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Abstract. Overall the evolution process of the Red River Delta based on the maps and
historical data resulted in a fact that before the 20" century all the Nam Dinh coast
line was attributed to accumulation. Then started the erosion process at Xuan Thuy
district and from the period of 1935 — 1965 the most severe erosion was contributed in
the stretch from Ha Lan to Hai Trieu, 1965 — 1990 in Hai Chinh — Hai Hoa, 1990 - 2005
in the middle part of Hai Chinh — Hai Thinh (Hai Hau district). The adjoining stretches
were suflered from not severe erosion. At the same time, the Ba Lat mouth is advanced
to the sea and to the North and South direction by the time with a very high rate.

The first task of the mathematical modeling of coastal line evolution of Hai Iau is
to evaluate this important historical marked periods e. g. to model the coastal line
at the periods before 1900, 1935 — 1965; 1965 — 1990; 1990 — 2005. The tasks is very
complicated and time and working labors consuming.

In the paper, the primarily results of the above mentioned simulations (as waves, cur-
rents, sediments transports and bottom - coastal lines evolution) has been shown. Based
on the obtained results, there is a strong correlation between the protrusion magnitude
and the southward moving of the erosion areas.

1. COASTLINE EROSION AT HAI HAU BEACH

The length of the erosion stretch at Hai Hau district ranks the sccond after the Ganh
Hao stretch which is located in Ca Mau province, north east of Ca Mau cap. The 30 ki
of Hai Hau beach has suffered from erosion at least from the beginning of the last century.
The coast has been eroded at a rate of 10 - 15 m/year during the last half century. At
present two sea dyke system have been constructed to protect the coast. Some descriptions
of the eroded stretch are below:

+ The shore line has NE-SW orientation (coincided with the main predominant north-
cast monsoon wave direction). Theoretically the N, NNE, NE wind direction (from land
to sea) can not generate waves. But in reality there are quite high wave ficlds with NE
wind direction. This situation can not be simulated by the monochromatic wave theory,
but by the spectral method.

+ The erosion rate for Hai Hau beach is not unique. At present the most severe erosion
takes place at Hai Ly ~ Hai Trieu communes,

+ The bottom slope is rather gentle (<0.008) as a results of repeated shore line retreats
(more gentler than classical equilibrium profiles).

+ A small Red river tributary named Vop - Ha-Lan mouth had been closed since 1955.
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+ Present eroded rate is approximately 10m/year (with the present of sea dyke sys-
tem). It takes 20-30 year for one sea-dyke system retreat.

+ There is a strong correlation between the scaward advance of Ba Lat mouth and
the position of the severest erosion. With the Ba Lat mouth seawards development and
formation of underwater sand bars the strongest erosion areca moves southward. Based
on the historical data, four periods of coastline evolution in Hai Hau district have been
divided as:

*1912-1935: the coast began to be eroded from the nearest south of Ba Lat mouth to
Hai Dong commune;

* 1935-1965: the strongest erosion arca occurred at the coast from Hai Dong to Hai
Tricu communes;
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Fig. 2. The southward moving of the severest erosion arcas in Hai Hau beach

*1965-1990: the strongest crosion area occurred at the coast from Hai Chinh to Hai
Hoa communes;



Preliminary results of the study on the reasons of the Hai Hauw ... 417

*1990-2005: the strongest erosion area occurred at the coast at the coast from Hai
Chinh commune to Thinh Long town (Hai Thinh commune)

There are some hypothesizes of the main mechanism causing the shore line retreat in
the arca but all of them are designated to wave activities. One of the important theoretical
point of the authors is the correlation between the seaward advance of the Ba Lat mouth
and the position of the severest erosion in Hai Hau beach. The southward moving of the
severest erosion areas are mapped in the figure 2. It was found out that, with the Ba
Lat mouth seawards development and formation of underwater sand bars the strongest
crosion area moves southward. This hypothesis will serve as the most important criteria
for the explanation of reason of the Hai Hau present state of erosion and for the proposed
coastline protection measures at the beach.

