMET, AHP.


https://doi.org/10.1016/J.ORP

™ ,
TAP CHi
@ KHi TUONG THUY VAN W) Check for updates

Bai bdo khoa hoc
Nghién ctru kha nang sir dung so liéu mwa v¢€ tinh do phan giai
cao trong mo6 phong dong chay trén luu vuc song thieu so li¢u

Tran Bao Chung'*, Trin Anh Phwong!, Trin Thi Diéu Hiang!, Nguyén Nam Anh?,
Hoang Thi An?, Siliennis Blanco Campbell?

! Vién Khoa hoc tai nguyén nuée - WRI: chungtb26tlu@gmail.com;
phuongtran.monre@gmail.com; hangtd1001@gmail.com; namanh.luna@gmail.com;
anht510@wru.vn

2 National Institute of Hydraulic Resources of Cuba- INRH;
siliennis.blanco@hidro.gob.cu

*Téac gia lién h¢: chungtb26tlu@gmail.com; Tel.: +84-337136556

Ban bién tdp nhan bai: 5/8/2023; Ngay phan bién xong: 21/9/2023; Ngay dang bai:
25/10/2023

Tém tat: Hién nay san pham mua CHIRPS dang dugc sir dung rong rai trong mé phong
dong chay trén cac luu vuc séng thiéu sb lidu quan tric. Tuy nhién, dé sir dung cac san pham
mua nay cho mét luu vuce séng cu thé, do tin cdy va chinh xac cua chung can phai dugc
danh gia. Nghién ctru da so sanh mua CHIRPS voi mua tram dé danh gia do tin cay va sir
dung n6 lam d4u vao cho mé hinh SWAT mé phong qua trinh dong chay trén luu vic. Cong
cu SWAT-CUP dugc st dung dé thyc hién qua trinh hiéu chinh mé hinh ty dong va tdi vu
hoa cac tham s6 mé hinh. Két qua nghién ciru cho thdy lwong mua trung binh thang CHIRPS
6 tuong quan ¢ mirc chap nhan duoc voi lugng mua tai cac tram (hé sb twong quan 16n
hon 0 6) Két qua mo phong dong chay trén luu vuc song La Plata su dung mua CHIRPS
1am dau vao cho két qua tuong dbi t6t & giai doan hiéu chinh (R? = 0,76, NSE = 0,66 va
PBIAS = 23,18%) va chap nhén dugc & giai doan kiém dinh (R? = 0,63, NSE = 0,57 va
PBIAS = 20,39%). Nghién ctru nay di cho thay tiém ning to 16n ciia mwa CHIRPS trong
mo phong qua trinh dong chay trén cac luu vuc song séng thiéu/khdng co sb liéu quan tric.

Tir khoa: DOng chay; CHIRPS; SWAT Model; SWAT-CUP; Thiéu s6 liéu.

1. Giéi thi¢u

Mura 12 mot thanh phan chinh cta chu trinh thuy van [1], 13 ¢au vao chinh cho cac nghién
ctru thily van, nong nghiép, bién d6i khi hau va méi truong [2—3]. Tuy nhién, dir liéu mua tai
cac tram trong nhiéu trudng hop khong dam bao yéu cau do nhiéu nguyén nhan nhu tram
mua phan b khong déu hodc khong co tram do mua, khong du bao phu toan bo khu vuc
nghién ciru, cac tram co lich sir quan tric ngém khéng day du dir liéu do hoidc c¢6 thé bi anh
huong boi yéu td tac dong bén ngoai [4]. Pé bd sung dit liéu, cac san phdm mua vé tinh toan
cau ngudén mé di va dang dugc st dung rong rai nhu 1a mot giai phap thay thé, bd sung cho
dit liéu mwa tram. Céc san pham nay c6 lgi thé 80 Vi cac tram mat dat ve d0 phan giai khong
gian va pham vi bao phii cling nhu kha ning tiép can. Do d6 ngudn dir liéu mua nay s& 1a
ngudn dir liéu tiém ning cho cac khu vuc c6 dit liéu quan tric thua thét hodc khong co dir
liéu [5]. Tuy nhién, dé danh gia tinh hiéu qua cta chiing dbi voi mot khu vuce cu thé, dir liéu
mua vé tinh can phai duoc danh gia vé do tin cdy so v6i dir liéu mat dét [6]. Hién nay, cac bo
dir liéu lugng mua dang ludi trén thé giéi twong ddi phong phu duoc nhiéu Co quan khac
nhau phat trién nhu TRMM, GPM, GSMAP... Tuy nhién, cac san phdm mua vé tinh nay co
Tap chi Khi twong Thiiy vin 2023, 754, 59-70; doi:10.36335/VNJHM.2023(754).59-70  http://tapchikttv.vn/
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d6 phan giai khong gian twong ddi 16n, do d6 kho phan anh diy du sy bién dbi khong gian
ctia lugng mua ddi véi cac khu vuc trong ddi nhé nhu khu vye nghién ctru ciia bai bao néy
Vi vdy, nghién ciru d lya chon str dung san phdm mua duoc xac dinh tir dir liéu v¢€ tinh hong
ngoai va da duoc hiéu chinh véi dir liéu mua tram do toan cau duoc cung cip boi cac qubc
gia (CHIRPS) duoc phat trién boi trung tdm nghién ctru vé hiém hoa khi hau thudc Pai hoc
California, Santa Barbara, Hoa Ky. San pham CHIRPS néi bat v6i kha ning cung cap dit liéu
mua hang ngay do phan giai khong gian t6t 0,05° (trong dwong kich thude 6 ludi 5x5 km?)
tir ndm 1981 dén nay. Do phan giai khong gian cao cho phép CHIRPS phén anh t6t bién dong
theo khong gian cta lugng mua va tao thuan lgi cho nghién ctru qué trinh thiy van ¢ cac luu
vue c6 quy mo6 nho. Mot 5O nghién ctru trén thé giGi da danh gia san pham mua CHIRPS cho
két qua tuong dbi t6t nhuw Thé Nhi Ky [7]; & Sip [8], Argentina [9]... Cac két qua danh gia
chi ra rang CHIRPS phu hop va twong quan cao v6i s0 liéu mua tram. So voi cdc san pham
mua vé tinh toan cau khac, mwa CHIRPS c6 d6 chinh xac twong dbi cao, chudi sd liéu dai va
d6 phan giai khong gian 16n [10]. O trong nudc, cac nghién ctru danh gia san phadm mua
CHIRPS ciing d4 dugc thuc hién. Chang han, nghién ciru danh gia chét lugng dit liéu mua
CHIRPS tai khu vyc tinh Ninh Thuén va Binh Thuén cho thdy CHIRPS phan anh tuong quan
t6t véi mua tram tai cac tram Tan My, Song Liy tuy nhién d sai léch v€ gia tri van tuong
dbi 16n giita 2 ngudn dir liéu. Nghién ctru khac danh gid va so sanh cac dit liéu mua vé tinh
d6 phan giai cao trén luu vuc séng Ca di chi ra raing muwa CHIRPS thé hién kha t6t phan b
mua ¢ khu vic dong bang, duyén hai va thé hién tét phan bd mua & khu vuc phia Tay va Tay
Nam ctia khu vue mién nti [11-12].

Luu vue duoc lya chon trong nghién ciru ndy 1a luu vuc song La Plata nam trén khu vuc
nui cao tiép & mién nam Cuba voi lugng mua bién dong theo khong gian va thoi gian tuong
d6i 16n. Tuy nhién, hién trén luu vyc khong ¢ tram do mua niao dang hoat dong, gay kho
khan cho viéc tinh toan mo6 phong qua trinh dong chdy trén luu vuc. Do d6, muc tiéu cta
nghién ctru nay la danh gia kha nang str dung cia mua vé tinh CHIRPS trong m6 phdng dong
chay hang ngay trén luu vuc. Pé dat duge muc tiéu niy, nghién ciru tép trung vao 2 ndi dung
chinh: (1) So sanh gia trj lugng mua cta san pham CHIRPS véi dit liéu mua tram; (2) Panh
gia hiéu qua mua CHIRPS trong md phdng dong chay trén luu vuc song La Plata sir dung
md hinh SWAT va cong cu SWAT-CUP trong d6 luu lugng tinh toan tir mé hinh SWAT s€
dugc so sanh vai luu lugng thyuc do tai tram thily van La Virgen. Day 1a nghién ciru dau tién
danh gia kha ning tng dung mua ludi toan cau trong mod phong dong chay trén luu vuc song
La Plata. Dong thoi, viée st dung cong cu SWAT-CUP gitip tyr dong hoa qua trinh higu chinh
mo hinh, t6i uvu hoa su phu hop giita dong chay thuc do va mo phong sir dung s6 liéu mua
CHIRPS. Két qua ctia nghién ctru s& 1am co s cho viée sir dung mua vé tinh trong dénh gia
thuy van, tai nguyén nudc trén luu vyc song La Plata noéi riéng va ca Cuba noi chung, noi
mat d§ cac tram do mua con tuong dbi thua thét.

2. Phwong phép nghién ciru va sé liéu sir dung

Song La Plata bat ngudn tir diy nai Pico La Bayamesa chay vé séng Bayamo & ha luu.
Song la nhanh cép 1 cta song Bayamo, nhanh phu cap 2 s6ng Cauto. Vi tri dia Iy tr 20,01°
dén 20,15° vi 46 Béc va 76,45° dén 76,65° kinh d¢ Tay, phia bic giap Guisa, phia Nam gan
bién Caribe c6 dién tich luu vuc 141,95 km? (Hinh 1). Dia hinh luu vyc tuong ddi cao v4i do
ddc 16n (>10°). Khi hau luu vye 1a khi hau nhiét d6i am v6i lwgng mua trung binh hang nim
khoang 1770 mm trong d6 luong mua mua mua chiém t&i 70%. Nhiét do trung binh hang
nam trong khoang tir 26 dén 30°C trong d6 nhiét do cao nhat 1én dén 36-40°C. Ngudn sinh
thiy cta luu vuc ndm & ddy ndi Pico La Bayamesa v6i 16p tham phu chi yéu 1a rimg ram,
dat mun 1a loai dat chi yéu. Cac didc diém vé diéu kién tu nhién va phan bé mua nay sé tac
dong truc tiép dén ché do dong chay luu vuc song La Plata.
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Hinh 1. Phan bé céc tram khi twong va thily van, diéu kién dia hinh cua luu vyc séng La Plata.

2.1. Phuong phap nghién ciru

Trong nghién ctru nay bai bao tap trung vao danh gia chét lugng mua vé tinh CHIRPS
qua so sanh véi cac tram do mura ¢6 vi tri gan luu vuc nghién ctru va str dung nd 1am dau vao
cho mo6 hinh SWAT mé phong dong chdy trén luu vuc song La Plata. Ngoai dir liéu mua
CHIRPS, nghién ctru cling str dung cac dir li¢u nguén mo khéac (nhiét do, dia hinh, tham phu,
loai dét) dua vao str dung cho mé hinh SWAT. Pong thoi, dé hiéu chinh mé hinh SWAT cho
luu vuc song La Plata, cong cu hiéu chinh ty déng SWAT-CUP véi thuat toan SU-FI 2 duoc
ap dung trong nghién cau (Hinh 2).

Ban d6 DEM (USGS)
Mua vé tinh CHIRPS DG phin gidi 30m
D6 phin giai phin
0,05° x 0,05°
Dit ligu diu vio Bin d6 sit dung dét
' (GLCC)
Nhiét 33 DAV
Dé phin giai —
0.5" % 0.5° v Ban dé dit (FAO)
D6 phan gidi lkm
Chay m6 hinh SWAT - —
|
I e
$6 liéu hru lwgng — ,  Khéng dat
dong chay thye do tai . Hlfllchmhmohmh :
tram La Virgen bang SWAT CUP |
Dat l ______ -
Kiém dinh mé hinh
Y
Két qua mé hinh

Hinh 2. So db cac budc danh gia sé liéu mua CHIRPS trong md phong dong chay sir dung mé hinh
SWAT va cong cu SWAT-CUP.
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2.2. Dir liéu

2.2.1. Dit liéu mua thuc do

Dit liéu mua thuc do dugc cung cip boéi Co quan quan Iy tai nguyén nudc qudc gia Cuba
(National Institute of Hydraulic Resources of Cuba- INRH) tai cac tram Pr. Corojo, Pr. Guisa,
Pr. Cautillo trong giai doan 2000-2020 (Bang 1). Py 1a cac tram do mua c6 vi tri gan luu
vuc nghién ciru nhat. Cac tram nay s& duoc ding dé danh gia dit liéu mua CHIRPS.

Bang 1. Thong tin caa cac tram khi tugng.

Tram Giai doan Kinh d¢ Vido D?rgf‘o M‘f; :;l?rilgr:)inh
Pr. Corojo 2000 - 2020 76°35' 20°13 150 1775
Pr. Guisa 2000 - 2020 -76°34' 20°14' 95 1762
Pr.Cautillo 2000 - 2020 -76°30' 20°18 130 1837

2.2.2. Dir liéu mua CHIRPS

Dir liéu lwong mua CHIRPS 12 bo dit liéu lwong mua toan cau c6 tir nim 1981 dén nay.
CHIRPS 14 san pham két hop giita dir liéu tir tram khi tugng quan sat theo thoi gian thue véi
dir liéu vé tinh hong ngoai dé udc tinh lugng mua toan cau. Dir liéu c¢6 d phan giai khong
gian 0,05° cung cip s6 liéu mua hang ngay. Bo dir liéu mé cho phép ngudi dung sir dung tai
dia chi https://app.climateengine.org/climateEngine/. Bai bdo str dung bd dir liéu nay trong
giai doan tir 2000-2020 dé phuc vu nghién ctru.

2.2.3. Céc chi s6 danh gia d6 tin cay caa sb liéu mua CHIRPS

bé danh gia dg tin cay cua mua v¢ tinh CHIRPS, nghién ctru ap dung chi ) théng ké:
Trung binh binh phuong quan phuong (RMSE) murc d¢ sai khac trung binh gitra dir liéu lugng
mua thyuc do va vé tinh; do 1éch tuong ddi (BIAS) va sai s6 trung binh (ME) dénh gid muc do
thién 1éch cta dit liéu lugng mua thue do va vé tinh; hé s tuong quan (CC) dai dién cho muc
d6 twong quan cua 2 dit liéu. Bang 2 trinh bay biéu thirc xac dinh céc chi s6 nay.

Bang 2. C4c chi s6 thong ké danh gia san pham CHIRPS.

Chi s6 théng ké Pon vi Phuong trinh Piém hoan hao
. MGi— G)(Si— S
HE s6 tuong quan ) CC= 21 X ) 1
(CO) [E = B2 [3pGsi- 5
Lbi binh phuong 1S
trung binh goc mm RMSE = |- Z(Si — Gi)? 0
(RMSE) =
§ trung binh AN
Sai s6 trung bin _ _Z .
(ME) mm ME = n s (Si — Gi) 0
i=1
Xu huéng tuong doi 0 _ Xt (Si—Gi)
(BIAS) % BIAS = “gw—or— 0

Trong d6 Gila lugng mua thyc do, Sila lwong mua vé tinh tit CHIRPS, G 13 luong mua trung binh thuc
do, S 13 lwgng mua trung binh vé tinh.

2.2.4. M6 hinh thity vin SWAT

SWAT 14 m6 hinh thiy vin phan phdi phat trién boi Trung tdm dich vu nghién ciru nong
nghiép (Agricultural Research Service) thuoc Bo Nong nghiép Hoa Ky (United States
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Department of Agriculture) va Pai hoc Texas A&M, Hoa Ky vao dau nhimng nam 1990 véi
muc dich du bao nhiing dnh hudng cua cong tac quan 1y sir dung dat dén chu trinh thuy vin,
qua trinh boi ling va chit lvong nude do hoat dong ndng nghiép gay ra trén nhitng luu vuc
rong 16n va phuc tap trong khoang thoi gian dai. Mot trong nhirng mo-dun chinh ciia mé hinh
nay la m6 phong dong chay tir mua.

2.2.5. Thiét 1ap mo hinh SWAT

SWAT yéu cau dit liéu dia hinh, sir dung dat, mua, nhiét do lam dau vao dé mo phong
qué trinh dong chay trén luu vuc. Cac ngudn dit lidu nay dugc thu thip cu thé nhu sau:

- Dir liéu dja hinh: M6 hinh dé cao sé6 (DEM) do phan giai 30m x 30m Shuttle Radar
Topography Mission (SRTM) (https://srtm.csi.cgiar.org/) phuc vu xac dinh luu vuc, d6 déc
ctia céc tiéu luu vuc sdng, xay dung mang ludgi song.

- Dit liéu tham pha: Puoc Iy tir Lién doan dia chat My (USGS) va duoc théng ké tai
Bang 4 va Hinh 3a.

- Dit liéu loai dat: Puoc Iy tir to chirc nong lwong Lién hop quéc (FAO) va duogc thong
ké ¢ Bang 5 va Hinh 3b.

- Dt liéu nhi¢t do: POWER Data Access Viewer v2.0.0 cua Co quan vii tru My (NASA).

- Dit liéu Iuu lugng dong chay dé hiéu chinh va kiém dinh mé hinh dwoc cung cap tir co
quan tai nguyén nuéc Cuba (IRNH).

MO ta chi tiét va ngudn cua cac dir liéu duoc cung cap trong Bang 3.
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Hinh 3. Ban dd sir dung dat (3a), ban d6 loai dét (3b), ban dd DEM (3c), ban dd phén chia tiéu luu
vuc (3d) luu vuc song La Plata.
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Bang 3. Nguon dit liéu st dung trong nghién ctu.

Dir liéu Do phan giai Ngudn
DEM Ban dé phan giai 30 m us Ge_ologlcal Survey (USGS) National
. Elevation Dataset
Bg’m do str dung Co s6 dit licu vecto USGS Global Land Cover
dat . ¥ Characterization (GLCC)
Ban do dat Ban d6 c6 d6 phén giai 1 km FAO soil and land legacy maps
Dir liéu nhiét do Do phan giai 0,5° x 0,5° (2018-2022) POWER Data Access Viewer (DAV)
Luu lugng dong Tram quan tric La Virgen (thoi gian ngay)  National Institute of Hydraulic Resources
chay of Cuba - INRH

Bang 4. Céc loai hinh sir dung dat tai luu vuc song La Plata.

STT Loai hinh sir dung dét Ma SWAT Dién tich (ha)
1 Séng sudi WATR 7.2
2 Dit rirng xanh FRSE 27.044,1
3 Dat do thi dan cu trung binh URMD 3,1
4 Dét déng c6 mua déng WPAS 0,2
5 Dét dong co HAY 1336,3

Bang 5. Céc loai hinh dét khu vuyc tai luu vuc sdng La Plata.

Tén loai hinh dat Ma SWAT Dién tich (ha)
DAt min LOAM 28.390,8

2.2.6. Quy trinh hiéu chinh va kiém dinh mé hinh

Mo hinh SWAT dugc chay véi bd dir 1iéu lugng mua CHIRPS dé danh gia kha nang st
dung dir licu mua CHIRPS phuc vu mé phong dong chdy trén luu vuc thong qua qué trinh
hiéu chinh va kiém dinh mé hinh. Viéc hiéu chinh mé hinh dugc thuc hién tu dong véi cong
cu SWAT-CUP st dung thuat toan SUFI2 [13-16]. SWAT-CUP cho phép hiéu chinh, kiém
dinh, phan tich d6 nhay va d6 bat dinh ctia mé hinh [17-20]. Trong SUFI-2, tit ca cac ngudn
bét dinh (chang han, bat dinh do c4u tric mé hinh, dau vao va tham sb) déu duoc gan cho
tham s6 mo hinh. Qua trinh hiéu chinh dugc bét dau béng viéc xac dinh cac khoang gia tri
kha thi ctia cac tham s mé hinh trong d¢6 SUFI-2 gia dinh cac tham sb c6 phan bd déu trong
cac khoang nay. Quad trinh do tim tham s6 tu dong béng thuat toan SUFI-2 duoc tién hanh
bang cach lip nhiéu lan dé tim gia tri t6i uu cua cac tham s6. Viéc phan tich d nhay trude
khi hiéu chinh s& gitip giam s6 lugng tham s va giam thot gian tinh toan [21-23]. B¢ chinh
X4c cua ket qua m6 phong dugc danh gia bang cac chi sb sau

- Hé s6 can bang tong lugng (PBIAS) do ludng sai s6 tong luong clia mo phong. Gia tri
t6i wu ciia PBIAS 13 bang khong. Gia trj 4m cho biét két qua mo phong cao hon s6 liéu thuc
do. Nguoc lai, gia tri duong cho thdy két qua mo phong nhé hon thyc do.

