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EVALUATION OF THE OPERATING CAPACITY OF PORTS BASED ON THE 

ANALYSIS OF HYDRODYNAMICS AND THE EROSION - ACCRETION 

REGULATION OF THE COASTAL AREAS IN THE NORTH VIETNAM  
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Abstract: In the coastal areas of Northern Vietnam, the interaction between the geological 

environment and the external environment (hydrosphere, atmosphere, biosphere) and socio-economic 

activities has performed and developed geodynamical processes. In those processes, the most important 

and prominent process is the erosion-accretion process. This process is very complex and changes with 

rules. It has a strong influence on marine economic activities in general and the exploitation of ports in 

particular. The analysis of dynamics and rules of the erosion-accretion is a scientific basis for the 

planning of the port construction and effective exploitation, as well as put forwards to clear the canals to 

ensure waterway traffic. 

 

Keywords: coastal erosion; port; Northern Vietnam. 

Geological features and natural conditions 

(meteorology - hydrology - oceanography) in the 

coastal areas in northern Vietnam are very 

complex and change by rules. The paper analyzes 

the scientific basis to evaluate the exploitation of 

ports based on hydrodynamic conditions, dynamics 

and rules of formation and development of erosion 

and accretion of this region. 

 

 
Fig. 1. Location of research “Northern coastal region” 
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1. The natural condition of the region

The topography of the region (from Quang

Ninh to Ninh Binh) is mainly low plain, quite flat, 

only some hills and mountains in the north (from 

Mong Cai (Quang Ninh) to Do Son, Kien An (Hai 

Phong)). Mountain topography consists primarily 

of terrigenous sedimentary rocks or biochemical 

sedimentary rocks. Plains of 0.5-4.0 m in altitude 

are composed of soft sediment, intermingled with 

sandy beaches, tidal flat. Topography of shallow 

seafloor is subterranean delta, relatively flat with 

slope below 3 degrees. The topography is 

complicated by the channel system and bars at the 

river mouth. The development of the coastal zone 

creates typical terrain types: straight shorelines, 

tidal flats, tidal creeks, submarine zones ...The 

climate of the area is tropical monsoon, hot, 

humid, heavy rain and is divided into two distinct 

seasons. Therefore, it contributes to promote the 

erosion-accretion process. 

2. Geohydrodynamic zoning in the region

Geohydrodynamic zoning is to build up a

scientific basis for analyzing the causes, 

mechanisms, forming conditions and development 

rules of erosion and accretion. 

Applying a general and systematic approaches, 

change theory, hydrodynamic theory, equilibrium 

theory to analyse the geohydrodynamic processes. 

Assuming that the geohydrodynamic process is 

a system, it may include sub-systems of 

hydrogeological structure (geosytem) and 

hydrodynamic (waves, currents, and tide). 

The interaction between the components of the 

system reflects the geohydrodynamic feature of the 

system and determines the erosion-accretion. 

Thus, it is necessary to analyze the 

characteristics of the two components and evaluate 

their interactions. 

2.1. Hydrogeological structure  

2.1.1. Classification of hydrogeological classes 

The coast is composed of many layers of rock 

and soil, which are resistant to erosion at varying 

degrees. These levels are evaluated according to 

the reducing strength when touching water or easy 

to destroy in water. Soft soil is classified by 

structural strength and sensitivity. 

Cohesive soils, according to the structural 

strength, can be roughly classified according to 

their state. Sandy soil has very low structural 

strength, so it is easy to erode. Rocks have a 

specially high architectural strength, should be 

classified as a special level. 

The research results are classified into 5 levels 

as follows: 

- Layers have a very low degree of erosion

protection: Level I - Sand 

- Layers have a low degree of erosion

protection: Level II – Mud; Clayer sand; Sandy 

clay; clay, very soft. 

