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PREFACE 

1./ THE NECESSITY OF THESIS 

The Mekong Delta is covered approximately 600,000 hectares of 

the coastal aquaculture area. It is deemed the "largest" tidal brine-

brackish shrimp granary in the country [39]. However, for years, this 

major economic zone has faced with the danger of water pollution due 

to the nonsynchronized aquaculture irrigation. Most current 

aquaculture irrigation works in the region are taken over from former 

agricultural zones, which result in certain shortcomings and make it 

difficult for the development of the present shrimp farming. In fact, a 

ditch or a canal here normally assumes two functions at the same time: 

supplying water and draining polluted water for feeding ponds. This is 

also one of the main reasons for the large scale dead shrimps and 

contagious spread of diseases in the past years. 

Deriving from such practical urgent issues and although the 

raising technology processes as requirements on breeding techniques, 

breeds and foods etc. have been studying and disseminating widely, 

there are not many studies on water-source characteristics of 

aquaculture systems. Moreover, the size and scale of irrigation works 

in aquaculture systems depends very much on their water regime, 

especially, the tide regime and the man-made water supply and 

drainage. In such situation, it needs studies on hydrodynamic 

characteristics and environment for tidal canal systems as a scientific 

base for design, management and operation of coastal aquaculture 

irrigation systems. 

2./ OBJECTIVES OF THESIS 

The general objective of the thesis is to study hydrodynamic 

characteristics and environment to find out applications and 

countermeasures for coastal tidal aquaculture systems. The specific 
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objectives of the thesis are: (i) Identification of spreading process and 

reduction law of water-sources in tidal canal systems; (ii) Identification 

of hydrodynamic characteristics and environment for typical 

schematics of tidal canal systems as a basis for rationale designs of 

irrigation systems for the coastal aquaculture. 

3./ STUDY METHODS 

(i) Based on actual surveys on coastal aquaculture systems, the 

thesis studied the theory on typical flowcharts of tidal canal systems to 

find out principles and hydrodynamic laws of water-sources in coastal 

aquaculture systems; (ii) The thesis used the mathematical model that 

applied the theory on the spread of water-source components (referred 

as to the spreading theory) in combination with the “river-canal one-

dimension hydrodynamic software” (MIKE 11) for analysis of 

hydrodynamic characteristics and hydrodynamic laws for coastal 

aquaculture water-sources. 

4./ STUDY CONTENTS OF THESIS 

(1) The overview of the features of the aquaculture irrigation 

systems, evaluation of existing works and facilities relating to coastal 

aquaculture water-sources and environment, and identification of the 

issues to be studied in the thesis; 

(2) The study on hydrodynamic characteristics and environment in 

typical tidal aquaculture systems (single canal systems, branch-canal 

systems (branch-canal systems include main-canals and branch-canals 

at all levels, canal systems with closed loops, canal systems with 

sluice-gates); 

(3) The application of the spreading theory in combination with 

MIKE-11 to study hydrodynamic characteristics (e.g. aquatic water-

sources that carry pathogens) for two practical aquaculture systems in 

the Mekong Delta (one is affected by the East Sea and one is affected 

by the West Sea). 



- 3 -  

 

5./ SUBJECTS AND SCOPE OF STUDIES 

The subject of the thesis is the hydrodynamic characteristics and 

environment in the tidal aquaculture systems. 

The study scope of the thesis includes river-canal and irrigation 

systems that supply water for the Mekong Delta coastal aquaculture 

and are influenced by the East Sea and the West Sea.   

6./ SCIENTIFIC AND PRACTICAL SIGNIFICANCE OF THESIS 

a) Scientific significance 

The thesis analyzed hydrodynamic process of water-source 

spreading in tidal aquaculture systems (polluted water, water that 

carries aquatic pathogens, saltwater, clean-fresh-water supplied for 

aquaculture systems); 

It studied the tidal hydrodynamic characteristics and environment 

of the typical canal system flowcharts in the practical coastal 

aquaculture systems. It resolved the scientific problems on the water 

quality and environment in the aquaculture systems that the traditional 

theories remain limited or can not resolve. 

b) Practical significance 

The study results of the thesis are applicable to the actual 

production as the foundation for designing coastal aquaculture 

irrigation systems in the Mekong Delta and in other zones of the 

similar conditions; 

A number of solutions for the arrangement of the oriented 

irrigation systems of works are also considered as preliminary 

guidelines for the sector and the local management agencies when 

designing and planning coastal aquaculture irrigation systems in the 

Mekong Delta.  