PBIAS =100 x Z-lQ"bs Quin

Z -1 Qobs

- Hé s6 xac dinh (R?): He sb xé4c dinh danh gia muc d6 tuong quan cua két gua mé phong
va so liéu thuc do. Gia tri nay nam trong khoang tir 0 dén 1. Cang gan 1 thi mirc d6 tuong
quan gitra gié tri thuc do va mé phong cang cao.

3" (Que ~Qus ) Qun — Qi
\/Z'n 1Q°bs B _Obs % \/Z? 1Qsim - C_Qsim

- Chi s Nash- Sutcliffe (NSE): Danh gia kha néng dy doan cua cac mo hinh. NSE xac
dinh muc d6 twong ddi ciia phuong sai sai s6 S0 v&i phuong sai cia dit liéu quan trac:

1)

R? =

)
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NSE =1- Zin—l(QObS _?sim )2
Zi=1(Qobs _Qobs)

Trong d6 Qops 12 luu lwong quan sat; Qsim 14 Iuu Iwong md phong; n 1a s6 luong gia tri;
Q... Va Q. biéu thi cac gia trj trung binh cua dit liéu thuc do va mo phong tuong tng. Bang
6 dudi day xac dinh mue do phii hop cuia két qua md phong so voi s ligu thuc do theo gia
tri cua cac chi so thong ké [24].

n

©)

Bing 6. Chi tiéu thong ké danh gia kha nang ciia md hinh thity van [24].

Xép hang NSE & R? PBIAS
Rat tot 0,75<NSE & R2< 1,00 [PBIAS| < 10
Tot 0,65 < NSE & R? < 0,75 10 < |PBIAS| <15
Pat yéu cau 0,5<NSE & R2< 0,65 15 < |PBIAS| <25
Khong dat yéu cau NSE & R2< 0,5 |PBIAS| > 25

3. Két qua va théo ludn
3.1. Két qud so sanh diz liéu muwa CHIRPS Véi mura thuc do

Dir liéu muwa CHIRPS ngay duoc sir dung dé tinh toan lugng mua thang. Sau d6 luong
mua thang CHIRPS s& duoc so sanh v6i dit liéu mua thang ¢ 3 tram c6 vi tri gan luu vuc
nghién ctru. Céc chi s6 théng ké CC, RMSE, ME, BIAS duoc tinh toan va trinh bay ¢ Bang
7 va Hinh 4. Két qua so sanh cho thay dir liéu mua CHIRPS twong quan & mirc chip nhan
duoc véi dit liéu mua tram véi hé sb tuong quan tai cac tram déu dat trén 0,6. Tuy nhién co
su sai khac tuong d6i 16n vé gia tri lugng mua giita 2 ngudn dir liéu. Chi s6 RMSE dao dong
trong khoang tir 94 dén 102,9 mm trong khi chi s6 BIAS dao dong trong khoang tir 0,33 dén
0,63 trong d6 dit liéu tai tram Guisa phu hop t6t nhét véi dit liéu CHIRPS véi chi RMSE va
BIAS nho nhat. Nguyén nhan ciia sy sai khac giita 2 nguon dit liéu nay c¢6 thé do mirc do dai
dién vé khong gian cua tung nguén dir liéu mua. Trong khi dir liéu mua tram do dai di¢n cho
khu vyc xung quanh tram do mua do, dir liéu mua CHIRPS cung cép thong tin mua voi do
phan giai 0,5°. Dong thoi, mot nguyén nhan khac c6 thé ké dén 1a do sai s6 do dac cia ca dit
liéu mua tram va mua vé tinh déc biét trong diéu kién vung nui dia hinh bi chia cat va tham
phu la rung ram.

Bing 7. C4c chi s6 thong ké san pham lugng mua CHIRPS so véi tram thyc do.

Pr. Corojo Pr. Guisa Pr. Cautillo
CC RMSE ME BIAS CC RMSE ME BIAS CC RMSE ME BIAS
CHIRPS 0,62 97 478 045 061 94 385 033 062 1029 594 0,63

Tram

700 700 700
_ () _ (b) - (©
£ 600 ] BIAS = 0.63 E 600 . BAS-033 E 60 * BIAS = 045
E 5w =082 Egy . cc=061 £ 500 o CC=082
-] m . L o L ]
= - £ * = ®
g 0 - Fo | L, ga0 ot
3 . sv e o ) * qo0
© 50 * 5 < 30 ." ‘f}_!«'f:é‘/ . 5w AL . "8 *
% 200 5 200 e ’ g 200 L LA
] = L) 0” L
$ 100 100 o oot 2 100 « .

0 0 0 *
0 100 200 300 400 50 0 10 200 300 40 50 0 W0 00 30 4w
CHIRPS (mm) CHIRPS (mm) CHIRPS (mm)

Hinh 4. So sanh dit 1iéu mua thang CHIRPS trén lwu vyc va mua tai tram: (4a) tram Pr Cautillo, (4b)
tram Pr Guisa, (4c) tram Pr Corojo giai doan 2000-2020.
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3.2. Két qua mo phong dong chay

3.2.1. Phén tich do nhay va hiéu chinh md hinh

66

Chudi s6 liéu vé luu lwong dong chay thu thap tir tram thuy vin La Virgen trén song La
Plata duoc chia 1am 2 giai doan: chudi s6 liéu hiéu chinh duoc 13y trong thoi gian ngay tir
01/02/2020 dén 30/04/2020 va thoi gian kiém dinh tir 01/04/2022 dén 30/04/2022.

SWAT 1a mé hinh phan bd phu thudc vao thay doi cia cac bién khac nhau theo khong
gian va thoi gian. Viéc phan tich do nhay rat quan trong dé xac dinh duoc cac thong sé nhay
nhét, anh hudong dén ché do thury vin, dong chay luu vuc song La Plata. Didu nay giup viée
hiéu chinh mé hinh nhanh hon khi tip trung vao cac thong s6 d6 nhay cao. Két qua xac dinh
d6 nhay duoc thé hién & Bang 8. Co tong cong 8 tham sé dugc danh gia d6 nhay v6i mé hinh.
D6 nhay cta tham sb duoc danh gia thong qua sy thay doi cua cac chi sé thong ké T-stat va
P-Value. T-stat danh gia mirc 46 nhay, gia tri tuyét dbi cua T-stat cang cao thi thong s6 cang
nhay. P-Value xac dinh ¥ nghia ciia d6 nhay, P-Value cang gan 0, thong s6 cang quan trong.
Két qua phan tich cho thdy thong s6 V. SURLAG (thoi gian tré cta dong chay bé mait) va
v_ALPHA BF (Hé s6 alpha dong co s&) 1a 2 thong sé nhay nhat quyét dinh dén két qua mo
phong dong chay ctia mo hinh.

6-V__SURLAGbsn

2V__ALPHA_BFgw

5-R__GW_REVAP gw
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Bang 8. Gia tri tdi uu hoa ctia timng tham sé hiéu chinh.
- Khoang giatri ~ Khoang gié tri tdi o
bo R - e P- < g g ’ 99 : Gia tri
nhay Tén thdéng so T-stat value mic dinh wu t&i wu
: Max Min Max Min
1 V_SURLAG 4,82 0 24 0,05 0,28 0,05 0,2
2 V_ALPHA_BF -1,42 0,18 1 0 0,48 0,46 74,26
3 R GW REVAP 1,143 0,277 0,2 0,02 0,14 0,1 0,107
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Khoang giatri ~ Khoang gia tri toi

nﬁgy Tén thong sé T-stat Vgl-ue mic dinh wu ?6' ?1:’:1!
i Max Min Max Min
4 V_ESCO -0,433 0,673 1 0 0,354 0,32 0,344
5 R_LATTIME -0,283 0,783 180 0 110 105 107,87
6 V_GW_DELAY 0,267 0,794 500 0 288 280 286,2
7 V_GWQMN 0,15 0,883 5000 0 60 0 49,5
8 R_CN2 0,148 0,885 120 35 116 108 109,8

Hinh 5 thé hién dién bién chi s6 NSE v&i cic gi4 tri khac nhau cua cac tham sé mé hinh.
Sau khi qua trinh chay lip mé hinh SWAT véi thuat toan SUFI-2, khoang gia tri tot nhit caa
thong sb 1a khoang gié tri cho chi s6 NSE cao nhat. Hinh 5 cho théy gi4 tri NSE cao nhét dat
0,66 sau khi két thtc hiéu chinh. B gia tri tdi wu cia cac tham sd sau khi hiéu chinh (Bang
8) s& duogc st dung cho giai doan kiém dinh mé hinh.

3.2.2. Két qua hiéu chinh va kiém dinh mé hinh

Két qua hiéu chinh kiém dinh duoc trinh bay & Bang 9, hinh 6 va hinh 7. Két qua cho
thiy c6 su phu hop twong dbi tét giita dong chay thuc do va mé phong. Theo tiéu chi danh
gi4 chat lwong mo hinh trinh bay ¢ Bang 6, & giai doan hi¢u chinh, mé hinh cho két qua &
mirc d9 tot voi R? = 0,76, NSE = 0,66 va PBIAS = 23,18%. O budc kiém dinh, m hinh &
mirc d6 dat yéu cau voi R? = 0,63, NSE = 0,57 va PBIAS = 20,39%.

Bang 9. Panh gia két qua md phong dong chay giai doan hiéu chinh, kiém dinh.

Gia tri
Giai doan -
j R? NSE PBIAS
Hiéu chinh (01/02/2020 - 30/04/2020) 0,76 0,66 23,18%
Kiém dinh (01/04/2022 - 30/04/2022) 0,63 0,57 20,39%
KET QUA HIEU CHINH TRAM LA VIRGEN KET QUA KIEM DINH TRAM LA VIRGEN
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Hinh 6. Puong qua trinh luu lwvgng thirc do va mé phong tir mé hinh SWAT tai tram La Virgen giai
doan higu chinh (01/02/2020 - 30/04/2020) va kiém dinh (01/04/2022 - 30/04/2022).
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3.2.3. Céc thanh phan can biang nuéc

Uu diém cia mo hinh SWAT c6 kha ning tinh toan va cung cap thong tin cac thanh phan
trong can can can bang nudc luu vuc d&én timg don vi thiy van HRU, céc tiéu luu vuc ciing
nhu toan bd luu vire. Gia tri mé phong cac thanh phan can bang nudc trong nim 2020 thé
hién qua Bang 10 dué6i day. Két qua tinh toan cho thiy ty 1¢ dong chay so véi luong mua
trung binh dat 77%. Ty 1& bdc thoat hoi thyc té so v6i lugng mua 14 (32%) cho thay kha ning
gilt nudce tot cua 16p thuc phu trén bé mit luu vue do ving luu vie nghién ctru ¢6 16p phu
thuc vat chi yéu 1a rimg ram.

Bang 10. Gia tri m6 phong can bang nudc nam 2020 luu vuc song La Plata.

Gia tri Ti 1€ so véi lwgng mwa
Lugng mua (mm) 2506 100,0
Bdc thodt hoi thuc té 7935 31,7
Dong chay mat 1317,5 68,3
Dong chay hdi quy 218,02 8,7
Tdng lugng dong chay 1929 77,0

4. Két luin

Bai b4o nay trinh bay két qua danh gia kha nang str dung lugng mua ngué)n m¢o CHIRPS
trong m6 phong dong chay tai mot luu vuc song thiéu s6 liéu & Cuba. Két qua tinh toan cho
thy c6 sy tuong quan ¢ mure chap nhan duoc gitra dir liéu mua CHIRPS va mua tram do tuy
nhién van con khac biét twong ddi 16n giita 2 ngudn ndy. Nguyén nhan nay 1a do sai s6 do
daccuaca? ngué)n dir liéu va do su khac nhau ¢ pham vi do dac cia chiing. Nghién ctru cling
dung s6 liéu muwa CHIRPS lam dau vao cho md hinh SWAT dé mé phong dong chay trén luu
vuc. Két qua m6 phong cho thy trong giai doan hiéu chinh, m6 hinh c6 chat luong mé phong
dat muc t6t trong khi & giai doan kiém dinh, chat lurgng m6 phong ¢ mire chap nhéan dugc.
S6 liéu va thoi gian m6 phong cua nghién clru nay van con han ché chi mé phong dugc
khoéang thoi gian ngan trong ndm chwa phan anh hét duoc nhiing thay doi cia dong chay trén
luu vue. Déng thoi, do thiéu sb liéu mua ngay tai cac tram nén nghién ctru chua hi¢u chinh
s6 liéu mua CHIRPS theo s6 liéu mua tram dé nang cao dg chinh xac cia mua CHIRPS. bé
cai thién chét lugng mo6 phong, hudng nghién ciru tiép theo 1a sir dung t6 hop dir liéu mura vé
tinh va mua tram do dé xay dung b dir li¢u mua tdt hon cho luu vuc song La Plata nham cai
thién hon nira chat lwgng mé phong ciia mé hinh.

Pong gop cua tac gia: Xay dung y tudng nghién caru T.B.C., T.A.P.; Lya chon phuong phap
nghién ctu: T.B.C., T.A.P.; Xt 1y s0 liéu va tinh toan: T.B.C., H.T. A S.B.C.; Viét ban thao
bai bdo: T.B.C., T.A.P.,, N.N.A,, T.T.D.H.; Chinh stra bai bao: T.B.C., T.A.P.

Loi cam on: Nghién ctru dugc thyc hién voi sy hd trg cua Dy an khoa hoc va cong nghé¢ theo
Nghi dinh thu v6i Cuba “Nghién cttu hién trang ngudn nudc mat va du bao xam nhap man
tai luu vyce séng Cauto lam co s de XUat c4c giai phap ting cudng san xuat lia gao va cai
thién cap nudc cho nguoi dan” Ma s6: NDT.100.CU/21. Nhém nghién ctu xin gui 10i cam
on dén su gitip d3, hd tro cua Bo Khoa hoc va Cong nghé Viét Nam (Ministry of Science &
Technology - MOST) va Co quan quan Iy tai nguyén nuéc quoc gia Cuba (National Institute
of Hydraulic Resources of Cuba- INRH) dé nhdm hoan thanh nghién ctu.

Loi cam doan: Tap thé tac gia cam doan bai bao nay 1a cong trinh nghién ciru cua tap thé
tac gia, chua dugc cong bo ¢ dau, khong dugc sao chép tur nhitng nghién ctru trude day;
khéng c6 su tranh chap lgi ich trong nhom tac gia.
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Using high-resolution satellite rain data in flow simulation for a
data - Scarce river basin
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Abstract: Currently, the CHIRPS precipitation product has been widely used in
hydrological modelling on data-scarce river basins. However, in order to use this product
for a specific region, its reliability and accuracy is needed to evaluate. This study compared
the CHIRPS product with gauged precipitation to evaluate its reliability and then use it as
precipitation input for the SWAT model to simulate flow in the La Plata river basin, Cuba.
The SWAT-CUP tool is used to perform automatic model calibration and optimization of
model parameters. Obtained results show that the monthly CHIRPS has an acceptable
correlation with the gauged precipitation (CC > 0.6). Simulation results of flow at the La
Plata river basin is relatively good in the calibration period (R? = 0.76, NSE = 0.66 and
PBIAS = 23.18%) and acceptable in the validation period (R? = 0.63, NSE = 0.57, and
PBIAS = 20.39%). This study shows the potential of the CHIRPS precipitation product to
simulate flow at the river basins lack of gauged observations.

Keywords: Flow; CHIRPS; SWAT Model; data-scarce river basin.
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Tém tit: Nghién ciru duoc thyc hién nham xac dinh da dang sinh hoc loai va danh gia mot
s6 chi s6 da dang sinh hoc thyc vat ngap man huyén Thanh Phu va Binh Dai, tinh Bén Tre.
Két qua ghi nhan 43 loai cy ngap man thugc 22 ho, trong d6 23 loai thuc vat ngap man
thuc thu & Thanh Phd, 17 loai cdy ngap man thuc thu ¢ Binh Pai va 20 loai cdy ngap man
tham gia. Khu vuc nghién ctiu ¢6 5 nhém dang séng duogc xac dinh 1a than co, cay bui, day
leo, gb nho, gd 16n. Pinh luong chi sé da dang sinh hoc chi ra tinh da dang thuc vat ring
ngap man khu vuc nghién ctu bién dong véi chi sb H’ tir 0,51 dén 1,26. Bén canh d6, anh
huong cua nuéc bién dang dén thuc vat ngap man ciing duoc thao luan. Két qua nghién cau
1a co s6 dit liéu khoa hoc quan trong dé xuét giai phap quan ly, bao ton va phat trién hop ly
hé sinh thai rieng ngap man & khu vygc nghién cau.

Tir khéa: Thuc vat ngap man; Chi sb da dang sinh hoc; Thanh Phu; Binh Dai.

1. M& dau

Rimng ngdp min c6 vai trd quan trong trong viéc bao vé méi truong, 1a “la phdi xanh”
hép thy khi CO2 tmg phé véi anh hudng bt loi cia bién d6i khi hau, nong 1én toan céu nhu
hién nay. H¢ sinh thai ring ngap mén con la noi bao ton da dang sinh hoc, c6 nang suét sinh
hoc cao, noi cung cap thirc an, noi cu trd, sinh truéng va phat trién ctia nhiéu loai dong thuc
vat [1-4]. Nghién ctru, danh gia vai tro da dang cua thyc vat ngap man, anh huong cta nude
bién dang dén thuc vat rung ngdp mén cling dugc cac tac gia trong va ngoai nudc thyc hién,
két qua cho thay nudc bién dang anh hudng dén phan bd ciia cac loai cdy ngap mian [5-6].
Tham thuc vat ngdp man c6 vai tro 1a “buc tuong xanh”, han ché thiét hai gi6 bao, phong
chéng x6i 16 bo bién, ¢d dinh dat bai boi, md rong san xuat, giam thiéu 6 nhiém moi truong.

Ring ngap min tinh Bén Tre c6 chiéu rong dai rimg trung binh tir 50 ¢én 2000 m va chi
yéu tap trung 3 huyén ven bién (Ba Tri, Binh Dai va Thanh Pht). Ving rimg ngap man huyén
Thanh Phu va Binh Dai, tinh Bén Tre c6 dién tich khoang hon 3 ngan ha, trong d6 huyén
Thanh Pha c6 dién tich dét co rimg 13 1.981 ha, huyén Binh Pai ¢6 1.385ha [7]. Hé sinh théi
rang ngap man noi day co vai tro quan trong trong vi¢c bao vé mdi trudng, noi wom nuodi
nhiéu loai hai san c6 gia tri nhu nghéu, so, ba khia, tom...va gin lién véi sinh ké ctia nguoi
dan ven bién nho céc dich vu hé sinh thai rimg ngap man mang lai. Tuy nhién, ving rimg
ngap man noi day c6 xu hudng suy gidm do tac dong cua tu nhién va con nguoi. Hi¢n nghién
ctru lién quan dén da dang thyc vat ngdp man khu vuc huyén Binh Dai va Thanh Phu chua
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nhiéu. hau hét cac nghién ctru tap trung vao cAu tric tham thuc vat ngap man ¢ Thanh Phu
v6i cac quan xa Rhizophora apiculata, R. mucronata, Sonneratia caseolaris, Avicenia allba
va S. caseolaris [8]. Hon nita, 6 liéu vé da dang sinh hoc, da dang vé thanh phan loai cay
ngap man thuc thu va loai cay tham gia con chua day dua, do d6 nghién ctru nay tap trung vao
da dang thanh phan loai cay ngap min, da dang ciu tric. Két qua nghién cau gop phan vao
cong tac quan tric, quan 1y, bao vé rirng ngap man viing ven bién, bao vé méi truong va tng
pho véi bién ddi khi hau.

2. Phwong phap nghién ctiru

Nghién ctru dugc thuc hién trong
3 dot khao sat vao thang 8 nam 2018,
thang 7 nam 2020 va thang 8 nam
2023. Tai vung rung ngdp mdn Binh
Dai va Thanh Phu thlet ke ngau nhién
mdi khu vuc 4 mat cat m01 mat cit co
chiéu rong 20m qua quan x3 thuc vat
ngdp man dic trung, mdi mat cat thiét
1ap tir 3-4 6 tiéu chuan (OTC) tuy theo
diéu kién thuc t&, mdi OTC co kich .
thudc 10mx10m tai cac vi tri dai dién - —
(Hinh 1). Két hop diéu tra theo tuyén
va diéu tra theo OTC dé thu thap cac
s6 liéu vé thanh phﬁn loai, mat do cac
loai thuc vat ngdp man.

