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1. Background
Ideas behind this activity
Expansion of irrigation is considered as one of the important development opportunities for the Lower
Mekong Basin (LMB). Nevertheless, irrigation is notorious for tail‐ender problems, incomplete network, users’
low satisfaction with water delivery, low rate of fee collection, poor maintenance, and early deterioration, on
the other hand. It is important to make sure irrigation projects can address these issues. Solutions have been
debated on both engineering and sociological measures such as system improvement and modernisation and
participation of water users at all stages of irrigation development. Smaller scale projects and groundwater
use are also discussed as alternatives of large scale canal construction. As irrigation projects deal with natural
settings and rural societies that are different from place to place, it is obvious that a panacea is not available.
Like other infrastructure projects, irrigation projects require the hardwork of knowledgeable, skilled, and
experienced engineers together with supporting resources and environments. Irrigation projects are often
handled by the public sector with limited involvement of engineering firms. The capacity of engineers in the
line agency and supporting environments are the key for success in these cases.
In the course of developing the five‐year programme from 2011 to 2015 of the Agriculture and Irrigation
Programme (AIP) of Mekong River Commission, it was agreed that, “sound feasibility assessment and
coordination across the basin realised in the irrigated agriculture” would be one of the programme’s outputs.
To deliver the aforementioned output, AIP tried to assess the needs and impacts of technical harmonisation
in irrigation planning, designing, quality controlling and performance evaluation. This document is the record
of AIP’s attempts at technical harmonisation in irrigation. Technical harmonisation in this activity means
ensuring soundness in knowledge, skills, and practices in the course of irrigation development.
About the workshop series
This project had several aims: profiling engineering practices and supporting environments in each country;
analysis of capacity needs; and offering networking and learning opportunities for young engineers. An
additional expectation was to improve transparency and nurture mutual trust in irrigation development
projects amongst Member Countries (MCs). Facilitation of both technical and financial support from
development partners into the irrigation sector is also expected through the improved transparency on the
technical capacity and process in the sector. The project was organised as a workshop series for Technical
Harmonisation in Irrigation to which three young engineers and one senior engineer, as their mentor, from
irrigation line agencies were invited. Four workshops were organised in different countries to exchange the
information on their work environments; engineering standards, protocols and practices; education and
capacity building activities and academic work.
Participants were assigned to write reports on the aforementioned topics and they made presentations on
the reports at the workshops. During the workshops, field visits to typical irrigation schemes in each country
were also organised. The four workshops were held in Phnom Penh, Cambodia; Luang Prabang, Lao PDR;
Kanchamaburi, Thailand; and Ho Chi Minh City, Viet Nam.
About this document
This document compiles the country reports with a synopsis of the proceedings of the workshop series.
Chapter two contains a brief synopsis of the proceedings of the four workshops including recommendations
for follow‐up actions. Chapter three contains an overview of irrigation agencies and the irrigation project
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process of the four countries. This part was written by either AIP staff, based on interviews, or country
participants with editing by the AIP staff. Chapter four contains a kind of matrix analysis of technical
standards and protocols as a way of comprehending the huge volume of standards and guidelines concisely.
The matrix was filled by the workshop participants based on given guidance. A more detailed analysis would
be necessary to understand precisely the depth of technical protocols in each plan/design target.
Chapter five covers college education curricula in the area of irrigation engineering and professional training
after joining the line agency. This part is a collection of reports submitted by the country teams.Chapter six is
also composed of country reports. Though this part should discuss historical evolvement of academic
research topics in each country, the Cambodian and Lao reports have limited coverage due to very limited
research activities. Chapter seven contains discussions on the follow‐up direction towards establishing
balanced technical capacity basis in irrigation sector agencies of the four Member Countries (MCs) of the
MRC.

2. Synopsis of the proceedings
Itaru Minami
1st workshop
The First Workshop for Technical Harmonisation for Irrigation was held in Phnom Penh on 12 and 13
December 2012 with the participation of 20 Member Country staff, a guest speaker, and AIP and the
Information and Knowledge Management Programme staff of the MRC. From Member Countries, three
young professionals and a senior mentor plus National Mekong Committee representative participated in the
workshop. Dr Hiroyuki Taruyawas was invited as the guest speaker from the National Institute of Rural
Engineering (NIRE) of Japan. The participants’ list is attached in the Annex.
The objective of the workshop was to improve the capacity of irrigation departments and their technical staff
members through a participatory exercise of profiling own engineering practices both in terms of formal
standards and customary rules of thumb. Better understanding of rationales in technical rules/standards was
also expected.
After the opening and self‐introduction, Mr Itaru Minami, Technical Advisor to AIP, explained the objective
and general work plan of the activity: to gather for sharing knowledge and networking, profile engineering
standards, practices and topics, and visit irrigation projects in neighbouring countries as a participatory
exercise.
Next came Dr Taruya’s keynote speech about technical harmonisation in canal systems focusing on the
diagnosis process of canal system performance. He discussed different hydraulic features, control methods,
and rules of control of water controlling facilities and their impacts on canal function and performance.
Following the keynote, participants from the four countries were regrouped into three international groups
and exchanged information on their organisations, working environment, rules, and practices in accordance
with given questions. The lists of questions are attached in Annex, and the answers are compiled in the next
chapter. Participants were requested to complete the questionnaire by the 2nd workshop.
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2nd workshop
A three‐day workshop including a one‐day field trip took place in Luang Prabang from 5 to 7 March 2013. The
same groups were invited from the Member Countries although Cambodia replaced the whole group. One
guest speaker from the Cambodian Agricultural Value Chain (CAVAC) project of AusAID and NIRE, Japan,
joined the workshop. In this workshop, participants exchanged information on the situation of technical
codes, manuals, and guidelines of each country; learnt about the CAVAC project and transitional hydraulic
experiments in open channel systems; and visited a nearby small scale irrigation project in a beautiful
mountainous setting.
On the 1st day, the AIP team presented the analysis of engineering protocols of Thailand and Viet Nam. In the
group discussion, participants discussed water productivity measurement and drainage calculation, risk
management in pipelines, stability of weirs, standards for testing, etc., flow measurement experience and
mechanical stability of channel banks.
Dr Taruya lectured about transitional hydraulics, its absence in design manuals, potential damages to be
caused by hydraulic transition, and posed a question on the phenomenon that made scours just below a
division culvert by showing movies of several hydraulic transitions. Responding to Dr Taruya’s question,
participants questioned about the protection design and discussed the importance of drop structures.
Viet Nam and Thailand also presented the overview of technical protocols in irrigation planning, legal and
institutional systems related to irrigation projects, feasibility study systems, farmers’ participation process,
EIA institutions, classification of project types, land acquisition rules, etc.
On day two, Mentors’ comments on the role of institutions and individuals related to the use of standards
and manuals in irrigation planning started the day and were followed by presentations from Thailand and
Viet Nam on practice and issues of design and construction management. The issue of earth and lined canal
bank failures and the use of design software were introduced, too. Following a short lecture on open channel
hydraulics, country presentations were made by Viet Nam and Thailand on design protocols for pipelines and
diversion structures, technical protocols and examples of pipelines projects. The examples included a
compensation pipeline irrigation project, in which a pump and pipeline system was introduced to irrigate
upland fields. The project was relocated from a reservoir site in the lowland.
Mr. Oung Ponnaka of CAVAC presented the system of CAVAC project and strict technical guidelines of AusAID
and an overview of technical protocols in irrigation project in Lao PDR followed.
The afternoon started with group discussions and reporting on the difficulties in design, implementation and
operations based on the findings from country presentations. Topics included difficulty in evaluation of staff
performance, difficulty of identification of technical failures and solutions, public participation process, lack
of legal framework, compensation for land owners, disagreement between plans and real topography,
confliction over water in the operation stage, water shortage, limitation of budgets, etc.
To close the workshop, a panel discussion amongst Mentors was held. To the question on desired roles and
capacities of irrigation engineers in the public sector, Mentors gave the following suggestions:
• to give reasons/rationales for engineering decisions and actions,
• to be compliant with rules and regulations related to land acquisition, EIA, and water resources
assessment and other existing technical protocols,
• to assess foreign and proposed technical codes,
• to facilitate public relations and stakeholder participation,
• to digest complex problems and organise information,
• to offer technical solutions,
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•
•

to share technical information with the international community, and
to be a best professional at least in some technical subject.

The second question was the direction of technical codes, standards, and manuals in the era of technical
outsourcing, proliferation of commercial software, and globalization. Views presented by Mentors were as
follows:
• the key is continuous research, case studies, field application tests of new and foreign technical codes
and the feedback process.
• keeping in mind the purpose of better safety and economic efficiency, technical standards must develop
further.
• being aware of new technical options, which can be mostly developed by the private sector, we have to
learn and test their value in terms of life cycle benefit and costs.
Dr Taruya also commented about the universality of the natural science and hoped progress in technical
standards in irrigation engineering towards universal arts.
Day Three: Field Visit
Participants visited a small‐scale gravity canal system that draws water from a weir on a perennial stream
near Luang Prabang. They were welcomed by the committee members of the water user group (WUG) at a
meeting facility in Munkhai village. After a question and answer session on the WUG institution and
operations, the workshop proceeded to a weir built in a rapid stream and walked along an earth canal built
along the mountain slope. The participants were assigned with writing an overview of college education and
professional training in the area of irrigation engineering.
3rd workshop
A three‐day workshop including extensive field trips took place in the Kanchanaburi Province of Thailand
from 18 to 20 June 2013 with 20 Member Country representatives and two guest speakers from NIRE of
Japan and JICA Cambodia. Three participants from Cambodia supported by JICA also joined this time.
Participants learnt about irrigation in the Province and surrounding areas from the Regional Irrigation Office
13 of Royal Irrigation Department; exchanged information on relevant college education and professional
training programmes available in each country; tackled with basic technical exercises for a brush‐up; and
visited many irrigation structures, an innovative agricultural project and a water user group in the area. The
workshop started with presentations from Thailand on water resources systems in the Mae Klong River basin,
national electric grid systems, and the RID’s Regional Irrigation Office 13 and its development and operations
and maintenance projects.
The country presentations on college education and professional training are contained in Chapter Five.
The field visit included Mae Klong Dam, which was a multi‐purpose barrage, several headworks including a
pump station, division gates including simple sluices and constant head orifice gates, and extensive lined
irrigation canal systems. Participants also met a water user organisation and interviewed the members on
their institutions and operations and exchanged views on farming.
On the next day, the whole workshop moved to Srinagarind Dam, a multi‐purpose rock‐filled dam.
Participants received detailed explanation on the pump/generator systems in the dam. After visiting the dam
facilities, the workshop continued in the meeting facility in the lake side to complete technical exercises. The
technical exercise included 1) a basin water budgeting exercise with free tank model optimiser software, 2)
slope stability assessment by demonstration software: Slope 2000, and 3) an exercise to determine bulb
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opening for target water distribution in a piped network system with Excel based software. At the end of the
workshop, participants were assigned to write a report on the historic evolvement of academic research
topics in select areas such as hydrology, hydraulics and soil mechanics.
4th workshop
A two‐day workshop including a field trip to the Go Cong Project in the Mekong Delta was held in Ho Chi
Minh City, Viet Nam from 17 to 18 March 2014 with the same young engineers from the four Member
Countries. The keynote presentation was given by Dr Nguyen Nghia Hung of the Southern Institute of Water
Resources Research about the historical development and emerging issues of irrigation systems in the
Mekong Delta. Dr Hung explained about the extensive channel and dike network systems, relationship
between the dike height and crop choice, costs and benefit of maintaining the system, and such system risks
as upstream development and alteration of hydrology, sea water intrusion, sedimentation and nutrition
control, etc. The keynote was followed by AIP’s short presentation on the scope and purpose of the activity
and another presentation on the agricultural land use in the Mekong Delta by the Sub‐national Institute of
Agricultural Planning.
The rest of the first day was spent for country reports on the evolvement of research topics in the area
relevant to irrigation engineering. The Cambodian team introduced an application of distributional hydrologic
model, studies on the hydrological implications of Angkor temples, study on the sources of different types of
soils, GIS/GPS application to identify land owners, etc.
The Thai team reviewed fifty studies of national irrigation institutes covering the last twenty years. Topics in
hydraulics included studies on flow arrival time in open channels, studies on hydraulics of control structures
with physical modelling, and studies on sand flushing by fluidisation. Topics on soil mechanics included
changes in CBR values in relation with soil moisture and relationship between the cohesion and sheer
resistance values gained via direct sheer tests and tri‐axial compression tests. Topics on construction
management also covered interesting research work on soil mechanics: treatment of sandy soil, dispersive
soil, expansive soil, and lateritic soil as a construction material by mixing additives and chemicals.
Topics on concrete structures covered studies on the impact of additives and substitutes such as steel
furnace slug and fly ash on the concrete qualities. Research work in the area of hydrology included statistic
studies on precipitation and floods, run‐off analyses, as well as application of stochastic models to simulate
weather events. Prototype developments of wicket gate and flow‐driven pump, studies on the impact of to
algae propagation on water quality, studies on Bentonite application to farm soil were also introduced.
The Thai team also reported on the results of the questionnaire survey and discussion of researchers about
research priorities and directions.
The Lao team presented the historic review of the change in engineering practices including the use of
standards, mathematical methods, and software. According to the Lao team, academic research is not done
in the relevant areas. The irrigation science research centre opened in 2013 focusing on irrigation efficiency,
system cost comparison, pump cost reduction, etc.
The Viet Nam team described that research topics in hydrology from 1990 to 2000 were focused on crop
choices for the given meteo‐hydrological conditions, which shifted to studies on the impact of irrigation
system construction on the meteo‐hydrological conditions after 2000 and towards climate change impacts
after 2005. About the construction and infrastructure management, the topics evolved around the
modernisation of irrigation systems applying SCADA, GIS, and dynamic hydraulic models. Recent topics centre
on climate change impact assessment and policy recommendation with regard to the land use and
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management of Cuu Long Delta systems. On the area of hydraulics, the history of hydraulic model
development and its application in the Red‐Thai Binh river system was presented. The hydro‐dynamic
modelling started from one dimensional VRSAP model and shifted to MIKE in 1993, then to HEC since 2010.
The programme language also changed from Fortran to DOS and to Visual Basic. Though the latest model has
capacity to simulate not only flow but also water quality and sediment transport, updating river bed
topography data is the constraint.
Topics on soil mechanics included land slide susceptivity assessment based on Bayesian probability models,
identification of active depth of soil consolidation and relationship between soil strength and load and
consolidation time, examination of the effectiveness of slope reinforcement methods and materials,
application of slope stability software. Design of self‐compacting concrete with local materials such as fine
sand and design of roller compacted concrete were introduced as the focal issues related to concrete
structure.
Feedback on the workshop series
After the four workshops, participants commented by and large positively on the value of the activity. Their
feedback comments were the following:
• The programme strengthened capacity of technical officials and was good to exchange experience.
• This activity made Member Countries closer and contributed to the mood for increased cooperation.
• The irrigation sector should work together having development needs and pressing issues like climate
change and utilisation of the single source of water.
• Knowledge on irrigation modernisation makes officials aware of research needs.
• Field visits in other countries and learning structures in details and various types of irrigation schemes
were especially useful.
• Many research documents from Thailand and Viet Nam are useful for Lao PDR to improve the knowledge
and skills.
• It was good to learn from mentors with experience.
• It is good to have a network of the participants and participants would like to keep in touch.
There were also suggestions on follow‐up actions that follow.
• Case studies can be learnt together in the future.
• More practical technical training on new software and tools is expected.
• Water resources management strategy can be exchanged.
• Visits to outside the LMB such as Japan can be interesting.
• Let’s choose three prototype to visits from each country together with software study and discussion on
lessons on specific cases towards joint monitoring of water use and irrigation operations
• More activities to exchange experience each other are desired. Similar programme is expected in the
future again.
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3. Irrigation agencies: overview
This chapter aims at providing an overview of the public irrigation sector in each Member Country based on
the answers given by the workshop participants to a questionnaire. Some countries gave detailed
information on each of the questions, but the answers of other countries were quite succinct. Therefore,
only the common overview and key differences are discussed below. More detailed information may be
found in the general profiles in Annex, which contain information based on the notes submitted by each
country.
The following nine items and sub questions under each item are inquired to the country teams.
1. Situations of higher education
2. Career path of irrigation engineers
3. Relationship with relevant disciplines/technical fields
4. Budget and accounting systems
5. General protocols of irrigation projects
6. Procedures for water resources management
7. Participation and cost sharing
8. Design codes and manuals
9. Irrigation design/planning
1. Situations of higher education in the area of irrigation engineering
The situation of scientific training in the relevant subjects and the process and institutions for professional
skills development are among most apparent disparities between the Member Countries. All four countries
claim to have institution(s) that teach college level curriculum on irrigation engineering, but the Irrigation
College of Lao PDR may not reach the level, and ITC of Cambodia barely fulfils it. Irrigation Agencies in three
countries also offer some training to staff engineers, but information was not given from Lao PDR.
In terms of the width and quality, staff training in Royal Irrigation Department (RID) of Thailand seems to be
the best, and Ministry of Water Resource and Meteorology (MOWRAM) of Cambodia follows. Both Thailand
and Viet Nam have a professional association. Cambodia also has one, but government engineers usually do
not participate. Thailand also requires license to practice engineering skills as profession, but other country
do not.
2. Career path of irrigation engineers in the government
Entrance and admission systems are similar. All countries conduct written exam on the knowledge on civil
and agricultural engineering and interview. But the only RID of Thailand and Ministry of Agriculture and Rural
Development (MARD) of Viet Nam seem to have established systematic career paths based on professional
skills, experiences and performance as well as transparent process for promotion. In Cambodia and Lao PDR,
transfers between the Ministry headquarters and provincial offices are also rare.
3. Relationship with relevant disciplines/technical fields
Thailand and Viet Nam have in‐house specialists in all the relevant disciplines. Cambodia’s MOWRAM
implements irrigation projects forming Project Management Unit/Office collecting necessary staff from its
departments and other Ministries such as MAFF. Lao PDR’s Department of Irrigation (DOI) of the Ministry of
Agriculture and Forestry (MAF) seeks agronomists and agricultural economists in other departments under
MAF offering incentives. DOI also relies hydrological work such as water resources assessment on Ministry of
Natural Resources and Environment (MONRE) due to the recent reform of government agencies.
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4. Budget and accounting systems for irrigation projects
Annual budget is around US$6‐8 million in Lao PDR, $100 million in Vietnam, $250 million in Cambodia and
$1700 million in Thailand. Most of the Cambodia’s budget is foreign finance and that of Thailand comes from
national treasury. The budget of Thailand includes those for RID, Department of Water Resources (DWR) and
Department of Groundwater Resources (DGR). In all countries, annual budget is allocated from general
account.
5. General protocols of irrigation projects
Thailand and Lao PDR have a specific law on the irrigation project process. Procedures of irrigation projects
are also legalized in Viet Nam. In Cambodia, sub decrees that define concrete rules with regard to water
resources management is under the approval process. Matters related irrigation project process such as roles
and authorities of Farmer Water User Communities (FWUC) are included in one of the sub decrees. In general,
the project process starts from local authority that collects people’s need and submits a petition to upper
authorities. The screening process in the Ministry headquarters include benefit cost analysis and economic
rate of return as well as various levels of Environmental Impact Assessment (EIA) as a general practice.
However, threshold condition that triggers these processes is different. For example, EIA is required for large
scale projects, but the definition of large scale is different. Benefit cost analysis is not required in Cambodia
for the projects financed by grant aid or national treasury budget.
6. Procedures for water resources management
All countries have the water resources law. In Thailand, there is no single law that stipulates principles or
processes to establish water right. It is widely believed in the agriculture sector that law secures water users’
right to maintain water diversion from rivers once they have established weirs and canals, but it is not clear in
the Water and Water Resources Law and its sub‐decree. Fishermen’s right is defined in Lao PDR, Thailand and
Vietnam. In Cambodia, it is resolved in the resettlement unit, in which various conflicts between government
and locals are handled. Minimum water level is measured as the 10% probability water level in dry seasons in
Lao PDR and Thailand. The level depends on the design standards in Viet Nam.
7. Participation and cost sharing
Participation of water user associations has become a norm in all four countries. Participation and public
consultation is required in all stages of project cycle in Thailand. It is still in a pilot stage in Cambodia as
already seen in 5. Cost sharing schemes are different in each country. Sharing of construction cost between
farmers and the government is tried only in a few pilot schemes in medium and large scale irrigation projects
in Thailand. For operations and maintenance, there is a once‐and‐for‐all gift of 5000 Baht (approx. $150)
from the government to each WUA after major rehabilitation, but farmers have to manage the scheme under
their control after that. In the currently discussed sub decree, cost for operations and maintenance will be
transferred from the Government to FWUC in five years gradually reducing the share of the Government. In
Lao PDR, electricity fee, O&M fee and Irrigation Fund are collected by WUA. On the other hand, the
government determines the appropriate fee level and provides necessary services in Viet Nam.
8. Design codes and manuals
There are many technical references related to survey, design, electricity, hydraulics, etc. in each country.
Items common in civil structures, architecture, electricity, quality standards and testing methods of common
materials, etc. are covered by design codes and legalized standards. Structures specific to irrigation are
generally handled by design standards and manuals of irrigation agency. Therefore, their mode of
institutionalization is rather vague in Viet Nam. In Thailand, they are organized into either Work Manual or
Detailed Design Standards written in Thai language. However, Lao PDR only specifies which foreign standards
to refer to or customary refers to a set of major reference materials. Cambodia is in the same condition.
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9. Irrigation design/planning
Detailed practices in planning and design work such as how to keep records, mode of communication
between designer and construction manager and who verifies the design etc. were inquired, but only
Thailand and Viet Nam responded. Difference between the two countries is found in the note keeping and
design verification. While engineers of two or more ranks verify design work in Thailand, the process is
simpler in Viet Nam relying more on consultants. On the other hand, notes on the reason for parameter
choice etc. are usually kept in Viet Nam, while Thailand does not practice note keeping.