7./ NEW CONTRIBUTIONS OF THE THESIS 

(1). The thesis introduces a new concept which is named "the water-

sources of interest" or “TPNquan-tâm”. Based on the new concept, 
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the study on the spread of water resources in an aquaculture 

system is conducted following a typical spreading model of each 

“TPNquan-tâm”, and this makes the aquaculture system problem, 

which is susceptible to effects of different water-sources, so much 

easier. To solve the aquaculture problem, instead of calculating 

the concentrations of different water-sources, the probability of 

water-sources of interest ( )(, tp itâmquan
) is calculated in 

percentage (%). The research’ results on the movement of the 

“TPNquan-tâm” in the aquaculture system helps us understanding 

about the propagation mechanisms, motion laws and reduction 

processes of different water-sources. As a result, the impacts of 

each water-source and scientific way for management of the 

polluted water was identified; 

(2). The thesis developed the methodology that analyzes the theory on 

the spread of water-sources by the “river-canal one-dimension 

hydrodynamic software” (e.g. MIKE 11) to interpret 

tâmquanTPN  spreading mechanisms from main canals to second 

and tertiary canals in aquaculture systems upon tidal phases. 

Contrary to the downstreams, the upstreams of canal branches do 

receive water from main canals very quickly, making them 

exposed to contaminated, polluted water and aquatic pathogens 

respectively. However, when environmental problems happen, 

solving the downstream problem is rather the matter of concerns 

than solving the upstream problem as they are stagnant; 

(3). The thesis’ results on the hydrodynamic characteristics of the 

“TPNquan-tâm” (saltwater, fresh-water, contaminated water, water 

containing aquatic pathogens, etc.) in the aquaculture system will 

possibly open for a new development of water-source forecasting 

tools in both quality and quantity of various areas in the 
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aquaculture system. Thereof, an appropriate plan for water 

management in aquaculture areas can be make to avoid the 

spreading of aquatic epidemic diseases; 

(4). As the results, the thesis proved that the designs and exploitations 

of the aquaculture systems should be based on their 

hydrodynamic characteristics (spreading components), which are 

paid careful attention to: (a) limit dead canals; (b) thoroughly 

study locations and dimensions of main-canals and branch-canals 

(the canal levels play an important role in the distribution of the 

water-resources in the systems) in the viewpoint that we will have 

good water-resources: avoiding long-standing detention, wide-

spread of poor quality waters and treating environmental 

incidents soon. 

Chapter 1 : OVERVIEW  

1.1. OVERVIEW OF COASTAL IRRIGATION SYSTEMS 

1.1.1. Characteristics of coastal aquaculture irrigation systems  

The general characteristics of the coastal aquaculture irrigation 

systems: (i) directly affected by multi water-sources because of tide 

affection, which are convenient for seawater supply for shrimp 

farming; (ii) The former systems mainly served agriculture, which 

requires small coefficient, so their scale is not large; (iii) When being 

converted from agriculture to aquaculture, besides the requirements for 

water supply and drainage, they do require cleaning and circulating 

water; (iii) The drainage and cleaning capacity of the canal systems 

remains low and the canals are not appropriate to the aquaculture, 

especially the dead canals. (iv) The water quality due to stagnancy for 

long time in the systems become poor; (iv) Many water quality control 

systems are poor and very limited in supplying good quality for 

aquaculture; (v) The dense canals in the systems connect each other 
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without culverts that control water flows in many zones, therefore, it is 

very difficult to prevent the spread of diseases in water, especially in 

the systems that share the same functions of supply and drainage of 

water. 

1.1.2. Shortcomings and limitations of aquaculture irrigation 

systems  

The irrigation systems were built for the main purpose of 

supplying water for agricultural production now changed to 

aquacultural production. Although effective for aquaculture, in the 

requirements of the new period, the current irrigation systems do not 

met the aquacultural requirements because of the following 

restrictions: (i) the scale, structure and layout of works are no longer 

appropriate to the aquaculture; (ii) Most canals are unreasonably 

arranged, especially the ones which supply and discharge water at the 

same time (there are not shared or separated zones of water supply and 

discharge) (iii) Such unreasonable disposition leads to the 

contamination of water-sources in many zones of the systems and 

when incurable environmental problems occur, water will not be 

treated or inefficiently treated; (iv) the scale of culverts and canals is 

small, resulting in poor water-exchange and very limited in 

exploitation of seawater. 

   
Chart 1-6: The current status of the irrigation system in Tra Vinh province, 

which supplies water for rice-growing zones and now become supplying 

for aquaculture. 
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The coastal irrigation systems are no longer appropriate with the 

benefits brought by the aquaculture and far below the requirements for 

developing the aquaculture more efficiently towards the intensive 

orientation. In summary, the systems contain complex issues in need of 

settlement, in which the study on the characteristics of water-source 

components (contaminated water, water that carries aquatic pathogens, 

seawater – fresh-water supply capacity, etc.) will be the domination 

throughout this thesis. 

1.2. OVERVIEW OF WATER-RESOURCES AND ENVIRONMENT 

STUDIES IN AQUACULTURE ZONES 

1.2.1. Available studies on water-resources and environment 

(water quantity, water quality) in coastal aquaculture 

systems 

The early studies regarding coastal aquaculture systems in general 

and water environment quality in particular are abundant. They are 

mainly conducted by research institutions, universities and several 

international organizations etc. by way of scientific themes, planning 

projects, designs of aquaculture irrigation systems and some were 

further developed at the doctoral and master levels. However, their 

contents mainly focus on the water quality assessments (through field 

surveys). 

