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DANH GIA TINH HIEU QUA CUA RHIZOPHORA APICULATA VA
NYPA FRUTICANS TRONG GIAM SONG DO TAU THUYEN GAY RA

La Vinh Trung
Dai hoc Thuy loi Coso 2 - Tp. Hé Chi Minh

Tém tit: Séng tau cé kha nang gdy mat on dinh va sat 16 bo séng, déc biét & nhitng noi c6 mt
dé giao théng thiy tap ndp. Trong khi dé, hé thuc vdt ven bo lai ¢6 khd ndang bédo vé bo khéi moi
de doa nay. Chuyé}a khdo sat dwoc thue hién & tinh Ca Mau, Viét Nam nham phuc vu cho viéc
danh gia kha nang tiéu song cua hai loai thuc vat, Rhizophora apiculata, mot loai thuéc ho
Pude véi b ré chong déc biét, va Nypa fruticans, lodi diva miede, qua dé lam sdng ré sw twong
tac giita séng tau va rieng cdy ven bo. Két qud cho thdy ca R. apiculata va N. fruticans déu dong
vai ré quan trong trong viéc tiéu song, va do do, cé kha nang bao vé bo. Diém ddng chii ¥ la
chiéu cao song cé thé giam hon 50% ngay sau khi séng lan truyén trong rirng cdy mét doan
ngdn. Hé sé rong thwe vdt ¢é anh hwong rat lén dén sw suy giam séng. Két qud ciing cho thdy
lodi R. apiculata tiéu séng hiéu qud hon lodi N. fruticans mdc di hé sé rong lom hon. Cdu tric
bé ré dic biét cua R. apiculata giup sinh ra luc can lon hon co thé la nguyén nhan dan dén hién
twong nay.

Summary: Boat-generated waves have a potential to erode a riverbank, especially where there
is regular boat traffic whereas vegetation might be able to protect the riverbank from that threat.
A field observation conducted in Ca Mau Province, Vietnamese Mekong Delta, investigated the
interaction between boat-generated waves and vegetation. Two types of vegetation, Rhizophora
apiculata, a mangrove species that has dense aerial roots, and Nypa fruticans, a palm species,
were considered with respect to wave attenuation. The results indicated that both R. apiculata
and N. fruticans play essential roles in dissipating wave energy and therefore have a high
potential for riverbank protection. Remarkably, more than 50% of the wave height reduction can
be obtained in a relatively short distance inside the vegetation belt. The vegetation porosity
strongly affects the wave attenuation. In addition, R. apiculata was more effective than N.
fruticans in wave height reduction, even though their porosity is greater. The special aerial root
configuration of R. apiculata induces greater drag force that might account for this
phenomenon.

1. PAT VAN PE

Song tao ra boi tau bé chira mot ngudn ning
lwong kha 16n c6 thé gy anh huéng xau dén
moi truong song nude va de doa hé sinh thai.
O nhirng noi c6 mat do giao thong thiy dong
duc, song tau tré nén phd bién va giy nén hién
tuong sat 16 bo song (Nanson & nnk, 1994)