4. Technical code systems: rapid assessment
This section covers the result of a rough analysis of technical rules, manuals, and guidelines of the irrigation
sector in each country. In the following sections, “rules” refer to directions to the relevant government
engineers. Some of the rules need step‐by‐step instructions to allow readers to practice. Such documents are
called “manuals.” Other instructions can only be given advisory methods or steps either because of their
temporary nature, existence of options, or solely qualitative nature. Such documents are called “guidelines”
in the following sections.
The aforementioned documents related to irrigation planning, design, construction management, and
operations and maintenance are reviewed based on the answers given to three templates that contain 3
major areas, 16 planning/design targets with 81 milestones (or sub‐process). The three templates covers (1)
irrigation system planning, (2) hydraulic design and construction management of earth/lined canals, (3)
pipeline and diversion hydraulics and dynamics, respectively. Workshop participants were requested to
answer the following questions consulting relevant documents:
 whether each of the specified sub‐process (milestones) is covered by rules (or technical code),
manual, guidelines or the combination of them
 if so, which is the major content: natural laws and mathematical models, tables/figures/charts
derived from simplified theory, empirical law, figures and tables derived from rule of the thumb,
qualitative instructions
 if the contents are empirical laws or rule of thumb, are they supported by local data?
Please see Annex for the original templates and answers submitted by Member Countries. The templates
were given to the participants of the first workshop.

Cambodia
Technical protocols were roughly assessed by the country team comprised of the Irrigated Agriculture
Department staff based on aforementioned common tabulated templates. The results can be summarised as
follows:
 For the majority of project planning steps, both rules and manuals are given.
 The same for the detailed design process of open channel system structures.
 Pipelines, pumps, and headwork design process reply more on guidelines and advisory documents.
 Many of hydrological, physiological, and mechanical planning/design steps are consulted with local
data and information.
 Construction management and quality control processes are instructed by both rules and manuals.
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Majority of the contents of the technical rules and manuals are accompanied with necessary
illustration and concrete instructions.
 The issues that are not covered are drainage design and river flow maintenance for fishery and the
environment.
Though these are a good sign of balanced and well organised technical code systems, some of the
planning/design steps are not supported by, and would benefit from, local data that follow below:
 Assessment of available water resources in terms of local rainfall and river flow data
 Cost estimate, system lifecycle assessment, and economic cost benefit analysis
 Stability assessment of embankment
These are rather important elements of the engineering work that rely heavily on empirical knowledge and
local data. It is highly desirable to accumulate local data on hydrology, economics, and soil mechanics and
reflect them onto the contents of technical codes and guidelines. System life cycle can be identified only
through stock taking and the analysis of past records. However, there are also alternative approaches.
Rainfall may be simulated from Global Climate Model and its downscaled regional climate model. River flow
is also simulated from hydrological models. Data on soil physics may be imported from neighbouring
countries after taxonomic studies. In one way or another, the Cambodian technical code system has big a
space for sand sophistication. Also awaited are systematic organisation and institutionalisation of relevant
codes, manual, and guidelines and their integration with training activities.

Figure 1 Planning targets and type of technical protocols: Cambodia
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Lao PDR
The tabulated reports submitted by national participants show the following characteristics in the technical
protocols in the project cycle of irrigation developments in Lao PDR:
 About 85% of the 81 steps/sub processes being asked are covered by manuals or both rules and
manuals, which can be interpreted as concrete instructions are given in most circumstances
throughout the planning, design, and construction processes.
 Informal guidelines and the combination of rule and guidelines are found only for 12%, and hydraulic
design of pipeline systems and most of the mechanical design processes of channel bank belong to
this category.
 The only two items that have no rule/manual/guidelines are about fish passage design and non‐
uniform flow calculation in open channels.
 The majority of the contents are only tables/figures/charts without being supported by illustration or
step‐by‐step instructions.
 Among the sub‐processes that lack local data are evapotranspiration (ET) and percolation, irrigation
efficiencies, and data related to soil mechanics for channel bank design.
From these findings, the technical institution for irrigation engineering in Lao PDR seems to have space for
improvement that includes the followings:
 More support to readers/ practitioners by providing more background explanation and illustrations,
 Broader coverage in such contents as non‐uniform flow calculation in open channels with a shape of
guidelines, and
 Data on local soil characteristics.
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Figure 2 Planning targets and type of technical protocols: Lao PDR

In terms of the contents of the manuals and guidelines, table/figures/charts have the majority share of 55%.
Consequently, qualitative instructions are limited (20%). However, some of the items that are described as
qualitative instruction had better involved quantitative rules. Determination of target drought for planning,
and dimension and quality control are among them. Lack of illustrations is another noticeable characteristic
of the technical protocols in Lao PDR. This sounds rather strange given most processes are covered by
manuals, which should involve concrete and complete instructions.
As noted in the submitted form, USBR standards are adopted in hydraulic design of diversion structures.
Empirical laws are adopted in official manuals only for cost estimates and life cycle assessment. Rules of
thumbs are adopted only for the placement of control bulbs, buffer facilities, and monitoring/safety system
design in pipeline systems.
Most processes related to open channel systems are supported by local data. Though pipelines and pump
design do not involve many parameters that have to be supported by local data, no process is supported by
local data. Well‐established parameters may also be replaced by progress of engineering, which is made in
the field. It is better to maintain up to date references.
Some of the sub‐processes or milestones related to planning, design, and construction management are not
supported by local data. Items like ET and percolation, irrigation efficiencies, and data related to soil
mechanics for channel bank design need to be determined based on local data though sheer planning and
design can be done based on figures given by FAO and USBR.
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Out of the 45 planning/designing steps either ruled by figures, tables, and/or charts, only 17 steps are given
their application limits or alternative methods. Similarly, one empirical law out of 3 and no rule of thumb are
given application limits or alternatives.
Illustrations and step‐by‐step type of instruction are given only for route selection, selection of conveyance
structures, and system layout process in the irrigation system planning. As manual is the dominant form of
technical protocol, readers need to follow given instructions exactly. In that sense, it would be certainly
better to have more illustrations and step‐by‐step instructions in those documents.

Thailand
The tabulated reports submitted by national participants show the following characteristics in the technical
protocols in the project cycle of irrigation developments in Thailand:
 Engineers are provided with plural forms/levels of technical documents in most steps of the project
cycle in open channel type irrigation development in Thailand. When rules are applied for one
process, manuals and/or guidelines always support the rule.
 Planning and design processes for pipeline systems, pump facilities, and headworks are covered less
by rules/codes or official manuals, but more by un‐binding guidelines.
 There are only two items that are supported by no rule/manual/guideline among the 81 milestones
prepared by the authors.
 Contents of the technical documents are in many cases either figures/charts and tables or qualitative
instructions.
 Only qualitative instruction is given for construction management.
 About half of all milestones are supported by local data, and only 20 items are not supported by local
data among the instruction made of empirical laws or table/charts.
 Local data support more of planning and hydraulic design process and less of mechanical design and
construction management processes.
From these findings, the technical institution for irrigation engineering looks like well developed in Thailand
at least for open channel systems. Some issues that may need attention include:
 Appropriateness of using tables and charts in some of the sub‐process,
 Possibility to replace qualitative instructions by methods that brings quantitative answers, especially
for construction management
 Lack of local data that support mechanical design and construction management, and
 Lack of technical instructions for the identification process of existing water users in the planning
process and drainage design.
As being described briefly, most of the project cycles are covered by plural official technical documents in
Thailand. Therefore, it is difficult to characterise respective document forms by their contents due to the
method taken in this study. One characteristic issue is that qualitative instruction and table/figures/charts
are the major contents. Some of the sub‐processes/milestones that need quantitative targets are listed as
qualitative instructions. Examples are the determination of water requirement for nursery and preparation,
design discharge of drainage channels, requirements in earth‐fill quality, and dimension and quality controls
for construction management work. Their reasons and appropriateness should be clarified. Some of the sub‐
processes/milestones that are described as consisting of tables/figures/charts may also need to discuss
whether it is the most appropriate mode to define the technical protocol. For example, stability analysis of
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the canal bank is a rather complicated process that requires both soil characteristics data and a mathematical
model. This item is not supported by local data either (pls refer to the next section).