- Layers have a medium degree of erosion

protection: Level III – Clay; Sandy clay, soft-firm; 

Clayer sand, plastic 

- Layers have a high degree of erosion

protection: Level IV – Clay; Sandy clay, stiff-very 

stiff 

- Layers have a special high degree of erosion

protection: Level V – Bedrock 

2.1.2. Hydrogeological structure 

As erosion occurs mainly in layers above the 

ground, the depth of the classification is about 15-

20 meters. They are mainly Holocene sediments in 

the distribution areas of Quaternary sediments, the 

bedrocks are terrigenous sediments and 

biochemical sediments. They have been evaluated 

and classified according to the erosion levels that 

mentioned above, so that they can be selected as 

criteria for classification of hydrogeological 

structure. 

The research region is classified into five types 

of structure as follows: 

- Type A has a very low degree of erosion

protection (level I) as sand. 

- Type B has a low degree of erosion protection

(level II) as mud. 

- Type C layers with moderate levels of erosion

protection (level III, IV) are sticky soils. 

- Type D1 has a particularly high erosion grade

(level V) as terrigenous sedimentary rocks. 

- Type D2 has a special high level of erosion

protection (level V) that is biochemical 

sedimentary rocks. 

2.2. Hydrodynamic zoning 

Hydrodynamic zoning reflects the mechanism 

and intensity of river flow, sediment flow, coastal 

currents, waves, and tide, which are factors that 

cause erosion. 
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The research results are classified into two 

areas as follows: 

- Zone I: Coastal area from Mong Cai (Quang 

Ninh) to Yen Hung (Hai Phong). 

- Zone II: Coastal area from Hai Phong to Ninh 

Binh. 

2.2.1. Coastal area from Mong Cai (Quang 

Ninh) - Yen Hung (Hai Phong) 

Low flow discharge, low flow of sediment, 

about 0.079.10
6
 tons. The sea current flows from 

Hai Phong to Quang Ninh and rounds the sea. The 

dry season (April - November) is a tidal diurnal. 

During high tidal period, the tide level is 2.6-3.6 

m; during low tidal period, the tide level is 0.5-

1.0m. The waves are mainly in the direction of 

northeast wind, followed by the direction of North 

and East winds. The southwest flow is the main 

flow (Mong Cai - Hai Phong). 

In May to October, the southeastern wind is 

mainly, the average sea wave is 0.7-0.9 meters, the 

maximum is 3.5-4.5 meters. The main flow is the 

North East (Hai Phong to Mong Cai). The average 

flow rate is from 15 to 40 cm/s. The rate of flood 

tide is 25-35 cm/s, the rate of ebb tide is 30-100 

m/s. 

2.2.2. Coastal area from Hai Phong to Ninh 

Binh 

This area has many large rivers, river flow has a 

great impact on erosion-accretion. 

System of Red river - Thai Binh river has a 

large amount of water. Red River flow (through 

Son Tay) reached 118 billion m
3
, equivalent to 

3743m
3
/s. Including both Thai Binh river and Day 

river, the total flow discharge is up to 135 billion 

m
3
. Heavy rainy season usually occurs in July and 

August. Red river dyke system is 5000km long. 

Therefore, the flow mainly flows to the sea, there 

is no overflow on the face. In the dry season, the 

flow discharge is low. The total amount of 

sediment transported through the main river 

mouths is as follows: 

 

Tab. 1. Annual average amount of sediment deposited in estuaries of the Red river and Thai Binh river 

No Estuary Total amount of sediment (10
6
 tons) 

1 Day 19.312 

2 Lach Giang 2.577 

3 Ba Lat 27.774 

4 Tra Ly 9.003 

5 Nam Trieu 5.0 

6 Van Uc 11.0 

 

 

Coastal flow is strongly influenced by the 

season. In general, the flow from north to south in 

winter and vice versa in summer. In the estuary 

area, the flow is very complex due to high river 

flow dynamics. 

The tide is the diurnal tide. The flood tide level 

is 3.0-3.5m, average 1.7-1.9m, minimum 0.3-0.5m, 

maximum tide level can reach 4.0m. Saline 

intrusion varies seasonally. 

Sea waves change with the seasons. In winter, 

the wave direction is mainly East, Southeast, North 

East; The wave level is 0.4-0.9m, the highest is 

0.75-3.0m. In summer, the wave direction is 

mainly Southeast, South and Southwest, wave 

level is 0.7-1.2m, the highest is 2.6-6m. In 

summer, there are usually higher waves due to 

storms. 

