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Abstract. Hoi An is a famous tourist city in Central Vietnam with Cua Dai beach which is a long
beautiful swimming beach. In recent years, tourism of the city is developing very fast. The southern
part of Cua Dai beach was covered by many resorts which were located close to the beach and
protected by hard structures such as seawall, revetment, groin,... At present, all properties closed to
the beach and hard protection structures of resort system were destroyed by wave action. And the
northern part of Cua Dai beach (public beach) was seriously eroded and has been protected by “Soft
structure”. Cua Dai coast erosion problem becomes the hot topic in communication system from
central to local governments and it becomes the big concern of Vietnamese and international
scientists. This paper presents the initial study results of Cua Dai beach erosion features. Study
results show that Cua Dai beach erosion/deposition phenomenon occurred for a long time but the
rate of accretion was larger than that of erosion. From the year of 2000 to present the rate of erosion
was larger than that of accretion. The main causes of Cua Dai beach erosion are the interaction
between hard protection structures and wave action, dredging operation in Thu Bon river mouth...

which reduced the longshore sediment transport rate from Thu Bon river mouth to eroded beach.

Keywords: Cua Dai beach, Thu Bon river mouth, coastline, erosion/deposition.

INTRODUCTION

Beach nourishment and shore protection
against beach erosion have an important role in
the beach sustainable management. Coastline
erosion/deposition processes have been studied
by various institutes in the world such as DHI,
Delft, CERC,... Erosion/deposition phenomena
along Vietnamese coast have been studied by
several projects such as:

National projects KHCN.08.06 (1997-
2000) and KC.09.05 (2000-2003) “Study on
erosion/deposition phenomena along
Vietnamese coast”, KC.09.24/06-10 “Study on
erosion/deposition  processes along South
Central Vietnamese coast”.

VAST project (2008-2009)
“Environmental impact assessment of shore

protection structures along South Central
Vietnamese coast”.

Vietnamese-Indian project (2002-2003)
“Study on erosion/deposition phenomenon in
Hoi An coast”. Vietnamese-Holland project
(2005-2007) “Study on the environmental
impact assessment from opening/closing of Tu
Hien Inlet phenomenon in Tam Giang-Cau Hai
Lagoon”, Vietnamese-Sweden project (2005—
2011) “Study on the coastal evolution and
sustainable management in Vietnam”.

Quang Nam Province project (2013-2015)
“Study on erosion/deposition phenomena in
Quang Nam province coast”. This study
covered the Cua Dai beach erosion problem.

Besides carrying out field investigations,
several numerical models for explanation and
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prediction of erosion/deposition processes were

applied such as wave models (WAM,
SWAN,...), shoreline change model
(GENESIS, LITPACK,...), beach profile

change and sedimentation models (SBEACH,
UNIBEST,...). In recent years, several scholars
have published the papers which related to this
study [1-8]. These study results show that
shoreline erosion occurred at Red and Mekong
river deltas especially along South Central
Vietnamese coast (from Da Nang to Binh
Thuan), the opening/closing of tidal inlet
occurred along the coast of Central Vietnam,
especially from Hue city to Phu Yen province.
In general, along Vietnamese coast almost all
the seriously eroded shoreline sections and

changing river/tidal inlet mouths were
protected by hard structures with typical types
such as seawalls, revetments and groins.

However, after construction of protection
structures, there are still no measures to
maintain the normal operation of these

protection structures. Consequently, most of
protection structures have impacted on adjacent
environment, especially on erosion/deposition
processes, and several protection structures
were not kept in protection role, even become
useless. Therefore, to efficiently manage the
coast, the assessment of the status and effects
of shore protection structures on adjacent
environmental condition is necessary.
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Fig. 1. Location of Cua Dai beach in Quang Nam province
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Hoi An city is famous tourist city in
Central Vietnam with long beautiful
swimming beach. In recent years, tourism of
the city is developing very fast. The southern
part of Cua Dai beach was covered by many
resorts which were located close to the beach
and protected by hard structures such as sea-
wall, revetment, groin... At present, almost
all the hard protection structures of resort
system were destroyed by wave action. And
the northern part of Cua Dai beach (public
beach) was seriously eroded in recent years
and was protected by soft structure system
(geotextile bags). Cua Dai beach erosion
problem becomes the hot topic in
communication  system  from  central
government to local government. This paper
presents the brief information of Cua Dai
beach erosion features and it is one content
part of Quang Nam province project (2013-
2015) results. Study results show that the
main causes of Cua Dai beach erosion are the
interaction between hard protection structures
and wave action, dredging operation in Thu
Bon river mouth and hard protection
structure system which blocked the longshore
sediment transport rate from Thu Bon river
mouth to eroded beaches. Location of Cua
Dai beach is shown in fig. 1.