2. PRIMARILY EXPLAINATION OF THE COASTLINE EVOLUTION

Sediment transport plays an important role in many aspects of coastal, estuarine en-
gineering. Waves, tidal currents and wave-induced currents are the main forcing of the
sediment transport. The sediment transport is responsible for the morphological changes
and the shoreline evolution in the coastal zone. However, the understanding of the mech-
anism responsible for these phenomena is still not clear. Numerical modeling is one of
useful tools for the evaluation of the hydrodynamic paramecters such as the wave height,
the currents, the sediment transport, the bottom level change and shoreline evolution for
the design of shore protection and environment problems.

In order to simulate the evolution of Nam Dinh coast, in the present study, a 2-D
numerical model has been developed to simulate the sediment transport, the bottom level
change and the coastline evolution under the action of waves. The model includes a total
load module which is based on the approach of Watanabe (1988), the advection-diffusion
model which is used to simulate the sediment transport from the river mouths and the
morphology and shoreline change modules.

The tidal current, the wind-induced current, the wave-induced currents and the waves
parameters are supplied as inputs. Tidal and wind drift currents arc obtained by using a
2-D hydrodynamic model based on resolving the full shallow-water equations by a finite
differences method developed by Manh and Yanagi (2003). The wave parameters, the
most important sea parameters, influencing coastal processes, are obtained by using the
wave model STWAVE ( Hung et al. 2006). These matters are not presented here.

2.1. Modeling of the Sediment Transport Rate due to Current (in the presence
of wave)

The formula of sediment transport rate g. (m?.s™!) due to current (in the presence of
wave) proposed by Watanabe (1988) is used:

7
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The sediment transport rate in x and y direction are as follows:
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where A. is a non dimensional empirical coefficient; V’ is the absolute velocity: p is
the fluid density; ¢ is the gravity acceleration; U, V are the components of flow velocity
in the x and y directions respectively; 7pc, IS the bed shear stress due to waves and
currents, and assumed to be form as linear superposition of the respective wave and
current components (Van Rijn, 1989):

Thew = Tb,s + Thws (23)
Tp,5 is the bed shear stress due to current (modified by wave motion):
Th,6 = QTpc, (2.4)

where « is a factor related to the influence of the waves on the bed shear stress. 7, . is the
bed shear stress due to current alone.7;, ,, is the bed shear stress due to waves defined by
Van Rijn (1989).

Ter 18 the critical bed shear stress for incipient motion, determined from the Shield
curve for oscillatory flow:

Ter = (5 — 1)pgdiber, (2.5)

where d is the diameter of sediment particle; s is the specific gravity; ¢, is the critical
Shields parameter.

2.2. Modeling of the Sediment Transport Rate due to Wave

The sediment transport rate due to wave g, (m?/s) in the direction of wave propaga-

tion:
Aw w ~— ler 7
g iy S e o B, (2.6)
Py

Ay = Buws e (2.7)
(1=X)(s=1)y/(s—1)gdV 2
The sediment transport rate in  and y direction are as follows:

Ay (To.cw — Ter) Up cOs O
wa:FD W( - CT‘) > qu:FD
rg Pg

where B, is a non dimensional coefficient; A\ is the void ratio of sediment; w; is the fall
velocity, estimated by approximate formula of Van Rijn (1993):

. 100 [(M H>°'5_ 1], (29)

Aw (Tb,C’UJ - T(;'r) ab sin 0

(2.8)

d Iz

where 0 is the wave angle with respect to the x direction; v is the kinematic viscosity coef-

ficient of water (1076 m2.s71); Fp is the transport direction function defined by Watanabe

(1988).

2.3. Sediment Transport Rate due to combined Waves and Currents
Sediment transport rate due to combined waves and currents is assumed to be the sum

of the transport rate vectors due to waves and the transport rate vectors due to currents:

(T:(fc + (zw' (2.10)
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2.4. Advection-Diffusion Modeling

The advection-diffusion model is used to simulate the suspended sediment transport
from the Ba Lat river mouth taking into account the sediment exchange between the water
and the bed. The governing equation is as follows:

O(CH) oC 0

0 _oC
T o A x = S 1 -—[(71[‘,— :Fe § )
ot =+ B <CQ K H8$> =} By (CQJ y dy) bed (2.11)

where C is the turbidity, K, K, are the coefficients of the horizontal diffusion. In the
general case, Fyeq = F. — Fy is the sediment fluxes exchanged between the water and the
bed. Fyeq is either erosion or deposit fluxes, depending on the relationship between bed
shear stress and bed materials.