[8]. Pang ngac nhién 1a chinh céc tau nho chay
gan bo, ¢ cong suat dong co 16n lai giy ra
nhiéu nguy hai cho bd séng hon 14 nhitng con
tau to, chay kha cham va cich xa bo
(Schiereck, 2005) [11]. Hon thé nita, di co
nghién ctru khang dinh rang, & nhitng khuc
song c6 mat do giao thong thuy 16n, cac con
song sinh ra, du la cung hudéng hay nguoc
hudng, ¢ thé két hop voi nhau va gay ra nhidu
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hu hai cho bo song hon 1a song don
(Nascimento & nnk, 2010) [9].
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H¢ thuc vat ven bo dugc xem nhu 1a mdt trong
cac nhan té quan trong gop phan giir chat dét,
6n dinh b, tiéu hao ning luong séng nho vao
twong tic gilta séng véi than cdy, ré cay
(Bonham, 1983; Coops & nnk, 1996) [1], [3].
Kha nang tiéu giam song dugc danh gia chu
yéu phu thudc vao hai yéu t6, dic diém loai
thuc vat (hinh dang, mat do, do cung than
cdy...) va dic d¢iém con song (chit yéu 1a chiéu
cao song, chu ky song, va hudng song). Tuy
nhién cho dén nay, viéc khang dinh dai luong
nao ¢6 vai trd quan trong nhat trong tiéu ning
song van chua dugc ngd ngii. Mic du séng tau
va tac dong cua chung dén 6n dinh bo duge
xem 13 mot trong nhitng van dé cép bach tai
nhiéu khu vyc trén thé giéi, nghién ciru vé van
dé nay lai rat han ché (M cConchie & Toleman,
2003; Valegrakis & nnk, 2007) [6], [12]. Hon
nira, trong khi cac cong trinh bao vé bo nhu ke
bé tong, ke da hoc duogc ap dung rong rai tu
kha lau thi cach tiép can phi cong trinh nhu
trong cdy chin song lai it pho bién. Chi trong
khoang chuc nam tré lai day, khi xu hudéng
bao vé bo bang cac giai phap than thién véi
moi treong nhan duoc sy ung hg va danh gia
cao, viéc ung dung thuc vat bao vé bo madi
duoc nhin nhan mot cach ding muc.

Vi vay, nhiém vu cua nghién ctru nay chinh la
tim hiéu sy twong tac giira song tau va ring
cay ven bo thong qua viéc do dac song lan
truyén qua ring cdy ngay tai hién truong, tap
trung di sau vao phén tich ciu trac cay/ré va hé
s6 rong thuc vat. Rhizophora apiculata, mot
loai thuoc ho Pudc va Nypa fruticans, ho dira
nude duge lya chon do ¢6 cau tric, hinh dang
cay dac bi¢t. R. apiculata c6 bd ré rat doc déo
bao gom ré cai an sdu xudng dat va vo s ré
chéng giup cdy diung vitng trong moi trudng
dat nhiéu sinh lay. N. fruticans véi bd ré va
qua nira than nam dudi 16p bun sét, chi c6 tan
14 vuon cao khoi bé mit nude. Két qua dinh
lugng tir nghién clru nay sé€ giip cho viéc phan
tich so sanh hiéu qua ti€u song cta hai loai R.
apiculata va N. fruticans va trén co s& do,

danh gi4 tinh kha thi trong phat trién nrng cay
béao v€ bo.
2. KHU VU'C NGHIEN CcU'U

Hinh 2.1. Ban dé cac vi tri khao sat thuc dia,
loai R. apiculata trén song Cdai Lon (A, B) va
loai N. fruticans trén séng Ong Poc (C, D)

Chuyén khao sat thuc dia duoc thuc hién tai
tinh Ca Mau trén song Cai Lén, noi c6 loai R.
apiculata va séong Ong Pbc, noi c6 loai N.
fruticans phét trién kha tét doc hai bén bo séng
(Hinh 2-1). Ché d6 thuy triéu vang nay 1 ban
nhat triéu, voi dao déng muc nudc trong
khoang 0,9 dén 1,4 m. C6 tong cong 04 vi tri
dugc lya chon khao sat va céac vi tri nay déu
phai thoa man ba diéu kién sau: (1) Giao thong
thiy tép ndp; (2) Hai bén bo séng dugc che
phu bai loai dudc R. apiculata hoac dira nudc
N. fruticans ; va (3) Dia chat dat va dia hinh bo
tuong ty nhau voéi do dbc bii nam trong
khoang 1,25 - 1,5%. Rung cdy day hay thua
dugc thé hién thong qua hé sb ron gthuc vat 6,
cdy cdi cangram rap thi gia tri hé s6 rdng cang
tién vé 0 va nguoc lai, rirng cay thua thi gia tri
nay tién toi 1. Quan sét tai khu vuc nay cho
thay ké ca vao thoi diém triéu cao nhét trong
ngay, muc nudc do tai hang cady ngoai cung
cta ring Pude ciing chi ngang chiéu cao bd
ré. Tuong tac giita song tau va R. apiculata
chi yéu do b6 ré cay dam nhiém. Vi vy, phan
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than cdy s& khong dugc xét dén trong nghién
ctru nay. Cuy thé, trong nghién ciru nay, hé sb
rong cia loai R. apiculata va N. fruticans duoc
xac dinh theo cac cong thirc sau:

