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ABSTRACT: A simple analytical model for flow in the creeksfasmulated, built up and

applied in the real conditions in Nang Hai creelarf0Gio mangrove Biosphere Reserve (Ho Chi Minh

city).Observed data of current speed and waterllevehe creek in the year of 2005 were used td fin

the friction coefficients in the mangrove swamp a&mdapply in the model. Results from calculated

modeling show obviously the tidal asymmetry in mawey creek. The peaks of current speed at flood

and ebb tides are not equal as the swamp is in@adthe friction coefficients have the great infice

in the tidal asymmetry. The friction coefficienttlre creek can change remarkably the current sjpeed

the creek, inducing the changes of the current gdpgmsaks. The friction coefficient in the swamp has

much less influenced to the current speed in theks.

Keywords:tidal asymmetry, friction coefficient, mangroveek, Can Gio mangrove Biosphere

Reserve.
INTRODUCTION

A notable characteristic  of the

hydrodynamics of mangrove creeks is the
asymmetry between the flood and ebb water
velocity [1], [2], [3]. The aim of the study is to

formulate and to build up a simple analytical
model for flow in the creeks. The water level
and friction coefficients are considered in the
model of swamp-creek system. A simple
analytical model for flow in the creeks is

formulated. Swamp is characterized by a
volume-water height relation and the creek is
simply characterized by its average width,

depth and length. The system is separated into
two parts: the creek where inertial has to be
taken into account, and the swamp where
inertial effects can be neglected. In the swamp,

the complex circulation through vegetation

makes the flow friction dominated, and the
momentum balance reduces to a balance
between the water surface slope and the friction

term [1].

MODELLING

The geometry is shown in Fig. 1. and the
variables and parameters are introduced as

follows [1]:

h;: characteristic height of water in the

creek;

h,: characteristic height of water in the

swamp;

u;: characteristic current of water in the

creek;

U,: characteristic current of water in the

swamp;

V: volume of water in the creek;
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V,: volume of water in the swamp;

H: height of the water at the mouth of the
creek;

B: width of the channel (averaged over the
whole length);

X: length of the creek;

Xs length of the swamp (perpendicular to

the channel);

Bs: width of the swamp (along the creek);

\

H,: depth of the swamp;
ri: friction coefficient in the creek;

r,: friction coefficient in the swamp;

C—: height/ volume of water ratio in the
1

creek (betweenjhand \p)

C—: height/ volume of water ratio in the
2

swamp (between,tand \5)

Swamp

Creek /

H,

B
Fig 1. Cross section through creek and swamp
The governing equations in the creek and - In the swamp:
in the swamp can be written as: [1], [2]:
- In the creek: [h, — (H — Hy)]
U = — X - Tzuz
Ay (hy — H) s 4)
— = —g——— — nu
at X o , s
uzB:hy =
av, Tt (5)
dt  when swamp is not It is assumed that the variations inwith
inundated (2) time are small compared to those af With
av, av, some calculations, we obtain:
t t  when swamp is When the swamp is not inundated:
inundated 3)
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2
X 8%v

nX W Vg (6)
gBhy dt?

gBhy ot | €

When the swamp is inundated:

X 9T(VytV)  nX A(Vy+Vy) VI_H (7
gBhy  @t? gBh, ot €

X, 3V, W,
X Ve Ve g (8)
B, 3t T G 1

The following parameters are introduced:

e
iy

L=
gE Ry
1RX
Rl = 1
gBhy
&g
R, =
2 gR.hs

The equation of the motion in the creek can

be written in the following terms:

When the swamp is not inundated:

X vy nmX v vy i
gBhy 8t2 ' gBhy 3t ' C; )
o%v v, Vv
L —2 RR—24+21=H
at? + "ot = C,
When the swamp is inundated:
82 (Vv +15) AV +L) W
L—L2+R—2+1=1
gt at Cl (10)

The equation of the motion in the swamp

can be written in the following terms:

CLCRRLCR 3 11
Roge Yo, =H—H (1)

From the equations (2)-(3), (5) and (9)-

(11), the water volumes Min the creek), ¥

(in the swamp) and current velocities w, are

solved by numerical methods.

applications

Model is built up and applied in the real
conditions in Nang Hai creek, Can Gio (Ho Chi
Minh city) (Fig.2.) Nang Hai site (£23.427N,
106’52.761E) is about 2.0 km distant from the
estuary of the Dong Tranh river, which with a
length of 67.50 km is the longest of the main
rivers in Can Gio Mangrove Biosphere Reserve
[4] (Fig.2.). Nang Hai is a complicated site
with many surrounding creeks and mixed-type
mangroves. Nang Hai creek is considered as
the largest creek in Nang Hai site (Fig.3.).
Based on the observed measurements at the
studied site [5], [6], it is assumed that the
length of the creek is 2.5km and the width is
20m. The characteristic of water level is 2.5 m
in the creek and 0.2m in the swamp. The height
and the length in the swamp are 2.3m and 700

m, respectively.