Figure 3Planning targets and type of technical protocols: Thailand

Among the 51 sub‐processes that are characterised as empirical law or table/figure/chart, 31 items are
supported by local data. As being shown in the following table, most of the 20 items look like no need to be
supported by local data except a few. “Stability analysis of the bank” and “examination of hydraulic stability
in transient conditions” may be the exceptions. If the standard methods in these processes are not supported
by local soil data and water distribution practice, it can be a priority technical theme in open channel
irrigation engineering.
Among the 51 sub‐processes that are characterised as empirical law or table/figure/chart, 44 items are
defined with their application limits or alternative methods. The remaining seven items are not relevant to
the limitation of application.
About 90% of all sub‐processes are supported by both step‐by‐step instruction and visual aids. However,
there are some complicated engineering processes that may benefit from adding illustration and more
detailed instruction.

Viet Nam
From a rough overview of the tabulated report from the country, technical protocols in irrigation project
cycle in Viet Nam can be summarised as follows:
 Initial project conceptualisation and paper location process are basically instructed by guidelines
without being strictly given rules.
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 Surveys and processes for drawing general plans have rules.
 Manual is given for hydraulic design and pipe/pump design.
 General procedural rules or qualitative instructions with technical guidelines are given for mechanical
design of open channel structures.
 Rules are given for construction management and record management.
The aforementioned system sounds rational and well organised.
By looking into the contents of each of the rules and manuals, some may look arguable. For example, rules
for construction management are described as qualitative instructions. This was corrected during the
workshop discussion as incomplete information because the qualitative principles given by law are actually
supplemented by ordinances by line agencies which involve quantitative quality management rules. Other
items are mostly defined by either empirical laws based on local data or tables/charts which are mostly not
supported by local data. The latter items need a closer look depending on the individual item.
Determination process of irrigation demand (A3) and system planning (A4) are governed by natural laws and
not supported by local data. This might also need some discussion because water consumption in paddy
irrigation is not simply theorised.

Figure 4 Planning steps and type of technical protocols: Viet Nam

Either natural laws or empirical laws are the major subjects of rules and guidelines. On the other hand,
manuals seem to be made mostly of tables and charts, which should certainly be taken from past
experiments and observation. The items prescribed with tables/charts are relevant to hydraulic design,
mechanical design of pipelines and pump selection. This sounds rather rational given that pipe and pumps
are manufactured materials. Rules of thumbs are found only in guidelines for hydraulic design of pipelines on
three areas: buffer and maintenance facility design, choice and placing of control bulbs, design of monitoring
and safety system. This is also conventional.

20 | P a g e

It is highly desirable to support empirical laws with locally collected data for parameters. Tables and charts
should also be made of locally tested data if they contain parameters relevant to natural materials. Among
the list of the items that have no local data, those for determining irrigation demand, cost estimates,
structure life cycle, and quality and quality control of fill (soil) materials may need discussion on their
appropriateness.
Empirical laws and tables/charts basically have applicable value ranges and conditions. Three empirical laws,
three rules of thumb, and 27 tables/charts are listed as having no limit for application; however, particularly
problematic items are not found among them. Illustrations are mostly found in planning and channel design.
Step‐by‐step instruction is available only in half of planning and design targets.
Unfortunately, the comparison of four country scores did not give much of definite assessment. One clear
indication was the advancement of technical rules and institutions in Thailand, because most of the project
cycles are covered by plural official technical documents. Contradicting claim is heard about the situation of
technical documents in Cambodia. That the instructions given by those documents are actually followed may
be more important than if they have been published as official documents.
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5. Capacity building activities
Scope of the chapter
The irrigation sector has been centered on infrastructure development by government agencies. Proper
planning and management of infrastructure projects require knowledge and skills of engineering as well as
those of policy science. Because numerous smallholders are the target beneficiaries and usually large
expanse of land is involved, irrigation projects typically require leading roles of government agencies in all
stages of planning, implementation, and operations/maintenance. Therefore, capacity of relevant agencies,
irrigation agency inter alia, is among the keys for success.
Irrigation agencies are typically composed mostly of civil and agricultural engineers, or supposed to be so.
Planning of irrigation schemes must be supported by rationales in geology, soil science, meteorology,
hydrology, agronomy, and economics as well as by local communities and politics. For detailed design and
construction, hydraulics, mechanics and sometimes electrics also become important. Many of the roles of
officials require good understanding of the underlying science as well as skills to integrate the broad range of
relevant information. Training in a relevant engineering department in college or polytechnic is indispensable,
and formal and informal training after joining the agency is also important to nurture the needed capacity.
In this chapter, country reports on college education and staff training in the area of irrigation engineering
were summarized with comparative assessment. As a participatory exercise to exchange information and
learn from each other, an overview report per country was written by country teams who participated in this
activity under the advice and supervision of a senior official. The purpose of this exercise was to compare the
levels and width of training so that priority areas and directions can be clarified in engineering capacity
building. Following are the general guidelines given to the country teams.
The report should cover an overview of college curricula (of a chosen college or university) and government
training programs related to the following topics:
1. meteo‐hydrology;
2. soil, plant and water relationship;
3. irrigation system planning;
4. socio‐economic survey and evaluation related to irrigation projects;
5. open channel hydraulics;
6. soil and concrete mechanics;
7. water control structure design;
8. construction management;
9. pipeline hydraulics;
10. pump, headworks, and control system design; and
11. construction management, operations, and maintenance of pipeline, pump, and headwork facilities
The report describe each of the relevant mandatory subjects in the undergraduate course of one of the
domestic colleges/universities that are recognized to have courses of irrigation engineering. The report
contains (1) the name of the college/university; and (2) the subject name, (3) concrete skills and knowledge
to be gained after completion, (4) teaching methods (such as conventional lecture, substantial laboratory
work, substantial computer exercise, substantial fieldwork), and (5) software and tools used in each of
relevant subjects/classes.
Next, the report describe each of regularly organized training programs for government irrigation engineers
in terms of their (1) title, (2) organizer, (3) goal, (4) target trainees (associate practitioners, practitioners,
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senior professionals, etc.), (5) language, (6) average number of trainees per year, (7) program curricula and
duration, (8) concrete skills and knowledge to be gained after the training, (9) training methods (such as
conventional lecture, substantial laboratory work, substantial computer exercise, substantial fieldwork), (10)
software and tools used in the training, (11) if the training is held in foreign country or financially covered by
foreign aid program.

Summary of findings
Levels and width of professional education was one clear disparity among member countries. Cambodian
team listed only one institute to be the college that has curricula for irrigation engineers. Lao PDR has one
college and one department in another university. Viet Nam reports three and Thailand claims eight of which
the oldest has almost 100 years of history. Though the number is small for Viet Nam, 15 universities and 11
colleges have education programs on water resources subjects in Viet Nam. The number and curricula of
relevant college departments are clear indicators of capacity development.
Though actual contents of education in those colleges and universities were not clear from the reports, mere
curricula suggest big difference in quality among them. The best curriculum among reported was clearly the
bachelor of engineering program in civil engineering – irrigation of Kasetsart University of Thailand. It has
balance in subject areas such as material science, fluid dynamics, and structural analysis together with classes
for such basic engineering skills as engineering drawing and surveying. The curriculum contains separate
courses for desk studies of different levels starting from an introductory course toward more advanced
courses. It also covers laboratory work, design workshops, and more applied subjects of system design for
each of major engineering subjects. For example, there are courses on “fluid mechanics”, “laboratory for fluid
mechanics”, “design of canal and conveyance structures”, and “design of pipe and pressurized irrigation
systems”. Another stream starts from “materials science for engineers” and advances through “concrete and
engineering material”, “mechanics of materials II”, “reinforced concrete design”, “soil mechanics”, “soil
mechanics laboratory”, “foundation design”, and “design of small dams and water control structures.” In
such ways, students can gradually deepen the understanding of relevant sciences and attain the capacity to
mobilize the knowledge to design simple structures, as well as wisdoms necessary for building more complex
systems. These are in line with the education that colleges and universities of three to four years are
expected to offer.
The curriculum sounds fine‐tuned for traditional areas of knowledge and skills required for irrigation
engineers, which must have suited for Thailand. More courses are available for irrigation students in relevant
curricula such as civil engineering – water resources engineering, which contains groundwater engineering,
land resources management, etc. However, the roles and skills required for irrigation and irrigation engineers
may shift under a different set of technology and socio‐economic conditions. It is not clear from this activity if
interdisciplinary subjects with such areas as agronomy, crop science, meteorology, remote sensing, and micro
economics are included in the curriculum.
As being introduced earlier, three institutes in Viet Nam are recognized to have the range of courses typically
needed for irrigation engineering. Water Resources University always stays among varying lists of universities
that were reported for different subject areas. The comprehensive shape of relevant college education in Viet
Nam was not clear from the country report though curriculum on hydrology looks quite extensive and
advanced. Like the curriculum of Kasetsart University, the hydrology curriculum contains introductory and
more advanced theory, mathematical modeling, as well as specific application subjects. Other subject areas
such as pipeline hydraulics also involve desk studies as well as computer modeling. Unlike the case of
Kasetsart University, the main scope of the curricula for irrigation engineering in Water Resources University
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may be water management in general, and it may be oriented more toward agricultural development in the
case of University of Agriculture.
Unfortunately, no other country seems to offer these levels of education. Curricula of two institutes in Lao
PDR are not explained in the report, but photos and equipment list suggests sub‐college level quality in
education.
The Rural Engineering Department of Institute of Technology is the only college level education institute in
Cambodia. Though its curriculum looks covering all the relevant subject areas, it does not show clear
structures or study paths to gain the necessary depth of understanding in each subject. Some of the courses
such as plumbing and topography are certainly not up to college level subjects. On the other hand, there are
also subject areas that have two to three levels of advancement. For example, there is a course of
“introduction of hydrological model” after “general hydrology.” Though it may sound a bit short cut, essential
knowledge behind models may be covered if program is structured efficiently. In the case of material science,
“strength of materials” and “soil mechanics” lead to “earth dam construction”, which is the simplest type of
dam. Another short cut is found in several “construction” courses: reinforced concrete construction, bridge
construction, wood construction, and steel construction. The foundation of the skills to design these
structures can be attained in “strength of materials” and “structural analysis” though real skills to design
reinforced concrete cannot be attained without an additional class. In other words, this curriculum is
designed with an expectation of fully benefiting from recent computer software. Anther characteristics of ITC
curriculum is its coverage of such practical skills as work security and quotation and market, as well as new
technologies such as auto computer aid designing. It also covers such interdisciplinary subjects as renewable
energy and environment. Above all, this curriculum can be described as the most efficient and pragmatic
among others if it fully benefits from latest computer aids. This may suggest the direction of college curricula
for irrigation engineers. In any case, it certainly involves the risks of shallow understanding and over reliance
on computer aids, and the knowledge level to be gained from the ITC curriculum is still lower than earlier
examples.
Formal and informal training in professional carrier is as important as college education. Difference in staff
training between Thailand and other countries suggests big potential needs for systematic staff training in
other countries. In RID of Thailand, staff engineers receive certified training courses on important and specific
engineering skills such as SCADA application and telemetering in irrigation management, calculation of crop
water requirement and water delivery scheduling, soil property evaluation, and advanced hydraulic structure
design.
Comparing to this program, staff training in Vietnam looks more ad hoc and less technical. Regular training
includes a course on valuation and economic estimation in construction and courses on operations,
maintenance and management of irrigation schemes, which cover topics on irrigation efficiency and farmer
participation as well as field excursions.
MOWRAM of Cambodia has an extensive training program in its Technical Service Center with a long term
support of JICA. The program contains following regular short courses:
 Courses on subject matters include meteo‐hydrology and crop water requirement, run‐off analysis,
and hydraulic design of canal structures.
 Courses on tools application include application of remote sensing and GIS for basin/irrigation
planning and irrigation design and drawing by Auto Cad.
 Other practical subject courses cover cost estimation of canal works, construction management and
supervision, and farmer participation.
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Though the above list looks like a balanced set of essential‐skill courses, the combined effect with the
seemingly short‐cut curricula of college education may end up with shallow understanding, little confidence,
or poor applicability to complex situations. Lack of institutionalization of the knowledge taught in TSC is
another issue. No technical sub decree or standard supports the content of TSC training courses. No training
course text is published as formal guidelines.
No information was available about staff training from the country report of Lao PDR. Thangone Irrigation
College seems to work as an institute for continued education for low class technical staff in the Department
of Irrigation.
Staff training that shows how to integrate learned science into project planning, design, and quality
controlling certainly needs attention and support. On the other hand, good foundation of underlying
scientific knowledge is the premise for professional training. Findings in this chapter suggest that irrigation
engineers in Lao PDR need better opportunities in college level education. Because Lao people have an
advantage in communication with Thai people, harmonization in college course contents between colleges in
Thailand and Lao PDR may improve the quality of education and clarify the areas that need improvement.
Cambodia may need close evaluation of the technical capability of ITC graduates or TSC course takers as well
as feedback of the evaluation result into training programs. Harmonization is also expected between formal
protocols and contents of training.
For Viet Nam, information was not enough to make clear suggestions; however, the risk of fragmentation of
relevant subject areas is suspected because college departments that cover core subjects of irrigation
engineering are diverse in their scope. This can be solved if a good team work of staff is established. For
Thailand, college education has established a high standard. However, expected roles and skills of irrigation
professionals may always be changing. There can be space for reforming, and education programs in ITC in
Cambodia and other colleges in Viet Nam may offer a good model at least in particular subjects. Staff
training may be easier to reform. Strategic development is important in staff training curricula given changing
roles of staff engineers and emerging technologies. Cambodia’s focus on GIS and remote sensing technology
has a good reason. MCs may pay more attention on hydrogeological training to fulfill IWRM mandates, too.

6. Research and development
Scope of the chapter
Like any other areas, the science and technology that forms irrigation engineering progresses year by year.
The progress contributes to work efficiency as well as quality of jobs. For example, IT and satellite data may
dramatically improve the ways of resource management and development planning. As depletion of natural
resources also accelerates where effective management is absent, research work in such areas becomes
more important than ever. Needs for local or regional research work also exist in the area of construction
technology. Utilization of the natural materials special to the region and solutions of geotechnical problems
are among such subjects. Social science is certainly another area that requires local and regional research
work because many of key social capitals in rural areas are quite original to ethnic groups and geographic
spaces.
In this chapter, country reports about the historical evolvement and recent topics of relevant research work
are summarized with comparative assessment. As already described in earlier chapters, an overview report
per country was written by country teams who participated in this activity under the advice and supervision
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of a senior technical official. The main purpose of this exercise was to exchange information on research
findings that may also benefit the agriculture and irrigation professionals in neighboring countries. As a
participatory exercise, capacity building of participants was also expected in the process.
The assignment was to review the topics of research works by public research centers and universities in the
area of civil and environmental engineering and biological system engineering related to irrigation projects.
The former includes hydrology, hydraulics, soil mechanics, concrete structure, remote sensing and
information system application, and construction and infrastructure system management. The latter includes
research work on field level irrigation and drainage systems. This assignment was conducted through
interviews with key faculties/figures in each research areas. Following are the general guidelines given to the
country teams.
A report (3000‐9000 words in A4 single line with font size 11) that describes the overview of historical
evolvement of major research topics in approximately last 20 years followed by discussion about priority
needs in research and engineering capacity in the present age. The report should cover six of the following
eight topics:
1. Hydrology
2. Hydraulics
3. Soil mechanics
4. Concrete structure
5. Pump and pipeline systems
6. Remote sensing and information system application
7. Construction and infrastructure system management
8. On‐farm soil and water management
The report on the historical overview should be written based primarily on interviews to key researchers in
the aforementioned areas preferably supported by an analysis of article titles in relevant journals. Precise
and in‐depth analysis is expected for (1) research trends and topics, (2) needs behind the research trend, (3)
major arguments and findings/achievements, (4) resulting or expected impacts on engineering practices.
Strict chronological precision is not required for individual events unless they can be clearly determined,
though it is advised to indicate their approximate year ranges.

