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Tém tat: Muc tiéu ctia nghién ctru ndy 1a dénh gia dién bién dudng bd bién va hiéu qua
giam song clia cac cong trinh ké giam song tai bo bién Tay tinh Ca Mau. Anh Landsat va
anh tai vé bang cong cu Google earth (4nh Google earth) duoc sir dung dé quan sat dién
bién duong bd bién. S liéu song phia trude va sau ké dugc do dac va phan tich dé danh gia
hiéu qua giam song cta cac loai ké. Két qua phén tich anh cho théy dién tich rung phong ho
bi suy giam nghiém trong (khoang 160 ha) trong 20 nam qua voi toc do suy giam 1a 7,76 va
8,18 ha/nam lan luot dbi v6i anh Landsat va Google earth. Két qua do song cho thay hi¢u
qué giam chiéu cao song twong ing v&i hmax, 1/10 himax, 1/3 hmax va he ctia ké ly tim lan luot
1a 86%, 83%, 82% va 81%. Tuong tu voi ke Busadco lan Iuot 1a 79%, 89%, 90% va 90%;
ké ban nguyét 1an luot 1a 83%, 82%, 81%, va 80%. Hiéu qua giam ning luong séng cua ca
ba loai k& déu dat trén 95%. Két qua nghién ctru dya trén dir li¢u do dac trong mdt khoang
thoi gian ngan nén chua thé két luan vé hiéu qua cho toan bd cac dang ké nay.

Tir khéa: Bién Tay tinh Ca Mau; Anh vién tham; Hiéu qua giam song; Ké ly tim; Ké ban
nguyét; Ke Busadco.

1. M& dau

Ca Mau 1a mét tinh cuc Nam ctia Viét Nam va Pong bang song Ciru Long (PBSCL).
Pay 1a mot viing dat triing v6i phan 10n dién tich c¢6 cao do dudi +1,5 m [1]. Ba mit cta tinh
Ca Mau duoc bao phu boi Bién Pong va Vinh Thai Lan. Ca Mau c¢6 240,4 km dudng bo bién
[2] va 187.553 ha ring ngap min [3]. Trong d6, bd bién cia Ca Mau cau tao chi yéu boi dat
sét va bun voi hinh thai dudng bo chiu tac dong chu yéu cua song (wave-dominated coast)
[2]. Trong nhiing thép ky gan day, x61 16 bo bién va mat dan dién tich ring phong ho dang
12 mot van dé nghiém trong xay ra 6 Ca Mau. Cu thé, chiéu dai doan x6i 16 bd bién Tay da
kéo dai 50 km tir Kién Giang dén ‘Ca Mau [4]. Trudc tinh trang sat 16 bo bién dang dién ra
ngay cang nghiém trong, mot tuyén ké bién doc theo bd bién Tay dd duoc xay dung nham
muc dich giam tac dong ctia sdng va phuc hoi lai bai bién (Hinh 1). C6 ba loai két cau chinh
trong tuyén ké bién nay 1a ké coc ly tim, ké Busadco va ké ban nguyét voi chiéu dai tong
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cong tir Hon D4 Bac dén cira Kénh Mdi khoang 5 km. Trong dé, ké ban nguyét duoc hoan
thanh vao nam 2017 va ca tuyén ke hién hiru dugc hoan thanh vao nam 2019.

Trong nhiing nam gan day, di co mot s cong trinh nghién ciru Ve tuyén ke bién Tay nhu
danh gia 6n dinh cua tuyén ké ban nguyét dai 180 m bang phan tich 6n dinh 1at, truot va quan
trac lan két hop véi mo hinh phén tir hitu han [5]; danh gia hiéu qua giam song va tao bai cua
dé tru r6ng [6]; danh gia hiéu qua giam song cua ké Busadco tai bién bong va bién Tay tinh
Ca Mau béng phuong phap quan tric sb liéu song trudc va sau cong trinh két hop véi phuong
phap chép ban dd tir ngudn anh Google carth [7]; danh gia hiéu qua giam song va tao bai cua
ké coc ly tim bang phuong phap khao sat s6 liéu séng va ham lwong bun cat lo limg [8— 9].
Hién tai, chua c6 mot nghién ctru tong thé danh gia hiéu qua giam song cta ca ba loai ké bién
trong tuyén ké bién Tay. Vi vdy, muyc tiéu ctia nghién ctru nay 1 danh gia dién bién duong
bo bién sir dung anh Landsat va Google Earth dé quan sat dién bién duong bd bién Tay trong
pham vi 5 km va hiéu qua giam séng clia cac cong trinh giam séng tai bd bién Tay tinh Ca
Mau theo s6 liéu song duoc do dac truc tiép tai hai vi tri (trong va ngoai ke) cua timg loai ké
(ke ly tam, ké Busadco va ke ban nguy¢t).