The studies which are closely related to this thesis solved certain 

aspects of aquaculture irrigation solutions and took into account of the 

water quality in aquaculture systems. However, they did not clarify 

what is relating to water quality characteristics in aquaculture systems. 

For that reason, this thesis made the hydrodynamic characteristics of 

water-sources clearer via the application of the spreading theory in 

combination with the “river-canal one-dimension hydrodynamic 

software”.  
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1.2.2. "The theory on the spread of water-source components" - 

the study tool for tidal aquaculture water-resources 

The theory on the spread of water-source components (the 

spreading theory) has been appearing in many publications. This is a 

new approach to assessing water-resources based on their spread 

ability and is a powerful tool with many advantages. It solved the 

problem that traditional approaches did not reach. Currently, this 

theory is being further developed in combination with the “river-canal 

one-dimension hydrodynamic software” (e.g. MIKE11) for the very 

effective studies in many zones related to water and environment, in 

practice, especially for the coastal aquaculture systems. The thesis will 

apply this theory as the methodology and the tool for the study of 

hydrodynamic characteristics and environment in the tidal aquaculture 

systems.  

1.3. CONCLUSION OF CHAPTER 1 

The Chapter gave the general view on the status and the 

characteristics of the coastal aquaculture irrigation systems in the 

Mekong Delta. It emphasized the water environment problems 

associated with solving the thesis contents. The current status reflects 

the very poor circulation in the coastal aquaculture systems when 

water-source control works are not sufficiently built in many zones, 

hence, when aquatic diseases occur, their spreading in the waters will 

become very fast and widely. 

The Chapter also assessed available study results relating to 

water-source quality and environment quality in the coastal 

aquaculture systems. The thesis introduced the application of the 

spreading theory in the combination with the “river-canal one-

dimension hydrodynamic software” to study hydrodynamic 

characteristics and environment in the canals and rivers in the coastal 

aquaculture systems.  
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Chapter 2:  HYDRODYNAMIC CHARACTERISTICS AND 

ENVIRONMENT FOR TYPICAL CANAL SYSTEMS 

IN COASTAL AQUACULTURE ZONES 

2.1. THEORY BASE 

Many types of water-sources affect the coastal aquaculture 

systems and each originates and spreads in the systems in different 

ways with different hydrodynamic characteristics. In this thesis, their 

affection on the coastal aquaculture systems was studied respectively 

with their components. The water-source components in the systems 

are collectively referred to as the "WATER SOURCES OF 

INTERREST” or the “TPNquan-tâm”.  

The “TPNquan-tâm” mentioned in this thesis are the ones which 

spread in the aquaculture systems (polluted - contaminated water, 

seawater, fresh-water, water that carries aquatic pathogens etc.). The 

“TPNquan-tâm” variables are determined upon the research objectives of 

the aquaculture systems. 

The baseline equation of the one-way problem of the spread of the 

water-source components i - “TPNquan-tâm,i” in the coastal aquaculture 

systems is as follows: 
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2.1.1. How to set simulation variations of water-source components 

The water-source components of interest i (TPNquan-tâm,i) will be 

simulated as variables i. Each will be evaluated through its percentage 

and will be simulated as a water-source component variable "pi", 

expressed in percentage (%).  

2.1.2. Marginal and initial conditions   

The marginal condition is the marginal value of the “TPNquan-tâm,i”. 

It is rated in the spreading problem of the water-source components in 

the equations: (2-1), (2-2), (2-3). It consists of the hydrodynamic 

marginal and initial conditions and the water-source component 

percentages. The hydrodynamic marginal and initial conditions are 

considered in the traditional mathematic problem: The upstream 

marginal is for Q(t) and the downstream marginal is for Z(t). The 

following are only discussions on how to determine the marginal and 

initial conditions of the water-source components of the mathematic 

problem.  

a. Marginal condition 

The marginal condition of the “TPNquan-tâm,i” is the percentage of 

the water-source i at the marginal, the general equations is: pb,i (x0,t) = 

f(t). In fact, there are two cases: There is only one water-source of 

interest at the marginal, at which pb (x0,t) = 1, or there is not any water-

source of interest at the marginal, at which pb (x0,t) = 0. 

b. Initial condition 

The initial condition of the “TPNquan-tâm,i" is the percentage of the 

water-source i at the initial period in the system (starting of 

calculation). The general initial condition, which is changeable in 

space, is:  pdkd,i (x,t0) = f(x). 

In practice, we can see 02 cases: At the simulation period, the 

water-source i does not appear at all locations of the system: pdkd,i (x,t0) 

= 0;  and it appears at all locations of the system: pdkd,i (x,t0) = 1. 
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2.1.3. How to solve the equation of the water-source components 

Using the “river-canal one-dimension hydrodynamic software” as 

the calculation tool to solve the equations: (2-1), (2-2), (2-3), we obtain 

the “TPNquan-tâm,i” percentages. In this case, subject to the studying 

purpose of each “TPNquan-tâm,i”, instead of calculating the concentration 

of its substances (for example: the water-source pollution 

concentration), we will calculate it by percentage. 