Summary of findings
Exchange of information on research activities in each country has revealed that only Thailand and Viet Nam
are conducting notable research activities in the concerned areas, or at least Cambodian team and Lao team
did not have access to relevant information and research communities.
The content of the Lao country report was compilation of key technical references in the planning and
implementation of irrigation projects. Most of them come from guidelines developed by either US Army
Corps of Engineers or US Bureau of Reclamation with no national input. The Cambodian report introduces
several studies in the area of hydrology and remote sensing. Though sufficient references are not provided
about the former, the latter includes land cover monitoring and land use analysis, soil type analysis, and
cropland monitoring. Beside these sporadic applications of new tools, no research work to develop original
knowledge was reported.
National researchers in Cambodia and Lao PDR may mostly take part in research projects financed by foreign
institutes and not engage themselves in long term and self‐directed studies due to the lack of national
financial commitment in research work. Many quasi academic forums are organized, but continuous
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compilation of the research findings and a comprehensive portal for such resources are absent. Subjects of
these forums do not cover issues pertinent to engineering practices. Low rank engineers in irrigation agencies
have no customs to seek scientific advice from research communities on the technical issues they encounter.
Civil and agricultural engineering is supposed to be close to applied research because of its broad subjects
and divers natural objects it encounters in the construction site. But there seems to be a gap in between in
the two countries. Lao PDR has just established a research institute dedicated to irrigation engineering and
Cambodia has yet to have one. Though CARDI conducts research work on plant water management and other
topics relevant to irrigation, no information was given. Because important knowledge on the choice of
parameter values and local rules of thumbs are only kept inside the memory of experienced engineers and
not scientifically examined, establishing the irrigation research institute must be a good step to change the
situation.
Thailand shared substantial information on their research work, which contains findings that can benefit
neighboring nations. Research themes in hydrology include the development of frequency analysis software
that determines the most suitable distribution function from given hydro meteorological data and the
development of an original automatic rain gauge made of affordable materials. In the process of the former
research, researchers identified Long Pearson Type III distribution function as the best to simulate discharge
in Chao Phraya River. In the area of pumps, development of flow‐driven coil/spiral pump was introduced. In
the area of hydraulics, development of wicket gates and studies on its utilities for multi purposes, a study on
the pier shape that minimizes downstream turbulence in steep rivers, a study on travel time of positive
surges in open channels and validation of HEC‐RAS model developed by US Army Corps of Engineers, and a
study on the effectiveness of step pools to trap sediments through physical model experiments. The research
topics in the area of concrete include (1) a comparative analysis of the values of compressive strength
between in‐situ concrete samples and cured concrete in laboratory and studies on (2) the possibility of
replacing coarse aggregates by steel furnace slag, (3) use of “superplasticizer” to improve the concrete
workability, and (4) conditions that allow increased use of fly ash. Topics in the research area of soil and
water management are the effectiveness of soil reclamation materials and water management techniques
for reducing soil acidity as well as drought resistance properties of local soils such as field capacity,
permanent wilting point, and deep percolation rate. On soil mechanics, a study on the relationship between
soaked CBR value and unsoaked CBR, similarly between the values of cohesion and angle of shear resistance
obtained from direct shear tests and triaxial compression tests, research for the utilization of expansive soil
and dispersive soil as construction material, a study to improve soil fertility of sandy soil, etc. are introduced.
From the area of material science, use of old tire mixed with asphalt for canal lining and box made of para
rubber for broad crest weirs were introduced. The report also introduces studies for improving water quality.
Use of floating plants to reduce nutrients and suspended solid, application of aluminum sulfate and hydrated
lime to earth bank to reduce water turbidity and use of PAC and liquid alum to improve water quality against
algal bloom are among the topics. Finally, some more research projects are reported under construction and
infrastructure system management. Physical model experiments of flow in the Golok River estuary and Kwae
Noi River, sediment flushing techniques at weirs, filter material design that prevents piping, causes of canal
bank failure are the research themes introduced under this category.
Thailand also organized an extensive discussion on the national research policy and strategy, research priority
and future research trends inviting researchers in the relevant subjects. For details of both aforementioned
research topics and contents of the discussion, please refer to the country report in Annex.
The team from Viet Nam presents interesting insights on the historical evolvement of research themes in Viet
Nam. On hydrology and meteorology topics, the country report discusses that agricultural intensification of
increased multi cropping triggered studies on moisture balance and other meteorological parameters in the
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turn of the century. Also, impacts of the construction of irrigation infrastructure on the local hydrology for
both surface and ground water are listed as a major theme. Then, impacts of climate change on hydrological
regimes and agriculture comes in more recent times. For each of these topics, the country report provides a
summary of notable research work. Under the category of construction and infrastructure management,
research titles relevant to irrigation system modernization, case studies on the measures to improve
irrigation system operations and GIS application to the irrigation O&M are introduced. Discussions on the use
of SCADA, GIS and a hydro‐dynamic model in irrigation management in terms of software and discussions on
different type of sluice gates are described about hardware. In the area of hydraulics, historic evolvement of
hydrodynamic models is described in the context of such national issues as salinity intrusion, sedimentation
and nutrition balance, sedimentation and river morphology, flood control, development of dike and control
structures. VRSAP, SAL and VRSAP‐SAL, MIKE, HEC, and ISIS are the discussed models. Also, benefits of
flexible mesh in the latest modeling software are discussed as the recent topic. Under the remote sensing
and information system application, missions and functions of the first satellite of Viet Nam launched in May
2013 are briefly introduced. The scopes of remote sensing application include shore erosion, landslides,
sedimentation, land cover, rice production, etc. In Viet Nam, a lot of studies have been conducted on the
mechanics of local soils and mixture of them with additives. Laterite breccia, soft clay, acid sulphate, sandy
clay, and flooded soil are the soil types found in the research titles. Shear strength, deformation
characteristics, pore water pressure under consolidation, permeability are among the topics. Also very
interesting is topical research work under this category: (1) landslide susceptibility mapping using Bayesian
conditional probability model and (2) determination of active consolidation depth. The list of research titles
related to concrete structure covers various themes, too. Analysis of the agents that cause concrete
deterioration in the Mekong Delta, the suitable mix ratio between natural sand and ground stone, range of
water‐reducing concrete admixture to decrease corrosion of reinforced concrete, changes of concrete quality
of hydraulic structures in an acid environment, use of saline sand for making concrete are among the themes.
Among the topical research title is a study on the use of fine sand to produce self‐compacting concrete.
As being summarized above, Thailand and Vietnam have extensively accumulated the knowledge useful in
the whole region and not available elsewhere in various topics. It must be fully utilized by not only the
government of Cambodia and Lao PDR but also Development Partners and private sectors that are engaged
in the irrigation sector of this region.

7. Follow up directions
Exchange visits, discussions in English, and group assignments were the major activities in this project. It was
clear that most participants had difficulty in exchanging technical ideas in English though they should have
been good given the scope of the activity. They also had trouble in writing; however, some young
participants improved their communication skills dramatically in the course of four workshops. Mere
participation in workshops would have never made the change, but an incentive to learn English must have
facilitated their learning. The assignment reports also cover extensive contents despite their trouble in
writing English. Most participants also valued exchange visits to different type of irrigation schemes.
Geographical setting and three dimensional features of structures and schemes are better understood by
seeing on the site. Actual visits are always important to understand irrigation systems, their rationales and
local issues. This activity had a certain value such as networking and discovery of regional knowledge and
resources especially in Thailand and Vietnam as well as limitation in achievement in the depth and
preciseness of compiled information especially from Cambodia and Lao PDR.
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Levels and width of professional education was one clear disparity among member countries. The number
and curricula of relevant college departments are clear indicators of capacity development. Good foundation
of underlying scientific knowledge is the premise for professional training. Findings in this project suggest
that irrigation engineers in Lao PDR need better opportunities in college level education. Because Lao people
have an advantage in communication with Thai people, harmonization in college course contents between
colleges in Thailand and Lao PDR may improve the quality of education and clarify the areas that need
improvement. Formal and informal training in the professional career is as important as college education.
Difference in staff training between Thailand and other countries suggests big potential needs for systematic
staff training in other countries. An experience of practical technical exercise at one workshop also supported
this view. Most young participants showed little confidence in applying their engineering knowledge for the
given practical problems. Staff training that shows how to integrate learned science into project planning,
design, and quality controlling certainly needs more attention and support. Also, strategic development is
important in staff training curricula given changing roles of staff engineers and emerging technologies.
Cambdia’s focus on GIS and remote sensing technology has a good reason. MCs may pay more attention on
hydrogeological training to fulfill IWRM mandates.
The balance and stratification of technical rules, standards, manuals, and guidelines suggest different levels
of their development though contents are not documented in detail in this document. Thailand again shows
well balanced development in technical protocols. Vietnam seems to have extensive protocols though they
may still be in an informal status. This may come from different demands in the quality of engineering
protocols in the Mekong Delta of Vietnam. Mekong Delta is a very complicated single large system where
standards to apply for many simple systems may not be demanded. Technical standards in Lao PDR seem to
have yet to reach a holistic state, though simple and managerial protocols seem to have been adopted in
essential areas. Foreign technical rules and guidelines are taken without adjustment in Lao PDR. Important
knowledge on the choice of parameter values and local rules of thumbs are only kept inside the memory of
experienced engineers and not scientifically examined or formally compiled into institutional knowledge.
Cambodia also needs systematization of standards and guidelines incorporating feedback from the field or
actual projects. While most of irrigation developments are handled by Project Management Offices or Units
in MOWRAM, they directly report to the Minister without sharing technical lessons with line departments
and other Projects.
Exchange of information on research activities in each country has revealed that only Thailand and Viet Nam
are conducting notable research activities in the concerned areas. Lao PDR has just established a research
institute and Cambodia has yet to have one. On the other hand, there are many research findings in Thailand
and Viet Nam that can benefit other two nations. Studies on dispersive and expansive soils in Thailand and
fine sand in Viet Nam are good examples of sought after knowledge on how to use the materials common in
the region safely and effectively. There are also many studies on suitable parameter values for the
application of empirical models to the region. It becomes clear that such knowledge has to be transferred
unilaterally from more developed two nations to the other two at least for now. Establishing a database of
such research work and translation service of papers written in local language can be a useful initiative. It
also becomes evident that such knowledge transfer can be effective only when Lao PDR and Cambodia
establish a process to reflect such regional knowledge onto rules and guidelines and a channel to disseminate
them to staff members.
These findings show the need for balancing the technical capacity bases among MC irrigation agencies
together with limited benefit to assemble officials from all four countries. Limited communication skills in
exchanging technical views and knowledge are one thing, but more important issue is that levels and areas of
interests are highly different among countries. In terms of the research activities, two countries have nothing
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to share. It seems difficult to organize events in which participants from all four countries can benefit.
Bilateral training and capacity building events would be more effective than holding common events under
the MRC’s framework. Acting as a liaison to introduce bilateral training activities to MCs can be a more
suitable role for MRC. On the other hand, certain knowledge in Thailand and Viet Nam is useful to share. A
desired way is collaboration with Thailand International Development Cooperation Agency (TICA) or an
arrangement of triangular collaboration involving either of these two countries to transfer knowledge to
Cambodia and Lao PDR. MRC can, on the other hand, contribute by holding policy dialogues to lay
groundwork to improve technical protocols and institutions disclosing the aforementioned capacity gaps
between the two groups.
As Lao PDR has just established a research center focusing on irrigation engineering, activities to support the
center especially via linking to similar institutes in Thailand and Viet Nam are another opportunity. According
to the information on the irrigation research center shared in the fourth workshop, initial research focus are
on irrigation efficiency, system cost comparison, pump cost reduction, etc. Though these areas sound
focusing on economic issues, total costs rely on risks and depreciation factors, which may be determined only
by extensive engineering analyses. To analyze and prioritize interlinks between the seemingly economics
focused mission and the expanse of engineering knowledge gaps is not an easy task. MRC can advise on the
research priorities and assist developing five to ten year road map by setting an international advisory group.
Such a process will lead to institutionalization of local rules of thumbs and nationalization of foreign technical
standards, too. Because Cambodia has not established such an institute, either ITC or TSC can participate in
the activities as an observer.
Another way to follow up this activity is to support participants’ voluntary efforts to exchange experiences
and topics. The four workshops have developed a regional network of young engineers. Some also proved
the capacity to write and present substantial technical reports. Because professional associations are not
active in the sector, MRC may give advice to and financially assist a regional association of irrigation
engineers and such voluntary activities as exchange visits with thematically focused knowledge exchanges.
Current internet connection must avail such an association with practically no cost, if the participants are
willing to organize it. The subsidy scheme may cover 80% of the DSA and travel costs, for example. Support
for international communication and leadership from young generations will foster strong mutual
understanding in the long term.
Expansion of irrigated areas is an important development opportunity for MRC. Because irrigation usually
associates diversion of river water, proper engineering practices in irrigation are an important building block
in the basin water resources management. It is generally known that the Integrated Water Resources
Management process must be established in each of major sector agencies though IWRM calls for integration
of sectors. Improved and reliable planning and design practices in the irrigation sector are a key for effective
IWRM. This project attempted to initiate the process to seek technical harmony in the irrigation sector by
making young engineers to analyze and compare their own engineering practices and protocols. This can be
followed by more focused dialogues either in the policy level or among leaders in research institutes. The
contents of this report offer good materials to review the current situations of technical harmony and
available opportunities for international cooperation in the sector.
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Annex 1 General Profile of Irrigation Agencies
Cambodia
1. Situation of higher education in the area of irrigation engineering
a. Colleges and Universities
The Institute of Technology of Cambodia (ITC) is the major institute on engineering in Cambodia. ITC was
founded in 1964 supported by the former Soviet Union. It also received extensive support from France in
1980’s. The Rural Engineering Department (former Hydraulic faculty) covers the areas relevant to irrigation.
However, no university level courses are available in hydrology, irrigation engineering or meteorology
according to MOWRAM1.
b. Technical certificate systems and professional license
There is no requirement for individuals to practice civil and agricultural engineering work. Legal persons who
would like to participate in public bidding of engineering consulting work are required to acquire a license
presenting the number of staff engineers who graduate from the relevant fields.
Within the government, engineers who worked five years in the design and drawing jobs are given technical
certificates.
d. Research institutes
ITC has a laboratory on soil (soil physics) and concrete testing facilities and MOWRAM also has a similar
laboratory. However, research activities are only carried out by students for their BSc degrees. The
Cambodian Agricultural Research and Development Institute (CARDI) is involved in research activities on rice
and irrigation to a limited extent though its research field centres on agronomic topics. MOWRAM has a plan
to establish a research institute in near future, but there is no research institute dedicated to the topics in the
area of irrigation engineering.
e. Professional associations and academic societies
There is a registered professional association of civil engineers mostly for those who work in the private
sector. It is not common for government staff in the engineering field to become members.