DATA AND METHOD

Data sources. The main related data on geo-
morphology, shoreline change, meteo-hydro-
litho-dynamic parameters etc. were collected
from different projects which were carried out
by the Institute of Oceanography in recent
years such as “Study on erosion/deposition
phenomena along Vietnamese coast (National
projects KHCN.08.06 (1997-2000)",
“Environmental impact assessment of shore
protection structures along South-Central
Vietnam Coast (VAST Project: 2008-2009)”,
“Assessment of the science and technology
data to integrated coastal area management and
sustainable development in the South-Central
Vietnamese coast for the objective of marine
economy development (National Project
KC.09.24/06-10)". Most data in this paper
were taken from the project “Study on coastal
erosion/deposition processes in Quang Nam
province and proposal of the necessary
measures for coastline protection (Quang Nam
Project: 2013-2015)”. Satellite data were
collected from  website of  Geology
Organization, USA [9], marine database and
GIS Center of the Institute of Oceanography,
Vietnam. Satellite images were collected at
different times in dry season of study region
(table 1).

Table 1. The collected satellite images for Cua Dai beach

No. Type of image Resolution (m) Date Time
1 Landsat_1, MSS 60 30-06-1973 02:37:27 PM
2 Landsat_5, TM 30 17-05-1989 02:34:56 PM
3 Landsat_7, ETM 30 07-05-2000 02:58:39 PM
4 Alos, AVNIR2 10 11-03-2009 10:49.00 AM
5 Landsat_8, OLI_TIRS 30 19-05-2013 03:08:28 PM
6 Landsat_8, OLI_TIRS 30 22-05-2014 03:05:58 PM

Methods. Shoreline positions were measured
by DGPS-Promark2 equipment along the line
of average value of high tide. These data were
validated to National Landmark System. Field
surveys for shoreline change processes were
carried out for North-East (NE) and South-
West (SW) monsoon periods of 2013.

Satellite images were analyzed by ENVI
4.0 soft-ware including geometry adjustment,
shoreline split... And all collected shoreline

data were comprehensively analyzed by Band
Threshold method. US Nautical Chart issued in
1965, scale 1/50,000 (UTM system) was used
to adjust the extracted shoreline by control
points. The selected control points were not
changed since 1965 (at Cau Lau bridge).

The material balance at different Cua Dai
beach transects [8] was used to estimate the
erosion rate at different transects.
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Distribution features of wave
characteristics of Cua Dai beach during 1987-
2012 were estimated by WAM model [10].

STUDY RESULTS

Related natural conditions in Hoi An waters.
Thu Bon river joins the East Sea at Cua Dai,
Hoi An city, Quang Nam province (Central
Vietnam). The continental shelf of the study
area is relatively narrow with 20 m depth
contour occurring at 2 km, 30 m at 10 km and
50 m at 12 km away from the coast, except in
the area of Thu Bon river mouth, where shoals
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Fig. 2. Wind rose diagram at Da Nang Station (1977-2007)
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are present. At about 12 km distance from the
Thu Bon river mouth in the northeast direction,
Cham island of 8 km width is present (fig. 1).
Coastline consists of long sandy beaches, with
medium to fine sand and with median size
approximately ranging from 0.15 mm to 0.2
mm. Wind rose diagram at Da Nang Station
(1977-2007) shows that the main wind
direction and intensity are in North (N) and
East (E) directions (fig. 2).

Typhoon in Hoi An waters (1951-2013)
mainly occurred from September to November

(fig. 3).
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Fig. 3. Typhoon activity in Hoi An waters (1951-2013)
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Monthly distribution of mean Thu Bon
river discharge (1977-2007) shows that the
highest value of Thu Bon river discharge was

Erosion features along Cua Dai beach,...

in the months of October, November and

December (table 2).

Table 2. Monthly distribution of mean Thu Bon river discharge (1977-2007)

Months Jan. Feb. Mar. Apr.

May

Jun. Jul. Aug. Sep. Oct. Nov. Dec.