2.1.4. Fundamental problem of water-resources in the aquaculture 

systems 

There are 04 water-resource problems in the tidal aquaculture 

systems which are regarded as the most fundamental and have been 

studied in detail from setting variables, marginal conditions and initial 

conditions to methods for solving the “TPNquan-tâm”. 

1). Problem 1: Spread of aquatic pathogen water-resources; 

2). Problem 2: Spread of dirty water (system cleaning); 

3). Problem 3: Spread of freshwater (freshwater supply); 

4). Problem 4: Spread of seawater (seawater supply). 

2.2. STUDY ON “TPNquan-tâm” SPREADING PROCESS AMONG 

BRANCH AND MAIN CANALS 

To study the hydrodynamic characteristics and environment, we 

reviewed the simplest flowcharts of the baseline tidal coastal canal 

systems, in practice, (one main-canal and one branch-canal or dead 

canal (which is not connected to any of other canal level)), by which 

we can determine the spreading process and the reduction law of the 

(“TPNquan-tâm”) in the tidal coastal canal systems which suffer from 

impacts of the types of coastal water-sources. 

It is assumed that the entire water volume in the branch-canal is 

one “TPNquan-tâm” (including dirty water, waters that carries aquatic 

pathogens, etc.) as seen in Chart 2-5. Therefore, in the consideration of 
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this problem, the initial condition is: pdkd-quan-tâm = 1 (corresponding to 

100% - only 01 “TPNquan-tâm”, and the marginal condition is: pb-quan-tâm 

= 0. We solve the “TPNquan-tâm” in the water-source equations: (2-1), 

(2-2), (2-3). In this case, it will be calculated through the percentages. 

The simulation tool is “MIKE-11 hydrodynamic software” and the 

hypothesis is calibrated with reasonable parameters. The simulation 

time was 12:00 on 5 Jan. 2005. 

A B

Kênh chính

Q

Kênh nhánh

Z(t)

XK

 

Chart 2-5: The study of single canal system (the “TPNquan-tâm”  is in 

black color) 

The simulation results in the first tidal phase: The spreading 

process and the flowchart of the initial “TPNquan-tâm” in the canal 

system are shown in Table 2-2 and Chart 2-7. 

After the first tidal phase, the problem to be set here is how to 

review the spreading process of the “TPNquan-tâm” from the branch-canal 

to the main-canal and back to the canal system in the second tidal 

phase. There are two computational cases: (i) Consideration of the 

hydrodynamics of the water volume (hydrodynamic process) of the 

“TPNquan-tâm” in main-canal “TPN_C_(t1)”, which spreads back into the 

canal system; (ii) Consideration of the spreading process of the 

The 

“TPNquan-tâm” 

area at initial 

condition 
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remaining “TPNquan-tâm” in the branch-canal “TPN_N_(t1)”, which 

continues spreading to the canal system. The same process repeats at 

the next tidal phases. 

Table 2-2: The spreading process of the “TPNquan-tâm” at the first tidal 

phase 

Tidal phases “TPNquan-tâm” 

The first tidal phase  

(Ending at t1) 

“TPNquan-tâm” (The initial “TPNquan-

tâm” is located at the branch-canal) 

TPN_C_(t1) TPN_N_(t1) 

10000.0 15000.0 20000.0 25000.0 30000.0 35000.0 40000.0 45000.0 50000.0 55000.0 60000.0 65000.0 70000.0 75000.0 80000.0 85000.0

[meter]

14000.0

16000.0

18000.0

20000.0

22000.0

24000.0

26000.0

28000.0

30000.0

32000.0

34000.0

36000.0

38000.0

40000.0

42000.0

44000.0

46000.0

48000.0

50000.0

[meter]    TPN - 5-1-2005 16:05:00 AD.res11   

 
Chart 2-7: The flowchart of the initial “TPNquan-tâm” that spreads to the 

canal system at the first tidal phase  

Comments: The spreading process of the “TPNquan-tâm” depends on 

the fluctuations in tidal water level at the marginal and the upstream of 

the branch-canal. In one tidal cycle: (i) high-tide (high-water phase): 

water flows from the main-canal into the branch-canal, the “TPNquan-

tâm” here is diluted by water outside the main-canal; at this phase, the 

“TPNquan-tâm” percentage (concentration) in the branch-canal decreases; 

(ii) ebb-tide (low-water phase): water flows from the branch-canal into 

the main-canal; at this phase, the “TPNquan-tâm” percentage in the 

TPNquan-tâm 

remains in 

branch-canal 

“TPN_N_(t1)” 

TPNquan-tâm as 

branch-canal 

spreads to main-

canal “TPN_C_(t1)” 
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branch-canal increases and the “TPNquan-tâm” is pulled from the branch-

canal to the outside. The same spreading process repeats in the 

subsequent tide cycles. 

The spreading process of the “TPNquan-tâm” was studied in detail 

from the baseline single-canal system as mentioned above. The study 

results hereafter concentrated on the hydrodynamic characteristics and 

environment of the water-sources that carry aquatic diseases on the 

branch-canal systems and the closed-loop canal systems (which are 

common in practice) in the tidal aquaculture systems. 