2. Career path of irrigation engineers in the government
a. Admission process to the irrigation agency:
The government periodically organises competitive entry examinations to recruit knowledge workers who
completed college or higher education. The entry examination comprises a written test and interview. The
written tests are prepared jointly by the Ministry of Education Youth and Sport, Department of Civil Services,
Anti‐Corruption Unit, and the line ministries.
b. Required degree to apply for the irrigation agency:
Applicants to be a government irrigation engineer must hold a college degree or higher in a subject relevant
to irrigation.

1

MAFF, MOWRAM 2010 INSTITUTIONAL CAPACITY NEEDS ASSESSMENT. Program Design Document, Annex to “Strategy
for Agriculture Water Resources (2010‐2013)”prepared by Task Management Support Group with financial support from
AFD and TWG‐AWR.
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c. Staff training:
The Technical Service Center (TSC) of MOWRAM regularly offers a range of technical trainings for both
MOWRAM and PDOWRAM staff. The contents of the TSC training courses are detailed in Chapter 5. Besides
the TSC training, overseas studies offered by foreign countries are also major training opportunities.
d. Typical career path:
Ordinary managerial strata inside the MOWRAM start from officials, Vice Chief of Office, Head of Office,
Deputy Director, and Director. There is no regular transfer or expected promotion cycle. Transfer from one
section to another and between the headquarters (MOWRAM) and provincial offices (PDOWRAM) can be
made on requests and specific circumstances.
e. Requirements for specific roles and positions:
There is no specific position that requires special requirements though positions of higher ranks are usually
filled by those who have suitable disciplines and experiences.
f. Roles of academic communities and research institutes:
University faculties are involved in preparation in entry examinations and TSC training. They also play
advisory roles in policy‐making in regard to technical issues and project evaluation process.
g. Pilot schemes and new technology application:
As new major development projects mostly rely on foreign financing, most of the projects are, so to speak,
pilot schemes. Irrigation projects in Cambodia are mainly construction or rehabilitation of reservoir and canal
systems, but also underway are other types such as sea dyke construction to prevent salt water intrusion.
Transfer of management responsibility to Farmer Water User Communities (FWUC) also started on a pilot
scale.

3. Relationship with relevant disciplines/technical fields
MOWRAM has all the relevant disciplines to irrigation projects including engineering, agronomy, geology, and
agricultural economics.

4. Budget and accounting systems for irrigation projects
a. Amount of national budget for irrigation sector and its trends:
As being shown in the 2013 budget, most of the budget is for infrastructure development or rehabilitation and not for
operations and maintenance. The budget has an increasing trend.
Expenditure Profile of MOWRAM 2013 Budget
MOWRAM Programs
1 a. Development of irrigation systems
1 b. Management of irrigation systems
2. Flood & drought management
3. Preparation of legislation and
declarations
4. Water resources and meteorology
information
5. Management of administration and

(Riel billion)
1,028.00
0.00
10.25
0.66

(USD million)
257.00
0.00
2.56
0.17

Percentage (%)
95.0
0.0
0.9
0.1

36.78

9.20

3.4

6.15

1.54

0.6
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HR development

From CDTA 7610-CAM: Mid-Term Report of ADB page 35
b. Yearly budget management rules and multiple budget management protocols:
Fiscal budget is managed annually. MOWRAM lacks integrated financial information systems and accounts of
MOWRAM are not aligned with that of the Ministry of Economy & Finance2.

5. General protocols of irrigation projects
a. Laws/decrees that directly define the irrigation project process and its summary:
Law on Water Resources Management and its sub‐decrees, which have not been approved at the time of
drafting this report, define some of the irrigation project process such as the regulation of the use of
reservoir catchments, procedure for getting access to the reservoir water, resettlement of residence, and
issues related to FWUC such as establishment process, organisation, and authority.
b. General flow of project approval and initiation including the internal, academic, and 3rd party evaluation
and review process
c. Required cost benefit ratios and rules for cost benefit analysis:
Irrigation project proposals need to have 1.0 or higher cost‐benefit‐ratio and an internal rate of return of
higher than 12% for the approval. They depend on donor requirements. Grant projects and government
funded projects do not require CBR ratio or IRR.
d. ToR of government offices in planning, construction, and O&M:
The Department of Planning and International Cooperation is the general planning body of MOWRAM. Its
mandates include the following:
 To manage data and statistics
 To formulate development plans and programmes
 To prepare collaboration program and agreements
 To monitor the project implementation
For planning and designing individual irrigation projects, the Department of Engineering assumes the
following tasks:
 To study and construct structures related to water resources.
 To manage instruments and heavy equipment for designing and construction.
 To study relevant technologies and set standards for design and construction.
However, irrigation projects financed by foreign financiers are usually handled by Project Management
Units/Offices, which directly report to the Minister.
The Department of Irrigated Agriculture, Department of Engineering, and Department of Farmer Water User
Community operate, maintain and rehabilitate existing irrigation schemes with the following mandates:
 To prepare plans for rehabilitation and development of irrigation schemes
2

MAFF, MOWRAM (April 2010)Program Design Document, Annex to “Strategy for Agriculture Water Resources
(2010‐2013)”prepared by Task Management Support Group with financial support from Agence Françoise DE
Development(AFD) and Technical Working Group on Agriculture and Water Resources.
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To operate and maintain existing irrigation and drainage systems
To monitor and manage groundwater exploitation
To prepare development plan for coastal areas
To mobilise, train, and advise farmer water use communities
To coordinate interventions against flood and drought disasters

The Department of Famer Water User Community is in charge of issues relevant to Famer Water User
Communities (FWUC).
f.

Organisation of irrigation agencies and their scope of work in law:
Minister

Secretaries of
Cabinet
Under Secretaries of
General

Directorate General of Administration Affairs
Administration
D
t
t

and

Human

Resources

Development

Directorate General of Technical Affairs
Water Resources Management and Conservation
D
t
t

Planning and International Cooperation Department

Hydrology and River Works Department

Finance Department

Irrigated Agriculture Department

Technical Service Centre (TSC)

Engineering Department

Water Supply and Sanitation Department

Famer Water User Community Department

Meteorology Department

Internal Audit Department

Provincial Department of Water Resources and Meteorology

g. Offices in charge of project planning and implementation and system operations and maintenance
Project Management Office (PMO) or Project Management Unit (PMU) will be formed once the financial
agreement has been reached for an irrigation project. Staff will be transferred from relevant departments
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from both MOWRAM and MAFF. PMO and PMU directly report to the Minister, and there will be no more
official communication between the PMO/PMU and departments in MOWRAM except those for progress
monitoring by Planning and International Cooperation Department. Once construction phase has completed,
system operations and maintenance come under Irrigated Agriculture Department.
h. Project cycle time and its flexibility and project cycle management procedures in irrigation projects
i.

Collaboration with extension services and agricultural economists

Extension service staff and other relevant staff from MAFF also participate in the PMO/PMU depending on
the project implementation plan.

6. Procedures for water resources management
a. Legal framework for water rights:
The Law on Water Resource Management was enacted in 2007. The water law stipulates the water rights
framework.
b. Process of new water resources development:
PDOWRAM and MOWRAM staff develop project planning based on desk survey, field visits and consultation
with local authorities and representative residents.
c. Fishermen’s right in rivers and natural water bodies:
The Fisheries Law (2006) and Community‐Fisheries Sub Decree provide a basis for addressing management
issues in inland fisheries. Disputes over fishermen’s right are resolved in the resettlement unit, in which
various conflicts between government and locals are handled.
d. Requirement for minimum/environmental flow:
There is no requirement.
e. Rules for environmental impact assessment:
The rules apply for all project stages of irrigation projects in most cases due to financier’s request. By law,
projects over 5,000 ha need a full environmental impact assessment.

7. Participation and cost sharing
a. Participation of farmers in the planning process:
Representative farmers and local authorities are usually consulted in the field reconnaissance process to
collect historical hydrological data and determine scheme layout.
b. Roles of water user organisations in investment and system operations:
MOWRAM/PDOWRAM is responsible for operations of main infrastructures (water sources, reservoir, main
canal/dyke and head works...) and the Farmer Water User Community(FWUC) is responsible for operations of
secondary infrastructures (secondary canal, tertiary canal, and its head works...)
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c. Cost sharing framework
According to the circular No. 1 dated 11 Jan 1999, the Cambodian Government gave MOWRAM the following
duties:
 Monitoring and evaluation of efficient use of irrigation schemes,
 Rehabilitation and maintenance of the irrigation schemes to deliver water up for farming.
 Preparation of a statute of Farmer Water User Community (FWUC) and set up FWUC institution.
The circular also gave instruction to the Ministry of Economy and Finance to collaborate with MOWRAM for
preparing the budget to make FWUC functioning from the beginning year to its autonomous functioning. The
support budget is as follows:
‐
Year 1: Government in charge of 80% and FWUC in charge of 20%
‐
Year 2: Government in charge of 60% and FWUC in charge of 40%
‐
Year 3: Government in charge of 40% and FWUC in charge of 60%
‐
Year 4: Government in charge of 20% and FWUC in charge of 80%
‐
Year 5: Government in charge of 0% and FWUC in charge of 100%
d. Legal status of water user organisations, their qualification and regulations applied to them:
The FWUC is supposed to be established and registered when new irrigation infrastructure is completed. It
has an authority over its members in terms of irrigation water management, maintenance of transferred
infrastructures and fee collection.
e. Protocols for land acquisition and compensation in irrigation projects:
Disputes over land, resettlement, and compensation are handled by resettlement unit. There is no clear rule
and standard for compensation for land acquisition.

8. Design codes and manuals
About the planning/design codes, manual and their coverage are briefly discussed in the next chapter. There
is no systematic national coding system in the irrigation sector. Most irrigation projects are implemented
with foreign financing, which come with feasibility study and detailed design being done by foreign standards.
There is Design Manual for Small and Medium Scale Irrigation System Planning, developed by MOWRAM and
a consultant financed by ADB, but it is not institutionalised as an official manual.

Lao PDR
1. Situation of higher education in the area of irrigation engineering
Thatthong University and Tha Ngon Irrigation College have curricula for irrigation engineering. The irrigation
college is established under the Ministry of Agriculture to be the preparatory institute for those who enter its
department of irrigation. The irrigation college can be said as under development.
There is no technical certificate system other than college degrees. There is no association for practicing
engineers nor academic society. One research institute dedicated to irrigation engineering was established in
2013.
2. Career path of irrigation engineers in the government
a. Admission process to the irrigation agency:
Candidates of government irrigation engineer must submit related documents to the personnel division to
get the examination via both interview and writing.
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b. Required degree to apply for the irrigation agency
All the candidates to become the government irrigation engineer must have at least a diploma of engineering
and a CV.
c. Staff training
There are two types:
i. Training overseas should get the permission from the head of agency
ii. Local training organised by human resource development office or department and human resources
office will select the right person to participate.
d. Typical career path
The irrigation engineers in the Department of Irrigation in MAFF and Provinces are appointed separately by
the Minister and provincial governors. Though they form a single professional network, the staff members in
two groups do not regularly transfer in between.
e. Roles of academic communities and research institutes
Academic communities take part in the following roles of the government.
 To promote the new innovation technology
 Advisory role
 Relevant to certification
 To setup pilot sites
3. Relationship with relevant disciplines/technical fields
In the latest demarcation between DOI/MAF and MONRE, water resources assessment becomes the role of
MONRE. In addition, agronomists and agricultural economists are sought from other departments offering
incentive payment.
4. Budget and accounting systems for irrigation projects
a. Amount of national budget for irrigation sector and its trends
Annual budget is around six to eight million US dollars per year and the budget is in an increasing trend.
b. Budgeting system (general and special accounts and their coverage) in the irrigation agency
District level officials calculate necessary budget, which is compiled by provincial irrigation departments and
submitted to the Ministry of Agriculture and Forestry. The cabinet approves budget allocation.
c. Yearly budget management rules and multiple budget management protocols
Operation and maintenance plan, irrigation rehabilitation plan, flood emergency plan, and water
management, development and executive plan give the framework for budgeting.
5. General protocols of irrigation projects
a. Laws/decrees that directly define the irrigation project process and its summary
The Law on Irrigation was promulgated in 2013. The law consists of 9 chapters and 79 articles. The objective
of the law is to provide the framework for irrigation development and management in Lao PDR. The major
features of the law include the process for irrigation development planning and irrigation scheme
management with community participation. The water user group is recognised under the law and granted
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specific rights for managing irrigation schemes. The sub‐decree will also be enacted to present specific
irrigation processes.
b. General flow of project approval and initiation including the internal, academic, and 3rd party
evaluation and review process
In general, projects start from the local authorities who collect the needs of the people in the village and then
submit that through the upper authorities to the central government for screening and prioritisation.
c. Required cost benefit ratios and rules for cost benefit analysis
In any project, the cost benefit ratio must be higher than 1.0 and the economic rate of return must be higher
than 12%.
d. ToR of government offices in planning, construction, and O&M
To define the scope of work for development projects that cover the people’s needs.
To implement planning, study, survey, design, construction as well as operations and maintenance in a good
way.
e. Jobs to be contracted out in irrigation projects
The following work can be contracted out:
 Study, survey and design work
 Construction supervision work
 Construction work
f. Organisation of irrigation agencies and their scope of work in law
The Department of Irrigation plays a key role in irrigated agriculture development. It consists of four divisions,
one centre, and one technical assembly, whose names are as follows:
 Administrative and Organization Division
 Planning Division
 Irrigation and Drainage Development Division
 Operation and Maintenance Division
 Study, Survey and Design Center
 Irrigation Scientific and Technical Assembly
The role and responsibility of the Department of Irrigation is mainly irrigation infrastructure development
and management because agriculture extension is implemented by other departments.
g. Collaboration with extension services and agricultural economists
In the irrigation construction projects, a strategy committee and a working group are formed at both national
and provincial levels involving relevant authorities. In the strategy committee, policy‐makers in relevant
sectors and local government authorities are involved. The technical working group comprises staff from
provincial technical divisions such as: irrigation service, agriculture extension service, agriculture planning,
domestic trade, electricity, environment, and land planning, as well as relevant major civil society
representatives such as agro‐industry and credit cooperative representatives.
6. Procedures for water resources management
a. Legal framework for water rights
It is widely believed in the agriculture sector that law secures water users’ right to maintain water diversion
from rivers once they have established weirs and canals but it is not clear in the Water and Water Resources
Law and its sub‐decree. The Law mainly focuses on the protection of water resources and watershed, and
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water resource planning and prevention of water pollution, and water resource classification. Very little
direction is given to administrative agencies. The Law includes vague provisions for the establishment of
water use permits, but does not provide clear work definitions for implementation agencies, the responsible
agency for the registration of rights and conflict resolution.
b. Fishermen’s rights in rivers and natural water bodies
Fishermen’s rights are defined in law.
c. Rules for environmental impact assessment
Environmental Impact Assessment is applied for large scale irrigation projects.
7. Participation and cost sharing
a. Participation of farmers in the planning process
Farmers have roles in rehabilitation, water supply planning, agriculture production planning, etc.
b. Roles of water user organisations in irrigation investment and system operations and its legal basis
WUAS’s management shall cover ancillary facility, e.g. lateral canal, field ditches and field irrigation, drainage
system, tractor ploughing paths, etc.
c. Cost sharing framework between water users and the government
WUAs are operated based on irrigation fees to cover electricity/energy cost, remuneration to elected officials
and the cost of simple maintenance and rehabilitation work. Rehabilitation work beyond a threshold value is
undertaken by the government.
d. Legal status of water user organisations, their qualification and regulations applied to them
Water Use Associations (WUA) are organisations established according to the irrigation water users’ will.
Projects’ beneficiaries are supposed to participate in setting‐up the organisations. WUAs have a corporate
status once they had been registered with the local authorities. Any farmer who owns an irrigation field
would be a member of the organisation. One representative of the WUA be elected from villagers through
democratic elections, and three to four executive members (including one president and two to three vice
presidents) be elected in the WUA congress. Afterward, several water users’ groups are established within
the irrigation scope, and one representative in each group is elected as the water release staff responsible for
supplying water to the farmland of the group. The responsibility of the WUA is to perform unified
management of operation and maintenance works and to perform unified distribution for irrigation water
supply, water users would directly participate in the management of water supply.
e. Protocols for land acquisition and compensation in irrigation projects
The resettlement unit is in charge of land acquisition.
f. Ownership of the land and structures of irrigation systems
Irrigation systems of 50‐500 ha belong to the WUA. Those 100‐500 ha are managed together by the WUA
(planning) and the government (rehabilitation work). Irrigation schemes of 500 ha onwards belong to the
government authority.
8. Design codes and manuals
a. Official planning/design codes and their coverage
Yes, there are many:
- Survey and design code
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-

Construction code
Agricultural economic code
Electricity code
Mechanism code
Hydraulic code

b. Official planning/design manual
There are many including the following:
 Standard for design headwork (dam, weir, pump, gate and other.)
 Standard for design canal and its structures
 Standard for material quality
c. Other information
The language used in the code/manual is English. All the relevant regulations are listed in the rules and
manuals.
9. Irrigation design/planning in general
d. General goal of irrigation development
The Irrigated Agriculture National Action Plan has defined several priority investment projects, which are the
major water users subjected to these rules and procedures.