0 =1-Nmd? /4 (2-1)

R.apiculata

gNypaiﬁ‘uz‘icans = 1_ Nwtz /4 (2_2)
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Trong d6 6 1a h¢ s6 rong thyc vat, N 1a mat do
A 2 ‘ A A X 3 5 A A
cay/m”, n 1a mat dg re trung binh cia mét cay,
d 1a duong kinh trung binh caa ré ciy (m), va
D,a duong kinh than cay (m). Chi tiét ve dac
diém rirn g cay tai cac vi tri khdo sat duoc thé

hién trong Bang 2-1.

Bang 2.1. Pic diém rirng cAy tai cic diém khao sat da chon

Puong

s e e e E
Vi tri Loai cay N R l1éch . léch léch
7 5 | thuc than i binh n 2 trung B
(cay/m”) vit 6 | D(m) chuan (r&/chy) chuan binh d chuan

(m)

A Rhizophora 1,38 0,94 [ 0,083 | 0,004 69 4,2 | 0,025 | 0,004
B apiculata 0,77 0,97 | 0,080 | 0,005 75 53 | 0,022 | 0,003

C Nypa 1,08 0,69 | 0,600 [ 0,040 | N/A - N/A -

D fruticans 0,44 0,87 [ 0,610 | 0,050 | N/A - N/A -

3. PHUONG PHAP NGHIEN CUU VA
CAC TRUONG HQP PO PAC

3.1 Do dac va phan tich séng tau lan
truyén qua rimg ciy

Chiéu cao song tau dugc quan sit va ghi lai
bang may quay k¥ thuat so, sau dé6 dugc xur

Iy bang phan mém Corel Video Studio
ProX3. Phan mém nay cho phép chia video
ra thanh nhiéu anh lién tiép voi quing ngit
giita cac anh chi la 1/20s, nho d6 ¢6 thé quan
sat dugc su dao dong mat nudc trong tung
thoi diém.

Hinh 3.1. Bé tri do séng lan truyén qua rirng cdy va phwong tién tao séng

Trén than cac cot déu c6 dan thude ty 16 dé

tién quan sat myc nudc dao dong lén xuong.
Canh moi ¢t c6 bo tri mot may quay ghi hinh

lai dé phan tich song lan truyén. Hinh 3-1 mé
td cach bo tri cac cot do ngoai hién truong va
phuong tién tao song. Loai xudng cao tdc nay
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¢o kich thudce 5,5 x2,1 m, d0 mén nudce 1a 0,6
m. Loai phuong tién ndy dugc chon vi tinh
pho bién ciia né tai khu vie nghién ciru. Chiéu
cao song duoc kiém soat boi tée d cia xudng,
theo quy udc, toc do tau chay dat 8,3 m/s tao
song thip va 15,3 m/s cho ra song cao. Cong
tac tao va do song lan truyén qua ring cdy
duoc thyuc hién 2 1an mdi ngay va mdi vi tri do
mat mot ngiy. Vao ngdy dau tién, lan do thu
nhét 1a vao luc 10 gio sang khi con triéu 1én cao
nhét, lac nay muc nude do tai vi tri cot 1 dao
dong trong khoang 1,2 m. Lan tht hai vao lic
3.30 gio chiéu khi con triéu xudng nhanh. Myuc
nude vao thoi diém nay tuy thép (0,9 m tai vi tri
c¢ot 1) nhung vin da dé song c6 thé lan truyén
vao sdu bén trong rung cdy. Tai khu wvuc nay,
do thoi diém dat dinh triéu giita cac ngiy khong
gidéng nhau (cach nhau 25 - 30 phut), thoi gian
do cho mdi ngiy ciing léch nhau khoang 30
phit. Mi lan do duoc thuc hién 3 1an va ldy gia
tri trung binh dé dam bao tinh chinh xac. Ngoai
ra khi cé gi6 manh hodc c6 tau be khac qua lai

thi viéc do dac s& tam dirng nham han ché nhiéu
song, Sau khi ¢6 dwogc chiéu cao song tai mdi
cOt nho vao viée xir Iy anh, do gildm chiéu cao
song ¢6 thé duge xac dinh bang cach lap ty sd
H,/H, trong d6 H, 13 chiéu cao séng 16n nhat do
tai cac cot 2, 3, va 4, va H, 1a chiéu cao song
16n nhét do tai vi tri cot 1.