2.3. STUDY ON HYDRODYNAMIC CHARACTERISTICS AND 

ENVIRONMENT ON TYPICAL FLOWCHART – BRANCH-

CANAL SYSTEMS (MAIN-CANAL AND BRANCH-CANALS AT 

ALL LEVELS) 

The flowchart of the studied canal systems is shown in Chart 2-

18, assuming that the “TPNquan-tâm” (water that carries aquatic 

pathogens, etc.) appears in the secondary branch-canal: KN2 and the 

tertiary branch-canals: KN2-1, ..., KN2-4. The simulation results reveal 

some comments as follows: 

D

C

B

A
A1 A2 A3 A4

D1 D2 D3 D4

C1 C2 C3 C4

B1 B2 B3 B4

Q

Kênh cấp 2 

KN4

Kênh cấp 2 

KN3

Kênh cấp 2 

KN2

Kênh cấp 2

KN1

Kênh chính 

KC

Kênh cấp 3

KN4-4

Kênh cấp 3 

KN4-1

Kênh cấp 3

KN1-4

Z(t)

 
Chart 2-18: Location of the “TPNquan-tâm” (water that carries aquatic 

pathogens– black color) 

The TPNquan-tâm  

area (water that 

carries aquatic 
pathogens) 
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The “TPNquan-tâm” (water that carries aquatic pathogens, etc.) 

appears on branch-canal KN2 and the tertiary branch-canals. In KN2, it 

spreads rapidly and widely throughout the system in a short time. The 

“TPNquan-tâm” quickly penetrates into the nearby secondary branch-

canals: KN1, KN3, KN4.   

In the consideration of the two-way tidal zone, the spreading 

process of the “TPNquan-tâm” into the system is: at the ebb-tide, the 

“TPNquan-tâm” is pulled into the main-canal; and at the high-tide, it 

spreads in main-canal and is pumped into such branch-canals as KN1, 

KN3, KN4 and pumped back into KN2 too. The process keeps going 

on in the subsequent tidal phases.  

Considering the locations at the downstreams of the branch-canals 

of KN1, KN3 and KN4, we find that the percentage of the “TPNquan-tâm” 

in the branch-canals (KN3, KN4) is always higher than in branch-canal 

KN1 at any time, namely, the exchange of water (cleaning process) in 

branch-canals (KN3, KN4) is slower than in branch-canal KN1 

because KN1 (is the offshore branch-canal) contains higher water-

exchange coefficient than KN3, KN4 (are the inland branch-canals). 

In the middle and the downstream of the secondary and tertiary 

canals: it is difficult to clean (slow cleaning and poor dilutting the 

“TPNquan-tâm) but also difficult to penetrade (infected with pathogens 

and dirty, etc) from the outside, so the infection of pathogens and dirty 

remains but is spreaded slower and less than in the zones which are 

nearby main-canal. Therefore, it is recommended that the management 

of exploitation of the systems should pay close attention to protecting 

the environment, not only in large canals but also in secondary canals.  

The stagnancy in the systems is very high while the exchange of 

water is very low or poor in the water-sources, which are far from 

main-canals, in secondary canals, especially at dowstreams of dead-
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canals (the secondary dead-canals like KN1-4, KN2-4, KN3-4, KN4-4, 

etc.). Once pollution occurs and disease breakout, draining this water 

volumn out of the canals takes very long time. The water intake during 

this time may include part of old water, that carries pathogens etc. That 

is the reason why we should separate supply-canals and discharge-

canals while protecting the water environment in aquaculture systems 

extremely carefully. 

For the aquaculture canal systems, if the supply-canals and the 

discharge-canals are separated, the obtainability of good water from 

main-canals is greater compared with the option when the supply-

canals and the discharge-canals are not separated as it limits the 

disease spreading in the systems. This is also of neccesity to separate 

the tertiary supply-canals and tertiary discharge-canals as KN3, KN4 

(inland canals). 

The “TPNquan-tâm” reduction process (water that carries aquatic 

pathogens, etc.) in the East Sea tide is faster than in the West Sea tide, 

therefore, the cleaning and disease elimination in the East Sea coastal 

aquaculture zone is very good. 

2.4. STUDY ON HYDRODYNAMIC CHARACTERISTICS AND 

ENVIRONMENT ON TYPICAL FLOWCHART – CLOSED-

LOOP CANAL SYSTEMS 

Assuming that the “TPNquan-tâm” (water that carries aquatic 

pathogens, etc.) appears in the tertiary branch-canals: KN2-3, KN2-4 

(please see Chart 2-45). The simulation results of the water-source 

characteristics are as follows: 

In terms of the hydrodynamics, the “TPNquan-tâm” spreading process 

in the systems is as follows: the water volumn that contains the 

“TPNquan-tâm” will spread into the secondary branch-canals (KN1, KN2, 

KN3) in the system at the low-tide phase while pumped into the 

tertiary branch-canals (KN2-1, KN2-5, etc.) at the high-tide phase. The 
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process repeats at the high-tide/low-tide phases, and then, in a short 

time the pathogenic “TPNquan-tâm “ spreads across main-canals and very 

rapidly spreads all over the canal system. 
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Chart 2-45: Location of the “TPNquan-tâm” (water that carries aquatic 

pathogens– black color) 

This system consists of many closed-loops, making its center 

highly stagnant. The exchange of water coefficient and the system 

cleaning take place faster in the branch-canals, especially near the sea 

and the main-axis canals (such as KN1, KN2-2, etc.). The water-

exchange coefficient is very low in the canals, which are far from the 

sea and main-canals. The degree of stagnancy in the loops near the sea 

is lower than in the loops in the inland. 