Tén loai thyc vat ngdp man va
dang séng duoc xac dinh tryc tiép ]

ngoai thuc dia va sur dung tai li¢u tham T

khao [4, 9-15]. Trong nghién cuu, [:(Rhum“p
thuc vat ring ngdp man dugc phan ° OTC

thanh thyc vat ngdp man thyuc thy, cay __ T ; e s

ngap man chi yéu va thyc vat tham gia 1:220,000

rimg ngap man. Hinh 1. So dd vi tri mat cit va OTC nghién ctu didu tra.

Chi s6 Shannon-Wiener (H’),
Simpson (1-1°) [16], dugc xac dinh qua phan tich s6 liéu va st dung phén mém PAST
Diversity dé tinh cdc chi s6 da dang sinh hoc. Chi s6 da dang (H’ ’) 1a phep thdng ké co sy to
hop cua ca 2 yeu t6 1a thanh phan sé luong loai va kha nang Xuat hién cua céc ca the trong
mdi loai. Chi s6 H’ khong phai chi phy thudc vao thanh phan sb lugng loai ma ca s luong
ca thé va x4c suat xudt hién cia cac ca thé trong mdi loai. Chi sé H’ duoc tinh toan bang cong

thuc:
W=y R juogz(Nj @

Trong do H’ 1a chi 30 da dang loai hay chi s6 Shannon-Wiener; ni 1a sé lugng cé thé cua
loai thir i va N 12 tong sé s6 lugng cé thé cua tat ca cac loai tai vi tri nghién ctu va s 1a sb
lugng cac loai.

Chi s6 da dang loai Simpson (D): 1a mét chi s tinh d9 tap trung hay tinh wu thé cta quan
x&. Trong truong hop nay, mot vai loai quy hiém hodc chi c6 mot vai loai dai dién s& khong
anh hudong dén su da dang.

Trong chi sO Simpson, p 1a ty 1¢ (/N) cua cac ca thé trong mot loai tim thiy (n) chia cho
téng sb ca thé tim thiy (N), = van 1a tong tinh toan, va s 1a s loai.

D_ZS: n;(n;-1) )
i N, (Ni —1)
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Trong d6 D 1a chi sb da dang Simpson (0 <D <1); ni la s6 lugng ca thé cua loai thi i
trong moi 0 tiéu chuan Ni Ia tong sb ca thé cta 0 tiéu chuan. _

Khi D cang gan 0 thi mic d6 da dang vé loai va mirc do déng déu vé s lugong ca thé
trong mdi loai cang cao.

3. Két qua va thao luin

3.1. Thanh phdn lodi va mat do ca thé thuc vit ngap man

Tai khu vuc nghién ctru, xac dinh dugc 43 loai cay ngdp man thudc 22 ho, trong d6 ho
DPuéc chiém nhiéu nhit v6i 5 loai chu yéu (Bang 1). Trong sé do, c¢6 23 loai cay ngdp min
thuc thu thugc 11 ho va 20 loai cay tham gia ngdp man. Tai vung rung ngap man huyén Binh
Dai xac dinh dugc 17 loai cay thuc vat ngdp man, it hon so vdi khu vuce rimg ngép méan Thanh
Phu 5 loai. S6 loai cdy tham gia rimg ngdp man & khu vyc Thanh Phu 13 20 loai, nhiéu hon
s0 loai cay tham gia rimg ngap man o huyen Binh Pai. S6 loai cay ngap min ¢ Thanh Phu
trong nghién ctru ¢6 khac ve so lugng so voi nghién ciru cong bd nam 2020 va 2022 cia [17—
18] cong bd 14 loai cay ngap man thyc thy va 9 loai tham gia rimg ngap man va [19] cong
b6 21 loai ngdp man va 27 loai tham gia.

Bang 1. Danh lyc thyc vat rirng ngép man khu vyc nghién ctu.

TT Tén Viét Nam Tén khoa hgc Thanh Phu Binh Dai Dang song
Nhiing loai ngap mén thue thu
(1) Ho O 10 Acanthaceae
1 Ordtring Acanthus ebracteatus Vhal X X B
2 Ord Acanthus ilicifolius L. X X B
(2) Ho Rau ding Aizoaceae
3 Sam bién Sesuvium portulacastrum (L.) L. X X C
(3) Ho Mim Avicenniacea
4 Mim tring Avicennia alba Blume X X GL
5  Mim bién Avicennia marina X X
6  Mam den Avicennia officinalis L. X X GL
(4) Ho Chum 6t Bignoniaceae
7 Quao nuée Dolichandrone spathacea (L.f.) K. X . GN
Schum.
(5) Ho Bang Combretaceae
8  Coc tring Lumnitzera racemosa Willd. X X GN
(6) Ho Xoan Meliaceae
9  Xu (Xu dd; Xunho) Xylocarpus moluccensis (Lam.) X X GN
10 Xubi Xylocarpus granatum J. Koenig X X GN
(7) Ho Dura Arecaceae
11  Dtra nudc Nypa fruticans Wurmb X X G
12 Chalabién Phoenix paludosa Roxb. X X GN
(8) Ho Théu diu Euphorbiaceae
13 Gia Excoecaria agallocha L. X X GL
(9) Ho Réang Pteridaceae
14 Rang Acrostichum aureum L. X X C
(10) Ho Budce Rhizophoraceae
15  Vetdu Bruguiera gymnorhiza (L.) Lam. X GN
16 Daquéanh Ceriops decandra (Griff.) X GN
18 Davéi Ceriops tagal (Perr.) X GN
19  DPudc doi Rhizophora apiculata Blume X X GL
20 DPung Rhizophora mucronata Poir. X X GL
(11) Ho Bén Sonneratiacea
21  Bén tring Sonneratia alba Sm. X GL
22 Binchua Sonneratia caseolaris (L.) Engl. X X GL
23 Béinbi Sonneratia ovata Backer X GL
Nhirng loai tham gia rirng ngip man
(12) Ho Na Annonaceae
24 Binh bat nuéc Annona glabra L. X X GN
(13) Ho Truc dao Apocynaceae
25  Thién ly dai Finlaysonia obovata Wall. X X DL

26  Day cam Sarcolobus globosus Wall. X X DL
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TT Tén Viét Nam Tén khoa hoc Thanh Phu Binh DPai Dang song
27 Daymu Zygostelma benthamii Baill. X X DL

(14) Ho Cuc Asteraceae
28  Cuc tén Pluchea indica (L) Less. X X B
29  Son cuc 2 hoa Wollastonia biflora (L.) DC. X X B
(15) Ho Mu u Calophyllaceae
30 Muu Calophyllum inophyllum L. X X GN
31 Bang Terminalia catappa L. X X GL
(16) Ho Bim bim Convolvulaceae
32 Rau mudng bién Ipomoeapes-caprae (L.) R.Br. X X DL
(17) Ho Pau Fabaceae
33 Dau bién Canavalia rosea (Sw.) DC. X X DL
34  Cobckeén Derris trifoliata Lour. X X B
35  Vubthum Guilandina bonduc L. X X DL
36 GO nudc Intsia bijuga (Colebr.) Kuntze X X GL
(18) Ho May nudc Flagellariaceae
37  May nuéc Flagellaria indica L. X DL
(19) Ho Bong Malvaceae
38  Tralam chiéu Hibiscus tiliaceus L. X X GN
39 Tralamvé Thespesiapopulnga (L.) Sol. ex X X GN
Corréa
(20) Ho Ca phé Rubiaceae
N Azima sarmentosa (Blume) Benth.
40 Chumlé & Hook f. B
41  Limkim Psychotria serpens L. X X DL
(21) Dtra Pandanaceae
42 Duasoi Pandanus odorifer (Forssk.) x " GN
Kuntze
(22) Ho Hoa thao Poaceae
43 Co long cong Diplachne fusca (L.) P. Beauv. ex X x c

Roem & Schult

O ca 2 khu vyc nghién ctru x4c dinh dugc 5 dang séng chinh 1 ciy buyi (B), than gb (G),
Than gd 16m (GL), gb nho (GN) cay than leo/bd (DL) va cay dang co (C).

Ca hai ving rimg ngap man huyén Thanh Phu va Binh Dai déu c¢6 xuat hién cac loai cay
vu thé nhu Avicennia alba, Avicennia officinalis, Avicennia lanata, Rhizophora apiculta,
Sonneratia caseolaris; 1 loai Duong xi (Acrostichum aureum); va 1 loai dang cau dtra (Nypa
frutican). Trong sb ndy, nhiing loai thudng gip nhat 1a S. caseolaris, A. alba, R. apiculata va
N. fruticans. Acanthus ilicifolius 13 loai c6 d6 thudng gip cao va sb lugng cé thé ap dao cac
loai khac tai tat ca cac khu vuc khao sat.

Cac loai than gd chiém wu thé hon ca (53,4% tong sb loai hién dién) voi cac loai
Avicennia alba, A. lanata, A. officinalis, Rhizophora apiculata, Sonneratia caseolaris,
Xylocarpus granata va X. moluccensis. Con lai 1a cac loai than leo va than co cung su hién
dién mot sb loai than bui nhu Azima sarmentosa, Derris trifoliata, Pluchea indica trong cac
hé sinh thai rimg ngap man. Hién sb loai cy thuc thu & ving rimg ngdp min Viét Nam c6
36 loai [4, 10, 20-21], sb loai cAy tham gia va di nhap rimg ngdp man hién c6 su bién dong
tlr 70 dén 90 loai.

Nghién ctru tép trung Va0 sy bién dong mat do ca thé cta cac loai than go la cay rung
ngdp man chu yéu trong khu vue nghién ctru, 1a thanh phan quan trong trong cau triic rung
ngdp man. Mat do ca thé cua cac loai c¢6 sy bién dong theo khong gian. Loai c6 mat d) ca thé
cao nhit trong khu vuc nghién ctru 13 Avicennia officinalis vi mat do ca thé bién thién tir
1.632 dén 19.867 cay/ha. Nhitng loai c6 mat do cao tiép theo lan luogt 12 A. alba (629-3.833
cay/ha), N. fruticans (422-1.417 cay/ha), R. apiculata (572-3.417 cay/ha) va S. caseolaris
(178-946 cay/ha). Nhitng loai c6 mat do ca thé thap bao gdbm X. granata (133-300 cay/ha),
X. moluccensis (450-768 cay/ha), A. aureum (89-357 cay/ha, S. caseolaris (70-326 cay/ha).
Mait d6 cé thé cao nhét cua loai R. apiculata tai Binh Dai (435 cay/ha) thip hon Thanh Phu,
(3.241 cay/ha). Déi véi S. caseolaris, mat do ca thé loai khong qué khéc biét gitra Binh Dai
va Thanh Phu (88-315 céay/ha).
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3.2. CAc chi s6 da dang sinh hoc

Céc gia tri vé do giau cta loai (S), chi s6 Shannon - Wiener (H”), chi sé Simpsom (D) &
vung rirng ngap man Binh Pai va Thanh Phu dugc trinh bay trong bang 2.

Bang 2. Chi s6 Shannon-Wiener (H’) tai cac khu vyc nghién ctru.

Khu vue P giau loai (S) H' Simpson (D)
Binh Dai 2,48+0,73 0,94+0,32 0,77+0,18
Thanh Pha 2,75+0,64 0,87+0,36 0,68+0,17

Gia tri chi sb da dang sinh hoc (Bang 2) 13 sb liéu tinh trung binh trong hai dot khao sat
nam 2018 va 2020, chi s6 da dang sinh hoc thue vat rimg ngép mén ¢ Binh bai thip hon &
Thanh Pha ca vé d6 giau co loai, chi s H” va chi sé Simpson (D). D6 da dang vé thanh phan
loai cling thé hién 16 qua mutrc d6 da dang thuc vat giam lién tuc tir ving ven bién vao sau
trong rung va tang lién tuc theo thoi gian khao sat.

Rimg ngdp min ¢ Binh Pai phat trién véi chiéu hudng gia ting mac do da dang cac loai
cay than g va g5 nhé. O Thanh Phi, muc d¢ da dang tang dan tir ving ven bién vao viing
phia trong dét lién. Su gia tang gid tri cua cac chi s6 da dang sinh hoc ¢ cac h¢ sinh thai rung
ngdp man khao sat chu yéu do s6 luong ca thé qua 16n cia loai A. IIICIfOIIUS trong khi so
luong ca thé cac cay than gd 1a thuc vat rimg ngdp min thyc thu lai giam vé mat do ca thé.
Chi sd da dang sinh hoc ¢ hai khu vuc nghién ctru c6 su sai khac chu yéu so du khac nhau vé
sO luong loai cay ngap min va sb lugng thanh phan ciy gb chiém uu thé trong khu vyc. So
v6i thang danh gia tinh da dang theo [22]: rat thip (H’=0,01-0,99), thap (H’= 1-2,49), trung
binh (H’ =2,5-2,99), cao (H’= 3-4) thi khu vuc nghién ciru tinh da dang bién dong thur rat
thip dén thap. Két qua nghién ciru nay tuong ddng v6i két qua cua cac tac gia khi xac dinh
gia tri H” ¢ ving ring ngép man co6 cau trac thanh phan loai cay ngép man tuong tu [19, 23]
va tuong dong v6i két khi nghién ciru, danh gia chi s6 da dang sinh hoc va phan bd cau trac
cua mot soO loai cay than £0 ¢ vung rung ngap mén ¢ Quang Ninh, Hué, Can Gid, Con Dao,
Ca Mau. Sy khac nhau vé do da dang ciing nhu chi sé da dang sinh hoc thuc ngap ngip min
cling chiu anh hudng bdi céc yéu tb khi hau, thiy van, dia hinh va cac nhan td sinh hoc [24—
27].

3.3. Anh huéng ciia nwée bién ding dén rieng ngdp man

Murc nudce bién dang 1én cung voi gié ting tan suat, cudng do bio s& 1am thay doi thanh
phﬁn ctia tram tich, dd man va mac do 6 nhidm cua nude, 1am suy thodi va de doa dén sy sinh
truong va phan bd cia rirng ngdp min va cac loai sinh vat trong hé sinh thai.

Nghién ctru tinh dé bi ton thwong dén rimg ngap méan da chi ra nhiing bién doi rd rét ciia
hé sinh thai RNM dudi tac dong ciia nude bién dang. Véi nhiét do ting hang nam khoang
0,013-0,23°C va muc nudc bién dang 1,9 mm/nam, 1a nguyén nhan tac dong t6i sy sinh
truong va ton tai cia HST rimg [28]. Tuy nhién, qua két qua nghién ctru di chi ra raing RNM
¢6 kha ning thich Ung rat cao va tinh d& bi ton thuong 1a khong 16n qua s6 liéu bién dong
dién tich RNM va bdi tu trim tich ctia ving rimg ngap min [4, 28].

Néu luong ling dong bun cat tai khu vuce ring ngép méan khong vuot qua mirc nude bién
dang, thoi gian ngap ré cua cdy gia tang s€ khién mot sd loai cdy khong chiu ngap duoc dai
ngay bi chét (Bang 3). Bén canh d6, sy gia tang truong song sat rimg ngap man do muyc nuoc
bién dang tao ra song lon danh thang vao ru:ng gay x01 10 bai, lam suy thoai hodc bién mat
rimg khién cho “vanh dai xanh chan song” nay suy giam hodc co6 thé mét di chtrc ning bao
vé bo bién. Khi d6 che phu cta ring ngdp man giam dan sé& dan toi su phan tan thanh nhiéu
thdm nho, moi truong d4t bi 6 nhiém, giam bdi tu phu sa, da dang sinh hoc bi suy gidm vi
khong con diéu kién thich hop dé cac loai sinh vat sinh séng va cu trd.

Ving rimg ngap min huyén Binh Dai va Thanh Phu duogc x4c dinh véi cic loai cay gb
chu yéu ho Rhizophoracea, Sonneratiacea, Aviceniacea. Loai cdy ngdp min phan bd chu yéu
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tir ving ven bo va ctra séng 1a cac loai tién phong Sonneratia caseolaris, Avicennia alba, néu
nudc bién ding cao s& ngin can su tai sinh cua cac loai cdy nay. Nguoc lai, phia sau c4c loai
cy tién phong ¢ khu vuc ¢6 cac loai Avicennia marina, R. apiculata, Bruguiera sp., cac loai
cdy ngdp man nay co hé thong ré day dic trén mat dat, c6 tru mam, qua va hat c6 kha ning
song dai ngay troi ndi trong nudc, vi vy c6 kha nang thich tng voi nuée bién dang va co
kha ning phat tan rong vao ven bd va dét lién khi nudce triéu 1am ngap cac ving dat do.

Bang 3. Ngudng chdng chiu ciia mot s6 loai cdy ngap man khi bi ngap [4, 20, 29].

TT Loai cay ngap mén Phin tng/ngudng chdng chiu
1 Dtra nudce - Nypa fruticans - Giam sinh trudéng
- Chét sau 30 ngay ngép
2 Bén chua -Sonneratia caseolaris - Giam sinh truong
- Chét sau 35 ngay ngép
3 Miém tring - Avicennia alba - Giam sinh trudéng
- Chét khi ngap lién tuc sau 30 ngay
4 DPudc, st, vet -Rhizophora apiculata, Aegiceras sp., - Gidm sinh truéng
Bruguiera sp., - Chét khi ngép lién tuc sau 40 ngay
5 Bén chua, dira nudc, coi, lac - Sonneratia caseolaris, - Giam sinh truéng
Nypa fruticans, Cyperus malaccensis - Chét khi ngap lién tuc sau 40 ngay
6 Gia, xu 6i, cha la -Excoecaria agallocha, Xylocarpus - Giam sinh truéng
granatum, Phoenix paludosa - Chét khi ngdp lién tuc sau 45 ngay

Nuéc bién dang co thé dan dén sy thay ddi mot sd qu'?ln xa cay ngdp man ¢ huyén Thanh
Pht va Binh Pai, Bén Tre:

- Céc quan x4 ring ngap man ven bd va ctra song huyén Thanh Phu va Binh Pai, véi cac
loai Sonneratia caseolaris, Nypa fruticans c6 kha nang bi suy giam, thay thé vao d6 1a cac
quan x4 chiu min cao hon nhu Mim blen Avicennia marina khi nudc bién dang cao. Nghlen
ctru dia chét chi ra rang, moi truong song tai rimg ngdp min thay d6i hay khong tiy vao toc
d6 bién ddi ciia muc nude bién. Khi tée do cua nudc bién dang lon hon gioi han cua toc do
tich ty than bun, ring ngép man sé bi nhan chim trong nudc bién va s& chét [30].

- C4c quan x3 AV|cenn|a marina trudc day phan b ngoai cung, noi c6 do man cao va
nude ngap sau s& bi mat moi truong séng, bi chét hoic bi day 1ui vao ving bo do dic diém
sinh 1y va sy thich tng caa Avicennia marina [4]. Hon nita, nudc bién dang cao tao ap luc
moi truong tac dong dén hé sinh thai RNM, lam yéu cAu trac bo ré cay va dan dan lat d6 cay,
hodc tdng d0 man hodc thay ddi thoi gian va cuong do ngap.

- Quan x4 mudng bién Ipomoea pes-caprae chiém wu thé bi ngap khi nudc bién dang sé
bi di chuyén IUi vao khu vuc bo cat cao thay thé cho cac quan xa Na bién Annona glabra,
Tra lam chiéu Hibiscus tiliaceus, Gia Excoeria agalocha.

4. Kétluin

- Khu vuc nghién ctru da xac dinh dugc 43 loai cay ngap man, trong doé co6 23 loai cay
ngadp man thyc thu va 20 loai cdy tham gia rirng ngép man. Rung ngap man huyén Thanh Phu
c6 23 loai cay ngdp man, vung ring ngdp man huyén Binh Dai c6 17 loai. Thanh phén thuc
vat cay ngdp man cac trang thai rung kha don gian, cac loai ngép man chiém wu thé ¢ Binh
Dai va Thanh Phi 1a Pudc, Mim, Ban, Dira nudc.

- Tinh da dang thyc vat trong ca hai khu vuc nghién ctru chua cao (H’ = 0.87-0.94), hién
tai & ca hai khu vuc c6 xu huéng loai Rhizophora apiculata dang dan thay thé Avicennia alba
& cac dai rimg phia ngoai bién. C4u trdc thanh phan loai cdy ngap man thuc thu than gd anh
huéng dén do da dang loai & khu virc nghién ciu.

- Nué6c bién dang anh hudng dén thuc vat ngip min, trong do6 co su phan bd cua
Avicennia marina va Sonneratia caseolaris ¢ Binh Dai va Thanh Phu.