There does not exist a lot of deposit formulations for fine-sediment transport. The
most frequently used one is proposed by Einstein-Krone (Krone, 1962):

Fy=W.C (1 - @> , (2.12)

Ted
where Fy is the deposition rate, 7.4 is the critical stress for deposition. 7.4 depends on the
turbidity and the currents near the bed.
The bed erosion is already included in the formulation of Watanabe (1988), so when
modeling the advection, the diffusion of suspended sediment, only the deposition of the
sediment from river mouths is taken into account, i.e. the erosion flux F, is set to zero.

2.5. Bed Level Change

The conservation of the sediment mass is expressed by:

Oh 1 |9 oh\ 0 Oh
ot oz LT z|l 5~ a. y s = Fe Y 2.1
ot 1-2A [ax (q € la |8x> T oy (qJ € lay] 8y> e d} (2.13)

where €, is an empirical coefficient, dealing with the effect of the bed slop; h is the water
depth.

2.6. Shoreline Change

Based on the one-line theory, the equation governing shoreline change is as follows
(Hanson and Kraus, 1989):

dy 1 dq

M - RN | i (P =0 2.14

ot T Dp+ D¢ <81’ ’ ( )
where y is the shoreline position; Dpg is the berm elevation; D¢ is the depth of closure; ¢
is the longshore transport rate, @ is the line source or sink of sediment.

2.7. Adaptation of the model to the Nam Dinh coast zone

For this application, the study area is the nearshore zone of Nam Dinh province. It
covers the lower part of the Ba Lat river mouth, extends alongshore over 60km from the
Diem Dien mouth southwards to the Lach Giang mouth and as far as 25km offshore (figure
1). Bathymetric data of the area were digitalised from maps 1/25000 and 1/100000 made
by Vietnam People’s Navy, published in 2000 and 1984, respectively.

Simulation Conditions

For the advection-diffusion model, a concentration of 10 mg.l™! is imposed for the

whole area as the initial condition. At the open boundaries, the suspended sediment at
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the river mouth in ebb tide is imposed at 1.0g.17! corresponding to a mean river discharge
of 4500 m®.s™! for the wet season and 0.2g.17! corresponding to a mean river discharge of
1500 m3.s7! for the dry season (Van Maren et Hoekstra, 2004).

Following the approach of Van Maren et Hockstra (2004), the yearly morphological
changes are calculated by simulating half a spring-neap cycle for each wave conditions,
and multiply this with a morphological factor which is defined from the frequency of
occurrence of each wave class. Summation of the resulting morphological computations
yields the yearly morphological change. In this work, calculations are done with two wave
classes with the highest frequencies of occurrence, corresponding to NE and SIE winds.
The duration of simulation for each wave class and the other statistic data in table 1 arc
given by Hung et al (2006).

Table 1. Different Cases of Simulations™*

Computation Wave Wave Wave Mean river Duration of Wind
heigh Period Dir. P [%] discharge, simulation, velocity/Dir,
scenarios t, m d, s deg. m3.s71 days m.s ! /deg.
Case 1 0.81 3.95 180.02 31.36 4500 5T7.23 4.5/135
(wet scason) (SE)
Case 2 1.04 3.87 80.12 37.57 1500 68.56 6.0/45
(dry season) (NE)

*Directions of waves and winds are referred to Meteorological (Zero from North)
Sedimentological Parameters adopted for Simulations

The principle sedimentological parameters are taken as follows:

- The median grain diameter Dsy=90pm;

- The void ratio A=0.4;

- The sediment density ps=2650 kg.m™3;

- Non-dimensional coefficient for wave B,,=3;

- Non-dimensional coefficient for current A.=1;

- Critical value for direction of transport rate [[.=1;

- Effective bed slop coefficient e5=1.