There must be construction solutions to control, demolish and 

isolate some closed sub-zones (closed-loops) in the systems to avoid 

“TPNquan-tâm” penetrating from other zones. For the branch-canals, 

which are far from the sea and main rivers, the seawater supply is more 

difficult but the fresh-water supply is relatively favorable. This is one 

of the issues that need to be harmonized when designing the 

aquaculture systems. 

TPNquan-tâm area 

(water that 

carries aquatic 

pathogens) 
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The operation of regulating culverts will create one-way water 

flow, eliminate the “TPNquan-tâm” (dirty, diseases), and reduce the 

TPNquan-tâm concentration in the systems. Properly operating the 

irrigation systems will reduce the water pollution in the aquaculture 

systems. 

2.5. CONCLUSION OF CHAPTER 2 

The thesis finalized the typical hydrodynamic problem in the 

water-sources on the tidal canal system flowcharts as well as the 

hydrodynamic process of the “TPNquan-tâm” from this subzone to others 

in the canal systems. It also indicated the discharging and cleaning 

process of the “TPNquan-tâm” (contaminated water, dirty water, etc.) and 

the receiving process of the “TPNquan-tâm” (reception of outside water-

source) into canals in the systems. The operation of the regulated 

systems with suitable regime plays significance in controlling water 

regime (quality and quantity) to limit pollution in the coastal 

aquaculture systems. 

 

Chapter 3 : APPLICATION OF SPREADING THEORY FOR 

STUDYING HYDRODYNAMIC CHARACTERISTICS 

AND ENVIRONMENT FOR COASTAL 

AQUACULTURE ZONES 

3.1. INTRODUCTION 

In the coastal aquaculture systems in the Mekong Delta, one of the 

most issues of concern is the water environment. Recently, shrimps 

have been plagued due to water pollution. The irrigation systems for 

shrimp farming are no longer suitable and have been degraded. Water 

is not circulated in canals in many aquaculture systems, making the 

environment increasingly polluted. On the other hand, due to the poor 

water-control facilities, once diseases outbreak, the water spreads very 
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fast on a large scale. Therefore, it is of necessity to consider the 

characteristics of the water-sources of interest (water that carries 

aquatic pathogens) in the aquaculture systems. This is an important 

scientific foundation for the planning, design and operation of the 

sustainable coastal aquaculture irrigation systems. 

In this content, the thesis applied the spreading theory in 

combination with “MIKE-11 hydrodynamic software” to calculate the 

spread of pathogenic water into the coastal aquaculture systems. The 

pathogenic zone is assumed happening in somewhere in the coastal 

aquaculture systems of the Mekong Delta. 

The determination of the marginal and initial conditions for the 

“TPNquan-tâm” variable that carries aquatic pathogens is as follows. The 

marginal condition (the pathogenic water-source component at the 

marginal): pb, benh = 0. The initial condition: pdkd, benh = 1 (water that 

carries pathogens), pdkd, benh = 0 (unaffected zone). The pathogenic 

TPNquan-tâm 
 (pbệnh) is calculated from solving the equations: (2-1), (2-2) 

and (2-3). The “pbệnh” simulation tool is via the “MIKE11 

hydrodynamic software” which was calibrated and verified on the 

hydrodynamics and transmission of matters. The simulation time for 

the spread of the pathogenic water started at 1:00h on January 2, 2005 

(for Tra Vinh aquaculture zone) and at 0:0h on February 15, 2007 (for 

Kien Giang aquaculture zone). The contamination levels of pathogenic 

water-sources (pbệnh) spreading in the aquaculture systems by times 

will be calculated by percentages. 

3.2. STUDY ON SPREAD OF PATHOGENIC WATER SOURCES IN 

TRA VINH COASTAL AQUACULTURE ZONE  

(REPRESENTATIVE FOR TIDAL EAST SEA ZONE) 

3.2.1. Calculating results on inland pathogenic “TPNquan-tâm” 

spreading (Thuan Hoa commune, Cau Ngang district) 
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Introduction of problem: 

It is assumed that the water 

that contains pathogens in the 

aquatic disease outbreak zone 

is one pathogenic water-

source. The component of the 

pathogenic water-source 

(pbệnh-TV)  in this case will be 

studied through its 

percentages (%).  
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Chart 3-3: Location of inland  disease 

outbreak zone (black color) 