Bai b4o con han ché vé sé liéu nghién ctru lugng lang dong bun cat tai khu vuc rimg
ngdp man nghién ctru so v6i myc nude bién dang dé c6 thé danh gia chinh x4c hon anh hudng
clia nude bién dang dén thyuc vat rimg ngap man. Nghién ctru kha ning thich tng cta rimng
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ngdp man va anh hudng cia nuée bién dang ciing can xay dung mo hinh tinh toan v&i nhimg
s6 liéu hién trang va hdi ctru vé timg yéu t6 tac dong ciia ving nghién cuu.

DPong gop cua tac gia: Xy dung y tuong nghién cou: T.Q.C., D.H.S.,, LX.T.; Xu ly s lidu:
T.Q.C., L.X.T.; Viét ban thao bai bao: T.Q.C., L.X.T.; Chinh stra bai bao: T.Q.C., D.H.S,,
L.X.T.

Loi cam on: Bai bao hoan thanh nhd mot phan hd tro cua dé tai Ma sé: KC09.21/16-20.

Loi cam doan: Tap thé tic gia cam doan bai bao nay 1a cong trinh nghién ciru cia tap thé
tac gid, chua dugc cong bo ¢ dau, khong duoc sao chép tur nhitng nghién ctru trudc day;
khong c6 su tranh chap 1oi ich trong nhom tac gia.
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Diversity of mangrove vegetation and effects of sea level rise in on
mangroves in Thanh Phu district and Binh Dai district, Ben Tre

Province
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Abstract: The study was conducted to determine species biodiversity and evaluate some
biodiversity indicators of mangrove vegetation in Thanh Phu and Binh Dai districts, Ben
Tre province. The results recorded 43 species of mangroves belonging to 22 families, of
which 23 species of true mangroves in Thanh Phu, 17 species of true mangroves in Binh
Dai and 20 species of associate mangroves. The study area has 5 groups of life forms
identified as grasses, shrubs, vines, small trees, and large trees. Quantifying the biodiversity
index shows that mangrove vegetation diversity fluctuates with the H' index from 0.51 to
1.26. In addition, the relationship between biodiversity of mangroves ecosystem and the
impact of sea level rise is also discussed. The research results are an important scientific
finding to propose solutions for management, conservation, and sustainable development of
the mangrove ecosystem in the study area.

Keywords: Mangrove vegetation; Biodiversity index; Thanh Phu; Binh Dai.
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Bai bdo khoa hoc
Phan tich, xac dinh nguyén nhén va dé xuit giai phap cong trinh
chong sat 16 bo song Vam Cé Tay
Vin Hitu Hué'*
! Trudng Pai hoc X4y dung Mién Ty, Vinh Long; huuhuevan@gmail.com
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Ban Bién tap nhan bai: 7/8/2023; Ngay phan bién xong: 29/9/2023; Ngay dang bai:
25/10/2023

Tém tat: Hién nay viéc mat on dinh bo sdng dan dén sat 16 xay ra nhiéu noi & Bong bang
s6ng Ciru Long (PBSCL) v6i nhiéu nguyén nhan khac nhau, trong d6 phai ké dén sat 16 bo
s6ng Vam Co Tay (VCT) doan tir Rach Goc dén dudng Phan Vin Lai, TP. Tan An, T. Long
An. Bai béo nghién cau dong chu luu ap sat bd séng, gop phan 1am rd nguyén nhan mét on
dinh nham bao vé trung tam chinh tri, van héa, kinh té xa hoi cua TP. Tan An. Nghién cau
da tién hanh khao sat, danh gia dia chat, luu téc dong chay, hinh thai long séng, binh d6
long song két hop sir dung cac phuong phéap diéu tra khao sat, théng k&, phan mém Plaxis,
Geo 5, MIKE 11, MIKE 21; tir d6 xac dinh c4c nguyén nhan chu yéu gay mat 6n dinh bo
s6ng la do hinh théi séng, dong chu luu 4p sat bo, gia tai bo song, luu chuyén bun cat va dé
Xuit giai phap cong trinh bao vé khu vuc nghién cuau.

Tir khoa: Dong chu luu ap sat bo song; On dinh bd sdng VCT; On dinh b séng; Sat 16 &
PBSCL.

1. Mé dau

Tai Hoa Ky, x6i mon bd bién gay thiét hai khoang 5.000.000 USD/ndm. Dé giam thiéu
tinh trang x61 mon bo bién, chinh phu lién bang chi trung binh 150.000.000 USD/nam cho
viéc kiém soét x6i mon bo bién. Ngoadi ra, dat ngap nuoc ven bién bi mat hon 80.000 ha/nam,
tuong duong véi bay san bong da bién mat mdi gio mdi ngay. Két qua tong hop 1a Hoa Ky
da mat mot dién tich dat ngap nude 16n hon bang Rhode Island tir nam 1998 dén nam 2009
[1].

Nhiing ndm gﬁn day, tinh hinh sat 16 din bién phurc tap trén toan thé gidi, cu thé nhu sat
16 & Red Rock, ddo Coochiemudlo, phia nam ctia Vinh Moreton, thuoc Pong Nam
Queensland, Uc. D3 c¢6 nhiéu nghién ctru du bao x6i 16 bd bién ciing nhu giai phap khéc
phuc. Két qua da dua ra co ché pha huy dé khi song tran qua dé bién; mai dé phia bién chiu
tac dong tryc tiép clia song, than d€ s¢ bi pha hong ¢ phia bién do séng va ap lyc thim day
nguoc dudi day bé mat gia cd; dinh dé s& bi
x06i bé mit, trugt do tham; nhu vay khi song
tran, mai trong dong va mai ngoai bién déu
s& bi pha huy.

Két qua nghién ctru [2] cho thiy, long
Mekong dang ha thap trung binh 10 cm/nim,
dinh vi thuy am cho théy su xuét hién cua
nhitng hd x6i 16n ma Hackney cho rang “C6
thé thay d6i hoan toan hinh dang dong song”.
Viéc ha thap long dan cting cac nguyén nhan

Hinh 1. Sat I6 Con Long Khanh.
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khéc 1am cho cac cong trinh hién hitu mat dan 6n dinh, gay sat 16 nhiéu noi. Cén Long Khanh
(H. Hong Ngu, T. Dong Thép) bi sat 16 voi chidu dai 3.000 m, 14n sau vao 50 m, sat 16 ndm
nao ciing dién ra (Hinh 1).

Thang 4 nam 2017 bo song Vam Nao ¢ xa My Hoi Bong (H. Cho Moi, T.An Giang) xay
ra sat 1¢, nhdn chim 14 cdn nha va nén nha xuong song. O Huyén Cao Lanh, T. Dong Thap,
thang 7 nam 2023, mdt vu sat 16 xay ra tai tuyén duong bo Tay kénh Nha Hay (x4 Phong
M5¥), chiéu dai khoang 25 m, in siu vao bd tir 3-5 m, hon 90 m? dat bi roi xudng kénh. Cing
thoi gian trén, tuyén dudng bd Pong kénh Can LS (xa Nhi My) bi sat 16 v6i chiéu dai 15 m,
an sau vao mat duong giao théng khoang 2m, anh hudéng dén viée luu théng ciia nguoi dan.
Cung thoi diém d6 khu vue cho Nhi My (x3 Nhi M¥) tiép tuc xay ra sat 1, chiéu dai khoang
35 m, rong tir 3-5 m. Trudc d6 thang 5 nam 2023, tai khu vuc chg Nhi My xay ra vu sat 1o
nghiém trong véi chidu dai khoang 30 m, in sdu vao mit duong by Tay kénh Can L.

Séng VCT doan chay qua TP. Tan An, T. Long An, 16p bun c6 doan sau dén 29 m, 1a
diém nong vé sat 16 bd séng, nguyén nhan do dia chat bd song yéu, chu yéu 1a dat bun, cuong
d6 chiu luc kém, luu luong tau thuyén 16n, gay x6i 10, lam mét 6n dinh bo song [4]. S6ng
VCT tir Rach Goc dén duong Phan Vin Lai 1a doan song cong, bd 16m nén dong chay lac
thiy triéu 1én va xubéng dong chay huéng manh vao bd, luu tdc trung binh véi dong tridu binh
thuong 1,0 + 1,2 m/s va véi mua 1l luu tde tang lén 1,5 + 1,8 m/s 16n hon luu tdc cho phép
X6i cuia dat nén ven bo. Mai bo song kha dc, m = 1,5 = 2,0, dé mat 6n dinh khi trong song
ha thép dén muc nude nho nhit. Bén canh cac bén bii, nha ctra 14n ra bo song lam tang tai
trong 1én mit bd c6 nguy co gay mat 6n dinh. Dé chi dong phong ngira, ké phong, chdng sat
16 bo song VCT doan tir Rach Goc dén duong Phan Van Lai, Phuong 6, TP. Tan An la that
su 12 can thiét va cap bach. Bai bio nghién ctiru mot s6 ndi dung chinh sau:

Phan tich, danh gia, xac dinh nguyén nhan gay ra sat 16 khu vuc nghién ctru (dong chay
hudng vao bo, twong tac dong chay va 1ong dan, luu tdc vuot van tée khoi dong bun cat, mat
can bang khdi dat ven song, giam ham luong chat lo limg, song...); Panh gia lya chon dé
xuét phuong 4n xay dung tuyén ké doc theo bd phai song VCT tir Rach Goc dén duong Phan
Van Lai, Phuong 6, TP. Tan An.

Hinh 2. Binh db tuyén ké nghién ciru [4].

2. Phuwong phap nghién ciru va tai liéu nghién ciru
2.1. Gioi thiéu khu viec nghién ciru va ddc diém khi twong thuy van

2.1.1. Pham vi, nhiém vu nghién ctu

Doan song bo phai séng VCT tir Rach Goc dén duong Phan Vin Lai, Phudng 6, TP. Tan
An, T. Long An (dai 1.674 m) (Hinh 3). Thoi gian nghién ctru: giai doan 2020-2023.
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Hinh 3. Vi tri xay dung tuyén ke [4].

2.1.2. Diéu kién dia hinh, dia mao va dia chat cong trinh

bia hinh trén can: Tuong ddi bz‘ing phéng, cao do bién thién tir +‘1 ,50 =+ 2,50m,’ nha cirg
twong doi day. Tai tuyén c6 6 rach thoat nudc. Trong d6 cé rach Can Doi twong doi 16n be
rong khoang 55 m, cao d¢ day rach khoang -1,15 m (Hinh 4).

’ ; 7%

Hinh 4. Ban db d6 sau long song [4].

Dia hinh dudi nuée: Séng VCT co chiéu rong trung binh 200 m, cao trinh lach sau tir -
10 + -15m. Vi tri sat 1& 1a bo 10m cua doan song cong do anh hudng cua dong chdy ngang
(hinh thanh boi lyc ly tam) [5] dong chay c6 xu hudng moi dat tir phia bo 16m dua sang phia
bo 161.

Theo két qua khao sat va thi nghiém dia chit trong phong do Céng ty TNHH Tu van xay
dung Cao Khoa thyc hién thang 10-11/2021, khéi luong thyuc hi¢n: 6 hé khoan, 17 chi tiéu.
Dja tang khao sat tir trén xudng nhu sau:

Lép 1: bit dép: Céat pha 14n x4c thuc vat, xam vang, xam nau.

Lép 2: Bun sét 1an xac thyce vat mau xam xanh, xAm nau, trang thai déo chay.
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Lép 2a: Sét pha doi chd xen kep cat pha, mau xam nau, xAm xanh, xam den, trang thai
déo mém.

L6p 3: Sét d6i chd xen kep cat pha, mau xam vang, ndu vang, xam xanh, xam tring,
trang thai déo ctrng dén ntra ctng.

L&p 4: Cat pha xen kep sét pha, mau x4m vang, Xam trang, trang thai déo, két cau chit
vua.

2.1.3. Piac diém khi tugng, khi hau va thuy vin

Mua mua tir thang 5 dén thang 11 va mua kho tir thang 12 dén thang 4 nim sau, c6 nén
nhiét cao (trung binh: 27,6°C). Ché d¢ gi6 thay dbi theo hai mua rd rét. Gié mua kho thinh
hanh theo huéng Pong - Nam. Gié mua mua thinh hanh theo hudng Tay - Nam, véi toc do
trung binh 2,0 +2,5 m/s.

Khu vuc chiu dnh huéng ctia ché d ban nhat tridu khong déu bién Pong qua cira séng
Soai Rap voi bién d6 16n tir 3,5 = 3,9 m. Thoi gian mot ngay triéu 1a 24 gio 50 phat, mot chu
ki tridu 13 13 +14 ngay.

Xam nhép man chu yéu l1a tir bién Pong qua ctra song Soai Rap. Lu thuong bét ddu vao
trung tuan thang 8 va kéo dai dén thang 11, 1ii dén chdm va mirc do ngap khong sau. Str dung
s0 liéu mua va myuc nude cua tram khi twong va thuy van Tan An, Tuyén Nhon (gan khu vuc
nghién ctru) dé tinh toan cac thong sb thity van; sir dung s6 liéu cac tram & PBSCL dé tinh
toan mo hinh thuy lyec.
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Hinh 5. Mang lu6i c&c tram khi twgng thuy vin khu vuc [4].

@Chay Thanh
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2.1.4. Tinh todn mua thiét ké va muc nudc thiét ké

Nghién ctru sir dung s liéu cia tram thuy van Tan An, Tuyén Nhon (gan khu vuc nghién
ctru) v6i lwong mua 1 ngdy max theo cac tan suat thiét ké va cac tram thity van DPBSCL dé
tinh toan mo hinh thay luc (Bang 1, Bang 2).

Bang 1. Luong mwa 01 ngay max tram Tan An theo tdn sudt thiét ké (mm).

TAn suit mwa ngay (P%)
0,5 1 1,5 2 3 5 10
Tan An 375,18 322,4 292,53 271,83 243,36 208,79 164,45

Tram do
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Béang 2. Muc nudc dinh triéu cao nhét tai cdc tram thiy van theo tAn suét (m).

Pic trung thong ké Muc nuée 16n nhit ing véi cac tan suit thiét ké P (%)

Tén tram
Htb Ccv CS 0,5 1,0 1,5 2,0 3,0 50 10,0

Viing Tau 1,37 007 -0,32 1,59 1,57 1,56 1,55 1,54 1,52 1,49
Tan An 1,44 014 -0,46 1,87 1,84 1,82 1,80 1,78 1,74 1,69
TuyénNhon 137 028 140 2,84 2,62 2,50 2,40 2,27 2,11 1,88

Bang 3. Muc nude nho nhit theo tin suat cac tram thay van khu vuc (m).

Tén tram Pic trung théng ké Muc nuwée thip nhit img véi cac tan suit thiét ké P (%)
) Htb Ccv CS 75 80 85 90 95 97 99
Viing Tau -299 013 -048 -307 -310 -3,13 -316 -322 -326 -3,34
Tén An -1,64 0,13 069 -186 -19 -19 -201 -208 -213 -220
Tuyén Nhon -096 011 -080 -115 -122 -130 -140 -157 -169 -193

2.1.5. Xay dung phuong trinh twrong quan myc nudc Tan An - Rach Chanh

Dua vao két qua khao sat thity van xa Binh Loi Nhon TP. Tan An va sé liéu muc nudc
gi0 thue do tram Tan An ndm 2019. Xay dung dugc phuong trinh twong quan muc nu6e Téan
An - Rach Chanh thoi gian tir 13 gio ngay 26/06/2019 dén 13 gio ngay 29/06/2019 (Hinh 6).

Tuong quan muc nudc gio tram Tan An - tram Rach Chanh
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Hinh 6. Tuong quan myc nudc gio tram Tan An - Rach Chanh [3].

Chénh Iéch myc nudce gid cuia tram Tan An va tram Rach Chanh 14 +15 cm, nén tan suét
muc nudc tram Rach Chanh dugc thé hién trén Bang 4.

Bang 4. Muc nudc dinh tridu cao nhat tai tram Rach Chanh theo tan sudt (m).

Dic trung théng ké Muec nuée 16n nhit ing véi cac tin sudt thiét ké P (%)

Tén tram
: Htb CV CS 0,5 1,0 15 2,0 3,0 50 10,0

Rach Chanh 159 014 -0,46 2,02 1,99 1,97 1,95 1,93 1,89 1,84

Bang 5. Muc nudc nho nhét theo tan sudt tai tram Rach Chanh (m).

Pic trung théng ké Muec nuéc thip nhit ing véi cac tin suit thiét ké P (%)
Hiw Cv Cs 75 80 85 90 95 97 99
Rach Chanh -1,49 0,13 0,69 -1,71 -175 -180 -186 -193 -198 -2,05

Tén tram

Bang 6. Muc nudce bién dang theo kich ban RCP6.5 (cm).

Cic mdc thoi gian ciia thé ky 21
2030 2040 2050 2060 2070 2080 2090 2100
11 16 21 27 34 41 48 56

Khu vue
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Céc moc thoi gian cia thé ky 21
2030 2040 2050 2060 2070 2080 2090 2100

Khu vue
Miii Ké Ga
+ Miii Ca (7+16) (10+23) (14+31) (18+39) (22+48) (27+58) (32+69) (37+81)
Mau

2.1.6. P& xuit muc nude thiét ké cong trinh

Khu vuc nghién ciru gan vi tri khao sat thity van Rach Chanh. Két qua muc nude cao
hon thién vé bat 1gi cho cong trinh. Do vay, dé xuét lya chon muc nudc phuc vu thiét ké
trong tmg cong trinh cip IV cua cong trinh ké nhu sau:

Cao trinh muc nudc 16n nhat thiét ké ung voi tan suat P = 2,0%: +1,95

Cao trinh myc nudce 16n nhét kiém tra ung voi tan suat P = 1,5%: +1,97

Cao trinh myc nude thiét ké trong diéu kién NBD nam 2050: Hmax 2050 = +2,16

Cao trinh muc nude thap nhit thiét ké ung véi tan sudt P = 90%: -1,86

Cao trinh myc nudc thi cong tmg véi tan suat P = 10%.

BAN DO CAO DO LONG SONG VAM CO TAY
DOAN TU' NH DEN CAU TAN AN

RACH CHAI

4

Hinh 7. Bia hinh 1ong séng VCT. tir Rach Chanh dén cau Tan An [4].

2.2. Dir lieu su dung

Tai liéu dia hinh: (1) Tai liéu dia hinh 1ong séng Hau va séng Tién do Uy ban Mekong
phat hanh nam 1998 (Hydrographic Atlas) ty 1€ 1:20.000 [6]; (2) Tai liéu dia hinh long song
ving Dong Thap Mudi thu thap tai Vién Quy Hoach Thity Loi Mién Nam [7]; (3) Ban do6
DEM ving ha luu Mekong do Uy ban Mekong phat hanh nam 2003; (4) Tai liéu khao sat dia
hinh phuc vu nghién ctru.

Tai liéu dia chat: Gom 6 hd khoan, 17 chi tiéu [4].

Tai li¢u thuy van: S6 liéu muc nude tram thuy van Tan An, Tuyén Nhon; dong chay triéu
binh thuong thang 7/2000, dong chay 1t thang 9 + 10/2000.

2.3. Phwong phap nghién curu

Thu thap tai lié}l
dia hinh, dia chat,
thiy van

Nguyén nhén

/' sat 1o

Hinh 8. So db ciu

Phén . hele
mém tric nghién cuu.
Khao sat thuc dia Plaxis, GAm pl}ap
hién trang sat 1& Geo 5, cbng trinh
MIKE 11,

MIKE21

Khao sat thuy van

\ Han ché, i
(luu téc, huong phat trién

Iuu lugng) nghién clru
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2.3.1. Thiét lap cac diéu kién bién MIKE 11

a) biéu kién bién luu lugng

Bién luu lugng: Anh hudng cua thuong luu duge dua vao mo hinh sé thong qua 6 bién
luu lugng tai Kratie, Bién Ho6, Vam Co bong, Dau Tiéng, Phudc Hoa va Tri An.

b) Diéu kién bién myc nude

Cac bién su dung la 10 tram dat trén ctra song chinh 1a: Viing Tau (ctra song Soai Rap
va Long Tau c6 hiéu chinh pha va muc nudc tir Viing Tau vao ctra), Vam Kénh (ctra Tiéu),
Binh Pai (ctra Pai), An Thuan (ctra Him Ludng); Bén Trai (ctra C6 Chién, Cung Hau); My
Thanh (ctra My Thanh, Dinh An, Tran d&), Ganh Hao, Ong Péc, Xéo RS, Rach Gia.