3.2 Cac truwong hgp do dac

Dua trén ché do thuy tridu va tdc do tau chay,
bdn diéu kién thay luc dwoc thiét 1ap bao gdm
song 16n tridu 16n (SLTL), séng nho tridu 16n
(SNTL), song 16n triéu nhoé (SLTN), va song
nho triéu nhé (SNTN). Ngoai ra, cin cir theo
hé s6 rong thuc vat @ lai chia ra rung ciy R.
apiculata day (vi tri A) va thua (vi tri B) va
rung cay N. fruticans day (vitri C) va thua (vi
tri D). Téng cong co 14 trudong hop do bo qua
viéc do dac tai vi tri D trong diéu kién song
16n triéu nho va song nhoé tridu nho. Bang 3-1
thong ké chi tiét tt ca cac truong hop duoc
thuc hién do dac ngoai thuc dia.

Bang 3.1: Tong hop cac truong hop thi nghiém hién treong

Tinh trang A
\ A o Chiéu cao N A A
.. rung cay (xét , .. Chu ky song | D0 sau muc .
Loai N X song toi . Truong hop
theo do rong - T (s) nudc & (m)
thuc vat) (m)
: 1.35 1.20 Day-SLTL
Day High (0.23) el
(0=0.94) 1.37 0.90 Day-SLTN
L 1.65 1.20 Day-SNTL
. Vitri A Low (0.18) -
Rhizophora 1.70 0.90 Day-SNTN
apiculata . 1.35 1.18 Thua-SLTL
i Thua | High(022)
(6=097) 1.34 0.90 Thua-SLTN
Vi tri.B Low (0.17) 1.65 1.18 Thua-SNTL
' ow 1.68 0.90 | Thua-SNTN
: 1.30 1.21 Day-SLTL
Day High (0.23) 2l
(6= 0.69) 1.32 0.92 Day-SLTN
Vi tri‘C Low (0.19) 1.50 1.21 Day-SNTL
. w (0.
Nypa fruticans ' 1.54 0.92 Day-SNTN
Thua High (0.22) 1.34 1.19 Thua-SLTL
(0=10.87)
Vi tri D Low (0.18) 1.55 1.19 Thua-SNTL
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4. KET QUA NGHIEN CUU VA THAO
LUAN

4.1 Sw suy giam chiéu cao séng khi lan
truyén qua rimng ciy

Song do xuéng cao toc tao rado tai vitri cot s6 1
¢6 chiéu cao dao dong trong khoang 0,17 - 0,23
m, chu ky song kha ngn, tir 1,3 - 1,7 s. Hinh 4-1
thé hién su dao dong mat nude theo thoi gian tai
cot 1, vi tri A trong diéu kién song lon triéu 16n.
M3Ji video dugc quay trong vong 50 s. Chiéu cao
song tau H duoc dinh nghia 1a khoang cach theo
phurong thiang ding tir chan song dén dinh song.
Do 4nh huéng ciia cac yéu td bén ngoai nhu gi6
va dong chay nén mat nuéc hoi bi nhidu dong va
trong qua trinh xir Iy s6 liéu, cac nhidu dong nay
s€ duoc loai bo.