Dé tmg pho v6i nhitng thach thire trong viée phong chdng sat 16 bo bién Tay, tinh Ca
Mau trong thoi gian qua da ap dung thir nghiém nhiéu giai phap cong trinh dé bao vé bo bién,
bao vé dé bién nhu giai phap ké bang coc ly tam, ké Busadco va ke ban nguyét. Qua quan sat
thuc té cho thdy cac giai phap nay budc dau da cho thay mot sé vu diém so véi cac loai khac.
Tuy nhién, chua c6 nghién ctru quan tric dé danh gia mirc do giam song qua cac dang ké
cling nhu hiéu qué tao bdi phia trong ké cho cac tuyén ké giam séng tai PBSCL noi chung
va ba loai ké bién T4y tinh Ca Mau néi riéng. Do d6, nghién ctru nay tap trung phan tich hiéu
quéa giam song va tao bai clia tuyén ké dai tong cong khoang 5 km tir Kénh Da Bac dén ctra
Kénh M&i véi ba loai két ciu ke theo thir tu tir Bic xuéng Nam 1a ke ly tam, ké Busadco va
ke ban nguyét (Hinh 1).
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Hinh 1. Khu vyc nghién ctru.
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2. Phuong phap nghién ciru

Phuong phap nghién ctru duge mé ta nhu trong so dd trén Hinh 2.

Anh vién tham
(Landsat, Google earth)
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Hinh 2. So dd cau tric cac bude nghién ctru.

2.1. Phén tich anh vién tham

Anh vé tinh Landsat va anh Google earth duoc st dung két hop dé danh gia dién bién
duong bo va dién tich rung phong ho khu vuc nghién ctru. Trong do, anh Google earth c6 do
phan giai cao dugc sir dung 1am chuan dé danh gia do tin cay cua két qua phan tich tir anh
Landsat c6 d6 phan giai thap hon (trung binh 30 m/pixel).

- Anh Landsat: Déi voi anh Landsat, cac anh nay da dugc nin chinh vé cung hé toa do
trong ludi chiéu UTM nén trong qua trinh phan tich khéng can thuc hién nin chinh hinh hoc
ma chi thyc hién viéc giai doan dudng bd. Anh vé tinh Landsat 5 va 8 tir nam 2000 dén nim
2020 duoc str dung dé danh gia bién dong duong bd va dién tich rimg phong hd doc theo
tuyén ké. Phuong phap tach ranh gidi nudc—dat lién dugc thuc hién theo cic nghién ctru trude
day [10-11]. Cu thé, chi s6 nudc khac biét chuan héa NDWI duoc st dung dé giai doan
duong bo bién cho cac anh Landsat voi d6 chinh xac c6 thé dat dén 90,48% [12] theo cong
thue [13]:

GREEN — NIR

= 1
NDWI GREEN + NIR M

Trong do GREEN la kénh anh sang lyc va NIR la kénh cén hong ngoai.

boi voi anh Landsat 5, GREEN Ia kénh 2 va NIR 1a kénh 4 [14] nén ta co:

~ Kénh 2 —Kénh 4

~ Kénh 2 + Kénh 4

Déi v6i anh Landsat 8, GREEN 1a kénh 3 va NIR 1a kénh 5 [15] nén ta co:
Kénh 3 —Kénh 5

= 3
NDWI Kénh 3 + Kénh 5 ®)

NDWI (2)
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Phan mém ArcGIS dugc sir dung dé phén loai anh chi s6 nudc thanh ving dét va nude
st dung cong cu Reclassify. Dir li€u raster vung dat va nudc dugc chuyén thanh cac Polygon
va luu dudi dang tap tin .dwg. SO li€u vé cac anh Landsat dugc trinh bay trong Bang 1.

Bang 1. S6 liéu anh Landsat.

D§ phan giai Ty 1€ may

Thoi gian V¢ tinh B0 cam (m) (%) H¢ toa do
10/03/2000  Landsat 5 ™ 30 13,00 UTM
08/01/2001  Landsat 5 ™ 30 5,00 UTM
16/12/2003  Landsat 5 ™ 30 34,00 UTM
02/02/2004  Landsat 5 ™ 30 2,00 UTM
19/01/2005 Landsat 5 ™ 30 1,00 UTM
07/02/2006  Landsat 5 ™ 30 4,00 UTM
02/06/2007  Landsat 5 ™ 30 5,00 UTM
13/02/2008  Landsat 5 ™ 30 9,00 UTM
14/01/2009  Landsat 5 ™ 30 0,00 UTM
28/07/2010  Landsat 5 ™ 30 28,00 UTM
29/06/2011  Landsat 5 ™ 30 20,00 UTM
27/12/2013  Landsat 8 OLI TIRS 30 17,32 UTM
28/01/2014  Landsat 8 OLI TIRS 30 10,72 UTM
21/04/2015  Landsat 8 OLI TIRS 30 0,02 UTM
19/02/2016  Landsat 8 OLI TIRS 30 0,25 UTM
20/01/2017  Landsat 8 OLI TIRS 30 12,67 UTM
12/03/2018  Landsat 8 OLI TIRS 30 742 UTM
27/02/2019  Landsat 8 OLI TIRS 30 5,29 UTM
13/01/2020  Landsat 8 OLI TIRS 30 6,38 UTM

- Anh Google earth: Céc anh chat luong cao duoc tai vé tir phan mém Google earth ciing
duoc str dung dé so sanh véi két qua giai doan ctia anh Landsat nham danh gia do tin cay cia
viéc su dung anh Landsat. Cac anh Google earth duoc tai vé ¢o do phan giai 1,0 m. S6 lidu
vé anh Google earth dugc trinh bay trong Bang 2.