Anh huong ctia mua, bdc hoi, thim, nudc ngam gié dugc 1ay ¢ cac tram khi tuong thuy
van Quoc gia trén ha du luu vuc Mekong, bao gom: Kratie, Pnompenh, Bién HO, Tan Chau,
Chau Pdc, Long Xuyén, Séc Trang, Can Tho, Tra Vinh, My Tho, Vinh Long, Cao Lanh, Sa
béc, My Thuén, Bén Tre, Tan An, Moc Hoéa, Tan Son Nhét, Bién Hoa, Rach Gia, Ha Tién,
Ca Mau.

2.3.2. Thiét 1ap m6 hinh MIKE 21FM

a) Ludi tinh toan va dia hinh long song

Pham vi m6 hinh MIKE 21FM dugc thiét 1ap v6i chiéu dai 5,6 km tir Rach Chanh dén
cau Tan An phuc vu mo ph()ng dong chdy khu vuc nghién ctru va viung lan can. M6 hinh
MIKE 21FM cho phép ndi suy cac cao do dia hinh day song thuc do tao ra cac khoang cao
d6 dong mtrc thé hién dia hinh long song qua cac phd mau. Luéi tinh toan sir dung phuong
phdp ludi hinh tam giac phi chu trac gom 9.242 nut, 17. 135 phan tw, goc nho nhét cta cac
phan tu tam giac 1a 300, dién tich mdi 6 ludi 1a 10 - 1.000 m, chiéu dai mdi doan ludila 5 +
50 m cho két qua noi suy dia hinh min va chinh xac. Luéi tinh toan cho toan ving duoc thé
hién trong Hinh 9.

I Mesh_ht -2-coke mdf

e
L
B

|||||

g

650000 650500 651000 651500 652000 652500

Hinh 9. Luéi tinh toan dia hinh long séng (trai) vd md phong cao d¢ dia hinh day séng trong mo
hinh (phai).

= - "
§ Bién 3: H~t
R. Can Dét

Hinh 10. So hoa vi tri bién md hinh thay luc MIKE 21.
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b) Bién tinh toan
Bién tinh toan cho mo hinh MIKE 21FM dugc trich xuat tir két qua tinh toan mo hinh

thity luc MIKE 11. Vi tri trich xuit két qua mé hinh thiy lyc MIKE 11 lam bién cho mé hinh

MIKE 21FM tai cac vi tri (1) ngd ba Rach Chanh, (2) cdu Tan An, (3) rach nhé nhap luu
(Hinh 10).

86

2.4. Hién trang sat lo khu vuc nghién curu va vung lan cdan

Thoi gian qua, tinh Long An xay ra nhiéu vu sat 1& nghiém trong; tinh trang sat 16 ngay
cang dién bién phuc tap, nhat 1a doc theo song VCT khu vyc TP. Tan An. Nguyén nhan sat
16 1a do tac dong cua dong chay hudng vao bo 16m doan song cong.

Poan séng VCT chay qua TP. Tan An c6 chiéu dai khoang 15 km, nim nim tro lai day
sat 1& xdy ra thuong xuyén. Khu vuc 4p Rach Chanh, x3 Loi Binh Nhon, doan song cong va
viing dat yéu kha day, chiéu dai sat 16 khoang 500 m.

Vi tri
hang
cir
trude
khi sat

Hinh 11. Sat 16 bo s6ng khu vuc Rach Chanh, x8 Lg¢i Binh Nhon [4].

Hién nay khu vuc da va dang dau tu xay dung 05 tuyén ké doc theo song VCT (Hinh 12)
bao vé duoc 6.141 m b(‘y song, trong d6 3.395 m bo trai, 2.746 m bo phai va mot s6 don vi tu
nhan da gia cd kién co khoang 400 m.

Poan ké Vinh Pa Han: 875m
Poan ké khu vuc Rach Tuyén ké tir cdu mdi Tén An dén
chanh :350m tiép gidp ke Vinh Ba Han (dang 1ap
dir an dau tw): dai 1,255km

2

L) ‘.‘.

Poan tir cAu méi Tan An dén
rach Chau phé: 2,5km

anuns®
-
anuu®
'I

Doan tir rach Géc dén duong [ESEEEERN
Phan Van Lai: 1,674km

S5 2 § Poan tir cau méi Tan An dén
Doanké ddvadangdautir swmwus cho Cé phuomg 2 va doan tir v

s fl 2l cho ca phuong 2 dén Trung
Doan ke dur kien dau tr @t § tam bao vé sirc khoe: 2.4km

nnnnn

Hinh 12. Céc tuyén ké da dau tu va du kién ddu tu tai song VCT.
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Khoang 21,8 km b séng VCT trong TP. Tan An chwa duoc gia ¢b, dic biét c6 khoang
4 doan bo 16m sdng cong c6 téng chiéu dai khoang 5,8 km c6 nguy co sat |6 rat 16n can duoc
gia cd sém va khoang 7,5 km (Hinh 13) ¢6 I6p bun kha day 8 + 29 m, kha nang chiu tai kém
va rat d& xay ra cung truot sau.

@+ ¢+ »« Doan song cong nguy co sat 1

Poan song viing dat rat yéu nguy co sat 1o

Poan tr Nguyén Vin
Nham dén chua Hoi Long §
1.4km

Poan tir rach Géc dén dudng [HEAS b
Phan Vian Lai: 1,674km s

Poan-keé:-Cong-rach-Chanh-

dén-Rach-Géc:-L=1.093km!

Doan tir Trung tam st'_rc

# khoe sirc khoe sinh san dén
| kénh Vanh dai 1,0km

Hinh 13. Céc vi tri tiém an nguy co sat lg trén song VCT [3].

Mot s6 hinh anh sat 1¢ tai khu vuc nghién ctu va ving 1an can.

Poan ké: Cau méi Tan An dén
g Phan Van La1 2 937

f.).oaIAl'ke Cé rah Chan '
. dén Rach Goc: L= 1093km "

Hinh 14. Hinh anh sat 16 khu vgc nghién cau [3].

Puong bd song tir rach Goc (K0) dén rach Can Dt (Ko+550) thude xa Loi Binh Nhon,
nam trong doan song cong dé bi x6i 16. Ngoai nhitng doan xay dung ké tam (khoang 230 m)
cac doan khéc bi sat 1¢ 1an vao bo 10 + 20 m. Mai song hién trang kha dbc tr m = 1,50 +
2,50. Anh hudng bd 16m nén day 10ng song xu hudng dich chuyén vé phia hudng bo ké c6
cao d¢ day tur -16,0 + -20,0.

Puong bo séng tir rach Can Dbt (K0+550) + K1+50 thudc dia ban phuong 6, TP. Tan
An la doan song cong, c6 mai dbc tu nhién tr 1,8 + 2,4; duong bo 161 16m tir 4 ~ 9 m; long
song c6 cao d6 tir -17,0 + -21,0, cao do bo tu nhién tir +1,30 +~ +2,50.

Buong bo tr K1+050 + K1+674 (dudong Phan Van Lai) thugc phuong 6, TP. Tan An
tuong dbi thang. Tuy nhién day 1a khu vuc dan cu dong duc. Cac bai vat liéu 1an ra song tir
4 + 14 m, dai 260 m. Hé sd mai dbc tr 1,75 + 3,00; cao do long song -14,0 + -18,0.

2.5. Phadn tich nguyén nhén, nhan t6 gdy x6i 16 bo

- Tuong tac giita dong chay va long dan: Lam cho long dan sau thém hay can di, 1ong
s6ng bi mé rong hay thu hep, nhanh hay cham, manh hay yéu déu phu thudc cac yéu td sau:
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+ Tét ca cac yéu td tac dong vao 1ong din hay dong chay lam ting lyc giy truot hay lam
giam luc chéng truot cia khéi dit, mét can bang khéi dit mai bo song, 13 hién twong truot
hay sut 16 tirmg manh khdi dit mai bo [8].

+ Luu tdc thue té 16n hon van tdc khai dong cua bun cat cAu tao long dan, luu tdc cang
16n kha ning gy x6i mon long dan cang 16n [9].

+ Dong chay huéng vao bd anh hudng toi co ché x6i 16, hd x6i hinh thanh hay khdng
hinh thanh, hinh thanh & dau, mai bo song bi x6i mat hay x6i chan... s& dan t4i tbe do x6i 16
bo nhanh hay cham.

+ Hai mua mua néng gay ra ché d6 dong chay theo hai mua khéc biét, dong chay co luu
tc, luu lugng l6n gap nhiéu 1an mua kiét. Mua mua dat bio hoa nudc s& bi giam tinh chat
coly dat bé mit, gia ting trong lugng ban thén tang luc gy trugt. Dong chay thuy tridu voi
lru toe 16n, gay nén song tridu, tao nén cac xody 16n trong ndi bo dong chay [10].

+ L cang 16n (dién tich MC u6t, luu lugng cang 16n), myc nude 1 (H) cang cao, kéo
dai, luu tbe 1t vuot nhidu 1an so véi luu tde cho phép khong x61 (Vmax > [V]xo.) bo song bi
sat 16, thé song dich chuyen hinh thai song thay d6i theo hudng ngay cang bét loi; dong chay
11 14 nguyén nhan chu yéu gay ra sat 16 bo song.

+ Dong chay giam ham luong chat lo lting, phan luu dong chay, ha thap 10ng din kénh
chinh s€ ha thép long dan cac chi luu, tau thuyén neo dau hay cép bén; chénh 1éch dinh triéu
va chan triéu cao, co hep mit cat (MC) uét, khai thac cat [11].

- SONng - nguyén nhan gay x6i 16 bo:

Duéi tac dong ctia ap luc séng (do gié hay tau thuyén giy ra) mai bo song bi pha v két
cAu, cac hat bun cat cua long dan bi tach roi va dich chuyén di noi khac [12].

X6i 10 bo song do séng gié hay song tau gdy ra c6 khoi 16 bé nhung dién ra lién tuc nén
anh huong khong nho téi x6i 16 bo.

- Gia tai Ién mép bo song gay x06i 16 bo do:

+ Xay dung nha cura, co s6 ha tang, chat hang hoa v.v..

+ Li xudng triéu rat 1am tang trong luong khéi dat bo hay giam ap luc day noi;

+ Mua lam bio hoa khdi dat bo va phat sinh 4p lyc thim. .

- Hinh thai s6ng anh huong tdi x6i 16 bo [13]:

+ Dia hinh day song, thé song khong ché, chi phdi va tao nén két cau dong chay ciia MC.
ngang song anh huong to1 x061 16 bo, cling nhu toan b dong chay;

+ Hinh dang doan song anh huong tdi x6i 16 bo, doan song cong, dong chu luu tap trung
vao bo 16m song gay gia ting kha ning luu chuyén bun cat dan dén sat 16 [13].

3. Keét qua va thao luan ‘ | ‘ _ nited_

3.1 Thiét lgp mé hinh MIKE | sl 0=

11 va két qua tinh todn

3.1.1. Thiét 1ap mo hinh thiy
lyc MIKE 11 cho hé thong 3 5 \ j 5
song e P R —

Toan bd hé thong song | e 1 2 Y — —
kénh trong khu vuc dugc md i
hinh bang phan mém MIKE 11 | "] N we |
va duge dua vao mang ludi ‘ 5 | nghién cira
song rach cua toan by vung
DbBSCL va Dbong Nam BOo.
bay la mang luoi da duoc lap
tu trudce, da duge st dung dé
tinh toan trong nhiéu nghién

950000 4

Hinh 15. So db tinh toan thuy lyc khu vyuc nghién cau [16].
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ctru va dé tai nghién ctru voi do tin cdy cao, trong d6 c6 nhiéu nghién ciru da va dang trong
qua trinh xay dung. Mang ludi song rach duoc mé hinh hoa cu thé nhu sau: Cac song kénh
rach duoc s6 hod 1.415 nhanh song; thé hién boi khoang hon 68.900 MC. M6 hinh thay luc
MIKE 11 toan BPBSCL va béng Nam b¢ (Hinh 15).

Tai khu vuc nghién ctru, xac dinh dugc 43 loai cdy ngdp man thudc 22 ho, trong d6 ho
DPuéc chiém nhiéu nhit v6i 5 loai chu yéu (Bang 1). Trong sé do, c¢6 23 loai cay ngdp min
thuc thu thugc 11 ho va 20 loai cay tham gia ngap man. Tai vung rimg ngap man huyén Binh
Pai xac dinh dugc 17 loai cay thuc vat ngdp man, it hon so v&i khu vuce ring ngdp méan Thanh
Phu 5 loai. S6 loai cay tham gia rimg ngdp min & khu vuc Thanh Phi 1a 20 loai, nhiéu hon
s6 loai cay tham gia rimg ngap man ¢ huyén Binh Dai. S loai cay ngdp min & Thanh Phu
trong nghién ctru ¢6 khac ve so lugng so voi nghién ciru cong bb nam 2020 va 2022 cua [17—
18] cong bd 14 loai ciy ngdp man thuc thu va 9 loai tham gia ring ngap man va [19] cong
b6 21 loai ngap man va 27 loai tham gia.

3.1.2. Hiéu chinh, kiém dinh mé hinh

Nam duoc chon dé hiéu chinh mé hinh 13 nam c¢6 du s6 liéu thyc do trén hé thong séng
dang xét va ciing 1a nam c6 1ii kha 16n so voi chudi quan tric trén toan hé thong. Didu d6 sé
dam bao tinh dic trung cho hé thong va dam bao do chinh xac cho mé hinh khi ap dung voi
cac dang lii don gidn hon. Can ctr vao tiéu chi lya chon, dya vao s6 liéu thuc do thu thap
dugc, mod hinh duge hiéu chinh theo cac s6 lidu thuc do vao cac thang mua I tir thang 7 +
thang 11/2000. Sau khi hiéu chinh m6 hinh, phai dl‘mg chudi quan tric doc lap voi chudi da
dung trong hi¢u chinh dé kiém dinh mo hinh. Trong giai doan kiém dinh khong thay doi cac
tham s6 thuy luc dé chon trong giai doan hi¢u chinh. Néu két qua klem dinh cho thiy sai s6
nam trong pham vi chap nhan duoc, mé hinh dap tng dugc nhu cau cho du bao. M6 hinh
dugc hiéu chinh thang 7 + thang 11/2000; kiém dinh thang 07 + thang 11/2011 va thang
6/2019 (theo sd liéu khao sat thuy van tai Rach Chanh thudc pham vi nghién ctru).

3.1.3. Céc kich ban va tinh toan két qua

Khu vuc nghién ciru chiu anh huéng bai lii trén DPBSCL va triéu bién Pong anh huong
vao thong qua song Soai Rap - Vam C4. Lt nam 2000 trén vung DPBSCL 1a mét trong nhiing
tran 1d 16n, dién hinh anh huéng dén khu vyc nghién ctru. Cac kich ban tinh toan va cac két
qua tinh toan theo cac kich ban dugc thé hién trén Béng 7-8.

Bang 7. Cac kich ban tinh toan.

Tén kich ban (KB) Noi dung tinh toan
KB.1 L1 2000 trong diéu kién hién trang
KB.2 Lii 2000 trong diéu kién xét dén NBD 2050
KB.3 Lii 2000 trong didu kién xét dén NBD 2100

Hinh 16. So hoa vi tri trich két qua mé hinh thay lyc.
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Bang 8. Két qua tinh toan cac KB [4].

Tén Kich ban Vi tri Hmax (M) Qmax (M%s) Vmax (M/s)
KB.1 bau tuyen ke 1,77 3806,2 2,07
Gitra tuyen ke 1,77 3807,1 1,93
Cuoi tuyen ke 1,77 3807,9 2,05
KB.2 bau tuyen ke 1,92 3878,3 2,09
Gitra tuyen ke 1,91 3879,5 1,95
Cuoi tuyen ke 191 3880,7 2,08
KB.3 bau tuyen ke 2,11 3920, 6 2,07
Gitra tuyen ke 2,10 3921,8 1,94
Cuoi tuyen ke 2,10 3922,6 2,07
{ I i 1 P 20
SRR s L o
a) Duong qua trlnh muc nude (tral) va lu’u luon tal cac vj tri tuyén ke k1Ch ban 1t 2000 (phal)
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c) Du'orng qua trinh luu lu'orng tai céc vi tri tuyén ke KB. 1u 2000+BDKH2050 (trai) va Duorng qua
trinh luru téc tai cac vi tri tuyén ké KB li 2000+BDKH2050 (phai).
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d) buong qua trlnh muc nudc tai cac vi tri tuyen ke KB 1u 2000+BDKH2100 (tra1) va Duorng qua
trinh Iuu lwong tai céc vi tri tuyén ké KB i 2000+BDKH2100 (phai).
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Hinh 17. Puong qué trinh myc nude, luu lugng va luu tdc & cac KB.
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Trong thoi gian anh huong boi 1 thuong luu trén DPBSCL luu lugng dong chay ludén
theo chiéu duong, chimg t6 dong chay 1i tir thuong luu vé chiém wu thé, tuy nhién van con
anh huong boi thiy triéu nhung bién d6 triéu dao dong nhé hon cac thang khong ¢ 1ii.

Theo két qua tinh toan thuy lyc, muc nudce, luu lugng 16n nhét tai vi tri nghién ctru:

Truong hop ung voi tran 14 2000: Hmax = +1,77 M, Qmax = 3.807,99 m?/s, Vimax = 1,93
2,07 mfs;

Truong hop xét dén BDKH&NBD 2050: Hmax = +1,92 M, Qmax = 3.880,69 M3/, Vimax
1,95 + 2,09 m/s;

Trudng hop xét dén BDKH&NBD 2100, Hmax = +2,11 M, Qmax = 3.922,64 m3/s, Vimax
1,94 = 2,07 m/s.

Luru luong gan nhu khong thay d6i doc theo tuyén [14]. Luu toc dau tuyén va cubi tuyén
16n hon luu toc & gilta tuyén ke 13 do MC w6t song khu vuc gitra tuyén rong hon.

Muc nudce 16n nhat theo két qua tinh toan thay luc nhé hon muc nudce theo két qua tinh
toan thiy van, c6 thé do cac nguyén nhan truyén dong chay 1ii, triéu nén sy gia ting muc
nude triu do BDPKH&NBD vao khu vue nghién ciru nho hon. Dé thién vé an toan kién nghi
lua chon muc nudce thiét ké cong trinh da dé xuét tai muc 2.1.6.

3.2. Két qua tinh todn tir MIKE 21

3.2.1. KB. tinh toan: Tinh toan cho hai phuong an (PA)

(1) PA.1: Dong chay triéu binh thudng thang 7/2000; (2) PA.2: Dong chay lii thang 9
+10 (1& 2000).

3.2.2. Phan tich két qua tinh toan

Ché d6 dong chay khu vuc nghién ctru kha phtrc tap do nam tai vi tri doan cong ciia séng
VCT. Dong chay chiu anh hudng truc tiép boi lil thuong ngudn va triéu bién Pong.

*PA. 1: Dong chay triéu binh thuong thang 7/2000

Truong hop dia hinh long song hién trang:

Tai khu vuc nghién ctru, ché d6 dong chay triéu anh huéng manh nhét vao khoang 6 + 7
gid tir thoi diém bat dau tridu 1én hodc bat dau xudng. Tai thoi gian nay do khu vuc nghién
ctru ndi tiép diém cong hep cua séng VCT. nén dong triéu chiu anh hudng luu tdc 16n. Luu
tdc c6 thé dat tir 1 + 1,5 m/s, 16n xdy ra tai vi tri co hep dong chay nhu hinh 18. Luu tde 16n
gly x6i long dan va co nguy co gly sat 16 dudng bo.

Vi tri x6i long dan

Nhimng vi tri van toc
1én nguy co x61 bo

Hinh 18. Luu téc dong chay triéu 1&n 16n nhat khu vic ké véi 1ong séng hién trang.

Thoi gian triéu 1én, dong chay triéu 16n ¢6 xu hudng thiic manh vao doan phia thuong
ngudn bo hitu doan song cong trong pham vi khoang 400 m tinh tir rach Can Dot vé phia
thuong Iuu. Phia ha luu tir rach Can D6t dén duong Phan Van Lai cling xuat hién rai rac céac
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vi tri ¢6 luu tde ,l('rn. Tai céc vi tri cuc b, luu tde ven bd 16n khoang Q,S +1,0 m/§, cO Xu
huéng moi b dat lam tang nguy co x01 bo cho bo song nay. Phia bo doi dién (bo 161) dong
chay ém hon. c6 xu huéng dong déu doc theo bo song. Luu toc ven bo khoang 0,1 + 0,3 m/s.

Nhimg vi tri van toc
1ém nguy co x6i bo

Tim ke

Hinh 19. Luu téc dong chay tridu xudng Ién nhit khu vyc ké véi long song hién trang.