- The horizontal eddy diffusivity for suspended sediment K, = K,=10 m? 5L,

The critical bed stress for deposition 7.4 depends on the suspended sediment con-
centration and flows near the bottom. It is obtained from experiments in channcl, in
laboratories with sediments of some estuaries, but there is no results concerning the fluid
mud of BaLat. For reference, some values of 7.4 are shown hereafter. Krone (1962) used
Tea= 0.06 N.m™2 for mud beds in the Bay of San-Francisco with an initial concentration
of sediments less than 0.3 gl~'. Mchta (1986) obtained the 7.4 is equal to 0.15 N.m 2 for
kaolin beds, to 0.10 N.m~? for mud beds in the Bay of San-Francisco and to 0.08 N.m 2
for mud beds in Maracaibo (Venezuela). Base on those values and the critical stress value

obtained from calculations, the critical stress for deposition 7.4 is chosen at 0.1 N.m™2,

2.8. Results and discussions

Calculated Net Sediment Transport
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The long-shore and cross-shore sediment transports are taken into account in the
model. In general, the numerical results (fig. 3) show that the long-shore sediment trans-
port is dominant and considerable within as far as some hundreds of meters offshore.
Further offshore, the net sediment transport rates decrease sharply. _

In the NE wind the net sediment is mainly transported southwards along the shore.
Also, in the SE wind, the net sediment is mainly transported northwards along the shore.

The maximum net sediment transport rates reach as much as 0.1kg.m .57 1.
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'Fig. 3. Calculated net sediment transport rates in the NE (left) and SE (right) winds

Calculated Bed Level Change

- Accretion Caused by the Suspended Sediment from the River Mouth

Fig. 4 shows the calculated bottom change caused by the sediment deposition from
the Ba Lat river mouth in the NE and SE winds. The sediment from the river mouth
is transported by the currents and causes the bed accretion. The numerical results show
that the accretion mainly takes place at the north and south areas of the river mouth,
where the sand spits are formed. At the very main course of the river mouth, larger river
flow does not support the bed accretion. Those are in agreement with the observations.

Because of the longer duration and the more intense of the NE wind speed compared
to the SE wind, in the NE wind the sediment from the river mouth is transported further
alongshore, as far as Quat Lam area. The accretion rate in the NE wind is minor. In the
NE wind, the maximum rate of bed accretion is 0.1-0.2 m whereas in the SE wind, this
value is up to 1lm. That is caused by the larger suspended concentration, from the Ba Lat
mouth in the wet season, supplied to the bed.

- Bed Level Change Caused by the Wave Action

Figure 5 shows the calculated bottom change in the NE and SE wind seasons. In
the figure, the area filled with dot symbols is in accretion and the area filled with cross
symbols is in erosion. In general, we observe that the area in accretion are larger than the
arca in erosion and the erosion tends to take place closely to the shore. However, the rate
of accretion is minor, under 0.1-0.2m. The rate of erosion in the NE wind is more intense
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Fig. 4. Calculated bottom elevation differences caused by the sediment deposition
from the river mouth in the NE wind (left) and SE wind seasons (right)

than that in the SE wind. Close to the shore, the rate of erosion can reach up to 1m in
the NE winds and as much as 0.4m in the SE wind.

X (km)
B == ¥
) , ghay
. | @
8 | ¢
8 I N
. 8
X S
:8 :8 .
5. R
B l . }
B [ . ;
&\\}u § §Lmld
N 8 %
a& ) i .
N

Fig. 5. Calculated bottom elevation differences caused by the wave action and
current in the NE wind (left) and SE wind (right) seasons in Van Ly area

For a clearer showing of the tendency of bed erosion/accretion, figure 6 is made. This
figure shows the calculated bottom elevation differences of three profiles in the NE wind
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season in Van Ly area. In this figure, the minus value of the bottom elevation difference
indicates the erosion and the positive value shows the accretion. Due to the sediment
transport is considerable within some hundreds of meters offshore, the bed change mainly
takes place in this area. In the NE wind, near the shore bed erosion rate can reach up
to 1m, further offshore there is a tendency of bed accretion or erosion with a minor rate.