Bang 2. S liéu anh Google earth.

Thoi gian D¢ phin gidi (m) He toa d¢
03/02/2001 1,0 UTM
03/11/2013 1,0 U™
13/01/2015 1,0 U™
31/10/2018 1,0 UTM
23/01/2020 1,0 UT™M

Dé dam bao do phan giai ctia anh Google earth, khu virc nghién ctru dugc chia thanh 12
khung anh nhé. Cac khung anh sau khi tai vé s& dugc gan toa do bang phan mém ArcGIS va
ghép lai voi nhau dé tao thanh mot khung anh 16n bao pht toan bd tuyén ké bang chirc ning
Mosaic trong phan mém ENVI. Vi anh tai vé tir phan mém Google earth khong cung khung
hinh hoc nén cac anh nay dwgc nin chinh hinh hoc bang chic ning Registration trong bd
cong cu Map ctia ENVI trudc khi tién hanh phén tich giai doan duong bo. Sai sb trung binh
binh phuong (RMSE) duoc str dung dé danh gia do chinh xac cia viéc nin chinh anh theo
cong thuc:

(4)

Trong d6 yi 1 toa d diém khong ché thir I; , 1a gia tri wéc doan bang md hinh héi quy
tuyén tinh tai diém khéng ché thir i, va y 1a gia trj trung binh cong cua tat ca cac gia tri yi.
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Anbh tai vé tir Google earth 14 anh toan sic nén khong thé st dung cac phuong phap phan
loai kiém dinh hodc khong kiém dinh dé giai doan duong bo mot cach ty dong. Tuy nhién,
anh Google earth ¢6 uu diém 1a d6 phan giai cao nén c6 thé d& dang quan sat dugc cac chi
tiét trén anh (cong trinh, duong giao thong, vung nudc...) bang mat thudong. Vi vy, nghién
clru ndy sir dung phuong phap thu cong de chiét xuat dudng bd tir cac anh Google earth [16].
Do chinh xac ctua phuong phap chiét xuat dudng bd mot cach thu cong dugc thao luén lan
dau tién vao nam 1956 [17]. Pay 1a phuong phap phu thudce rat nhiéu vao kinh nghiém cua
k¥ thuat vién va kién thic cta k¥ thuat vién vé khu vuc nghién ctru [18]. Theo [19], sai sd
giai doan duong bd bang phuwong phap thii cong st dung anh toan sic IKONOS c6 do phan
giai xdp xi 1,0 m dao dong trong khoang tir 2,0-4,0 m.

- Tinh toan su thay doi dién tich ring phong ho

Cung véi viée danh gia dién bién duong bo (dai rimg phong ho), dién tich ring phong
h6 qua cac nam ciling duoc tinh toan dé danh gia bién dong dién tich rimg phong hd va budce
dau danh gia hiéu qua ngan x0i 16 bo bién cua cac cong trinh ké. Dién tich rung phong ho
dugc tinh toan dya vao bon duong bién bao gdém duong bo, tuyen d€ phia sau ring phong ho
va hai duong thang song song noi diém dau va diém cudi tuyén dé voi dudng bo. Tuyén dé
duogc gidi han boi hai diém A (104°48,639° E; 9°10,549° N) va B (104°48,793” E; 9°7,855
N) nhu trong Hinh 3.

A (479.197m D; {

§ (i 1.014.295 m B) R ?‘x
/% i E'f[

Tuyén dé

\ A)

B (479.477 m b
1.009.332 m B)

Hinh 3. Phuong phap tinh dién tich rimg phong ho.

2.2. 86 liéu song

- Cong tac chudn bi: Hai thiét bj do myuc nudc Levelogger® 5 Junior ciia hing Solinst
(Canada) va INFINITY-WH AWH-USB cua hang JFE Advantech (Nhat Ban) dugc st dung
dé do chiéu cao song. Cac thiét bi duoc ¢b dinh vao cay tram va duogc dat tai hai vi tri cach
déu tdm tuyén ké 10 m vé phia bién va phia bo. Tai phia bién, thiét bi do Levelogger® 5
Junior dugc stir dung va dat ¢ cao trinh cach mat dét tu nhién khoang 1,0 m. Tai phia bo, thiét
bi INFINITY-WH AWH-USB duoc st dung va dit ¢ cao trinh x4p xi -1,0 m (cach mat dat
ty nhién 0,2 m). S6 liéu muc nude duoc ghi nhin véi chu ky 01 s trong ngay 15/10/2020.
Cong tac lap dat thiét bi do duoc thuc hién bdi hai tho 1an chuyén nghiép ngudi ban dia. So
hoa mit bang b tri thiét bi do nhu Hinh 4.