The model used the input data measured
and observed in one week from™0anuary,
2005 to 7' February, 2005 at Nang Hai creek.
The data of water level was measured by wave
gauge WG-730W (Valeport Co.) at the muddy
flat of Nang Hai creek. The sampling
frequency was 4 Hz, and 2048 wave burst
samples were recorded at 30 minute intervals.
The data of current flows were measured every
30 minutes by the propeller MK11-2035

(General Oceanic).
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Fig.2. The location of the selected study site (a) inSbeth of Vietnam. (b) Can Gio mangrove Biosphere Rese
Ho Chi Minh, Vietnam; (c) Nang Hai study site

(@) (b)

Fig.3. Nang Hai creek (a) from Google Map (b) in ebb tide25th June, 2009

friction coefficients. The different friction
coefficients with order of 1) 10° and 10
were chosen. Obviously when the friction

RESULTS

From the simulated model and the
characteristic parameters in Nang Hai creek coefficient is large (order of 1, the velocity
and its swamp, compared with the observed gets very small. The smaller the friction
coefficient is (order of 16, 10°), the higher

the velocity gets. Results show that the

data of current velocities in the creek, we could

predict the current flows with the suitable
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calculated velocity gave the most suitable data
compared with the measured velocity when the
friction coefficient with the order of 1Dwas
chosen. The best-fit friction coefficient in the
creek was 0.0026. (Fig. 4.). The friction
coefficients have the great influence in the tidal
asymmetry. The friction coefficient in the creek
can change remarkably the current speed in the
creek, inducing the changes of the current
speed peak. The friction coefficient in the
swamp has much less influenced to the current
speed in the creeks.

Figure 4 shows the model output that best
agrees with the experimental data for current
speed in Nang Hai. It also shows that the
swamp was inundated almost for flood water.

The current peaks at high tide and at low tides

the tidal The

maximum current velocity reached to about

were different in cycles.
0.65 m/s. It is obviously seen that in a tidal
cycle, the tidal current speed depended on the
tidal slope. The higher tidal slope got, the
higher current velocity peak was and vice

versa.

Results from calculated modeling show
obviously the tidal asymmetry in mangrove
creek. Almost in the tidal cycles, there were
two current peaks for flood tides and two or
three current peaks for ebb tides. However,
there were always a current peak at flow tides
as the water level reached to the height of
swamp with 2.3 m due to amount of water

flowed from the creek to the swamp.

Elevation of
the swamp
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Fig.4. Current speed in the Nang Hai creek

On 4" and %' of February 2005, the swamp

was inundated for the high ebb tide. As a result,

the current velocity was relatively small. In

these two days, the tidal slopes were rather
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high and the tidal cycle was different from the

rest of the days, therefore the velocity peaks for
ebb and flow tides were different from the rest
of the days. There were three current velocity
peaks for the first flood tide of the day and

three current velocity peaks for second ebb tide
in the day.

CONCLUSIONS

The tidal asymmetry in mangrove creek is
obviously proved by the velocity peaks for
flood and ebb tides However, from the
modeling application in Nang Hai creek, we
could not withdraw the exact number of current
velocity peaks for flood and ebb tides. The
in the

research on the tidal asymmetry

mangrove creek is required for further study.

TINH B AT POI XUNG CUA THUY TRIEU TRONG KENH RACH CO
RUNG NGAP MAN

V& Lwong Hong Phwéc, L& Tran Duy Phic
Truong bai hoc Khoa lvc Ty nhién,PHQG-HCM

TOM TAT: M6 hinhdgng lec hpc thiy trieu gidi tich don gian cho dong cliy trong kénh gch
dwoc thiét 1gp va xay éng; saudo duoc ap ding gia dinh Wi diéu kién thuc tzi con rach Nang Hai, khu

dir triz sinh quyn rirng ngip min Cin Gio (Thanh Pla Hé Chi Minh). $ liéu quan teic win tsc dong

va daodgéng mec nudc tai con rach vao @m 2005duwoc st dung dé tim b s6 ma sét trong conach va

trong dam vadé ap dung tinh téan trong md hinh.ékqui tir md hinh tinh toan cho dlg rd duroc tinh

bdt doi xing aia thiy triéu trong con ach. Binh vin toc ldc trieu 1&n va lac tréu rat khdng Bng nhau

khi neeéc ngip dam lay. Hé 6 ma séat éng anh heong rat Ién d@én tinh it doi xing aia thiy triéu nay.

H¢é s6 ma séat trong conach lam thaydsi dang K dén van tsc dong trong congch, din dén sr bién doi

lén qia cacdinh vin toc. Hé s6 ma sét trongZam lay khénganh heeng nhiu d@én win toc dong trong

rach.

Tir khoa: tinh hit doi xiing thiy triéu, hé 5 ma sét, kénhach trong ting ngip min, khu d triz

sinh quyn ring ngip min Can Gio.

REFERENCES

[1]. Aucan, J & Ridd, P. V. Tidal
asymmetry in creeks surrounded by

saltflats and mangroves with small

Trang 91



Science & Technology Development, Vol 14, No.T4- 2011

(2].

(3].

[4].

swamp slopes. Wetlands Ecology and
Management, 8, 223 — 231 (2000).
Mazda, Y.,
E. Tidal
mangrove creeks. Hydrobiologia 295,
51 — 58 (1995).

Wolanski, asymmetry in

Mazda, Y., Wonlanski, E., Ridd, P. [6].

The role of physical processes in
mangrove environments.
TERRAPUB. Japan (2007).

Tuan L. D, Oanh K T. T., Thanh C.

V., Quy N. D. Can Gio mangrove

Kanazawa, N. and [5].

biosphere reserve. Agric. Publ.,Hanoi
(2002).

Vo Luong, H.P, Massel, S.R. Energy
dissipation in non-uniform mangrove
forests of arbitrary depth. Journal of
Marine Systems 74, 603—-622 (2008).

Vo Luong Hong Phuoc, Dang Truong

An. The role of mangrove forests in

coastal zone management. Journal of
Sciences of the Earth, 32, 1, 87-90
(2010) (in Viethamese).

Trang 92