Thailand
1. Situations of higher education in the area of irrigation engineering
a. Colleges and Universities
The situation of college departments that produce irrigation engineers is clearly different amongst Member
Countries. Thailand has the most amongst the four countries. Kasetsart University, Asian Institute of
Technology, Chulalongorn University, Irricollege, Mahanakhorn Universtiy and Tammasart University have
curricula for irrigation engineers.
b. Technical certificate systems and professional license
Besides college degrees, Thailand has a systematic certificate system on shorter courses and specific subject
diploma. The Council of Engineers has the following power and duties:
(1) to issue license to applicants for the Controlled Engineering Profession;
(2) to suspend or revoke the license;
(3) to certify the degree, diploma or certificate required for practicing the Controlled Engineering
Profession; The above‐mentioned universities confer the second type of certificate. The Thai Council of
Engineers and Irrigation Development Institute provide civil and irrigation engineering curricula.
Engineering in Thailand is a profession that requires licenses to practice. The engineer license in Thailand has
several levels and categories. Like the American system, an engineering graduate can acquire the “Associate
Engineer” license by passing the corresponding comprehensive exam, and proceed to higher levels (i.e.,
Professional Engineer and Senior Professional Engineer) later by submitting engineering work of a required
duration plus taking a written exam or interview. There is also a lower level license, Corporate Engineer level
license, for those who have college diplomas. This license cannot be upgraded. If private firms seek
engineering work contracts from the government, they must acquire a License for Juristic Person.
c. Research institutes
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The Royal Irrigation Department of Thailand has an Irrigation Development Institute to conduct education
and training activities, research and consultancy work related to irrigation, as well as broader water
resources engineering and management topics including floods, droughts and landslide disaster management.
Relevant research work is commissioned also by the Department of Water Resources of the Ministry of
Natural Resources and Environment. Five national centres under the National Science and Technology
Development Agency are also listed as the research institutes that conduct relevant research work.
d. Professional associations and academic societies
As Engineering is a licensed profession in Thailand, the Council of Engineers plays the roles of the governing
organisation as well as networking society for engineers. Besides the Council of Engineers, the Thai
Hydrologist Association is organised as an independent professional society.

2. Career path of irrigation engineers in the government
a. Admission process to the irrigation agency
The admission process to the Thai Government involves two examinations. First, applicants have to pass the
civil service commission exam (CSCE), which is administered by the Office of the Civil Service Commission
(OCSC) affiliated with the Office of the Prime Minister. Individual organisations usually require additional
qualifications and taking their own competitive exams. Freshmen/women also have to gain satisfactory
accreditation in the Aptitude Test/Work‐Sample Test of usually three months to confirm the employment.
The competitive examination by the Royal Irrigation Department involves both an interview and a writing test.
b. Required degree to apply for the irrigation agency
In Thailand, both bachelor’s or higher university degree and an engineering license are the prerequisites to
apply for a government position as an irrigation engineer. Holders of degrees of civil engineering, irrigation
engineering, agricultural engineering etc. that are certified by the OCSC as a qualified degree are accepted as
applicants. About the professional license, applicants must have at least an Associate Engineer License.
c. Staff training
The Royal Irrigation Department offers various training courses and certificates to its staff engineers via the
Irrigation Development Institute (IDI). The technical certificates issued by the IDI are used as one of the
qualifications for promotion to higher positions. The IDI training courses include the following:
 participatory integrated water resources project management
 agricultural water productivity assessment
 digital discharge measurement
 MIKE FLOOD integration for flood analysis
 MIKE BASIN model for water resources management
 MIKE 21 HD flow model for 2‐dimension flow simulation
 knowledge about natural resources for irrigation.
Besides the IDI training courses, the RID staff can apply for various scholarships offered both by national and
foreign institutes mostly through the Office of Civil Service Commission (OCSC). Those who take such a
scholarship may leave his/her department during the study term on condition that they return to the office
immediately after the completion of the study term.
d. Typical career path
In Thailand, government positions are divided into two categories: Knowledge Worker Positions (KWPs) and
General Positions (GP). Irrigation Engineer is classified as one of 146 KWPs. For the Irrigation Engineers,
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there are four main duties: operations, planning, cooperation, and service. Their career paths typically go
along with one of such major tasks as planning, design, and construction management.
They step up through five levels, namely practitioner level (K1), professional level (K2), senior professional
level (K3), expert level (K4) and advisory level (K5). Expert (K4) and Advisory (K5) levels are also assigned for
management roles. Usually, expert and director positions are filled by K4 levels, whereas advisory level (K5) is
responsible for advisory tasks to the Department such as being Chief Engineer or Executive Advisor.
On the other hand, the General Positions in the RID are associated with the duties of irrigation technicians.
They have four levels: operational Level (O1), experienced level (O2), senior level (O3), highly skilled level
(O4).
e. Requirements for specific roles and positions
All the positions in government organisations are divided into two categories: KWP and GP. The KWP
positions are filled by Irrigation Engineers, who must have bachelors or higher degrees of qualified curriculum,
as well as a professional license. The GPs are filled by certificate holders of vocational education or other
qualification in the fields of irrigation technician, civil technician, surveyor, etc. that the corresponding
department certifies as suitable and OCSC certified as qualified. There is no additional prerequisite attached
to particular positions. The technical certificates issued by the Irrigation Development Institute are used as
one of the qualifications for promotion to higher positions.
f. Roles of academic communities and research institutes
The IDI takes lead in the application of new technology, research and development in the area of civil and
irrigation engineering as well as agriculture. Roles of academic communities other than IDI such as university
researchers are not clear.
g. Pilot schemes and new technology application
There is a lot of research work being done in the field relevant to irrigation. Whether or not the RID
implements or finances pilot schemes and new technologies is not clear.

3. Relationship with relevant disciplines/technical fields
The Royal Irrigation Department has in‐house specialists in all relevant technical fields to cover irrigation
project planning; survey and design irrigation system; construction cost estimation; improvement and
maintenance of irrigation system, dam, weir, and other irrigation infrastructures; and water management for
irrigation systems. Therefore, the RID usually handles technical work without seeking support from other
government sections or academic societies. Specific technical responsibilities are assigned to staff members
based on their potential, experience and the level of responsibility in accordance with RID policies.
Following are the expert positions currently filled by the senior level staff:
 Civil Engineering (Design, Project Planning, Irrigation Engineering Material)
 Hydrology
 Irrigation Engineering (General, Water Management)
 Irrigation Engineering (Water Management)
 Mechanical Engineering
 Mechanical Engineering (Research and Development)
 Research and Development (General, Hydraulic Engineering)
 Survey Engineering (Survey)
 Information Technology
 Electronic Communication Engineering (Project Planning)
 Electrical Engineering (Project Planning)
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Environmental Impact
Economic Analysis for Water Resource Development Project
Planning and Design
Survey and Photogrammetry
Geological Engineering (Supervisory)

The expert positions of sub‐senior level are the followings:
 Architecture, Expert on Earth Dam Construction
 Concrete Dam Construction
 Dam Foundation
 Design
 Water Turbine
Despite the aforementioned technical capacity, the RID also contracts out its planning, design, and
construction management work to the private sector especially for medium and large scale irrigation projects.

4. Budget and accounting systems for irrigation projects
a. National sector budget and its trends
The national budget to the irrigation sector was US$1714 million in 2012 in Thailand. Figure shows the sector
budget of the past 10 years (the fiscal years 2003‐2012). It shows a trend of steady increase except the fiscal
year 2010, in which the fiscal budget allocation was only US$ 965 million.
The national budget for the irrigation sector is calculated as the sum of the total annual budgets for water
resources development, including irrigation project development, construction and management. The Royal
Irrigation Department (RID), the Department of Water Resources (DWR), and the Department of
Groundwater Resources (DGR) are the responsible departments. Amongst the three, the RID receives the
highest fiscal budget (about 87%), while DWR and DGR receive 10% and 3% respectively. Its categorical
shares for personnel, operation, investments, subsidies, and other expenses are 35%, 14%, 44%, 5% and 2%,
respectively in average.
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b. Foreign grant and loans
Thailand received about US$ 41 million of foreign grants to the irrigation sector in the fiscal year 2012, which
accounted for around 4% of the national sector budget. This amount decreased from US$ 102 million in the
fiscal year 2003, which was about 11% of the national irrigation sector budget. Thailand also receives loans
from Japan Bank for International Cooperation (JBIC) and Japan International Cooperation Agency (JICA). The
highest amount was around US$10 million in 2003 for the Pasak irrigation development project, which
continued until 2005. Other donors to the irrigation sector in Thailand are the MRC and the Netherlands.
c. Budgeting system
In Thailand, only a general yearly fiscal budget account applies to the irrigation sector budget. There is no
special arrangement to make fiscal commitment to multiple year projects or to engage in multiple year
contracts. All government organizations estimate their yearly expenses (personnel, operations, investment,
subsidies and other expenses) according to the national policy and submit to the Bureau of Budget (BB) to
propose a bill of yearly Fiscal Expenses Budget Act.
d. Maintenance and rehabilitation budgets and asset management planning
In Thailand, the national budget for the irrigation sector is classified into the following four output categories
and their sub‐categories.
1 Irrigation water management
1) Water supply and drainage system management
2) Irrigation system maintenance
3) Irrigation system improvement
2 Water resources and extension of irrigation command area
1) Construction project management for extension of irrigation command area
2) Construction project management for water resources and irrigation system for community
3 Promoting His Majesty the King's project
1) Promoting water resources
2) Promoting the development
4 Flood protection and flood mitigation
In the fiscal year 2013, the “irrigation water management” accounts for the biggest share of 39%. As its sub‐
category titles show, this is for management, maintenance and improvement of existing irrigation systems.
“Water resources and extension of irrigation command area” accounts for 35%. Since there was a devastating
flood crisis in 2011, 23% of the 2013 sector budget was allocated to “flood protection and flood mitigation.”