Két qua phan anh tir Hinh 4-2 cho thay chiéu
cao song giam theo dang ham mii va giam rat
dang ké tir vi tri cot thir 1 sang cOt tha 2, lan
luot 1a 52,2% cho vi tri A va 39,1% cho vi tri
C. Khoang céach giira hai cot nay la 6 m, trong
doé tuong tac gitra song va rung cdy chi moi
dién ra trong doan dudng dai 4 m. Piéu nay

025 ¢ . . Fy
.E —+—Song lon, trieu lon
E 02 —o—S6ng nho, trieu 16n
%l] 015 ——Song 1om, tr‘ié.u nho
b ——S6ng nho, tricu nho
2
& 01
o
-(3 3
= 005 |
o
U 1 1 I 1 I i 1 i I 1 n I 1 i i I J

0 3 6 9 12 15 18 21 24

Khodng cich tir tuyén tau dén cét do (m)

(a)
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mot 14n nira cho thiy kha ningtiéu song rat an
tugng cua R. apiculata va N. fruticans. T cot
thr 2 sang dén cot thir 4 voi tong chiéu dai
song di chuyén 1a 12 m, chiéu cao séng tiép
tuc giam nhung mirc d§ giam khong con dot
ngdt nita ma dién ra tir tir. Theo quan sat tai
hién truong, khi séng tién dan vao bo, do anh
hudng cia nudc ndng, hién tugng song vo da
xay ra va két thuc trude khi song kip tién toi
cot thar 2.

0.15 |

F.Y
0.1
= 0.05 | H
&
5 o
[~
g
= -0.05
gl
U o1 -
[Ilﬁ i i i i s i i i i 1 i i + - - - - - - - - - - - 1
0 10 20 30 40 50

Thdri gian ¢ (s)

Hinh 4-1: Dao dong mat nwoc ghi tai cot 56 1,
vi tri A trong diéu kién song lon triéu [on

]
wh
1

—+—Song lom, tricu lon

=
b
T

—C—Song nho, triéu lon
—+—Song 1om, trieu nho

——S6éng nho, triéu nho

Chieu cao song H (m)
(=]
o

01 f
005
0 ||||||||||||||||||||||||
0 3 6 9 12 15 18 21 24
Khodng cich tir tuyén tau dén cét do (m)
(b)

Hinh 4.2: Sw thay déi chiéu cao song khi lan truyén qua rieng cdy
(a) Vitri A - R. apiculata day va (b) Vi tri C - N. fruticans day.

Tai vi tri B (R. apiculata mdt do thua) vavi tri
D (N. fruticans mat d6 thua) ciing thu dwoc két
qua va khuynh huoéng giam song tuong tu.

4.2 Anh huéng ciia h¢ s6 rdng thuc vat dén
dd giam chiéu cao séng

M bi quan h¢ gitra hé sb r6ng thuc vat & va do
giam chiéu cao song tai mdi cot do duoc thé
hién trong Hinh 4-3 trong diéu kién thuy luc
khac nhau. Diéu kién rirng ciy day hay thua rd
rang co tac dong rat 16n dén kha ning tidu
song. Khi ma hé sé rong thuc vat @ cang ting
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(tién dén 1), su tuong tac gilta soOng va cay
cang gidm, va nhu thé s€ lam tiéu ndng song bi

giam sut.
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Hinh 4.3: Anh hwong cua hé s0 ro”~ng thure vat
dén do giam chiéu cao song

Xét cho ciing mot lodi cdy, c¢6 thé thdy rd rang
tai vi tri A, noi ¢6 su phan bd kha day R.
apiculata (0= 0,94), mirc giam chiéu cao séng
tSt hon so véi vi tri B, noi ¢6 su phéan bd R.
apiculata thua hon (6 = 0,97). Néu song toi
cang 16n, sy khéc biét nay cangrd nét, khoang
14,6%. Tuong tu, trong didu kién song toi 1on,
su chénh 1éch vé mirc giam chiéu cao song tai
vi tri C (N. frutican, 8= 0,69) so v&i vi tri D
(N. frutican, 8= 0,87) 1a vao khoang 13,8%.