Q (m%s) 214 123 879 67.8

98.3
Frequency (%) 7.3 4.2 3.0 2.3 3.4

103 727 718 139 609 826 505
3.5 2.5 2.5 4.8 209 283 173

Wave rose diagram in the offshore region
of Cua Dai coast during 1987-2012 (WAM
model results) shows that the significant wave

action comes from North (N) to North-East
(NE) directions (fig. 4).
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Fig. 4. Wave rose diagram in the offshore region of Hoi An
coast during 1987-2012 (WAM model results)

Cua Dai beach belongs to Thu Bon river
delta coast. Therefore, the coastline
erosion/deposition processes are the results
from interaction processes between sea and
river. The sediment discharge from Thu Bon
river to the coast has the very important role to
maintain the coast. The northern coast of Hoi
An (Cua Dai beach) tended to be eroded from
1965 before construction time of hydro-dam
system upstream of Thu Bon river. Beach
sediment in Cua Dai is fine to medium sand
which is subjected to erosion. Average tide
height is about 1 m, it does not have significant
role to coast erosion. Wind regime in Hoi An
area shows the significant frequency and

intensity from N direction and dominant wave
action comes from the sector N to E. The
periods of strong wind (NE monsoon), typhoon
activity, high river discharge simultaneously
occurred from October to December especially
when typhoon crossed. At that time the Cua
Dai beach is seriously affected by wave action
and eroded. Cham island located at about
12 km off Cua Dai has important role in
distribution of wave energy in study area.

Features of Cua Dai beach erosion. Cua
Dai beach erosion features in different
periods (1965-2013) are shown in table 3,
fig. 5.
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Table 3. Cua Dai beach erosion features in different periods (1965-2013)

Period Accretion Erosion
Long (km) Square (ha) Rate (m/year) Long (km) Square (ha) Rate (m/year)

1965-1973 1.62 25.10 63.75 4.79 38.2 18.02
1973-1989 1.08 33.40 7.50 5.53 65.10 9.29
1989-2000 331 59.31 18.18 4.01 40.09 10.91
2000-2009 1.62 12.42 8.29 4.16 43.76 20.72
2009-2014 0.92 2.18 5.96 4.82 21.42 14.61
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Fig. 5. Shoreline change in Cua Dai beach from 1965 to 2013

The data in table 3 and fig. 5 show that Cua
Dai beach erosion/deposition phenomenon
occurred a long time ago but the rate of
accretion was larger than that of erosion. From
the year of 2000 to present the rate of erosion
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Fig. 6a. The shoreline at Sunrise Resort on 11/10/2004

was larger than that of accretion. In the period
from the year 2000 to present along Cua Dai
beach a lot of beach resorts have been
constructed which caused the beach erosion
more intensely (fig. 6a, 6b).




Erosion features along Cua Dai beach,...

The beach in front of Sunrise Resort was erosion in Cua Dai (2013-2015) are shown in
destroyed in 2012, in 2004 beach was broad at  fig. 7a, 7b.
about 100 m from the road. Features of beach

Fig. 7b. Cua Dai beach erosion (16/10/2013)
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The above-mentioned data show that the
causes of beach erosion are very complicated.
The shore protection structure and resort
properties were destroyed mainly from wave
action by “under-tow” mechanism (fig. 7a).
These data show that the Cua Dai beach was
seriously eroded and at present the intensity of
beach erosion is more serious.

Human intervention in coastal hydro-litho-
dynamical processes in Cua Dai beach area.
Today, the upstream area of Thu Bon river
system has main 8 hydro-dams which are one
of the causes to reduce the sediment discharge

to Cua Dai, consequently the coast is eroded.
And one more similar problem is that in
downstream area of Thu Bon river the sand
mining activity is not controlled. At present,
most of the eroded beaches in Cua Dai have
been protected by hard structures such as
revetment, sea wall... (fig. 8a). These hard
protection structures were constructed by local
government and resorts without uniformity in
design (fig. 8b, 8c, 8d). Therefore, they made
the increase of wave intensity and blocking of
longshore sediment transport which was
supplied from Thu Bon river mouth.
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Fig. 8b. Groin to protect the resorts in Cua Dai (10/6/2014)
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Fig. 8c. Dredging sand from Thu Bon river mouth (7/2013)

=

Based on natural conditions and human
intervention activities, Cua Dai beach
protection measures have to be carried out to
reduce wave energy, keep sand, nourish beach
to protect beach and onshore properties for
coastal sustainable development.