5. General protocols of irrigation projects
a. Laws/decrees that define irrigation project process
There are two laws that specify irrigation project processes.
1) The People Irrigation Act, B.E. 2482 (AD1939)
This law is enacted to control and manage “people irrigation.” Its objectives include the preservation of
the rights and benefits of people. This law defines the meaning of irrigation, people irrigation, contractual
irrigation, irrigation area, accessory for irrigation and official. This law describes regulations for private
irrigation, people irrigation and contractual irrigation; including the power, authorities and duties of
government officials to control them, as well as penalties against violation of the Act.
2) The State Irrigation Act, B.E. 2485 (AD1942)
This law promotes and controls all irrigation works constructed by the government. The government
irrigation works may cover procurement of water for retention, preservation, control, supply, drainage or
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allocation in various purposes; namely agriculture, energy, public utilities, industry, including prevention
of damages to be caused by water, as well as navigation within irrigation areas.
In addition to the aforementioned laws, the following laws are highly relevant to irrigation project processes.
 The Field Dykes and Ditches Act, B.E. 2505 (AD1962)
 The Land Consolidation for Agriculture Act (Volume 2), B.E. 2534 (AD1991)
 The Agricultural Land Reform Act, B.E. 2518 (AD1975)
 The Land Development Act, B.E. 2551 (AD2008)
 The Agricultural Land Act, B.E. 2534 (AD1991)
 The Ratchaphatsadu Land Act, B.E. 2518 (AD1975. Regulations for the acquisition of land in all
government projects and regulations for the transfer of land to government assets)
 The Enhancement and Conservation of National Environmental Quality Act, B.E. 2535 (AD1992)
 The National Park Act, B.E. 2504(AD1961),
 The National Reserved Forest Act, B.E. 2507 (AD1964)
 The Forest Act, B.E. 2484 (AD1941)
 The Artesian Water Act (No.3), B.E. 2546 (AD2003)
 The Land Excavation and Land Filling Act, B.E. 2543 (AD2000)
 The Cooperatives Act, B.E. 2542 (AD1999)
 Royal decree on Farmers Group, B.E. 2547 (AD2004)
b. General flow of project approval and evaluation process
The general flow of an irrigation project in Thailand comprises of four main processes: project approval,
irrigation land/area acquisition, irrigation project construction, and delivery‐reception of the constructed
system. Initiation of new irrigation projects can be either a top‐down process through strategic planning of
future land use or a bottom‐up process responding to people’s request. In either case, all procedures shall
have public participation (customers, stakeholders, and farmers involved in the irrigation and water
resources development project).
Public hearings are held on rights with regard to the access to information on government activities related
to their livelihood, on the effects of irrigation project construction to their livelihood for both positive and
negative impacts, and on rights to receive compensations for those impacts. The needs of public participation
are stipulated in the Regulations of the Office of the Prime Minister on Hearings B.E. 2548 (2005) and the
Constitution of the Kingdom of Thailand, B.E. 2549 (2006), Part 10 “Right to Information and Complaints” and
Article 57.
Irrigation agencies apply the Suppliers Inputs Process Outputs Customers model to take accounts of people’s
needs and expectations into consideration providing chances for people to express their opinions.
1) Project approval
General flow of project approval is categorized into three types according to project size. Small scale
projects are approved by a preliminary project study, request for land use permission, public participation
process, and engineering arrangements. Medium and large scale projects need a feasibility study, an
environmental assessment, request for land use permission, public participation process, migration
arrangements (if any), and engineering arrangements. There are three levels of feasibility study:
reconnaissance study (RS), pre‐feasibility study and feasibility study (FS). RS is for initial feasibility
consideration. If RS shows feasibility, a geotechnical survey will be performed. FS has more details than RS
as it includes detailed benefit‐cost analysis, environmental assessment, social impact assessment (SIA),
and health impact assessment. Medium scale irrigation projects may proceed to the detailed design and
construction procedures without FS. Environmental assessment is also comprised of three stages:
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Environmental Checklist, Initial Environment Examination, and Environmental Impact Assessment (EIA).
Once feasibility study(ies) completes, master plan will be prepared for project approval. The project
master plan involves construction plan, budget plan, workforce plan, machinery plan and resource plan.
Relevant laws are referred to in this process as guidelines.
2) Land acquisition and project delivery
Land acquisition is made based on regular concession as well as expropriation procedures stipulated in
laws.
Before construction starts, the water user group and its training process for irrigation system operations
and maintenance are established under the regulation by The Cooperatives Act, B.E. 2542 (1999) and the
royal decree on Farmers Group, B.E. 2547 (2004).The constructed irrigation system is transferred to other
organisations such as Local Administration. The operations and maintenance of tertiary systems, including
irrigation businesses, are usually handled by water use groups.
c. Rules for cost benefit analysis
The project approval process in Thailand involves a project worthy decision analysis, in which costs and
benefits of the irrigation project are valued into the monetary term. There are three criteria commonly used
for decision, namely Economic Internal Rate of Return, Net Present Value and Benefit‐Cost Ratio. Ordinary
decision criteria are the followings:
 Economic Internal Rate of Return (EIRR) > appointed Discount Rate (Loan Interest Rates)
 Net Present Value (NPV)>0, and
 Benefit‐Cost Ratio (B/C)>=1.
Besides the ordinary cost‐benefit analysis, non‐market values are taken into consideration. Greenhouse gas
emission, livelihood changes, stress and anxiety, improvement in transportation and education are among
the items to be considered.
d. Jobs to be contracted out
In Thailand, planning, design and construction control jobs can be outsourced besides construction work in
the case of complex construction projects that require advanced engineering techniques and technical
expertise. Only juristic persons are hired as the consultant. Engineering work are contracted out usually only
for large and medium scale irrigation projects. Three executive committees are organised for the supervision
of the outsourcing process: namely, Executive committee for consultant employment (selection/agreement),
Executive committee for academic consultant supervision, and Executive committee for approval and
disbursement.
e.Scope of work of irrigation agency
Three departments implement irrigation projects in Thailand. Their scopes of work in law are as follows:
1) Royal Irrigation Department (RID)
According to the Royal Decree Organizing the Royal Irrigation Department, Ministry of Agriculture and
Cooperatives, B.E. 2554(2011),the duties and responsibilities of the RID include the followings:
 Implementation of activities aimed at achieving, collecting, storing, controlling, distributing, draining
or allocating water for agricultural, energy, household consumption or industrial purposes according
to the People Irrigation Act, the State Irrigation Act (No.5), the Field Dykes and Ditches Act, and other
related laws.
 Implementation of activities related to prevention of damages from water; safety of dams and
appurtenant structures; safety of navigation in command areas and other related activities that are
specified in the annual plan.
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Implementation of land consolidation for agriculture according to the Agricultural Land Consolidation
Act.
 Implementation of other activities designated by laws or properly assigned by Cabinet or Minister.
2) Water Resources Department
The Water Resources Department, Ministry of Natural Resources and Environment, was established by
the Act to amend ministry, sub‐ministry and department B.E. 2545 (2002). Its duties include followings:
 To implement and make policies, plans, and measures related to water resources.
 Executive management, development, conservation, and rehabilitation of water resources including
the control, supervision, coordination, follow‐up, evaluation and settlement of water resources
issues.
 To develop academic knowledge and to stipulate standards as well as to transfer water resources
technology for both whole system and watershed levels.
3) Department of Groundwater
The Department of Groundwater, Ministry of Natural Resources and Environment, was also established
by the Act to amend ministry, sub‐ministry and department B.E. 2545(2002). Its mission and duties
relevant to irrigation development are as follows:
 Develop and manage groundwater resources to their full potential so as to promote the growth of
the nation development in a sustainable manner.
 Develop equitable groundwater allocation systems for stakeholders from all regions and sectors.
Internal organisations
1) Project planning
In the RID of Thailand, Project Management Office under the Deputy Director General for Engineering is
responsible for project planning in both medium scale and large scale water development projects. The
PMO draws preliminary project layout, which involves a study on general socio‐economic contexts,
economic analysis, engineering plans, public participation reports and an environment impact study.
2) Construction
The Office of Large Scale Water Resources Management, the Office of Medium Scale Water Resources
Management and Operation, Divisions for Construction Project 1‐17 under the Deputy Director General
for Construction perform their functions in the project construction.
3) System operations and management
The Office of Water Management and Hydrology, the Regional Irrigation Office 1‐17 and the Office of
Central Land Consolidation are responsible for system operations and management. These offices are
under the Deputy Director General for Operation and Management.
Each irrigation project (provincial irrigation projects and operation and maintenance projects being
implemented by Regional Irrigation Offices) has the following organisations:
 Administration support branch;
 Engineering branch: responsible for engineering work planning, control budgets;
 Water management and irrigation project improvement branch: responsible for irrigation allocation
planning for various purposes and drainage;
 Mechanic branch: responsible for controlling and maintenance of machinery, communication tools,
gate and gear motor and electrical tools within irrigation area;
 Operation and maintenance branch: responsible for controlling irrigation supply within irrigation area.
f.

g. Project cycle time and project cycle management
Operations and maintenance works are coordinated among internal divisions and other government offices,
as well as farmers and water user associations in accordance with the Master Plan (construction plan, budget
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plan, workforce plan, machinery plan and resource plan) and Medium Term Expenditure Framework (MTEF).
Though the budgeting is done yearly basis, MTEF is used for expenditure planning in advance for 3‐5 years
under the strategic development plan of each government organisation. This process enables flexibility in
budgets requests, budget use, and prioritisation of work.
h. Collaboration with extension services and agricultural economists
The Department of Agricultural Extension (DAE) and the Department of Agriculture (DOA) of the Ministry of
Agriculture and Cooperatives (MOAC) are responsible for agricultural extension services in Thailand.
The Office of Agricultural Economics (OAE) of MOAC is responsible for agricultural policy consideration and
strategic planning. The DAE, DOA and OAE work closely.
Regarding the collaboration between the irrigation sector and extension services, extension services are not
involved in the planning and design stage of irrigation projects. They focus on post construction follow‐up
activities of on‐farm level.
i. Information sharing in the project cycle
Planners and designers, designers and construction supervisors, and among designers do routinely exchange
knowledge and information, contact each other for follow‐up, and advise and collaborate in Thailand.
Typical communication process among the planner, designer, and construction supervisor in the engineering
process are described as follows:
 In the beginning, the expected construction supervisor contacts the planner to share information on the
project objectives, location, topography, weather data, etc. to facilitate the feasibility study.
 Once the project is judged as feasible, the construction supervisor submits the feasibility report to the
designer.
 The designer performs field investigation, layout, design, and provide construction drawing together with
the followings:
o Confirmation of appropriate land acquisition process;
o Invitation of farmers to discussion about the project, design, land devoting, land compensation
etc. accompanying the construction supervisor; and
o Consultation with geologists for investigating foundation conditions.
 The designer submits construction drawings to the construction supervisor.
 Once the construction processes have in‐field problems, the construction supervisor contacts the
designer/senior experts/advisory experts in Office of Engineering and Architecture Design for field visits
and revising construction drawings.

6. Procedures for water resources management
a. Legal framework for water rights
Legal titles for the abstraction of water from water courses, lakes and other expanses of surface waters, and
for the extraction of groundwater are granted based on various principles and laws. Some countries have an
independent law to establish water rights and others do not. Some water rights are based on land ownership
or possession. Use‐based rights are another major type. The use‐based water rights rely on whether the
water user has legal access to the water source. This use‐right is typically based on prior use. Such rights are
granted only for actual and beneficial use and usually not tradable. The administration process to grant water
rights varies depending on the aforementioned principles as well as pertinent laws.
In Thailand, there is no single law that stipulates principles or processes to establish water rights at the time
of writing this report. The office in charge of each water resources development project administrates the
planning and coordinating process in compliance with pertinent laws. As the National Water Resources Act is
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being drafted, such a situation may change soon. The draft covers who is responsible for issues resulting from
water balance and who has the authority for water resources management, follow‐up, evaluation and
development, water user organisations, watershed boundary, compensation for water crisis and disasters
associated with water management, water licensing, water resources and rights in water resources, water
resources policy, planning, control and allocation, penalty for violation of the Act, etc.
b. Process of new water resources development
Water resources developments in Thailand are planned in two tiers: basin planning and project planning.
Basin planning aims at problem identification, objective and target setting, and identification of measures to
be applied for solving problems. Basin planning can be composed of desk study, preliminary study and
comprehensive study. The followings are the eight steps of the basin planning:
1) Data collection
2) Integration planning
3) Problem identification
4) Introduction of methods for solving problems and seeking an appropriate project
5) Environment study
6) Project selection
7) Operation plan (priority setting)
8) Report writing
Project planning has various purposes: clarification of engineering feasibility, investment worthiness,
environment effects, etc. Project planning can be composed of a reconnaissance study, pre‐feasibility study
and feasibility study.
1) Study of the needs
2) Specification of project location
3) Diagnostic check of general quality of watershed
4) Calculation of agriculture, industry and domestic water demands
5) Hydrological assessment
6) Defining of project type
7) Preliminary project design and system layout
8) Estimation of investment costs
9) Construction plan
10) Merits assessment of the project
11) Environmental and ecological impact assessment
12) Analysis of investment worthiness
13) Report writing
All planning and studies are conducted in a sequential work flow.
c. Fishermen’s right in rivers and natural water bodies
Fisheries are taken into account in the participation process in the project planning and design. In Thailand,
fishermen are registered and permission for being engaged in fishing as well as licenses for using fishing
implements are granted in accordance with Thai Fisheries Act, B.E. 2490 (1947). This act and the Act
Governing the Right to Fish in Thai Waters B.E. 2482 (1939) governs and regulate the fishery sector.
d. Requirement for minimum/environmental flow
Because no water flow may be observed during dry seasons in the natural condition, there is no clear concept
of minimum or environmental flow in the legal system in Thailand. The Enhancement and Conservation of
National Environmental Quality Act B.E. 2535 (1992), however, demand the minimum and maximum levels of
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acceptable concentration of substances in the environment. This may be referred to for discussions on
environmental flow.
e. Rules for environmental impact assessment
1) Environmental impact assessment (EIA)
Environmental impact assessment shall be performed for both pre‐feasibility study (PS) and feasibility study
(FS) as a reconnaissance study (RS) is not necessary. The study process takes around 15 months. Reports are
submitted to the Office of the National Environment Board. FS requires not only EIA but also social impact
assessment (SIA) and health impact assessment (HIA). For a project that has a value of more than 1,000
million Thai baht (about US$33 million at an exchange rate of 30.5 Thai baht/US$), a strategic environmental
assessment (SEA) is required.
The types of irrigation projects that should perform EIA (TYPE 1)
a. The large scale project (storage capacity higher than 100 million m3, watershed area is larger than 15
square kilometres, and the irrigated area is larger than 12,800 hectares).
b. Dams, reservoirs and irrigations having construction budgets greater than 200 million Thai baht
(~US$6.6 million at an exchange rate of 30.5 Thai baht/US$).
c. All water resources development projects in the watershed class 1B, in the important national
watersheds as well as in watershed class 1A.
2) Initial Environmental Examination (IEE)
IEE means an initial assessment of project using basic information of secondary data (e.g. country map,
military map, project location, project characteristics) and data from the field survey. Its study process takes
around 8 months.
The types of projects that should perform IEE (TYPE 2)
a. Retention dam, reservoir and irrigation having construction budgets greater than US$1.6 million but
less than US$6.6 million (at an exchange rate of 30.5 Thai baht/US$) or having a construction
duration of more than one year.
b. Construction project (e.g. convey pipe, road, high‐voltage electricity wire) that passes national
parks/national reserved forests.
c. Irrigation weir projects.
3) Environmental Checklist
The Environmental Checklist is a report of environmental information. Its study process takes around 4
months. The report shall be submitted to the Royal Forest Department, which is responsible for consideration.
f. Other regulations applied to river works
No other regulation applies.