Tap chi Khi twong Thuy van 2021, 732, 93-105; doi:10.36335/VNJHM.2021(732).93-105 98

a) b)
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Hinh 4. B4 tri thiét bi do muc nude: (a) So hoa mat bang bd tri thiét bi do; (b) Mat cit; (c) C6 dinh
thiét bi Levelogger vao cy tram; (d) Lap dat thiét bi do vao vi tri.

- Xuly s6 lidu: S6 lidu do dac muc nudc tai cac vi tri trude va sau cong trinh giam séng
duogc xtr Iy dé xac dinh chiéu cao song theo [20]. Pé thuan tién cho viéc tinh toan, quy trinh
xur ly dir li¢u da duoc lap trinh thanh cac ham trong trong ngén ngilr 1ap trinh Matlab va R va
c6 thé tai vé mién phi tir cac trang web ciia cac tac gia [21].

2.3. Banh gia hiéu qua giam song cua cac cong trinh ke

~ Hiéu qua giam song dugc danh gia theo TCVN 12261:2018 [22]. Chiéu cao cia séng
bién ¢ khu vuc phia sau cong trinh gidam song, ky hi¢u 1a Hy, dugc xac dinh theo cong thirc:

H=K*Hj, (5)

Trong d6 Hsp 14 chiéu cao ctia song bién phia trudc cong trinh (m); Kq 14 hé sb truyén
song. Ky phu thudc vao khoang cach tir dinh cong trinh t&i muc nude bién thiét ké (he) va
chiéu cao séng bién ¢ phia trudc cong trinh (Hsp).

Hi¢u qua giam song duogc tinh theo cong thuc:

e=(1-K,)x100% (6)

Céc trudng hop xem xét tinh toan mirc d6 giam song duya trén cac két qua do dac thuc té
cho ba truong hop: (a) Trung binh 1/10 séng 16n nhét (1/10 hmay); (b) Trung binh 1/3 song
16n nhat (1/3 hmax); va (c) Song trung binh (hg). Nang lugng song trude va sau cong trinh
cling duoc tinh toan dé danh gia hiéu qua giam niang luong song. Nang lugng song toan phan
duoc xac dinh theo cong thirc:

1
E=Ep+Ed=§ ><p><g><H2 (7)

Trong d6 E 13 ning luong toan phan cua song, E, 14 thé ning cia séng; Eq 12 dong ning
ctia song; p 1a khdi lugng riéng nude bién (kg/m?); g 1a gia toc trong truong (m/s?) va H 1a
chiéu cao song iy trung binh ctia 1/10 hmax (m).

Hiéu qua gidm nang luong song duoc tinh theo cong thure:

Eq
Kge= (1§> x100 (8)

t
Trong d6 Kgs 12 phan tram giam song, Es 1a ning luong song sau ké; E¢ 1a nang luong
song trude ke.
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3. Két qua va thao luin

3.1. Két qua nén chinh hinh hoc anh Google earth

Két qua nan chinh hinh hoc anh Google earth dugc thé hién trong Bang 3. S6 liéu cac
diém khong ché dung dé nin chinh anh ciing dugc trinh bay. Tt ca cac anh deu c6 sb lugng
diém khéng ché mit dat bang 10 trir anh chup nam 2001 vi tai ndm 2001 c6 rat it cong trinh
duoc xdy dung nén sb luong diém khdng ché bi han ché so voi cac anh chup trong nhing
nim gan dy. C6 thé nhan thiy sai s nin chinh hinh hoc cc anh déu thip hon 1,0 m ngoai
trir anh chup ngay 03/02/2001 c6 sai sd b%mg 1,1 m vi chat luong cac diém khéng ché trong
anh chup ngay 03/02/2001 khong duogc tdt nhu: cac anh chup gan day. Sai s6 cua anh chyp
ngay 23/01/2020 bang 0 vi anh ndy duoc chon 1am anh gbc dé nin chinh cac anh khac vé
khung hinh hoc ctia anh nay.

Hinh 5. So d6 cac diém khdng ché.

Bang 3. Sai s6 nin chinh hinh hoc anh.