4.3 So sanh kha nang tiéu séng cua R.
apiculata va N. fruticans

Hinh 4-3 d3 cho thdy ca R. apiculata va N.
fruticans déu c¢6 kha nang tiéu song rat tét, co
thé 4p dung rong rdi trong cong tac bao vé bo
tu tac dong cia song tau. Tuy nhién, mic do
hi€u qua trong tiéu gidm soéngcua R. apiculata
1a t6t hon so véi N. fruticans. Véi cing mot
diéu kién thity lyc (chidu cao songtéi va chiéu
sdu muc nudc gidng nhau) va chiéu dai rirng
cdy bangnhau, luong song tiéu hao sau khi lan
truyén qua hét rirng cdy R. apiculata nhiéu hon
tu 8,5 - 10% so voi rung cay N. fruticans mac
du hé sé rdng thuc vat cua rung Pudc R.
apiculata 16n hon kha nhiéu. Ciu tric bd ré
dac biét hoat dong nhu mdt ludi can ty nhién

gitip tiéu hao nhiéu ning lrong séng c6 thé 1a
101 gidi thich cho hién tugng nay.

Céc nghién clru trudc day di chi ra rang co
ché giam song khong chi phu thudc vao su day
hay thua cia rung cdy ma con phu thudc vao
muc nudc. Xét trong truong hop loai R
apiculata, mdt khi myc nude vuot qua chiéu
cao bd ré& cay, phan than cay sé& la dbi twong
chinh tuong tac vdi song Do dién tich tuong
tac cua than cay nhd hon nhiéu so véi bo ré,
tinh hiéu qua trong ti€u séng cua loai nay sé
giam dang ké. Nguwoc lai, ddi véi loai N.
fruticans, phan be va 1a s& 1 thanh phan chinh
tuong tac voi song tau khi nudc dang 1én cao
qué than cay. Tuy nhién, myc nudc tai khu vuc
nghién ctru khong vuot qua chiéu cao bo ré
(461 v6i R. apiculata) hodc cham dén be va 14
(d6i voi N. fruticans) nén anh huéng cia myc
nudc dén do giam chiéu cao soéng 1a khong rd
rang va duogc boé qua. Khi so sanh voi két qua
cac nghién clru trude day, do giam chiéu cao
song trén moi mét dai ring ciy trong nghién
ctru ndy kha tuong dong véi két qua cua
Brinkman (2006) [2] va to ra vuot trdi so voi
két qua cia Mazda & nnk (1997 & 2006) [4],
[5] hay Quartel & nnk (2007) [10] (Hinh 4-4).

=i
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il— 5
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Mlpr e S}
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Hinh 4.4: D¢ giam song trén moi mét rung cay
cua nghién curu nay so voi cac két qua nghién
cuu trudc day.

Nandasena & nnk (2008) [7] c6 dé cap dén tac
dong cua do doc bai dén kha ning tidu song
cta ring cdy chan song Khi mit cit ngang
long song co6 dia hinh day (hudng vao bo)
twong ddi ddc thi khéng chi rirng ciy ven bo
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ma ca bai song cling tham gia vao viéc giam
nang luong song. Hiéu qua tac dong cua bai
song 1én do ti€u giam soéng cang nhanh va
manh néu bai ¢6 do doc 16n. So v&i do doc bai
i tir 1/500 dén 1/2000 trong cdc nghién ctru ciia
Mazda & nnk (1997 & 2006) [4], [5] hay
Quartel & nnk (2007) [10], khu wvgc nghién
ctru tai Ca Mau ¢6 do doc bii i trong khoang
1/74 dén 1/80, déc hon rét nhiéu, va d6 c6 thé
1a 1y do khién cho két qua giam song trén mdi
mét dai rung cay thu duoc tai khu vuc nay cao
vuot troi.

5. KET LUAN VA KIEN NGHI

R. apiculata va N. fruticans dong vai tro cuc ky
quan trong trong viéc bao vé bo trudc nguy co
bi x01 10 do hoat dong giao thong thuy phat
trién manh m& & khu vuc tinh Ca Mau. Mt
luong 16n nang lugng song bi tri¢t ti€u ngay khi
song lan truyén vao rirng cdy mot quing ngin
gitip giam thiéu dang ké nguy co sat 10 bo do
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tac dong cua song tau. He sb rong thuc vat co
anh hudng rat 16n dén hi€u qua gidm song cua
ring cdy, khi song t6i ¢6 chiéu cao cang 16n thi
anh hudng nay cang trd nén rd nét.