Thoi gian triéu xudng, luu toe 16n hon thoi ky tridu 1én, Vmax dat khoang 1,2 m/s. Dong
chay thay triéu rat tir hudéng thuong ngudn vé, anh huong manh mé dén doan song cong va
phia ha luu khoang 1,1 km dén khu vic duong Phan Vin Lai. Do tinh chat doan song cong
nén doc theo pham vi tir rach Goc dén duong Phan Van Lai xuat hién nhitng vi tri ¢6 luu toc
16n cuc b, ¢6 xu hudng lam x61 16 bo (Hinh 20). Luu téc ven bo tir 0,8 + 1,04 m/s, giita 1ong
song dat khoang 1,2 m/s. Tuong ty nhu thoi ky triéu 1én, phia bo d6i dién (bo 16i) dong chay
ém hon va c6 xu huéng déng déu doc theo bo song. Luu tde dong chay ven bo khoang 0,1 +
0,4 m/s.

Truong hop xay dung ke:

[m]

1167100 ............... AT A A A ............
1167050 4 i ‘ : !
1167000 ===~~~
1166950 7

1166900 7

1166850 §-========n== ............ Vi tri nhfmg didmco (R 4 ................... 4 LA ...

1ess0 IS | hwutdc 16n cyc bo giam |

1166750 -

b i
1166700 158 S ¥ N Ay S T—— i Current speed [mis]

Below -0.08
Undefined Value|

T T T
651400 651600 651800 652000
[m]

650800 651000 651200

Hinh 20. Luu tc tridu 1én 16n nhat khu vuc ké véi 1dng séng hién trang két hop ke.

Két qua cho thdy sau khi xdy dyng tuyén ké trudng hop triéu Ién, luu tde 16n cuc bd tai
nhitng diém bo co nguy co gy xoi 1o giam tu 0,86 + 0,46 m/s. Sb luong cac diém co luu toc
16n cuc b giam di, luu tdc ven bd co xu hudng deu hon do tuyen ke lya chon tron thuan.
Khi ¢6 tuyén ké luu tde 16n nhét thoi ky triéu 1én gan nhu khéng d6i so voi lic chua cé ke,
Vmax dat 1,04 m/s. Nhu vy tuyén ké khong lam co hep dong chay va gan nhu khong lam
gia tang muc nudc khu vuc.
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Hinh 21. Luu tdc triéu xubng I6n nhat khu vuc ke véi 1ong sdng hién trang két hop ke [4].

Trudng hop triéu xudng khi xay dung tuyén ké, luu tdc tai nhitng diém 16n cyc bd giam
tir khoang 0,95 + 0,79 m/s tai nhitng vi tri c6 nguy co x6i bd. Luu tdc trén doan song gan nhu
khong thay ddi so véi thoi gian chua xay dung ké.

*PA. 2: Dong chay 1i thang 9 + 10 (1d 2000)

Trudng hop dia hinh long song hién trang:

Trong thoi gian anh huong boi 1 thuong luu trén DPBSCL luu lugng dong chay luén
theo chiéu duong, diéu nay ching t6 dong chay lii tir thuong luu vé chiém uu thé, tuy nhién
van con anh huong béi thay tridu nhung bién d6 triéu dao dong nho hon céc thang khong co

1.
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Hinh 22. Luu tdc 1d 16n nhat khu vuc ke vai long séng hién trang.

Trong thoi ky tiéu 1d,
dong chay 1ii 16n huéng vé
phia ha luu thuc manh vao
doan ha luu bo 16m gay ra
nhitng Vi tri ¢o luu téc 16n
cuc bo. Luu tdc ven b 16n
nhat dat khoang 1,4 + 1,9
m/s va c6 nguy co cao gay
sat 16 nghiém trong khu vuc
bo (Hinh 23).

oo Jah [ \ L 2 A
N A AN R A R\ R YATANY
G P T AN AL |
T T T T R TR T e
000 O LA L S O T O
102001 G L0 O A
OV A O L\ (R P 9
IR N e IR (VAN A ‘
b L L M YN
NV I VAV AV Y VA .

oy L W \

Hinh 23. Biéu dd luu téc 1 16n nhat khu vuc ké véi 1ong séng hién trang [3].
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Bang 9. Bang gia tri luu toc 16n nhat thoi ky 1 16n tai cac diém cuc bo.

Piém t.1 t.2 t.3 t.4

Vimax (M/S) 1,92 1,81 1,39 1,61
PA xay dung ké: Sau khi tuyén ké duoc xdy dung, luu tdc tai ving bd c6 xu huéng giam
va chay ém hon so v&i bo hién trang do tuyén ké lira chon 13 duong tron thuan. Thinh thoang
xut hién mot s vi tri luu téc ven bo dat khoang 1,2 + 1,5 m/s. Tuy nhién, véi PA két cau ke
lya chon la bé tong thi luu tbc nay dugc dam bao. Luu tdc 16n nhat trén doan song sau khi
xay dung tuyén ke dat 2,25 m/s, chi yéu ¢ giira long song (Hinh 24). Nhu vy, tuyén ké xay

dung khong 1am co hep dong chay khong anh huong dén kha ning thoat lii cua 1ong song.

[m]

B e e
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Hinh 24. Luu téc Lii 16n nhat véi 1ong séng hién trang két hop ke.

3.2.3. Phan b téc d6 dong chay theo MC ngang

Dé danh gia toc do dong chay trén MC ngang khu vuc nghién cau khai thac két qua tir
md hinh dong chay ba chiéu xét trén cac MC song dai dién khu vuc nghién ctu nhu Hinh 25.

+MC.1: doan sdng cong phia thuong ngudn (tir rach Goc dén rach Can Dét);

+MC.2: doan séng cong phia ha nguon (tir rach Can D6t dén dudong Phan Vin Lai).

o~

¢duong PH

X

¢Rach Géc

Hinh 25. C4c vi tri tinh toan luu tdc trong mé hinh.

Vao thoi ki trleu lén: Luu tc phan b theo xu huéng Iorn nhét ¢ gitra 1ong sdng phia trén
mét va thap dan vé phia hai bo séng va day song. Luu tc 16n nhat trén mit song dat trén
1,04 m/s. Luu téc dudi day séng khu vuc ven bo tir 0,6 + 0,7 m/s, khu vuc giira 1ong tir 0,90
+ 1,04 m/s. Phan bé luu tc c6 xu hudng 16n hon phia bo 18m cua doan séng cong (khu virc
xay dung keé) (Hinh 26).
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= Verlical prafile from (650998, 1166387) to (6510351 166574)
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Hinh 26. Phan bé luu téc 16n nhit caa (a) MC.1, (b) MC. 2 thoi diém triéu Ién.

Luu toc phan bd theo xu hudéng 16n nhat ¢ giita 16ng sdng phia trén mat va thap dan vé
phia hai bo song va day song. Luu toc I6n nhat trén mat séng dat trén 1,08 m/s. Luu toc dudi
day song khu vuc ven bo tir 0,4 + 0,5 m/s, khu vuc gitra Iong tir 1,00+ 1,08 m/s.

V2o thoi Ki triéu xudng: Luu té¢ phan bé theo xu hudng 16n nhat ¢ giita 1ong song phia
trén mat va thap dan vé phia hai bo song va day song. Luu toc 16n nhat trén mat sdng trén
1,3 m/s. Luu toc dudi day song khu vuc ven bd & khoang tir 0,8 + 0,9 m/s, khu vuc giita long
tr 1,2 + 1,3 m/s (Hinh 27).

& Vertical profile from (650998,1166387) to (651035 1 166574)

1 2] 0 a0 50 60 ™ & ] 100 i 12 130 0 150 160 m
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Hinh 27. Phan bd luu toc 16n nhét caa (a) MC.1, (b) MC. 2 thoi diém tridu xudng.
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Luu téc phan bd theo xu huéng 16n nhét & giita 10ng séng phia trén mat va thap dan vé
phia hai bo séng va day song. Luu téc¢ 16n nhat trén mit song dat trén 1,12 m/s. Luu tde dudi
day séng khu vyuc ven bo ¢ khoang tir 0,6 + 0,7 m/s, khu vyc gita long ¢ khoang tur 1,0 +
1,12 m/s. Phan b dong chay c6 xu hudng léch vé phia bd 16m caa doan séng cong vao thoi
ky triéu xuéng.

Vao thai ki 1d 16n nhat: Luu téc phan b 16n nhat & giira 10ng sdng phia trén mit va thap
dan vé hai phia bd séng va day song. Luu toc 16n nhat trén mit song dat trén 2,4 m/s. Luu
téc dudi day song khu vyc ven bo ¢ khoang tr 1,6 + 1,7 m/s, khu vuc gitra 10ng & khoang tir
16 + 1,8 m/s. Luu téc phan bd theo xu hudng I6n nhit & (gitra long song phia trén mat va
thap dan vé phia hai bo séng va day séng. Luu toc 16n nhat trén mit song dat trén 2,3 m/s.
Luu toc dudi day song khu vuc ven bo tir 1,7 + 1,8 m/s, giira long tir 1,5 + 1,7 m/s. Phan b
dong chay tai MC. 2 ¢6 xu huéng léch vé phia bd 16m caa doan séng cong vao thoi ky li
xudng (Hinh 28).

Vertical profike from (550998, 116G387) to (651035,1166574)

(@)

Bo lam k&

,1166562) to (651444,1166701)

Bo lam ke

Hinh 28. Phan bé luu téc 16n nhit cua (a) MC. 1, (b) MC. 2 thoi diém 1ii 16n nhét.

3.3. Giai phap cong trinh wng pho sat lo bo song VCT

Cong trinh ke phong, chong sat 16 bo song VCT doan tir Rach Goc dén dudng Phan Vin
Lai, TP. Tan An c6 tong chiéu dai toan tuyen cong trinh 1a 1.674 m.

Hinh thire ké: Khu vuc xay dung ké nam trong khu vyc TP. Tan An nén yéu ciu tham
my cao. Vi vay dé xuat lira chon két ciu ké tuong dtng két hop mai nghiéng bang két cau cir
bé tong cbt thép (BTCT) dy tmg luc (DUL) hoic tuong chir L trén nén coc BTCT, boi vi két
ciu ke toan bo mai nghiéng s& tang thém dién tich chiém dat 1 ha dit ¢ do thi va giam my
quan khi doan bo tir dinh ké xudng khoang 3 m nudc thuong xuyén rit xudng 10 bun va cay
c¢bi moc 1én mai. Giai phap ké tuong dung két hop mai nghiéng dong bd cho toan tuyén trong
khu vuc da duoc xdy dung.

Cao trinh dinh ké: Theo két qua tinh toan va phan tich trong thuyét minh thiét ké co so,
ddng thoi phi hop cao trinh dinh ké trén song VCT thudc TP. Tan An. Cao trinh dinh ké
duoc lua chon 1a +2,50 m.

3.3.1. PA.1: Tuong ké dtmg chit L trén nén coc BTCT két hop méi nghiéng

@) Két chu tudng ké: Dinh ke bang tuong goc BTCT M300 trén nén coc BTCT M300.
Keét cau tuwong goc BTCT: Ban mét tuong BTCT day 30 cm, cao 2,0 m (tir cao trinh +2,5 +
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+0,5); ban day tuong BTCT day 40 cm, rong 2,8 m, phia dudi ban day 1a 16p bé tong 16t da
4x6 day 10 cm.

b) Gia c¢b nén: Chiéu day 16p bun, dat déo mém tir 5 + 32 m nén chia lam nhiéu doan b
tri chiéu dai coc khac nhau. Gia c¢b nén bang coc vudng 40x40 cm BTCT M300, chiéu dai
coc L=36 m (KO + K0+230), coc 35x35 L=30 m (K0+230 + K0+360), L=24 m (K0+360 +
K0+525), L=24 m (K0+583 + K0+730), L=19 m (K0+730 + K0+800), L=17 m (K0+800
+K0+970) va L=12 m (K0+970 + K1+674). Can cir vao két qua tinh toan, két cau coc lya
chon dua vao kha nang chiu tai, chuyén vi nén va d6 manh coc. Poan K0 +~ K0+230: gia )
thém 02 hang cir dira, tan dung lam dé quay khi thi cong dé ting 6n dinh mai phia song.

¢) Gia ¢ chéng x6i chan ké: Tham da day 30 cm két hop 16t vai dia k¥ thuét, nhiing vi
tri long kénh ty nhién bi x6i sau s dung tai dia cat dép bu tao mai trudc khi trai tham da.

(b)

a3,

Hinh 29. (a, b) MC ngang dién hinh doan ke tir KO
+K0+230(trai) va tir KO+230 + K0+970 (phai); (c)
MC ngang dién hinh doan ke tir K0+970 dén KF.

Pham vi gia co tham d4: Can cir vao két qua tinh toan thuy van, thuy luc va luu toc khong
x6i ctia nén gia c¢b tham da dén day long song khu vire nén dét yéu dén vi tri mai déc m > 3,0
theo TCVN 8419: 2010 (d6i voi luu tbe < 2 m/s) [15]

Trong diéu kién thong thuong luu tdc thuy triéu 1én va Xuong Iru tde ven bo ludn nho
hon luu toc cho phép cua nén nén khong gay x6i 16. Luu toc truong hop lii twong tmg 2%
16n hon luu toc khong x0i nén cho phep tir 4 +20% (chu yéu giira day 10ng song). Tuy nhién,
truong hop nay tan suat Xxay ra rat thap khong riéng vi tri ké ma toan bg séng VCT khu vuc
TP. Tan An, ciing nhu toc d6 bdi ling ciia dong chay nén dé xuat khong gia cb toan bo 1ong
song.

3.3.2. PA. 2: Tudng clr dimg BTCT DUL két hop mai nghiéng

Poan ké K0 + K0+970 néu st dung PA tuong cir BTCT DUL c6 chi phi thuong kha cao
so vo1 PA ke tuong goc (Chir L trén nén coc BTCT) va khong phu hop voi chleu day 16p bun
qué 16n vi chidu dai cir co gi61 han va khong thé dong xién. Truong hop van st dung cho
vung dat bun day thi phai b6 sung ban giam tai trén nén coc BTCT hodc hé théng neo, khi
do6 chi phi xay dung cho doan ké KO + K0+970 theo PA tuong ct BTCT DUL dugc udc tinh
156,8 ty ddng. Trén cung tuyén néu so sanh véi chi phi xay dung ké tuong goc duoc ude tinh
60,8 ty ddng co sy chénh 1éch vé chi phi xay dung qua 16n.
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Déi véi nhitng ving ¢6 dia chét 16p bun mong tir 3 + 7 m thi giai phap cir BTCT DUL
turong d6i kha thi. Khi d6 c¢6 thé so sanh chi phi vé xay lap, bién phap thi cong va tién do thi
cong dé Iya chon giai phap phu hop.

Vi vy doan ké tir KO = K0+970 c6 chiéu day 16p bun va déo mém tir 7 + 32 m van chon
PA ké tudng goc chir L trén nén coc BTCT. Poan keé tir K0+970 + K1+674 chon giai phap
cr BTCT DUL dé so sanh véi PA ke tuong goc chit L trén nén coc BTCT.

Két cau ké: Dam dinh k¢ BTCT trén nén cir BTCT DUL SW500A dai 14 m, ddm dinh
ké ¢6 cao trinh +2,50, trén dam dinh ké b tri lan can.

Gia c6 nén: Duéi via hé dip cat ting 16p két hop cudn vai dia két ciu dang tuong dét c6
¢t nham giam ap luc ngang tac dung vao tudng trén nén ctr tram [19]. Cat dAm chit véi hé
s6 dam nén K > 0,90. Gia c6 cir dira tir KO + K0+230 twong tu nhu PA. 1

Gia cb chdng x6i chan ké: Gia cb chéng x6i chan ké bang tham da day 30 cm két hop 16t
vai dia ki thuat [16], nhirng vi tri 10ng kénh tu nhién bi x6i sau sir dung tai dia cat dap bu tao
mai trudc khi trai tham da. Pham vi gia c¢6 tham da: twong tu PA.1.

Ecﬂ-r,mni- BEA, L=t | |

8

Hinh 30. MC. ngang dién hinh doan ké tir K0+970 dén K1+674.

3.3.3. Lua chon PA két cAu cong trinh

Qua nhirng phan tich so sanh c6 thé dua ra két luan nhu sau:

PA. 2 tuy c6 gia tri xy dung cao hon (5,9%) nhung ¢ nhiing loi thé vé mit tham my,
thi cong nhanh hon phu hop véi cong trinh cap bach, it gay nirt nha dan phu hop cho khu vice
phudng 6 dong dic dan cu, dép tmg yéu cau chinh trang do thi, phi hop véi dinh hudng 1én
d6 thi loai I ctia thanh phd.

PA. 1 gia tri xay dung thap hon PA. 2, két cu truyén thong, c6 nhiéu kinh nghiém thi
cong. Tuy nhién don gian, yéu t6 tham my khong duoc cao va thoi gian thi cong lau, trong
qua trinh thi céng co thé gy rung chin, nirt nha dan nhat 1 khu vire phudng 6 nha cira dong
duc va 16p bun mong dé gay rung chan.

Tir phan tich trén dé nghi ap dung két cu PA. 2: Két cdu ké tuong goc BTCT (KO +
K0+970) két hop ke tudong cir DUL (K0+970+K 1+674).
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4. Kétluan

Két qua nghién ctru chi ra nguyén nhan giy ra sat 16 khu vuc nghién ctru 13 do dit yéu
(I6p bun kha day 8 + 29 m), tuong tac gitra dong chay va long dan, song va dap bo song(do
gi6 va tau thuyen) gia tai 1én mep bo song, hinh thai song cong dong chu luu ap sat bo song:

+ Luu tdc thue té 16n hon van tdc khai dong cta bun cat cau tao 10ng dan;

+ Dong chay huong vao bo anh huong toi co ché x6i 16;

+ Dong chay ¢6 luu téc, luu luong 16n gip nhiéu 1an mua kiét. Mua mua dét ngdp lau
trong nude s& bi giam tinh chat co 1y dat bé mit, gia ting trong lwong ban than khéi dat 1o
gay x061 10;

+ Dong chay giam ham lugng chat lo lung,

+ Tac dong cia ap luc song, mai bo song bi pha v& Kkét cAu;

+ Gia tai lén mép bo song;

+ Mua 1am bio hoa khéi dat bo va phat sinh ap lyc tham. ...

+ Hinh thai song cong anh hudng t61 x61 16 bo:

- Trén co so tinh toan k¥ thuat, tinh kinh té va yéu t6 my quan, méi truong dé xuét lya
chon PA.2, két hop két cau ké BTCT trén nén coc va teong cet DUL BTCT.

Kién nghi: (1) Do thé song cong, can nghién ctru chinh tri dong chay khong ap sat bo
béng bién phap cong trinh nhu ké mo han...; (2) Thuong xuyén theo doi binh d6 1ong séng
dé co giai phap tng pho kip thoi; (3) Khuyen cdo nguoi dan khong gia tai 1én mép bo song,
khong xay dung cong trinh lan ra song, neo dau tau thuyen cé trong tai 1on..

Han ché nghién ctru: Chua danh gia dinh luong viéc ha thap long dan lu'u vuc song VCT;
chua dénh gia chi tiét viéc giam cac chi tiéu co 1y dét ciia dit ven song khu vuc nghién ciru
va chua dinh luong viéc giam ham luong chat lo limg trén song VCT.

Hudng phat trlen nghién ctru: Panh gia dinh luong viéc ha thap long dan lwu vuc song
VCT; danh gia chi tiét viéc giam cac chi tiéu co 1y [17] dét ciia dit ven song khu vuc nghién
ctru va dinh lugng viée giam ham lugng chat lo ling trén séng VCT.

Loi cdm on: Bai bdo hoan thanh nho két qua “Nghién ciru ké phong, chdng sat 16 by song
VCT doan tir Rach Goc dén duong Phan Van Lai TP. Tan An, T. Long An” do Cty. TNHH.
tu van XD. Cao Khoa thuc hién nam 2022.

L1 cam doan: Téc gid cam doan bai bao nay la cong trinh nghién clru cia tac gia, chua tung
duogc cong bd, khong sao chép cac nghién ctru trudc day.
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Construction solutions prevents erosion on Vam Co Tay
riverbank

Van Huu Huel*

1 Mien Tay Construction University; huuhuevan@gmail.com

Abstract: Currently, the riverbank instability leads to erosion occurring in many places in
the Mekong Delta for many different reasons, including the riverbank erosion of the Vam
Co Tay River section from Rach Goc to Phan Van Lai Street, Tan An City, Long An
Province. The article studies the mainstream close to the riverbank, contribute to clarify the
causes of instability in order to protect the political, cultural, and socio-economic center of
the Tan An City. The study conducted surveys and evaluated geology, flow velocity,
riverbed morphology, and riverbed maps in combination with survey and statistical
methods, Plaxis, Geo 5, and Mike 11, Mike 21 software; from there, the study identify the
main causes of riverbank instability such as river morphology, mainstream close to the
riverbank, riverbank loading, transfering mud and sand and propose structural solutions to
protect the study area.