Thoi gian S6 diém khong ché mit dat RMSE (m)
03/02/2001 7 1,10
03/11/2013 10 0,47
13/01/2015 10 0,32
31/10/2018 10 0,31
23/01/2020 10 0,00

3.2. Bién dong dwong bo va dién tich rieng phong ho

Bién dong dudng bo bién khu vue nghién ciru dwoc trinh bay nhu trong Hinh 6. C6 thé
nhan thiy trong nam 2001, bé rong ring phong ho tai khu vuc nghién ciru van con rat 16n.
Pén nam 2013, mot phan 16n rimg phong ho tai khu vuc nay da bién mat. Didu nay thé hién
bang bién dong rat 16n cua vi tri duong bo. Cu thé, so voi nam 2001, dudng b nam 2013 da
bi x6i 16 nghiém trong tir 200 m dén 300 m. Trong giai doan tir 2013 dén 2015, dudng bd
tiép tuc bi x6i 16 tuy nhién mirc d¢ x6i 16 khong nghiém trong. Giai doan 2015-2018, dudng
bo lai tiép tuc x6i 16 nghiém trong véi vi tri x6i 16 16n nhét 1én dén 100 m. Tir nim 2018 dén
nam 2020, vi tri dudng bo khong cé nhidu bién dong. Tuyén ké ban nguyét duge hoan thién
vao nam 2017 va toan bd tuyén ké bién Ty tai khu vuc nghién ctru dugc hoan thién vao nim
2019. Pay c6 thé 1a nguyén nhan 1am giam muc d6 xo6i 16 duong bo giita nam 2018 va 2020.

Bién dong dién tich rimg phong ho giai doan 2000-2020 duoc trinh bay nhu trong Hinh
7 v6i ca hai chudi dir lidu giai doan tir anh Landsat va dnh Google earth. Anh tai vé bang
cong cu Google earth c6 do phan giai tot hon duoc sir dung dé lam chuén. Co thé nhén thiy
dién tich rimg phong ho da giam khoang 160 ha trong hai muoi nam qua v6i vén toc giam
bang 7,76 ha/nam ddi v6i anh Landsat va 8,18 ha/nam d6i voi anh Google carth. Nhu vy,
sai s6 giita viéc st dung anh Landsat va anh Google earth trong tinh toan vén téc thay doi
dién tich rimg phong ho 1a 5%. Diéu nay ching to do tin cdy cua viéc sir dung anh Landsat.



Tap chi Khi twong Thuy van 2021, 732, 93-105; doi:10.36335/VNJHM.2021(732).93-105 100

Trong chudi s liéu anh Google earth, c6 thé nhan thay giira cic nim 2018 va 2020, vén toc
suy giam dién tich ring phong ho c6 xu hudng giam. Viéc hoan thién xay dung tuyén ké ban
nguyét trong ndm 2017 va tuyén ké ly tAm trong nim 2019 c6 thé 13 nguyén nhan lam cham
qua trinh x6i 16 rimg phong ho. Tuy nhién, day chi 1a két qua quan sat dua trén dir liéu anh
trong hai nim 2018 va 2020. Can tiép tuc thu thap anh va giai doan cho cac nam tiép theo
méi c¢6 co so danh gia chinh xac hiéu qua chéng x6i 16 bo bién cua céac loai ké.
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Hinh 7. Bién dong dién tich rimg phong ho.
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3.3. Phan tich va danh gia hiéu qua giam song

Chiéu cao séng va phan trim twong (mg ctia séng phia bién (phia trudc) va phia bd (phia
sau) ctia cac cong trinh ké giam song duoc trinh bay nhu trén Hinh 8. C6 thé nhan thay phia
trude ke ly tam, song c6 chiéu cao tir 0,3 m dén 0,4 m chiém ty 1¢ 16n nhat va phia sau ké ly
tam, song co chiéu cao tir 0,06 m dén 0,07 m chiém da sd. Dbi voi ke Busadco, song phia
trudc cong trinh co chiéu cao tir 0,4 m dén 0,5m chiém da s6 va song phia sau cong trinh c6
chiéu cao tir 0,04m dén 0,05 m chiém da sb. D01 v6i ké ban nguyét, song phia trudc cong
trinh c6 chiéu cao tir 0,4 m dén 0,5 m chiém da s6 va song phia sau cong trinh c6 chiéu cao
tir 0,08m dén 0,09 m chiém da sb.
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Hinh 8. Biéu dd quan hé chiéu cao va phan trim séng trudc va sau ké ly tim, ké Busadco va ké ban
nguyét.

Chiéu cao song ng v6i 1/3 hmex v phan trim tuong ung dugc trinh bay trén Hinh 9.
Déi vai ke ly tam, song phia trude cong trinh c¢6 chiéu cao tir 0,45 m dén 0,50 m chiém ty 18
cao nhét va song phia sau cong trinh ¢ chidu cao tir 0,085 m dén 0,090 m chiém ty 1é cao
nhat. D6i voi ké Busadco, song phia trude cong trinh ¢ chiéu cao tir 0,65 m dén 0,70 m
chiém ty 1& cao nhat va séng phia sau cong trinh ¢6 chiéu cao tir 0,082 m dén 0,085 m chiém
ty 1& cao nhat. Pbi voi ké ban nguyét, song phia trude cong trinh c6 chiéu cao tir 0,55 m dén
0,60 m chiém ty 1& cao nhét va song phia sau cong trinh c6 chiéu cao tir 0,11 m dén trén 0,12
m chiém ty 1 cao nhét. C6 thé nhan thay hiéu qua giam song tmg véi séng cé chiéu cao 1/3
hmax ctia k& Busadco 13 hiéu qua nhét trong ba loai ké vi toan bo séng sau khi truyén qua ke
Busadco déu c6 chiéu cao tir 0,082 m dén 0,085 m.
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Hinh 9. Biéu d6 quan hé chiéu cao va phan trim séng ctia 1/3 hmax trudc va sau ké ly tam, ké Busadco
va ke ban nguyét.