CONCLUSION AND DISCUSSION
Conclusions. The main features of Cua Dai
beach erosion can be initially stated as follows:

Fig. 8d. “Soft structure” to protect Cua Dai beach (7/1/2018)

Cua Dai beach erosion/deposition
phenomenon occurred for a long time but the
rate of accretion was larger than that of erosion.
From the year of 2000 to present the rate of
erosion was larger than that of accretion.

The main mechanism of beach erosion at
Cua Dai beach is the transformation of wave
energy resulting from the interaction process
between wave and hard protection structure and
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the blocking of longshore sediment transport by
shore protection groin system.

Discussions. The main causes of Cua Dai
beach erosion can be initially stated as follows:

In Cua Dai beach area, the periods of
strong wind (NE monsoon), typhoon activity,
and high river discharge simultaneously
occurred from October to December. At that
time the Cua Dai beach is seriously affected by
wave action and eroded. Cham island has
important role in distribution of wave energy in
study area. Beach sediment in Cua Dai is
subjected to erosion by strong wave action.

Sediment from Thu Bon river system is
reduced by the construction of many hydro-
dams in the upstream area and sand mining
activity in river mouth area. Hard protection
structures were built by the resorts for
emergency situations and not based on
scientific data especially in case of extreme
conditions such as typhoon, strong NE
monsoon, high tide, high river discharge...
Those are the main causes of beach erosion
problem.

Before the year of 2000 Cua Dai beach
has been eroded without construction of resort
system, but the rate was slow. After
construction of nearshore resorts and hard
protection structures the rate of beach erosion
was serious. At present, the interaction
processes between wave action (from N to NE
directions) and the hard protection structure
system cause the incident wave energy
conversion and block the longshore sediment
transport, resulting in the beach erosion.

The causes of Cua Dai beach erosion are
very complicated including natural condition
and human intervention. The shore protection
structures and resort properties were destroyed
mainly from wave action by “under-tow”
mechanism.

To reduce the coast erosion problem for
Cua Dai beach the necessary works are to
design a beach protection structure system
which covers Cua Dai beach in length and is
led by local government.
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DAC PIEM XOI LO TAI BAI BIEN CUA BAI HOI AN, QUANG NAM

Lé Pinh Mau, Pham B4 Trung, Tran Vin Binh
Vién Hai duong hoc, Vién Han 1am Khoa hoc va Céng nghé Viét Nam, Viét Nam

Toém tit. Hoi An 14 thanh phé du lich ndi tiéng tai mién Trung véi bai tim Cua Dai dai, dep nbi
tiéng. Trong nhitng nim gan déy, du lich tai Hoi An phat trién rat nhanh. Phan phia nam cua béi
Ctra Dai da duoc xay dung hang loat resort cao cip, ngay sét bién va tu bao vé tac dong cua séng
bing hé théng cac cong trinh kién c¢b nhu twdong bién, ké pha mai, ké mo han,... Hién nay, hau nhu
toan bo hé théng cac cong trinh nghi dudng va ké bao vé sat bién tai khu vuc nay da bi phéa hay
nghiém trong bai séng. Phan phia bic cua bai Cira Pai 1a bai tim cong cong hién ciing da va dang bi
s6ng phé hay va da duoc bao vé bang hé théng cong trinh “mém”. Hién twong x6i 16 bo bién tai
Ctra Dai d4 va dang tré thanh chu d& tranh luan nong trén cac phuong tién truyén thdng tir trung
vong dén dia phuong ciing nhu cua cac nha khoa hoc trong va ngoai nudc. Bai béo trinh bay nhiing
két qua nghién ctru bude du vé dic diém x6i 6 bo bién Cira Dai. Két qua nghién cau cho thiy
truée nam 2000 bai bién Cira Pai da xuét hién hién tuong x6i 16/bdi tu nhung tdc d6 bdi tu 16n hon
X6i 16. Tuy nhién tir nim 2000 dén nay, tbc do x6i & 16n hon bdi tu. Nguyén nhan chinh gay ra xéi
|6 b bién Cira Pai la sy twong tac gitra song bién véi hé théng cac cong trinh bao vé bo bién, hoat
d6ng nao vét cét tai cira song Thu Bon, dac biét 1a sy ngan chan dong trim tich doc bd c6 huéng tir
ctra sdng Thu Bdn dén bai Cira Dai bai cac cong trinh ké mo han.

Tir khoa: Béi bién Cira Dai, cira song Thu Bdn, dudng b bién, x6i 167/bdi tu.
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