Keywords: The mainstream close to the riverbank; Stabilize Vam Co Tay riverbank;
Riverbank stabilization; Erosions in Mekong Delta.
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Tém tat: Nghién ctru da Gmg dung cic cong nghé vién tham, nén tang Google Earth Engine
(GEE), Hé thong tin dia 1y (GIS) va cong cu DSAS (Digital Shoreline Analysis System) dé
thanh lap ban d6 dién bién dudng bo bién va phan tich cudng do x6i 10 - bdi tu dai ven bién
Da Nang. Cac chi s6 vé nuéc: AWEIsh; AWEInsh; NDWI, MNDWI 1, MNDWI 2 va thuat
toan phén ngudng Otsu cho phép xac dinh chinh xac duong bo ¢ ting thoi diém anh. Tinh
toan bdi x6i cho bd bién TP Pa Néng duoc chia thanh ba giai doan gom 1965 + 1995; 1995
+2005 va 2005 + 2020. Két qua nghién ctru cho thay trong cdc giai doan nay, bo blen ba
Néng déu co hién tuong bdi x6i xen k&, khu vuc bdi tu manh nhit & cira song Han voi toc
d6 trung binh khoang 15 m/nam. Qua trinh x6i 16 chi xuat hién trong giai doan gan day &
bai bién phia Bic va phia Nam cua thanh phé véi toe do thép, khoang 1,2 m/nam nhung da
anh hudng truc tlep den canh quan bii bién va phat trién co s ha tang. Do d6, can thyc hién
nghién ctru chi tlet vé nguyén nhan gay x6i 16 dé phuc vu thiét thuc cho cong tac quan 1y,
phat trién kinh té bién, phong tranh thién tai va bao vé mdi truong.

Tir khéa: Chi sé nude; Otsu; GEE; DSAS; GIS; X6i 16 - bi tu.

1. Giéi thi¢u

Dai ven bién Thanh phé (TP) Pa Nang 1a khu vuc dang bi anh huong boi qua trinh x61
16 bd bién nhu mot s6 noi & quan Son Tra, quan Ngi Hanh Son. Gan day, theo diéu tra cua
S& Tai nguyén va Mbi trudng Thanh phd Pa Ning thi doan bd bién nam ¢ phia phia Pong
doc theo tuyén dudng Hoang Sa - V& Nguyén Giap - Truong Sa c6 chiéu dai khoang 16 km
da xuat hién hién tuong x6i 16 [1-2], x06i 16 bd bién tai ddy thudng xuat hién vao nhiing ngay
c6 thoi tiét cyc doan nhu bio, ap thap nhiét d6i khong khi lanh hoat dong manh gay séng to,
gi6 manh va nudc dang trong bao, ap thap nhiét doi, trung voi thoi ky hoat dong manh cua
gi6 mua Pong Bic anh huong truc tiép dén bo bién Pa Nang Pén mua kho thi bai cat lai
duoc bdi trd lai, do d6 co thé nhan dinh bo bién Pa Ning dén thoi diém hién nay tuy Xuét
hién hién twong x6i 16 nhung van twong ddi on dinh. Tuy nhién, ven bién Da Nang 1a noi
phat trién du lich manh nhat trén ca nudc, do d6 can phai co sy nghién ctru hién trang va lich
str dién bién x6i 16 dudng bo bién TP Pa Ning dé lam nguf)n dir lidu cung cap thong tin, co
s0 khoa hoc giup cac nha quan ly dua ra cac bién phap nham giam sat va bao v¢€ tai nguyén
vung ven bién. Dé phuc vu cac muc tiéu phat trién kinh té xa hoi va phong chdng thién tai,
nhiéu cong trinh nghién ctru su bién dong dudng bo véi cac phuwong phap khac nhau di duoc
thuc hién & dai ven bién nudc ta.
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Viée thyc hién phuong phap nghién ciru truyen thdng chu yéu dya trén két qua dleu tra,
khao sat thuc dia thuong khong giai quyét triét dé duoc bai toan & quy mé 1én va ton kém
chi phi. Trong nghién clru gidm sat, danh gia dién bién duong ba, x6i 16 bdi tu ven bién, trén
Thé gidi da co nhleU thanh tuu véi nhitng cong nghé, phuong phap hién dai dwoc ap dung
nhu c6ng nghé vién tham, mo hinh toan, Al... va cho ra nhitng két qua dang tin cay [3—7].
O Viét Nam, cac cdng nghé, phuong phéap noi trén cling dugc cac nha khoa hoc dua vao ap
dung & mot s khu vuc bi x6i 1¢ trong diém nhu: Hai Hau, Quang Binh, Quang Nam, Ca
Mau... va buédce déu da c6 hiéu qua nhat dinh trong danh gia va canh bao x6i 6. Cac nghién
ctru ciing chi ra rang tu liéu anh vién tham da thoi gian dwoc str dung ¢6 hiéu qua trong thanh
1ap ban d6 hién trang dudng bd bién, cho két qua dang tin cdy. Uu diém cua cong nghé vién
tham 1a dién tich phu rong, dir liéu anh phong phu, thoi gian chup 1ap lai tai mét khu vye co6
thé trong vai ngay cho két qua chinh xac, tiét kiém thoi gian va chi phi. Cac két qua nghién
ctru trude day [3-21] con mot sé han ché nhu: chua xir Iy muc nudc bién tai cac thoi diém
bay chup anh, chua xay dung quy trinh ddng bo ty dong phan tich anh tir cac nén tang GGE
va cac phan mém GIS.

Nghién ctru nay da xdy dung duoc mot quy trinh dua trén cong nghé vién tham, thuat
toan phan ngudng Otsu, nén tang Google Earth Engine (GEE), hé thong tin Pia 1y (GIS) va
cong cu DSAS (Digital Shoreline Analysis System) [22] nham tu dong hoa, phan tich nhanh
trong cong viéc danh gia dién bién dudng b va cudng do x6i 10 - boi tu dai ven bién thanh
phé Pa Nang. K¥ thuat vién tham trén nén tang GEE két hop vai thuat toan Otsu cho phép
phan tich khong gian trén dién toan ddm may gitip qua trinh thanh 1ap ban d6 dudng b bién
chinh x4c va téi wu. Ngoai ra, tinh moi trong nghién ctru nay con dugc thé hién trong viéc
cap nhat, xir Iy cao do triéu tai cac thoi diém bay chup anh, dua dudng bo bién vé hé quy
chuan theo cao d6 muc nude tridu thap nhat trung binh nhiéu nim mot cach tu dong, do do
dam bao dugc muc tiéu danh gia mot cach chinh xac nhat dién bién dudng bo bién TP. Pa
Néng. Trong tuong lai, quy trinh ndy c6 thé két hop voi mé hinh toan dé nang cao do chi tiét
trong nghién ctru canh bao x6i 1¢ - boi tu.

2. Dir liéu sir dung va phwong phap nghién ciru

2.1. Dit liéu s dung

Nghién ctru s dung ban dd dia hinh ndm 1965, anh vé tinh Landsat 2 MSS, Landsat 5
TM, Landsat 7 ETM, Landsat 8 OLI, Landsat 9 OLI-2 va Sentinel 2A, Sentinel 2B dé xay
dung ban do dién bién duong bo bién Pa Néng.

- Ban d6 dia hinh nim 1965: Binh d6 khu vuc dai ven bién TP Pa Ning nam trén 3 to
ban d6 dia hinh UTM 1:50.000 c6 s6 hi¢u 1a: 6641 - 11; 6641 - 111 va 6640 - I do Cuc Ban d6
quan doi My (AMS) xdy dyng va xudt ban nim vao nim 1965, cic ban 6 UTM tai ban sau
nam 1978 do Cuc Ban d6 cta Viét Nam thuc hién. Cac ban dd nay co hé toa do Indian Datum
1960, Zone 49 duoc chuyén ddi vé hé toa d6 VN 2000, Zone 49 va tién hanh sd hoa duong
bo bién dé thuan loi cho viéc phan tich lich sir dién bién duong bo bién Pa Nang.

- Anh vé tinh: lya chon anh ciia 8 thoi diém (cac nam: 1979, 1990, 1995, 2000, 2005,
2010, 2015 va 2020) dé danh gia hién trang va lich sir dién bién dudng bo bién. Trong d6 st
dung k¥ thuat loc, cat anh b.':ing GEE dé lwa chon khu vuc nghién clru, cu thé 1a dai ven bién
Pa Nang. Céc anh vién tham néi trén déu dugc chon vao thoi diém thang 7, tai thoi diém nay
dai ven bién Da Néng anh huong nho nhat vé thuy tridu va muc nudce bién dang do gié mua,
do d6 dam bao tinh hiéu qua cao trong viéc xac dinh duong b bién.
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Hinh 1. (a) Anh Landsat 2 MSS ngay 24/07/1979; (b) Anh Landsat 5 TM ngay 07/07/1990; (c) Anh
Landsat 5 TM 05/07/1995; (d) Anh Landsat 7 ETM 02/07/2000; (¢) Anh Landsat 5 TM 16/07/2005;

(f) Anh Landsat 5 TM 06/07/2010; (g) Anh Landsat 8 OLI 10/07/2015; (h) Anh Sentinel 2A MSI
22/07/2020.

- Dit liéu vé cao d6 muc nudc tridu: DPuong bo dugce xéac dinh tai cac thoi diém bay chup
chi 14 cac duong bo twong d6i do khu vuc ven bién chiu anh hudng ciia ché do thuy tricu. Vi
vay, viée xac dinh gia tri thity tridu cac thoi diém bay chup s& quy dong duoc duong bién b
bién vé tuyét ddi so véi muc nudc triéu thap nhat trung binh nhiéu nim, dam bao dugc tinh
chinh xac khi danh gia cuong do xoi 16 - bdi tu dai ven bién. Céc gia tri tridu nay dugc triét
xudt tir mo hinh triéu toan cau thé hién & bang 1.

Bang 1. Thong sb anh vé tinh va ché do triéu thoi diém bay chup tai Ba Ning (gio Viét Nam).

Anh Ché dé tridu

Row-Path Date Sensor Image  Gio  Triéu (Max) Triéu (min) Cao’d(f),triéu
name chup h (m) h (m) wéc tinh
049 - 134 24/07/1979 MMS 1975 09:41 -0,094
07/07/1990 ™ 1990  09:37 0,18 -0,63 -0,092
05/07/1995 ™ 1995 09:21 -0,12 -0,58 0,045
049 -125 02/07/2000 ETM 2000 09:43 0,36 -0,66 -0,137
049 -124 16/07/2005 ™ 2005 09:54 0,06 -0,45 -0,014
06/07/2010 ™ 2010 09:58 -0,03 -0,53 -0,014
10/07/2015 OLlI 2015  10:05 0,1 -0,46 -0,03
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Anh ] Ché do triéu ]

Row-Path Date Sensor Image Gior  Trieu (Max) Trieu (min) Cao’d@,trléu
name chup h (m) h (m) wéc tinh
Sentinel ~ 22/07/2020 MSI 2020  10:07 0,19 -0,35 -0,256

2.2. Phuong phap nghién ciru

2.2.1. Str dung cac chi sb nudc

Theo hudng tng dung vién tham quang hoc, mot loat cic chi s6 tinh toan tir anh vé tinh
quang hoc da dugc phat trién phuc vu triét tach céac vung nudc mat nhu NDWI, MNDWI,
AWEL Gao (1996) d3 phat trién chi s6 NDWI (Normalized Difference Water Index) bang
cach st dung hé s6 phan xa pho cua dai séng mau xanh 14 cay (kénh 2) va can hong ngoai
(kénh 4) cua Landsat TM [23]. Tac gia [24] da hiéu chinh chi s6 NDWI dé ting cuong kha
nang tach biét mat nudc voi cac khu vuc cong trinh xay dung trén anh va dat té€n chi s6 méi
MNDWI (Modified Normalized Difference Water Index), trong d6 kénh SWIR (hong ngoai
song ngan) duge sir dung dé thay thé NIR (can hdong ngoai). Tac gia [25] sau nhiéu nghién
ctru & cac khu vuce khac nhau di dua ra chi s6 AWEI (Automated Water Extraction Index)
br:ing viéc xay dung phuong trinh trén cac kénh Blue, Green, NIR, SWIR 1, SWIR 2. Céc chi
s6 nuéc duoc tinh theo cic cong thirc trong bang 2.

Bang 2. C4c chi s6 dwoc sir dung dé triét xut dudng bo nudc.

Chi sb Cong thiic tinh toan Ung dung
NDWI - Chi 50 khdc biét nude by - (Green - NIR)/ (Green + NIR) Trict xuat dudng
duoc chuan héa) bo nuéc
MNDWI - Chi s6 khac biét nuéc  MDWI 1 = (Green - SWIR1)/ (Green + SWIR1)  Triét xuat duong
chuan hoéa cai thién MDWI 1 = (Green - SWIR2)/ (Green + SWIR2) bd nudc
AWEly, = Blue + 25*(NIR+SWIR1) -  Triét xuit duong
0,25*SWIR2 bo nudc

AWEI - Chi s6 tach nuéce ty dong

2.2.2. Xir Iy triéu ciia Muray

Do chinh xac ctia cac vi tri duong bo bién triét xuét tir anh vé tinh phu thudc vao cao do
triéu tai thoi diém bay chup anh, nhu vay, viéc udc tinh chiéu cao triéu (y) tai thoi diém thu
nhan anh (t). Hmax 12 don vi khi do cao khi triéu & dinh, Hmin 12 d6 cao khi thiy triéu thap
nhét, AT khoang thoi gian giita triéu cao nhat va thap nhat va At khoang thoi gian giita cia
thity triéu cao hodc thap nhat va thoi diém thu lai anh vé tinh, d6 cao thuy triéu lic thu nhan
anh dé triét xuit dudong bo bién co thé duoc udc tinh bang cach st dung phuong trinh sau
[26]:

Hmax:Hmin + HmaxZ—Hmin cos TZ_ATt (1)

Déu trir dugc st dung trong trudng hop trude khi thu nhan anh la triéu thap.

Buong bo theo dinh nghia phai dugc quy chiéu vé mot mirc thiy tridu nao do, két qua
hi¢u chinh s&€ phy thudc vao do déc khu vire ven bién tai thoi diém thu nhan anh va céc diéu
kién thoi tiét khac. Bang 1 cho thdy do cao triéu udc tinh cho nhiing hinh anh vé tinh qua cac
nam tai thoi diém bay chup. C6 thé thay viing ven bién Pa Nang tai cic thoi diém bay chup,
ché d6 tridu co su tuong déng khé cao thuén lgi cho viéc xac dinh duong bo bién.

2.3. Quy trinh nghién ciru

Quy trinh nghién ciru thanh 14p ban dd dién bién duong bo bién thanh phd Pa Ning duge
tom tit theo so dd (Hinh 2). Trong do, cac budc thyc hién nhu sau:

Budc 1: Xay dung va tinh toan cac chi s6 nudc trén nén tang GEE va cac anh vién tham
tir nam 1972 dén nay, tap trung vao cac anh nam 1979, 1990, 1995, 2000, 2005, 2010, 2015,
2020. Tang cudng chat lwgng anh nham loai bo cac yéu td gay nhidu trén anh, bao gom ting



Tap chi Khi twong Thuy van 2023, 754, 101-113; doi:10.36335/VNJHM.2023(754).101-113 105

d6 nét va loc anh. Pbi véi anh ¢ lugng may cao & ven bién tién hanh loc may trén anh bang
thudt toan xur ly may dya trén y tuong thay thé nhitng pixels c6 chira miy va bong may trén
anh. Cudi cung tién hanh dwa cac chi s6 vé nuéc: AWElIsh; AWEInsh; NDWI, MNDWI 1,
MNDWI 2, NDBI, NDVI da dugc mo ta ¢ trén vao trong GEE dé tién hanh cac bude tlep
theo.

PAUVAO BUGC THU'C HIEN DAURA
Lwa chon anh Chuin bi Cic chi sé trén dnh
z Cic chi sé nedc: AWEInsh
Anh Landsat: 7 .
1 Tandsa Tiing cudmg chit Twong 4nh | AWEIsh, NDWI, MNDWI 1,
M 1234578 o MNDWI 2
- ) Loc may trén anh !
Anh Sentinel: 2A_2B . . £ - ,
T Mherik (e o e Chi so thwe vit: NDVI
Khu vire nghién ciru Chi s6 xiy dumg: NDBI Anh
) — vién
Cic chi sé Xiy dung ngwing Cic dic tinh riéng tﬂh%m
- va ing
AWEI NDWI, MNDWI . Dat
) Phat hién canh Canny ? . dl_{ng
NDBI Newdne Ot Nudc nén
NDVI S e Béi tridu ting
- — Google
e = . . e . . o 2 , Earth
Poi tegng trén inh Tach cac lop thong tin Cic thanh phin chinh Eneine
Thuec vat
(3) Lira chon cac thanh phén Ap_ dung phép trén quang | Céng trinh: cau, d& ke bien,...
d¢ triet xuat pho tuyén tinh Bii tridu
Mat mredc
Ranh gigi Xic dinh 1 tri
Mat dat Phin logi 44t - mnte o
(4) | Mat nuée Y Prudng bé bién
: | Loc nhieu cac do1 twong Phi
2 R E R Loc d6 cao muc nuwée ;'111
d1ém anh tinh toan o ; mem
- — GIS va
* = = cong
Panh gii boi - xo1 Phin tich khong gian K&t qua cudi cung cu
: Ban d5 cudng d6 x6i 1& - bdi | | DSAS
(5) | Cac dirdma bd bidn qua ?"“ md“‘““DSAS tu
cac thi ki ng dung MONZ | phin fich difn bifn =Ai 1G
ArcGIS 9 ool
duong be bien

Hinh 2. Quy trinh cac budc nghién ciru.

Bude 2: Tir cic chi sd trén, sir dung thuat todn dua ra chi s6 ngudng Otsu cho ting ddi
tugng c6 dic tinh riéng gdm dit, nude va bai triéu trong timg anh ¢ thoi diém khac nhau dua
vao gia tri diém anh ciia anh dAu vao nham thay thé cho viéc sir dung ngudng ¢ dinh [27].

Buéc 3: Lua chon cac dbi tuong dé triét xuét thong tin. Cac ddi tuong chinh dugc lya
chon dé triét xuat thong tin trén anh 13: 16p nudc, 16p dat va bai cat ven bién.

Budc 4: Hiéu chinh dudng bd bién theo thay triéu cua Muray dé xac dinh vi tri chinh
xac ctia dudng bd nude theo cao dd myc nudc triéu thap nhit trung binh nhiéu nam. Ngoai
ra, su dung phén mém ArcGIS dé loc cac khu vue bi cho 1a mit nudc hodc mat dit co gia tri
nhé (< 100 m?) dé loc nhiéu thong tin cac ddi tuong sau khi xir Iy trén anh vién tham.
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Budc 5: Trich xudt bé mit nudc dang vector trong ArcGIS két hop cong cu DSAS dé
phan tich lich str dién bién x061 16 duong bo bién. Cudi cung, st dung cac két qua trén dé tinh
toan, phan tich cuong do x6i 16 - boi tu duong bd bién thanh phd Pa Nang theo cac giai doan.

3. Két qua va thao ludn

3.1. Bdn do dién bién dwong bo bién TP Pa Nang

Ap dung quy trinh thue hién 5 budc va cac phuong phap nghién ctru, ban dd dién bién
dudng bo bién Pa Nang tir ndm 1965 dén 2020 di duogc thanh lap va thé hién & hinh 3. Két
qua nghién ctru cho thdy nhin chung dai bd bién thanh phd Pa Ning qua cac thoi ky twong
dbi 6n dinh. Chi tiét hon, chi ¢6 khu vuc cira song Han thugc Thuan Phudc, Nai Hién Dong
bién dong kha rd nét véi xu hudng chi dao 1a bdi tu; hién tuwong x6i 10 bat dau xuat hién rai
rac nhung can dugc theo ddi, giam sat thuong xuyén, dic biét 1a bai bién dau phia bic va
phia nam; bo nam ctra song Cu Deé.
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Hinh 3. Ban d6 dién bién duong bd bién TP Da Ning giai doan 1965-2020.