Chiéu cao séng tmg v&i 1/10 hiax va phéan tram tuong tmg dugc trinh bay trén Hinh 10.
D061 véi ke ly tdm, song phia trude cong trinh c6 chi€u cao tir 0,6 m dén 0,65 m chiém ty 1€
cao nhat va song phia sau cong trinh c6 chiéu cao tir 0,1 m dén 0,11 m chiém ty 1€ cao nhat.
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Dbi v6i ké Busadco, song phia trude cong trinh c6 chiéu cao trén 0,75 m chiém ty 18 cao nhat
va song phia sau cong trinh c¢6 chiéu cao tir 0,098 m dén 0,1 m chiém ty 18 cao nhat. D6i véi
ké ban nguyét, song phia trude cong trinh ¢6 chidu cao trén 0,75 m chiém ty 18 cao nhit va
song phia sau cong trinh c¢6 chiéu cao trén 0,12 m chiém ty 1& cao nhét. C6 thé nhan thy hiéu
qua gidam séng g voi song c6 chiéu cao 1/10 hmax ctia ké Busadco 12 hidu qua nhét trong ba
loai ke vi toan bo song sau khi truyén qua ké Busadco déu co chiéu cao tir 0,098 m dén 0,1
m.
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Hinh 10. Biéu d6 quan hé chiéu cao va phan trim song cta 1/10 hmax trude va sau ké ly tam, ké
Busadco va k¢ ban nguyét.

Hiéu quéa giam chiéu cao song cta cac loai ké duoc trinh bay trén Hinh 11. Hiéu qua
giam chiéu cao song dugc danh gia véi cac chiéu cao séng trung binh (hw), 1/3 hmax, 1/10
himax va hmax. Hiu qua giam song cua ké ly tim twong Gng voi cac chiéu cao song (hw, 1/3
himax, 1/10 hmax V& hmax) 140 luot 13 86%, 83%, 82% va 81%. Tuong ty ddi véi ké Busadco lan
luot 14 79%, 89%, 90% va 90%; va ké ban nguyét 1an luot 1a 83%, 82%, 81%, va 80%.

C6 thé nhan thiy ke ly tim c6 hiéu qua giam séng t6t nhat di véi chiéu cao song cao
nhat (dat hiéu qua 86%) va ké Busadco c6 hiéu qua giam song tot nhat ddi véi chidu cao song
trung binh, 1/3 hmax va 1/10 hmax v6i hiéu qua giam séng twong tmg déu dat gan 90%. Nhin
chung, cic loai ké déu dat hiéu qua giam song trén 80% dbi vdi tat ca cac chiéu cao song
ngoai trir ké Busadco ¢ hiéu qua giam song d6i v6i hmayx chi dat 79%.
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Hinh 11. Biéu db thé hién hiéu qua giam chiéu cao song ke ly tim, ké Busadco va ké ban nguyét.

Hiéu qua giam ning luong séng cua céac loai ké duogce trinh bay trén Hinh 12. C6 thé nhan
thdy hiéu qua giam ning luong séng cua ca ba loai ké déu rat tot khi déu dat trén 95%. Cu
thé, ké ly tam va ké ban nguyét c6 hiéu qua giam nang luong song dat 97% trong khi ke
Busadco c6 hiéu qua giam nang lugng song tot nhat khi dat dén 99%. Tuy nhién, ket qua
danh gia nay dua trén dir liéu do dac trong mot khoang thoi gian ngan nén can quan tric lién
tuc hodc theo cac mua gié khac nhau dé co danh gia chinh xac hon vé hiéu qua giam song
qua ke.
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Hinh 12. Biéu d6 thé hién hiéu qua giam ning luong song ké ly tam, ké Busadco va ké ban nguyét.

4. Két luén

Két qua phan tich anh cho thdy bd bién Tay tinh Ca Mau bi x6i 16 nghiém trong trong
giai doan 2000-2020 véi bién dong rat 16n ctia dudng bo bién. Cu thé, giai doan 2000-2013,
duong bo di 1an sdu vao dat lién mot doan gan 300 m va trong giai doan 2015-2018 dudng
bo tiép tuc 14n vao dat lién mot doan xap xi 100 m. Két qua phan tich chudi anh vé tinh
Landsat va Google earth cho thiy rimg phong ho khu vuc nghién ciru dang suy giam voi toe
dd 1an luot 1a 7,76 va 8,18 ha/nam. Céac anh vé tinh chi dugc thu thap dén nam 2020 trong
khi tuyén ké méi chi hoan thanh nim 2019 nén chua thé c6 két luén chinh xac vé kha nang
chdng x6i 16 va phuc hdi rimg phong ho cua cac tuyén ké. Can tiép tuc theo ddi dién bién
duong bo bang anh vé tinh trong cc nim t1ep theo.