R. apiculata té ra hi€u qua hon N. fruticans
trong tiéu giam nang luong song du ¢6 hé sb
rOng thye vat 16n hon. Céu tric dic biét cia bd
ré cdy, hoat dong nhu mdt lurdi chén tu nhién,
hép thu ning lwong song hiéu qua. Khi so sanh
v6i cac nghién ciu trude day, két qua cia
nghién cru ndy cho thdy tiém ning vuot troi
cua R. apiculata va N. fruticans trong vai tro
bao vé bd. PO doc bai duge cho 1a nguyén
nhan dan dén két qua nay, tuy nhién diy moi
chi 1a gia thuyét. Hudng di sdp t6i chinh 1a ap
dung md hinh todn nham mé phong kha ning
tiéu song cla rirng cdy trong cac diéu kién do
dbc bai thay d6i khac nhau nhim dua ra cau
tra 10i chudn xac nhat cho van dé nay.

[1]

2]

[3]

[4]

[5]

[6]

[7]

Bonham, A.J. (1983). “The management of wave-spending vegetation as bank protection
against boat wash”. Landscape Planning, 10, 15-30.

Brinkman, R.M. (2006). “Wave attenuation in mangrove forests: an investigation through
field and theoretical studies”. Doctoral dissertation, James Cook University, Queensland,
Australia.

Coops, H., Geilen, N., Verheij, H.J., Boeters, R. and Velde, G. (1996). “Interaction
between waves, bank erosion and emergent vegetation: an experimental study in a wave
tank”. Aquatic Botany, 53, 187-198.

Mazda, Y., Magi, M., Kogo, M. and Hong, P.N. (1997). “Mangroves as a coastal
protection from waves in the Tong King delta, Vietnam”. M angroves and Salt Marshes, 1,
127-135.

Mazda, Y., Magi, M ., Ikeda, Y., Kurokawa, T. and Asano, T. (2006). “Wave reduction in a
mangrove forest dominated by Sonneratia sp”. Wetland Ecology and Management, 14,
365-378.

M Conchie, J.A. and Toleman, I.LEJ. (2003). “Boat wakes as a cause of riverbank erosion: A
case study from the Waikato River, New Zealand”. Journal of Hydrology (NZ), 42, 163-179.

Nandasena, N.A.K., Tanaka, N. and Tanimoto, K. (2008). “Tsunami current inundation of
ground with coastal vegetation effects; an initial step towards a natural solution for
tsunami amelioration”. Journal of Earthquake and Tsunami, 2(2), 157-171

TAP CHi KHOA HOC VA CONG NGHE THUY LGOI SO 42 - 2018 7



[ CHUYEN GIAO [JKe{e]\[e] e ]=

[8]

[9]

[10]

[11]

[12]

8

Nanson, G.C., Krusenstierna, A.V., Bryant, E.A. and Renilson M .R. (1994). “Experimental
measurement of river-bank erosion caused by boat-generated waves on the Gordon River,
Tasmania”. Regulated rivers: Research & M anagement, 9, 1-14.

Nascimento, M .F., Neves, C.F. and Maciel, G.F. (2010). “Wave generated by two or more
ships in a channel”. Proceeding of 32" Conf. on Coastal Engineering, ASCE, Shanghai,
China, 1-11.

Quartel, S., Kroon, A., Augustinus, P.G.E.F., Van Santen, P. and Tri, N.H. (2007).“ Wave
attenuation in coastal mangroves in the Red River Delta, Vietnam”. Journal of Asian Earth
Sciences, 29, 576-584.

Schiereck, G.J. (2005). “Introduction to Bed, Bank and Shore protection”. The 3"Edition,
Taylor & Francis e-Library,New York.

Velegrakis, A.F., Vousdoukas, M.I.,, Vagenas, A.M., Karambas, T., Dimou, K. and
Zarkadas, T. (2007). “Field observations of wave generated by passing ships: A note”.
Coastal Engineering, 54, 369-375.

TAP CHi KHOA HOC VA CONG NGHE THUY LGOI SO 42 - 2018