Over 2 km offshore, the wave action nearly does not cause any considerable effects on the
bed level. '
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Fig. 6. Calculated bottom elevation differences of some profiles in the NE wind
season in Van Ly area

Calculated Shoreline Evolution

Figures 6 shows the calculated shore line evolution with the effects of waves, tide
currents, wind-induced currents in 2001 and 1912 in the NE and SE wind seasons. In this
figure, in order to see more clearly the shoreline evolution after modeling, the coordinates
of the shoreline are reduced to 50 times, and the coordinates differences between the
shorelines before and after simulation are kept the same. For the calibration step, the
calculations are done in order to obtain that the shore line erosion rate of the year 2001 is
as much as 8-10m per year as observation. Then, the calculations are done with the shore
line of the year 1912 for the SE wind season. The calculated results show that the shoreline
of the whole interest area does not change much in the SE wind season compared to that
in the NE wind (figure 7). In the NE wind, the shore line of the year 2001 is eroded at the
south part, from Quat Lam to Hai Thinh, whereas there is a clear tendency of shoreline
erosion at the Quat Lam area in 1912. What responsible for this phenomenon should be
the convex shape of the shoreline. The land area at the Ba Lat mouth is convex and it
plays a role as a groin.

It is worth to mention that this shoreline evolution has been calculated for NE and SE
monsoons 2001 only (not for other wind directions also) and for NE monsoon 1912 only.
The effect of calculated accumulation from the Ba Lat mouth is not added over there and
various matters still waiting for the further study. So in comparison with the figure 2 the
part from Hai Chinh to Ha Lan river mouth is not the severe erosion part.

3. CONCLUSIONS

- A 2-D numerical model of the sediment transport, the bottom level change and the
coastline evolution under the action of waves and currents has been developed to simulate
the coastal erosion in Nam Dinh province, of which the total load model is based on
the approach of Watanabe (1988), the advection-diffusion model is used to simulate the
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Fig. 7. Calculated shoreline evolutions in the NE wind (left) and in the SE wind
(right) seasons in 2001

sediment transport from the Ba Lat river mouth taking into account the sediment exchange
between the water and the bed, and the shoreline evolution is based on the one-line theory.

- The long-shore and cross-shore sediment transports are taken into account in the
model. The dominance of the long-shore sediment transport is shown with the model.
The net sediment transport is considerable within as far as some hundreds of meters
offshore. The maximum net sediment transport rates reach as much as 0.1 kg.m .51,

- The NE wind season contribution in sediment transport and coast evolution is much
greater than the SE wind season contribution.

- In reality the Ba Lat mouth plays a role of a groin. The more scaward and southward
its development this role is more clearly.

Preliminarily results of coastal evolution in 2001 and 1912 show a good qualitative
agreement with the observation.

- The obtained preliminarily results have weaks points they could be caused by:

* Not considering the other wind directions,

* Not including the water and sediment discharge of the other river mouths - Ha Lan,
Ninh Co and Day.

* Not considering the effect of Hoa Binh electric plant lake in the upper basin of the
Red River. ,

* Not considering the effects of man activities dykes buiding.
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CAC KET QUA NGHIEN CUU SO BO VE NGUYEN NHAN HIEN TUQNG
XOI LO BO BIEN HAI HAU

Téng quan vé su tién trién dwong bd chau thé séng Hong dwa vio cdc ban do va s6 liéu lich
str da chi ra rang: Trudc thé ky 20 toan bd bd bién Nam Dinh chi ¢é boi ldng. Sau dé bat dau
thoi ky x6i 1& khu vire huyén Xuan Thuy va tir 1935 - 1965 x6i 1& tap trung manh nhat & doan
ctra Ha Lan - Hai Trieu, 1965 - 1990 & HAi Chinh Hai Hoa, 1990 - 2005 & gitra xa HAi Chinh -
HAi Thinh. Déng thoi ta ciing thiy rd rang cira Ba Lat ngay cang 16i ra (vé phia bién va phia bic
- nam) véi ceong d6 rat manh. ‘

Nhiém vu ctia mé hinh hod todn hoc qué trinh bién déi dwong bo Hai Hau trwde hét 1a phai
mo6 phdng lai dwge cdc méc quan trong dé tirc 1a duwdmg b x6i véi cde mée truede 1900, 1935 -
1965; 1965 - 1990; 1990 - 2005. DAy 1a nhiém vu phitc tap doi hdi nhiéu cong stre, thoi gian.

Bai nay trinh bay mét s6 két qua ban dau clia viéc mo phdng d6 (séng, dong chdy, van chuyén
blun cdt va bién dong b ddy bién). Két qua nghién ciru cho thdy méi twong quan rdt manh gitra
ving dat 16i ra & cra Ba Lat va chuyén dich vé phia nam cla viing x6i 1d.