3.2.1.1. Calculated results for the current status case 
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Chart 3-4: The proportional 

distribution of the inland pathogenic 
(pbệnh-TV) after 01 day of spreading 

Chart 3-9: The proportional 

distribution of the inland pathogenic 
(pbệnh-TV) after 15 days of spreading 

3.2.1.2. Calculated results for disease-elemination operation case 
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Chart 3-21: The proportional Chart 3-26: The proportional 
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distribution of the inland pathogenic 
(pbệnh-TV) after 01 day of disease-

elemination operation 

distribution of the inland pathogenic 
(pbệnh-TV) after 15 days of disease-

elemination operation 

3.2.2. Calculating results of the spread of (pbệnh-TV) (My Long Nam 

commune, Cau Ngang district) 

The simulation results of the 

transmission of the pathogenic 

(pbệnh-TV) are considered for the 

current status and operation 

case in the coastal zones. The 

values in the flowchart are the 

percentages of the pathogenic 

water-source (pbệnh-TV) 

compared with the whole 

current of that water-source. 
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Chart 3-12: Location of coastal disease 

outbreak zone before spreading (black 

color) 

3.2.2.1.  Simulation results for current status case 
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Chart 3-13: The proportional 

distribution of the (pbệnh-TV) after 01 

day of spreading 

Chart 3-16: The proportional 

distribution of the (pbệnh-TV) after 07 

days of spreading 
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3.2.2.2. Calculated results for disease-elemination operation case 
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Chart 3-29: The proportional 

distribution of the (pbệnh-TV) after 01 

day of disease-elemination operation 

Chart 3-33: The proportional 

distribution of the (pbệnh-TV) after 07 

days of disease-elemination operation 

3.2.3. Comments 

Hydrodynamically, the pathogenic water-source spreads rapidly. 

For the current status case, the simulation results of the pathogenic 

water-sources in the coastal zone and in the inland zone reveal that: In 

the coastal zone, the pathogenic spreading speed seems very quickly in 

the system, however, the reduction of the pathogenic “TPNquan-tâm” is 

quick but expands on large scale out of the system. Meanwhile, in the 

inland zone, the pathogenic spreading speed seems slower within the 

smaller range, however, its reduction of the pathogenic “TPNquan-tâm” in 

the system takes quite long time (double to the reduction of the 

pathogenic “TPNquan-tâm” in the coastal zone). 

For the disease-elemination case, the construction of Cau Ngang 

Culvert in combination with the proper operation of the 

sluices/culverts in the system (Cha Va, Vinh Kim, Thau Lam, Ben 

Chua, Tra Cuong culverts etc.) basically isolates the pathogenic water-

sources in the inland, not to let them spread to other zones, and also 

helps drain the infected water-sources when diseases outbreak in the 

coastal zone in quite a short time. 



- 23 -  

 

3.3. STUDY ON SPREAD OF PATHOGENIC WATER SOURCES IN 

KIEN GIANG PROVINCE COASTAL AQUACULTURE ZONE  

(REPRESENTATIVE FOR TIDAL WEST SEA ZONE) 

Introduction of problem: 

The simulation variable is 

assumed for the water  source 

that contains pathogens (pbệnh-

KG). The (pbệnh-KG) will be 

studied through its percentage 

at each location in the system 

(expressed in %). 
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 Chart 3-37: Location of disease outbreak 

zone before spreading (black color)  

3.3.1. Calculated results of (pbệnh-KG) for current status case 
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Chart 3-38: The proportional 

distribution of the (pbệnh-KG) after 01 

day of spreading 

Chart 3-40: The proportional 

distribution of the (pbệnh-KG) after 05 

days of spreading 

3.3.2. Calculated results of (pbệnh-KG) for disease-elemination 

operation case 



- 24 -  

 

 
18440000.0 18460000.0 18480000.0 18500000.0 18520000.0 18540000.0 18560000.0

[meter]

1095000.0

1100000.0

1105000.0

1110000.0

1115000.0

1120000.0

1125000.0

1130000.0

1135000.0

1140000.0

1145000.0

1150000.0

1155000.0

1160000.0

1165000.0

1170000.0

1175000.0

1180000.0

1185000.0

[meter]    AQUATIC DISEASE - 16-2-2007 00:00:00 CLN - Open-Aqua-3.res11   

  
18440000.0 18460000.0 18480000.0 18500000.0 18520000.0 18540000.0 18560000.0

[meter]

1095000.0

1100000.0

1105000.0

1110000.0

1115000.0

1120000.0

1125000.0

1130000.0

1135000.0

1140000.0

1145000.0

1150000.0

1155000.0

1160000.0

1165000.0

1170000.0

1175000.0

1180000.0

1185000.0

[meter]    AQUATIC DISEASE - 20-2-2007 00:00:00 CLN - Open-Aqua-3.res11   

  

Chart 3-47: The proportional 

distribution of the (pbệnh-KG) after 01 

day of disease-elemination operation 

Chart 3-49: The proportional 

distribution of the (pbệnh-KG) after 05 

days of disease-elemination 

operation 

3.3.3. Comments 

The infected water-sources tend to intensively spread along Rach 

Gia - Ha Tien canal to Ta Sang - Tam Ban canal and stay relatively 

longer in this zone than in neighboring zones. The rationale irrigation 

solutions to prevent diseases and limit their spreading to the 

neighboring zones is designing water supply canals and drainage 

canals separately and only permiting the outlet of diseases into Rach 

Gia - Ha Tien canal, at the same time, building water-source controling 

works on the south of Rach Gia - Ha Tien cannal to prevent the spread 

of diseases to Ta Rang - Tam Ban zone. 