Két qua phan tich hiéu qua giam chiéu cao song tmg véi cac chiéu cao hmax, 1/3 hmax,

1/10 hmax va hg cta ke ly tam lan luot 1a 86%, 83%, 82% va 81%. Tuong tu ddi véi ke
Busadco 1an lugt 1a 79%, 89%, 90% va 90%; va ké ban nguyét lan lugt 1a 83%, 82%, 81%,
va 80%. Két qua nghién ctru dya trén dir liéu do dac trong mot khoang thoi gian ngan nén
chua thé két luan vé hiéu qua cho toan bd cac dang ké nay. Vi vdy, can quan trac lién tuc
hoidc theo cac mua gio khac nhau dé c6 danh gia chinh xac hon vé hiéu qua giam séng qua
ke.
DPong gop cua tac gia: Xay dung y tudng nghién ctru: N.N.T., T.V.T., T.V.H.; Lya chon
phuong phap nghién cru: NN.T., T.V.T., D.V.D.; Xt Iy s6 liéu: NN.T., T.V.T., D.V.D,,
HN.N.; Ly mau: NN.T., TH.L., TK.H., T.V.Tuan, T.M.Q.; Phan tich miu: N.N.T.,
T.H.L., T.V.T., T.V.H.; Viét ban thao bai bao: T.V.T., D.V.D., H.T.C.H.; Chinh stra bai bao:
T.V.T.,T.V.H, HT.CH,;

Loi cam doan: Tap thé tac gia cam doan bai bao nay 1a cong trinh nghién ctru cta tip thé
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Tai liéu tham khao

1. Karlsrud, K.; Vangelsten, B.V.; Frauenfelder, R. Subsidence and Shoreline Retreat
in the Ca Mau Province — Vietnam Causes, Consequences and Mitigation Options.
Geotech. Eng. J. SEAGS AGSSEA 2017, 48(1), 26-32.

2. GIZ. Integrated coastal protection and mangrove belt rehabilitation in the Mekong
Delta. Integrated Coastal Management Programme (ICMP), 2016, pp. 236.

3. Vo, Q.T.; Kuenzer, C.; Oppelt, N. How remote sensing supports mangrove
ecosystem service valuation: A case study in Ca Mau province, Vietnam. Ecosyst.
Serv. 2015, 14, 67-75.



Tap chi Khi twong Thuy van 2021, 732, 93-105; doi:10.36335/VNJHM.2021(732).93-105 104

4.

5.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

Li, X.; Liu, J.P.; Saito, Y.; Nguyen, V.L. Recent evolution of the Mekong Delta and
the impacts of dams. Earth Sci. Rev. 2017, 175, 1-17.

Thai, T.V.; Ha, N.H.; Hung, P.D.; Ngoc, N.D.; Tam, N.T. Hollow Cylinder
Breakwater for Dissipation of Wave Energy to Protect the West Coast of Ca Mau
Province in Vietnam. Proceedings of Vietnam Symposium on Advances in Offshore
Engineering 2018, 599-605.

Thai, T.V.; Ha, N.H.; Hung, P.D.; Ngoc, N.D. B¢ tru rf)ng - Giai phép mdi ngan sat
16 bd bién. Khoa hoc & Cong nghé Viét Nam 2018, 9, 36-38.

Nghia, N.V.; Minh, H.V.T.; Luén, T.C.; Ty, T.V. Danh gia hiéu qua giam séng cua
ke Busadco: truong hop ngh1en ctru tai Bién Pong va Bién Tay tinh Ca Mau. Tap chi
xay dung 2020, 198-205.

Le Xuan, T.; Tran Ba, H.; Le Manh, H.; Do Van, D.; Minh Nguyen, N.; Wright, D.
P.; Bui, V.H.; Mai, S.T.; Tran Anh, D. Hydraulic performance and wave transmission
through pile-rock breakwaters. Ocean Eng. 2020, 218, 1-13.

Luom, T.T.; Phong, N.T.; Anh, N.T.; Tung, N.T.; Tu, L.X.; Duong, T.A. Using Fine-
Grained Sediment and Wave Attenuation as a New Measure for Evaluating the
Efficacy of Offshore Breakwaters in Stabilizing an Eroded Muddy Coast: Insights
from Ca Mau, the Mekong Delta of Vietnam. Sustainability 2021, 13(9), 1-17.
Tinh, T.V.; Phong, D.H. Str dung anh vién tham va GIS nghién ctru bién dong duong
bo bién khu vire miti Ca Mau. Tap chi Khi twong Thiy véin 2017, 12, 35-40.