The two regions have different hydrodynamic 

characteristics, so they have different roles causing 

erosion. 

2.3. Geohydrodynamic zoning (corresponding 

to the erosion - accretion zoning) 

The combination of geohydrological structure 

(five types) with two hydrodynamic zones allows 

us to classify into the 2 zones and 4 sub-zones 

geohydrodynamic zones. These zones have 

different erosion behavior characteristics, which 

are summarized in the following table: 
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Tab. 2. Geohydrodynamic zoning in the coastal areas in Northern Vietnam 

Zone  Structural features Hydraulic features Erosion-Accretion 

Zone I 

Mong Cai to 

Yen Hung 

- The sinuous shore  

- The structure of 

shore is rock 

- Coastal wetlands are 

very popular 

- There are few 

beaches 

- Many islands 

- Sea floor: Mud, sand, 

gravel 

- Mangrove is very 

popular 

- Short, steep river 

- Poor materials 

- High tidal tides, but 

tidal currents are 

severely divided by 

many islands 

- Small waves 

- The flow is not clearly 

defined 

- Slowly accretion, the 

shoreline is relatively 

stable. 

- The coastline from 

Mong Cai to Van Don 

is relatively untouched. 

- From Van Don to 

Yen Hung coast, the 

leveling process has 

developed strongly 

Zone II 

Hai Phong to 

Kim Son 

- The coast is 

composed of loose and 

soft sediment 

- There is no island 

- The seabed 

composed of sediment 

such as sand, clayer 

sand, mud. 

- Long river, high river 

dynamics, seasonal 

change 

- River material is rich 

but uneven between 

rivers 

- Tide level is lower 

from Hai Phong to Kim 

Son 

- Strong waves, wave 

direction and intensity 

change with season and 

area 

- The coastal currents 

vary seasonally 

- Accretion  prevails 

over erosion. 

- Erosion occurs 

strongly in Hai Hau. In 

other places, accretion 

and erosion occur 

alternately 

Sub-

zone 

IIA 

Hai 

Phong 

to 

Diem 

Ho 

- Coast to NE- SW. 

- Accumulative Plain  

- Sediment on the 

surface: sandy clay, 

clayer, clay, sand of 

Thai Binh Formation 

- Many rivers, 

characterized by large 

funicular estuary, NW-

SE. 

- Tidal: diurnal tide, 

high 

- Waves, currents: 

+ Winter: North, 

Northeast, East 

+ Summer: SW, S, E. 

- Accretion is the main 

process 

- Erosion occurs 

alternately. 

Sub-

zone 

IIB 

Diem 

Ho to 

Giao 

Thuy 

- The N-S shoreline 

- Accretion occurs 

very strongly 

- Sediment: mainly 

sand dunes 

- Large estuaries in the 

direction of W-E. 

- Rich materials 

- Diurnal tide 

- Waves and currents 

+ Winter: NE, E 

+ Summer: S, SE, E; 

but Southern waves are 

almost non-effect on 

- The accretion occurs 

very strongly, the 

typical sand dunes 

develop. 
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shore. 

Sub-

zone 

IIC 

Hai 

Hau to 

Thinh 

Long 

- Straight seashore in 

the NE-SW direction 

- Sediment is mainly 

fine sand, very fine 

sand 

- Sea dykes, 

embankments and 

breakwaters. 

- There is almost no 

river so there is no 

material from the river 

- Diurnal tide. 

- Waves, flows vary 

with the season. 

+ Winter: NE, E, SE. 

+ Summer: S, SE, E. 

- Before the So estuary 

is filled, accretion 

occurs strongly. 

- Since the So estuary 

is filled, erosion occurs 

continuously. 

Sub-

zone 

IID 

Nghia 

Hung 

to Kim 

Son 

- The coastline is in 

the NE-SW and NW - 

SE. 

- Sediments are mainly 

sand dunes 

- There are two large 

river mouths, rich 

materials 

- The river is mainly N-

S. 

- Diurnal tide. 

- The same wave as 

above. 

- The flow is mainly N-

S 

Accretion occurs most 

strongly. 