3.4. DIRECTIONAL STUDY ON RATIONAL IRRIGATION 

SYSTEMS FOR COASTAL AQUACULTURE 

a. Requirements for appropriate aquaculture irrigation 

arrangement: supply of sufficient seawater and fresh-water, easy 

cleaning, and limitation of deasease spreading; 

b. Solutions for quick drainage of pollution and minimization of 

stagnancy in the systems; 

c. Principles and conditions for separate arrangement of water 

supply and discharge canals in aquaculture.  
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Condition b = f (tides, canal layout etc.); 

d. Based on the water-exchange coefficient to design aquaculture 

systems. 

3.5. CONCLUSION OF CHAPTER 3 
 

This chapter studied the hydrodynamic characteristics and 

environment and reviewed the fluctuations of waterborne pathogenesis 

when deseases outbreak in one zone of the 02 actual coastal 

aquaculture systems in the Mekong Delta. The simulation results of the 

(pbệnh-KG) are quantifiable to which hazardous extent to the aquaculture 

and the safety threshold for it (expressed in percentage of waterborne 

pathogen concentration) at different locations in the aquaculture 

systems. As we can see, the pathogenic spreading in the system is quite 

fast and extends widely. The pathogenic water drainage case have been 

also introduced for controling the spread of diseases to other zones. 

 

CONCLUSIONS AND RECOMMENDATIONS 

1. SCIENTIFIC CONTRIBUTIONS OF THE THESIS  

1.1. The thesis clarified 02 types of water-sources of importance to the 

water quality and the environment in the current aquaculture 

systems in the Mekong Delta. Accordingly, in addition to 

containing freshwater and seawater-sources, the aquaculture 

systems contain other water-sources, typically: (i) Types of 

discharge resources (domestic wastewater, industrial wastewater, 

agricultural wastewater etc.); (ii) The pathogenic water-sources 

discharged from shrimp ponds; (ii) stagnant dirty water in the 

systems; 

1.2. The thesis initiated a new concept, which is conventional, named 

"the water-resources of concern" or the “TPNquan-tâm”. Accordingly, 
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the problem on the water-source spreading was studied by the way 

of the spreading of each typical component. Each of them was 

established (including basic equations, marginal and initial 

conditions, how to solve the equations and methods) in where 

instead of calculating the concentration of the water-resources, we 

will calculate the "proportion of water-resource components" in 

percentage. 

1.3. From the study of the hydrodynamic characteristics of the 

“TPNquan-tâm”, the thesis clarified the spreading process of the 

“TPNquan-tâm” from main-canals to branch-canals and among 

branch-canals at all levels in the aquaculture systems; 

1.4. The thesis recommended that it is of necessity to base on water 

exchange for designing canals in the aquaculture systems. It 

determined that the isolation of supply and discharge canals in the 

aquaculture systems are mainly subject to the tidal amplitude and 

the canal layout (proximity to main-canals/rivers/sea, etc.), the 

complexity of the canal systems and their control-works as well. 

The farer from the sea, estuaries and main-canals, the aquaculture 

systems are, the poor water exchange they are; and their water 

stagnancy and pollution become considerable. Therefore, the 

separation of supply and discharge canals is one more time 

emphasized; 

1.5. The thesis calculated the experiments (research on the spread of 

aquatic pathogens) for the two typical aquaculture systems in the 

Mekong Delta (the coastal aquaculture zone in Tra Vinh province 

and the coastal aquaculture zone in Kien Giang province). It 

identified the waterborne disease spreading process in the  

aquaculture systems and solved the rather complex problem, 

namely, the spread of aquatic disease affection in the aquaculture 

systems when the traditional tools remain limited. 
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2. RECOMMENDS FOR FURTHER STUDY 

The results of the thesis focus on the tidal hydrodynamic 

characteristics and environment, which are of importance for the 

scientific bases for researching the coastal aquaculture irrigation 

systems. In order to solve the aquaculture irrigation problem, in a 

comprehensive aspect, the following keys should be further studied: 

1). It is necessary to further study the concerned water-source 

components, which contain non-preservative and variable 

substances in the aquaculture systems (BOD, COD, DO, ...); 

2). Further research on water-source and environment quality 

indicators by applying the spreading theory in the coastal 

aquaculture systems; 

3). Develop the methodology of the thesis to study the possibility 

of taking plankton (zooplankton, breeding etc.) in waterways 

in the coastal aquaculture systems; 

4). Study to give forecasts and warnings on the spread of aquatic 

diseases along the waterways of the coastal aquaculture 

systems; 

5). Continue improving and broadening the approach of research 

of the thesis content for Vietnam’s Central and Northern tidal 

coastal zones./. 
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