Tién, N.N.; Cudng, D.H.; Uu, D.V.; Sdo, N.T.; Tudn, T.A.; Nam, L.D. Phan tich bién
dong duong bo khu vuc bo bién cira song Hau bang tu liéu anh vién tham. Tap chi
Khoa hoc va Céng nghé Bién 2017, 17(4), 386-392.

El Kafrawy, S.B.; Basiouny, M.E.; Ghanem, E.A.; Taha, A.S. Performance
Evaluation of Shoreline Extraction Methods Based on Remote Sensing Data. J.
Geogr. Environ. Earth Sci. Int. 2017, 11(4), 1-18.

Xu, H. Extraction of Urban Built-up Land Features from Landsat Imagery Using a
Thematic Oriented Index Combination Technique. Photogramm. Eng. Remote Sens.
2007, 73(12), 1381-1391.

Ji, L.; Zhang, L.; Wylie, B.K. Analysis of dynamic thresholds for the normalized
difference water index. Photogramm. Eng. Remote Sen. 2009, 75(11), 1307-1317.
Loveland, T.R.; Irons, J.R. Landsat 8: The plans, the reality, and the legacy. Remote
Sens. Environ. 2016, 185, 1-6.

Malarvizhi, K.; Kumar, S.V.; Porchelvan, P. Use of High Resolution Google Earth
Satellite Imagery in Land use Map Preparation for Urban Related Applications.
Procedia Technololy. 2016, 24, 1835-1842.

MCBETH, F.H. A method of shoreline delineation. Photogramm. Eng. 1956, 22(2),
400-405.

Boak, E.H.; Turner, I.L. Shoreline Definition and Detection: A Review. J. Coastal
Res. 2005, 21(4), 688—703.

Li, R.; Di, K.; Ma, R. 3-D Shoreline Extraction from Ikonos Satellite Imagery. Mar.
Geod. 2003, 26, 107-115.

Tucker M.J.; Pitt E.G.E. Waves in ocean engineering. Amsterdam: Elsevier, 2001,
pp. 521.

Lyman, T.P.; Elsmore, K.; Gaylord, B.; Byrnes, J.E.K.; Miller, L.P. Open Wave
Height Logger: An open source pressure sensor data logger for wave measurement.
Limnol. Oceanogr. Methods 2020, 18(7), 335-345.

Bo Khoa hoc va Cong nghé. TCVN 12261:2018 Céng trinh thiy loi - Két cau bao
vé bo bién - Yéu cau thiét ké hé thong cong trinh giir cat giam song. 2018, tr. 55.



Tap chi Khi twong Thuy van 2021, 732, 93-105; doi:10.36335/VNJHM.2021(732).93-105 105

Assessment of wave reduction effectiveness of detached
breakwaters along the West coast of Ca Mau Province

Nguyen Ngoc Thuan!, Tran Van Ty*', Tran Van Hung?, Huynh Thi Cam Hong?, Ha
Ngoc Nhan?, Tran Hai Lam?, Dinh Van Duy?, Tran Khanh Hai’, Trinh Van Tuan3 va
Tran Minh Quang?®

'IEE 24/7 Joint Stock Company; congtyiee24.7@gmail.com

2 College of Engineering Technology, Can Tho University; tvty@ctu.edu.vn;
tranvanhung@ctu.edu.vn; htchong@ctu.edu.vn; nhanb1705842@student.ctu.edu.vn;
lamb1606132@student.ctu.edu.vn; dvduy@ctu.edu.vn

3 Department of Agriculture and Rural Development of Ca Mau province;
trankhanhhaisd@gmail.com; tuan0917177478@gmail.com;
tranminhquangkbtb@gmail.com

Abstract: The objective of this study is to assess the shoreline changes and wave reduction
effectiveness of the detached breakwaters constructed along the West coast of Ca Mau
province. First, the satellite images including Landsat and images downloaded by Google
earth tool (Google earth images) were processed to monitor the temporal changes of
shoreline positions. Waves in front and behind detached breakwaters were measured and
analyzed to assess the wave reduction effectiveness of different types of breakwaters. The
image analysis results show that the area of protection forest has been reduced seriously
(about 160 ha) in the last 20 years at the rate of 8.18 and 7.76 ha/year for Landsat and Google
earth images, respectively. The measured wave data shows that wave height reduction in
terms of maximum wave height (hmax), 1/10 hmax, 1/3 hmax and average wave height (hgw),
respectively for the piles-breakwater type are 86%, 83%, 82% and 81%; for the Busadco
type are 79%, 89%, 90% and 90%; and for the semi-circle type are 83%, 82%, 81%, and
80%. The effectiveness of wave energy reduction of all three types of detached breakwaters
is found over 95%. The analysis results are based on a short period of measured wave data,
it is not possible to conclude on the effectiveness for all these breakwaters.

Keywords: West coast of Ca Mau province; Satellite images; Wave reduction
effectiveness; Piles-breakwater; Semi-circle breakwater; Busadco breakwater.