 

3. Assessment of exploiting capacity of seaports 

Zone I: From Mong Cai (Quang Ninh) to Yen 

Hung (Hai Phong): 

Coastal areas are mainly rocky mountains, 

abrasive terrain and erosion mixed with small 

accretion. The topography varies greatly, with no 

large flat areas, the coast is jagged limestone so it 

is not convenient for the port layout. Rivers are 

small, the material is poor, seabed sediment is not 

significant. The depth of the sea changes rapidly 

from shore to sea. 

Cua Ong, Cam Pha and Hon Gai ports are small 

ports that transport coal. Only Cai Lan area has 

good conditions for port development and 

relatively deep channel (20-22 meters at Bai 

Chay). However, due to Bai Chay bridge, it has 

limited capacity to exploit the port. To develop 

large ports, they have to go far away from the 

mainland, but these are limestone mountains so it 

is not feasible. 

Zone II: From Hai Phong to Ninh Binh: Can be 

classified into two sub-zones: 

Sub-zone IIA: From Yen Hung (Quang Ninh) 

to the end of Hai Phong. 

Hai Phong coastal area is transition from rocky 

shore to soft sediment shore. 

This area has a large river flowing into the sea, 

forming large canals to build ports. Due to the 

strong interaction between the river and the sea, 

between the rivers, the seabed topography and the 

canal change strongly. The sedimentation rate here 

is higher than the erosion rate, but the total amount 

of sediment is limited so the coast is accreted but 

slow, usually 5-10 meters/year. Therefore, there 

are some convenient locations to build ports such 

as Dinh Vu, Lach Huyen. 

However, accretion and erosion here still occur 

complicated, causing fluctuations in flow, 

deposition of canals. Therefore, in order to 

maintain port operation, dredging and clearing of 

canals should be carried out regularly. 

The development of Hai Phong, Chua Ve, Dinh 

Vu, Lach Huyen ports is evidence of the 

development of accretion towards the sea, the coast 

moving away, the port also moved. That also 

shows that even Lach Huyen port will only have 

large capacity in certain time period. Therefore, in 

order to improve the port's exploitation efficiency, 

it is necessary to increase the scale of Lach Huyen 

port and orientation for long-term development. 

Sub-zone IIB. From Thai Binh to Ninh Binh: 

The coastal area is composed of soft soil. Every 

year the mudflats grow hundreds of meters to the 

sea. The seabed has a small slope. The ability to 

build ports is not appropriate. From Thai Binh to 
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Ninh Binh, there are no suitable conditions for the 

construction of valuable ports. 

The results of the actual survey of the ports is 

presented in the table below: 

 

Tab. 3. Some major ports in Northern Vietnam 

No Zone Port Location Capacity (DWT) 
Navigable party 

Length (Km) Depth (m) 

1 
I 

Cam Pha 
Quang Ninh 

65.000 40 7,4-11,0 

2 Cai Lan 50.000 36 10,0-20,0 

3 

II 

Vat Cach 

Hai Phong 

3.000 20 3,7 

4 Hai Phong 40.000 30,2 5,5-7,3 

5 Cua Cam 7000 20 5 

6 Doan Xa 10.000 30 4,5 

7 Transvina 12.000 42 5,7 

8 Chua Ve    

9 Dinh Vu 40.000 7,6 5,7 

10 Lach Huyen 100.000 20,8 14 

 

4. Conclusion 

The coastal areas in northern Vietnam (from 

Quang Ninh to Ninh Binh) has geological features, 

natural conditions vary by space and time. 

According to the ability to prevent erosion, the 

study region is classified into five geographic 

areas. According to hydrodynamics, the study 

region is classified into two zones. Combining 

these results, together with the current status and 

erosion prediction study, the study area can be 

classified into five zones with different erosion 

characteristic. 

Analysis of port exploitation, research region 

can be classified into two zones and two sub-

zones. Zone I have the capacity to build large ports 

in the Cube Bay area, and other areas can only 

build small ports. Sub-zone IIA can build large 

ports, but the accretion process develops to the sea, 

so the port life is limited. Sub-zone IIB is not 

capable of building valuable ports. 
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