3.2. Cuong dé x6i 16 - boi tu TP Pa Nang theo cdc giai doan

Phan tich ban dd dia hinh va cac anh vién tham dugc thu thap nhiéu nam tr ndm 1965
dén nay cho phép chia thanh 3 giai doan danh gia cudng do xo6i 16 - bdi tu twong tng véi cac
hoat dong nhan sinh cé anh hudng dén khu vuc ven bién.

- Giai doan 1(tlr nam 1965 dén nam 1995): Bo bién bién dong chu yéu do cac yéu t6 tur
nhién, tac dong clia con ngudi hau nhu khong déng ké do nén kinh té Viét Nam mdi bat dau
mo cua.

- Giai doan 2 (tir nim 1995 dén nim 2005): Bat dau phat trién kinh té va du lich ¢ Da
Néng véi mot sb it cac cong trinh xdy dung ven bién.
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- Giai doan 3 (tir nam 2005 dén nam 2020): Cac hoat dong kinh té, du lich, dich vu phat
trién s01 dong, nhiéu cong trinh dan sinh ¢ khu vuc ctra séng, ven bién Pa Ning da hinh thanh
nhu: cdu Thuin Phudc bic qua song Han, cong trinh ha tang tai ban dao Son Tra va Cong
vién bién Pham Vin Ddng, ké phia bic ctra song Han va cac khu nghi dudng ven bién,..

Nghién ctru da tmg dung cong cu DSAS va chia khoang céch trén toan bo chiéu da1 bo
bién TP Pa Néng 1a 100 m/mat cét dé tinh todn cuong do x6i 16 - bdi ty.

3.2.1. X6i 1& - bdi tu dai ven bién thanh phd Da Néng giai doan 1965 - 1995

Nghién ctru di danh gia vé cudng do x6i 16 - bdi tu dai ven bién TP. Pa Ning theo cac
cap x6i 10 dua trén cong trinh [28]. Giai doan nay dai ven bién Da Néng phan 16n dugc bdi
tu, dac bi¢t 1a ¢ ctra song Han duoc bdi manh nhat, tdc d6 bdi 1on nhét theo mit cat dat dén
12,64 m/nam. Két qua tinh toan dugc thé hién trén bang 2 va hinh 4.

CHU GIAI
Cuwong dd bdi x6i (m/nam)
<=-30

Hinh 4. Cudng d6 x6i 16 - boi tu dai ven bién Da Nang giai doan 1965-1995.

Bang 2. Pic trung toc do x0i 16 - bdi tu bo bién theo ranh gisi hanh chinh cua thanh phd Pa Néng giai
doan 1965-1995.

So lqung As reqz A /o » Boi - X6i
TT Quén Phuong mit cit Bo;l - Xoi l(rn Boxl -X6i Itho trung binh
. . nhat (m/nim) nhat (m/nim) <
tinh todn (m/nim)
1 Hoa Hiép Béc 112 6,17 -1,67 0,356
2 Chigy  HoaHiép Nam 23 6,28 -5,09 2,706
3 Hoa Khanh Bic 8 1,41 0,75 1,079
4 Hoa Minh 19 2,59 0,31 1,058
5 Thanh Khé Tay 8 1,72 0,66 1,331
6 . Thanh Khé Déong 11 2,92 1,24 2,256
7 ThanhKhé  yan Ha 20 450 278 3,559
8 Tam Thuan 7 4,92 3,47 4,460
9 Hai Chay  Thanh Binh 12 2,33 -0,09 0,923
10 Thuén Phudc 9 5,65 0,86 3,259
11 Nai Hién Déng 27 12,64 -0,09 2,493
12 Son Tra Tho Quang 385 8,50 -1,71 0,603
13 Man Thai 13 2,06 0,33 1,388
14 Phuée My 27 1,52 -0,01 0,851
15 NoiHann MY An 17 1,37 -0,15 0,876
16 g‘éman Khué My 29 2,04 0,55 1,180

17 Hoa Hai 66 3,13 -0,12 1,857
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O quan Lién Chiéu, bo bién bién dong manh & cira song Cu D&, phia bo béc cira séng 6
qué trinh bdi tu manh, noi manh nhat dat dén 6,17 m/nam, nguoc lai bo nam ctra song Cu bé
xay ra x6i 16 bo voi tbe @ manh nhat 13 -5,09 m/nam. Nhin chung, duong bo bién quan Lién
Chiéu trong giai doan nay bdi twong ddi 6n dinh véi tbe do trung binh khoang 1,1 m/nam.

Toan bo chiéu dai bd bién quan Thanh Khé véi 4 phuong Thanh Khé Tay, Thanh Khé
DPoéng, Xuan Ha va Tam Thuan déu dugc bdi twong ddi manh trong giai doan ndy voi noi bdi
thép nhét 13 0,66 m/ndm va noi dugc bdi cao nhét 1a 4,92 m/nam.

Quan Hai Chau trong thoi doan nay ciing dugc bdi twong ddi manh, chiém gan nhu toan
bd bd bién. Noi bdi manh nhét 1a doan bd bién phia bac cira séng Han véi toc do bdi manh
nhit ¢ day 1a 5,65 m/nam.

Tai quan Son Tra, khu vuc boi manh nhét & phia nam song Han thuc phuong Nai Hién
Doéng voi toe d6 boi 1én dén 12,64 m/nam, dong thoi cling 14 noi bo bién duge bdi manh nhit
trong giai doan nay. Ngoai ra, duong bd bién khu vuc cang Tién Sa ciing duoc bdi ra tuong
d6i manh, toc do bdi manh nhét 1a 8,5 m/nam.

Quan Ngii Hanh Son dudng b bién ciing chil yéu duge bdi manh, x6i 1& chi xuit hién
cuc bd tai mot sd doan ber bién nho. Toe dd bdi x6i trung binh khodng 1,3 m/ndm trén toan
bo bién ctia quan.

Nhin chung, trong giai doan 1965 - 1995 bd bién Pa Ning dugc bdi tuong ddi manh, toc
doc boi x6i trung binh 13 1,01 m/nam, twong dwong v&i chiéu rong bd bién duge boi ra khoang
30,3 m.

3.2.2. X6i 16 - boi tu dai ven bién thanh phd Pa Nang giai doan 1995 - 2005

Giai doan nay dai ven bién c6 su bdi tu va x6i 10 xen k&. Khu vue x6i manh nhét & bo
phia nam ctra song Cu D¢, nguoc lai, khu vuc bdi manh nhét lai ¢ ctra phia nam song Han
véi toe do bdi 16n nhét dat dén 72,1 m/nam. Két qua tinh toan cuong do xo6i 16 - bdi tu & bo
bién Pa Ning bang cong cu DSAD dugc thé hién trén bang 3 va hinh 5.

Bang 3. Pic trung tdc do x0i 16 - bdi tu by bién theo ranh gisi hanh chinh cua thanh phd Pa Néng giai

doan 1995-2005.

S6 lwong  Boi- X6ilén  Boi -X6i nhé Boi - X0i
TT Quin Phuong mit cit nhit nhit trung binh
tinh toan (m/nim) (m/nim) (m/nim)
1 Hoa Hiép Bic 111 2,60 -3,67 -0,277
2 s cpis, HoaHiép Nam 43 1,11 -4,91 -0,423
3 Hoa Khanh Bic 9 0,19 -0,83 -0,328
4 Hoa Minh 19 -0,20 -2,08 -0,986
5 Thanh Khé Tay 9 -0,84 -1,93 -1,559
6 . Thanh Khé Don 11 0,42 -1,87 -0,650
7 ThanhKne Siothe 19 191 -0.29 0,541
8 Tam Thuan 7 -0,32 -1,87 -1,109
9 Haichay Thanh Binh 12 30,92 -1,83 3,991
10 Thuén Phuéc 9 47,62 -0,89 9,272
11 Nai Hién Dong 24 52,02 -1,03 18,375
12 Son Tra Tho Quang 406 35,54 -2,86 1,404
13 Man Thai 13 -1,30 -1,98 -1,684
14 Phuée My 28 0,01 -2,92 -1,429
15 Neamann MY AD 16 2,58 -0,92 0,479
16 & S Khué M§ 29 3,29 -0,38 1,620
17 on Hoa Hai 64 3,11 -0,95 0,823

O quan Lién Chiéu, bd bién x6i tuong d6i manh & chan déo Hai Van va ctra song Cu Dé,
bai cat bién chan déo Hai Véan bi x6i 1én dén 1,71 m/ndm. Tuy nhién noi x6i manh nhét trong
thoi doan nay & phia bo nam ctra song Cu Dé (phudng Hoa Hiép Nam) voi tde do cao nhat -
4,91 m/nam. Nhin chung, quan Lién Chiéu trong thoi doan nay ¢ xu thé x6i 16, téc do boi
x6i trung binh trén ca chiéu dai by bién khoang - 0,38 m/nam.
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Toan bo chiéu dai bo bién quan Thanh Khé trong thoi doan nay xuat hién bdi x6i xen k&
nhung xu thé x6i 16 van cao hon so voi bdi tu. Pic biét & phuong Thanh Khé Tay va Thanh
Khé Pong c¢6 nhitng noi x0i 1 bo bién 1én gan 2 m/ndm. Nhin chung, quan Thanh Khé trong
thoi doan nay c6 téc d6 bdi x6i trung binh trén ca chiéu dai bo bién khoang - 0,36 m/nam.

CHU GIAI
Cuéong dé bdi x6i (m/nam)
—491-<=-30
—3.00-<=-20
-20-<=-1.0
1.0 - <=-0.50
05-<=00
00-<=05
0.5-<=1.0
—10-<=20
—20-<=30
—30-<=5202

Y Xl=I el X A ? el

Hinh 5. Cudng d6 x6i 16 - boi tu dai ven bién Da Nang giai doan 1995-2005.

Nguoc lai, quan Hai Chau trong thoi doan nay lai dugce boi tuong ddi manh trén hau hét
dudng bo bién. Noi boi manh nhat 13 doan b bién phia bac cira song Han (phudng Thuan
Phudc) voi tdc d6 bdi manh nhét 1én dén 47,62 m/nam.

Tai quan Son Tra, phuong Nai Hién Pong va Tho Quang phia nam ctra séng Han tiép
tuc duoc boi manh nhét, tdc dd bdi manh nhat & day lén dén 52,02 m/nam. Nguoc lai, phuong
Man Thai va Phudc My lai ¢ xu huéng bi x6i 1, noi x6i bd bién manh nhét 1én t&i -2,92
m/nam.

Quan Ngii Hanh Son giai doan ndy c6 dudng bd bién bdi x6i xen k& nhung bdi tu bo
bién chiém chu dao, x6i 16 chi x4y ra & mot s6 doan bd bién cuc bd. Noi duoc bdi tu manh
nhat thudc phuong Khué My 1én téi 3,29 m/nam. Toc dd boi x6i trung binh trén chidu dai bo
bién toan quan dat té1 0,98 m/nam.

Nhu viy, trong giai doan 1995-2005, bo bién Pa Nang van c6 xu hudng bdi cao hon X6i,
X6i 16 bo bién xdy ra chi yéu ¢ hai quan phia bac ciia thanh phé. Tc do boi x6i trung binh
bd bién 14 1,37 m/nam.

3.2.3. X6i 16 - bdi tu dai ven bién thanh phd Da Nang giai doan 2005-2020

Giai doan 2005-2020, dai ven bién ¢ sy boi tu va x6i 16 xen k&. Khu vyc x6i manh nhét
¢ bd phia nam ctra song Cu Bé, nguoc lai, khu vuc boi manh nhat lai & ctra phia nam song
Han véi toe d boi 16n nhat dat dén 51,82 m/nam thé hi¢n ¢ hinh 6 va bang 4.

Bang 4. Pic trung toc do x0i 16 - bdi ty b bién theo ranh gisi hanh chinh cia thanh phé Pa Néng giai

doan 2005-2020.

SO lugng PO Ae o As A Boi - X0i
TT Quén Phuong mit cit lﬁl‘g t-(ﬁ:/):l;;n) Iﬁ:gt-()f;);nl;l:l?) trung binh
tinh toan (m/niim)
1 Hoa Hiép Bic 112 13,02 -1,78 0,404
2 Lién Chiéu  Hoda Hiép Nam 41 0,94 -5,59 -0,079

3 Hoa Khanh Bic 10 -0,01 -1,28 -0,723
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SO lugng PO As v As A Boi - X0i
TT Quin Phuong mit cit [ﬁ:gt- (i(/):l;o::) Iﬁn(gt-fl(:l)/lnlzlil::) trung binh
tinh toan (m/nim)
4 Hoa Minh 19 0,03 -1,43 -0,924
5 Thanh Khé Tay 9 1,26 0,12 0,479
6 . Thanh Khé Dong 11 3,59 -0,55 0,473
7 ThanhKhe — e Ha 19 5.27 2007 1.238
8 Tam Thuén 6 15,6 6,71 10,88
9 Hai Chag  Thanh Binh 13 39,55 13,18 29,285
10 Thuan Phudc 9 20,33 2,80 9,338
11 Nai Hién Dong 27 51,82 0,74 10,984
12 Son Tra Tho Quang 384 18,96 -3,15 0,579
13 Man Thai 13 0,40 -0,65 -0,215
14 Phudc My 27 1,28 -0,26 0,501
15 \eoman MY AD 17 0,58 -1,32 -0,144
16 g‘é Khué My 29 1,51 0,97 -0,003
17 on Hoa Hii 65 1,72 -1,29 0,164

CHU GIAI
Cuong do bdi x6i (m/ndm)
—559-<=-30
—-30-<=-210
20-<=-10
40-<=405
05-<=00
00-<=05
05-<=10
=10-<=20
. =20-<=30
-30-<=5182

Hinh 6. Cudng do6 x6i 16 - boi tu dai ven bién Da Nang giai doan 1995-2005.

O quan Lién Chiéu, b bién tiép tuc bién dong manh ¢ ctra song Cu Dé véi su dich
chuyén luéng. Bo phia bac duogc bdi tu manh véi tde dd cao nhat 1én dén 13,02 m/nam, nguoc
lai, bo phia nam c6 hién tuong x06i 16 voi tbc do cao nhat 1a -5,59 m/nam. Xoi 16 bo bién
chiém uu thé & phuong Hoa Hiép Nam, Hoa Khanh Bic va Hoa Minh tuy nhién téc do boi
X6i trung binh trén ca chiéu dai bo bién cua quan Lién Chiéu khoang 0,11 m/nam.

Toan bo chiéu dai bd bién quan Thanh Khé trong thoi doan nay xuét hién boi 13 chu yéu,
x6i 1& b bién & mot sd doan boy mang tinh cuc bg. Noi dugc bdi nhiéu nhit thude phuong
Xuén Ha va Tam Thuén, dac biét khu vuc gﬁn cua song Han c6 mat cit duoc bdi 1én t6i 15,6
m/nam. Theo tinh todn, tdc do bdi xoi trung binh trén ca chiéu dai bd bién ciia quan Thanh
Khé trong thoi doan nay khoang 2,44 m/nam.

Quéan Hai Chau trong thoi doan nay van duoc boi tuong dbi manh trén toan bd bo bién
ctua quan. Xa Thanh Binh c6 tdc d6 boi trén toan bd bo bién dat tir 13,18 + 39,55 m/nam. Tdc
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d6 bodi x6i trung binh trén ca chiéu dai bo bién ctia quan Hai Chau trong thoi doan nay khoang
19,79 m/nam.

Tai quan Son Tra, khu vuc phia nam séng Han van 13 noi dugc boi manh nhét trén toan
bd bo bién Pa Néng, téc d6 boi manh nhét ¢ ddy 1én dén 52,02 m/nam. Phuong Man Théi va
Phudc My lai ¢6 xu hudng bi bdi x6i xen k&, tuy nhién tdc do x6i 16 khong cao, tdi da 1a -
0,65 m/nam.

O quéan Ngiit Hanh Son, dudng bd bién trong giai doan nay dugc bdi x6i xen k& nhung
chiéu dai bo bién bi x6i 16 da xuat hién nhiéu hon so vé6i cac giai doan trude mic du toc do
x6i 16 khong 16n, cao nhat chi -1,32 m/nim. Day ciing 1 vin d& nén bat dau duoc quan tam.
Nhin chung, tdc do bdi x6i trung binh trén chiéu dai bo bién toan quan chi la - 0,17 m/nam.

Nhu vay, trong giai doan tir 2005 - 2020, bd bién Pa Néang van c¢6 xu hudng bodi cao hon
X061, x0i 16 bor bién xay ra chu yéu & bai bién phia bic va phia nam cta thanh phd. Téc do bdi
x061 trung binh bo bién kha cao, dat dén 1,36 m/nam.

4. Két ludn

Nghién ctru ap dung quy trinh xt 1y tir anh vién tham trén nén ting GEE két hop véi
phan loai duong bd theo ngudng Otsu dé xay dung Ban d6 dién bién duong bd bién thanh
phé Pa Ning véi d6 tin cay cao. Pong thoi, 4p dung cong cu DSAS dé phan tich chi tiét va
chinh x4c cuong do x06i1 16 - bi tu trén toan bd dai ven bién cua thanh phé ba Nﬁng. Két qua
nghién ctru cho thiy dudng bd bién thanh phd Pa Néng qua cac thoi ky twong di on dinh.

Dua trén két qua triét xuat va ban d6 dién bién dudng bd bién tir nim 1965 dén nim
2020, tinh ton bdi x6i cho bo bién Pa Ning duoc chia theo ba giai doan. Két qua ghi nhan
trong ba giai doan, qué trinh x6i 10 - bdi tu duong bd xay ra xen ke. Boi ty 1a qua trinh chu
dao, ddc bi€t 1a ¢ hai bén ctra song Han. Qua trinh x61 16 bat dau xuat hién thoi gian gan day
& bai bién phia bic va phia nam Da Néng véi téc do khong cao, tuy nhién diém x6i 16 lai xuét
hién & khu vuc béi tim va phat trién du lich.

Két qua nghién ciru c6 y nghia thiét thuc, phuc vu cong tac quan 1y, quy hoach va khai
thac kinh té bién, phong chéng thién tai va bao vé moi truong. Tinh toan dinh lugng qua trinh
X6i 16 - boi tu bo bién, cira song 13 co so khoa hoc dé dé xuét cac giai phap phong chdng, bao
vé bo bién, on dinh cta song hiéu qua. Tuy nhién, mot mat con han ché cua nghién ctru x6i
16 - bodi tu dai ven bién bang cong ngh¢ Vién tham 1a con phy thudc vao chat lugng, thoi diém
bay chup nén khong c6 tinh lién tuc. Do d6, dé du bao xu thé dién bién duong bo ciing nhu
qué trinh x6i 16, bdi tu by bién can c¢6 thém cac nghién ciru ing dung t6 hop phuong phép
khac nhau nhu khao sat, do dac, vién tham va GIS va mé hinh toan.

DPong gop cua tac gia: Xay dung ¥ tuong nghién coru: N.T.T., N.Q.M.; Xu ly s0 lidu: N.T.S.,
N.A.N., N.M.H.; Viét ban thao bai bao: N.T.S., N.Q.M.; Chinh stra bai bao: N.T.T.

Léi cam on: Bai bao hoan thanh duoc tai trg bai Uy ban nhan dan Thanh phé Pa Ning.

Loi cam doan: Tap thé tac gia cam doan bai bdo nay 1a cong trinh nghién ctru cua tap thé
tac gid, chua dugc cong bo ¢ dau, khong dugc sao chép tur nhitng nghién clru trude day;
khong c6 sy tranh chap loi ich trong nhoém tac gia.
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Abstract: A remote sensing technology in combination with Google Earth Engine (GEE),
Geographic Information System (GIS) and Digital Shoreline Analysis System (DSAS) was
applied in this research in order to create a map of coastline changes and analyze erosion-
accretion rates in coastal areas of Da Nang. Water indices such as AWEIsh; AWEInsh;
NDWI, MNDWI 1, MNDWI 2 and Otsu thresholding algorithms facilitate the accurate
determination of the coastline position in each moment of imaging. The calculations of
coastal erosion and accretion were made in three different periods: 1965 + 1995; 1995 +
2005 and 2005 + 2020. Research results show that during these periods, alternating accretion
and erosion occurred along the coast of Da Nang. The problem of erosion has arisen recently
only on the northern and southern beaches at a low rate but has directly affected the local
tourist attraction and infrastructure. Therefore, more detailed researches on the causes of
coastal erosion is necessary for the purpose of management and development of the marine
economy, natural disasters prevention, and environmental protection.

Keywords: Water index; Otsu; GEE; DSAS; GIS; Erosion - Accretion.
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