7. Participation and cost sharing
a. Participation of farmers in the planning process
In Thailand, regulations of the Office of the Prime Minister on Hearings B.E. 2548 (2005) provide an
opportunity for the public to participate in the planning and decision of all government projects. Please also
refer to General protocols of irrigation projects.
Another driver for farmers’ participation in water supply planning and management is the quality oriented
strategic approach for increasing water‐use efficiency. The Participatory Irrigation Management (PIM) is
applied for farmers/water users who are the targets of irrigation water management. This approach plays
important roles for involving farmers in decision‐making of irrigation water allocation planning and
management, as well as irrigation operations, construction, and maintenance. It also involves cooperation
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between irrigation agency and the local administrations, namely Provincial Administration and Sub‐District
Administration Organization, according to the government’s power decentralisation policy.
b. Roles of water user organisations in construction and system operations
1) Investment/project initiation process
Water user organisations (WUO) have no role in the project initiation process in Thailand. WUO are
established in accordance with relevant laws only after a project plan is approved. Once the WUO is
established, the government provides training. WUOs are involved in decision‐making in the construction
process onwards. People’s participation in the planning process is secured in accordance with the Regulations
of the Office of the Prime Minister on Hearings B.E. 2548, as described in earlier sections.
2) Operations and maintenance activities
Major activities of WUO are water allocation operations, system maintenance, and organisational
management:
a. Water allocation operations and system maintenance
 Cooperation with irrigation officials in planning water operations for a season of water supply.
 Water demand survey and reporting the survey results to irrigation officials.
 Organisation of Water User Congress to inform the members about water allocation plan for the
season and the outcomes of WUO activities.
 Meeting with water user groups of each ditch to make them perform rotation water schemes.
 Facilitation of cooperation among water users to maintain ditch and irrigation infrastructures in a
good condition.
 Mobilisation of members to work for the improvement of structures to supply water to the
secondary canals and ditches and to improve drainage.
b. Organisational management
 To draft disciplinary regulations of WUO.
 To contract with members and control WUO operations in accordance with the contract in an
equitable manner.
 To maintain the member directory.
 To organise elections of ditch chiefs, canal heads, and committee members for each of their duty
term.
 To establish funds to expend on water operations and system maintenance
 To evaluate the operation works of WUO annually and for each water‐supply season.
 Public relations activities and reporting on the financial status and WUO outputs to the members.
c. Other activities
 To preserve the environment avoiding pollution and maintain natural water sources.
 To organise such activities for public benefits such as cleaning of important places and public
canal excavation.
 To promote and develop agricultural services for the members.
 To market the agricultural produce of members for appropriate prices.
 To organise cultural events and self‐help activities for strengthening the membership.
c. Cost sharing framework
Cost sharing between farmers and the government is tried only in a few pilot schemes in medium and large
scale irrigation projects. In the pilot scheme, the irrigation agency has an irrigation management agreement
with farmers, by which farmers have to bear about 20‐50% of total on‐farm construction costs or assigning
the duty and function of irrigation water supply and infrastructure maintenance of on‐farm, sub‐lateral
(tertiary canal), and lateral (secondary canal) levels to WUO in accordance with the appointed targets. In
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other words, cost sharing can be done either by money or in‐kind. For the pipeline irrigation projects with
pumping systems, farmers are also responsible for bearing about 20‐50% of the electricity cost. These cost
sharing schemes are also supported by Agricultural Sector Program Loan, which is organised by Cooperative
Promotion Department, Ministry of Agriculture and Cooperatives.
d. Legal status of water user organisations and relevant regulations
For system operations and legal basis of water user organisations (WUO), WUO are defined as Juristic Person
and Non‐Juristic Person as follows:
Non‐Juristic Person
(1) Water Users Group (WUG): this group has a controlled area covered by one farm turnout or one ditch
(tertiary level). Its structure comprises of one chief (may have a number of assistants as needs) and water
user members. A controlled area of one group is less than 160 hectares.
(2) Integrated Water Users Group (IWUG): this group has a controlled area covered by main canal, lateral or
sub‐laterals (secondary level) or one irrigated zone or whole irrigated command area. Its structure comprises
of many water users groups that are using water from the same water source/canal. The management
system is ratified committees of water resource, main canal, lateral/sub‐laterals, irrigated zone, and ditch
levels. The controlled area of one group is less than 3,200 hectares.
Juristic Person
(1) Water Users Association (WUA): the WUO registered under the Ministry of the Interior in accordance with
the Civil and Commercial Code 1992 Books I Title II Chapter II Part II section 78‐109 “Associate”. WUA has the
same boundary and structure of organisation management as IWUG and has non‐beneficiary purposes
(emphasised on irrigating water management).
(2) Water Users Co‐operative (WUC): the WUO registered under the Cooperatives Promotion Department
applying the Cooperatives Act, B.E 2542 (1999). WUC has irrigation water management as the main purpose.
It also does business, whose benefit can be shared. Its boundary and structure of organisation management
are the same as IWUG.
The WUO registered under regulation of the Cooperatives Act, B.E 2542 and the Royal Decree on Farmers
Group B.E. 2547 has the following organisations:
 General assembly/delegated assembly
 President and vice president
 Executive committees
 Audit commission
 Secretariat
 Board of consultant and promotion
The assembly is held at least once a year for the election of the president and executive committee members,
discussion on policies and regulations, reporting, approval of budgets and work plans. The delegated
assembly may replace the general assembly if the number of member is more than 100. The President
represents the WUO and chairs executive committees. The executive committees are composed of seven
positions that include chiefs, turn‐out keeper, planning‐planting, accounting, unit service. The duty term of
the executive committee members are four years. Under the executive committees, chiefs of water use
management, chiefs of irrigation zone, chiefs of canal and chiefs of basic group take charge or lead daily
operations.
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e. Protocols for land acquisition and compensation
For medium and large scale irrigation projects, there are protocols for land acquisition and compensation in
irrigation projects. For small scale irrigation project, farmers donate their land for water resources
development.
For here, small scale irrigation project is defined as follows:
 Irrigated area is less than 320 hectares for weir type project and irrigation system development as
well as water network development project.
 Watershed area is smaller than 320 ha; runoff at 25 years of return period is less than 15 m3/s for the
regulator/drainage dam.
 Storage capacity ranges 0.5‐2 Mm3 for the Kaem Ling Project.
 Construction plan is less than 1 year.
There are four protocols for land acquisition and compensation in irrigation projects.
(1) Acquisition of land with documents of right
The acquisition and compensation process of private land with title deed and utilisation certificate is as
follows:
 an announcement of project construction
 Information sharing with the Bureau of Land Law (BLL)
 satellite image processing
 public participation
 land survey and boundary marking
 reception of claims from right holders
 cadastral survey
 land title mapping and making land owner check list
 determination of compensation rates in accordance with the Act on Expropriation of Immovable
Property, B.E. 2530
 investigation by the land right‐acquisition/land ownership branch.
 approval of land compensation rates
 transfer of land ownership in accordance with the Ratchaphatsadu Land Act, B.E. 2518.
(2) Expropriation
When the aforementioned process fails, the Royal Decree on Expropriation (announce in the Royal Gazette)
is applied for the investigation of the land compensation rates as follows:
 The RID informs the Deputy Minister of Agriculture and Cooperatives to pass the Royal Decree on
Expropriation draft to the Secretariat of the Cabinet for approval and present it to His Majesty the
King for signature.
 Land owner is called for making a land sales and purchase agreement contract
 If land owner does not agree, he can appeal to the Deputy Minister within 60 days after receiving the
notice of payment.
 The Deputy Minister reconsiders the contract and inform land owner within 60 days
 If Deputy Minister does not reconsider or land owner does not agree with Deputy Minister’s decision,
he can appeal to the Administrative Court.
 Final decision is made by the Administrative Court.
(3) Acquisition of land without document of right
The procedures are similar to the ordinary case. To give all stakeholders to make claims, the name list of land
owners who have the right to receive compensation is published. The protocol is based on the resolution of
the Cabinet on July, 11th B.E. 2532 (1989).
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(4) Relocation and special compensation
In such cases as relocation of residents is necessary due to reservoir construction, the Government allocates
new land for emigrants to compensate the affected people due to the water resources development.
However, if land owners do not agree for relocation, special compensation will be made. Other process is
similar to (1) and (3).
f. Ownership of irrigation systems
All irrigation structures and the ground including the preserved land for maintenance become government
assets being acquired through the protocols for land acquisition and compensation. Though they will be
controlled and managed by the Royal Irrigation Department (RID), some of them will be transferred to the
Department of Local Administration in accordance with the Ratchaphatsadu Land Act, B.E. 2518 (1975).

8. Design codes and manuals
a. Official planning/design codes and their coverage
For the design code in official planning/engineering works, the Engineering Institute of Thailand (EIT)
standards are used. EIT standards collect information about acceptable standards of practice applicable to
the design of all buildings, design guidelines, design specification and codes to be followed, details, criteria
for construction, calculation and structural analysis, standards for testing of materials (i.e. American Standard
Testing Manual, ASTM). In designing concrete structures, there are three methods being used in Thailand,
namely Working Stress Design (WSD), Strength Design (SD) and Post‐tensioning design. All methods follow
the America Concrete Institute (ACI) codes, which is a technical and educational society dedicated to
improving the design, construction, maintenance and repair of concrete structures. Moreover, EIT standards
provide the standards for design, control, installations, damage prevention, regulation and its
implementation that cover the contexts of electrical engineering, mechanical engineering, construction,
water resources engineering and environment and other fields related to engineering works. In Thailand,
there are own construction materials and products. For controlling the quality of production, Thai Industrial
Standard (TIS), which is controlled by Thai Industrial Standards Institute (TISI) of Ministry of Industry, is
responsible as various standards for testing are practiced (e.g. ASTM; Japanese Institute of Standards, JIS;
ACI; E.I.T. standard). All standards shall be announced in Acts and ministerial regulations for legal regulations.
In irrigation and water resources development fields, standards and guidelines by the United States Bureau
of Reclamation (USBR) and United States Army Corps of Engineers (USACE) are also used for planning, design
and construction.
b. Official planning/design manual
There are official planning and design manuals written in Thai language. All manuals describe the procedural
work flow, too. Those manuals are prepared for professional design control in accordance with Thai legal
standards and international standards, criteria for design development and review procedures (e.g.
investigation structure after construction for both workability and failure). The manuals explain about legal
protocol sequence and their application for different kinds of planning, design, construction, operations and
management work. Examples of official planning and design manuals are given as follows:
‐
‐
‐
‐
‐
‐

Work Manual for Project Planning.
Work Manual for Operation and Water management.
Work Manual for Design Procedures of Headwork and Appurtenant Structures.
Work Manual for Design Procedures of Irrigation System and Appurtenant Structures.
Work Manual for Design Procedures of On‐farm Irrigation System and Appurtenant Structures.
Work Manual for Design Procedures of Architecture Infrastructure.
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‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐
‐

Work Manual for Design Procedures of Engineering Infrastructure.
Work Manual for Irrigation Operations and Maintenance.
Work Manual for Construction Process in Water Resources Development.
Work Manual for Participatory Irrigation Management.
Work Manual for Irrigation and Water Association Managements.
Work Manual for Public Participation in Water Resources Development Process.
Standard and Design Manual for Irrigation and Drainage Structures.
Guidelines for Project Planning.
Design Standard and Design Manual for Steel and Timber Structures.
Work Manual for Irrigation System Repair and Maintenance.
Details Standard for Concrete Reinforcement.
Drafting Standard.
Work Manual for Geotechnical Survey Procedures.
Work Manual for Mapping Control.
Work Manual for Boundary Survey.
Work Manual for Construction Survey.
Work Manual for Aerial Photomap Survey and Production.
Work Manual for Control Low Quality Drainage in Irrigation Canal. There are many:
Standard for design headwork (dam, weir, pump, gate and other.)
Standard for design canal and its structures
Standard for material quality

c. Language used in the code/manual
The official manuals and design manuals are written in Thai language except the variables and equations,
which are referenced by English terminologies.
d. Information on relevant regulations
The work manuals provide guidelines to refer to and procedures and regulations to follow for engineers, civil
work technician and relevant staffs. The manuals are expected to minimise all design mistakes as well as to
show the sequence of standard work. The work manuals usually contain the following sections:
 Purpose
 Scope
 Definition and Technical Terms
 Responsibilities
 Work Flow
 Step Procedure
The Step Procedure section contains methods, explanations, as well as short description of relevant
theoretical knowledge needs.
e. Time and incentives to read through the manuals
Staff engineers hold Controlled Engineering Profession license certified by Thai Council of Engineers by taking
the necessary exam. In addition, government organisations offer trainings for engineering staff occasionally,
in short courses (3‐5 days) and long courses (around 1 month) so that staff have the capacity to practice and
read through the whole contents of planning/design manuals. They also receive training certificates, which
may work as an incentive to study for the training records that are referred to in the consideration of position
promotion or work assignments.
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f. Issues or steps that are not followed
Staff engineers usually follow the rules and procedures. There is no prominent issue that requires different
practices. There are cases, however, that complicated problems require more sophisticated methods than
those given in the manual which offers only general basic planning and design operations.

9. Irrigation design/planning in general
a. General goal of irrigation developments
Goals of water management in Thailand are focused on irrigation development, an increasing efficiency of
water management for whole system (watershed) in order to mitigate water scarcity and flood severity. This
includes an extension of irrigated command area expansion at around 33,000 hectares of land area per
annum as the first goal taking into consideration to promote the food security coupled with the promotion of
good environment quality through irrigation development. The goals also involve an increasing ability of
adaptation against the effects of climate change and disaster issue at nation, area, and commodity levels.
b. Customs to make a reference note in the design work
There is no such a custom for engineers who work based on manuals that describe the procedures for data
collection, methodology for field observation, analysis method of data and information, parameters needed
for analysis (engineering, social, economic and environment dimensions), including standard criteria and law
to be used for the evaluation and measurement of economics of the irrigation project, safe and stability of its
structure. These also include charts and tables for analysis and judgment in both planning and designing.
c. Verification of design works
In the planning and designing procedures, design engineers (civil engineer/irrigation engineer) collect data
and information for design, including planning project report, feasibility report/preliminary study report,
topography survey report, etc. All data will be used for project layout, design, analysis, construction drawing,
as well as for writing a design calculation report, which shall be verified by civil engineers of professional and
senior professional levels for the first correction. After the first correction is accepted the work will be passed
for scrutiny by a civil engineer of expert level before being presented to the Director of Office of Engineering
and Architecture Design, the director of project management, and other relevant positions being involved in
the design process. The Deputy Director‐General gives final approval for the use of construction drawing in
the construction process. In planning process, an approval of reports usually ends at the director of project
management before being submitted to the Director of Office of Engineering and Architecture Design for the
use in the design process and project approval.
The procedures for the verification of design works are as follows:
# Step
Civil Work Technician
Civil Engineer
Operation
Level

Experienced
Level

Senior
Level

1

Planning and budgeting for
designing

Yes

Yes

2

Yes

Yes

3

Primary analysis of source
reports*
Verification of topographic survey
and soil tests and preliminary
layout

Yes

Yes

4

Conceptual report writing and
design criteria setting

Yes

Yes

Practice
Level

Yes

Yes

Professional
Level

Senior Prof.
Level

Yes

Yes

Yes

Yes

Yes

Yes

Yes

Yes
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5

Analysis and design procedure
check

6
7
8

Design and determination
Construction drawing

Yes

Yes

Yes

Yes
Yes

Yes
Yes
Yes

Construction drawing check

Yes
Yes

Yes

Yes

Yes
Yes
Yes

Yes
Yes
Yes

Yes
9 Approval of construction drawing
* Project planning report, Environmental report, Hydrology report, Topography report, Geology report, and
Materials test report

d. Check list for the verification of engineering work
Pls see c. above for Thailand.
e. Coordination practice between sectors and levels
Internal coordination within RID is practiced to create Master Plan and Medium Terms Expenditure
Framework.
f. Design adjustment based on actual data or experiences
Design codes in Thailand contain sets of default parameter values (e.g. concrete strength, steel strength and
materials’ properties) to be used for designing. However, actual data from in‐situ and laboratory tests may be
substantially different. To design with more likely parameter values, the data obtained by in‐situ and
laboratory tests in the regions that have similar general or specific properties and environments can be
applied. All design engineers revise their design whenever the actual data obtained by in‐situ and laboratory
tests is not consistent with the values used in the design process to avoid structure malfunction and failure.
g. Feedback mechanism to rehabilitation projects and design codes
Infrastructure improvements and maintenance works are investigated every year after completion. Pre‐
investigation for improvement, repair and rehabilitation are usually a responsibility of operation and
maintenance projects. In practice, joint investigation by both designers and operation and maintenance
projects commonly takes place for smooth work. The initial criteria for maintenance of the irrigation project
are as follows:
1) Either the damage is severe or the frequency of the damage and malfunction is high.
2) The structure is more than 15 years old, it cannot work in accordance with the purposes and
demands, andit requires high maintenance costs.
3) There is a need for improving irrigation efficiency either because the current efficiency is lower than
the designed efficiency value or because the current socio‐economic conditions require improved
irrigation efficiency.
4) There is a potential to develop water resources by improving the efficiency of existing irrigation
systems.
In addition, economic and social costs shall be taken into consideration for improvement and rehabilitation.
There are also procedures for checking if the workability and performance of the structure in question is in
accordance with those specified in the design code. This includes the monitoring, investigation and
calibration of the discharge coefficients of irrigation infrastructures to check and adjust the designed
discharge.
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Viet Nam
1. Situation of higher education in the area of irrigation engineering
a. Colleges and Universities
The situation of college departments that produce irrigation engineers is clearly different among member
countries. In Viet Nam, the Civil Faculty, Water Resource Faculty, and Irrigation Faculty of Ho Chi Minh City
University of Technology, Water Resource University, and Can Tho University are recognised as the major
colleges that produce irrigation engineers. Detailed information on their curricula will be discussed later.
b. Technical certificate systems and professional license
In Viet Nam, technical certificates in the area of civil and irrigation engineering are issued by the Department
of Construction and universities.
c. Research institutes
There are several important research institutes in the area relevant to irrigation in Viet Nam. The Institute of
Water Resources Research (IWRR) and the Institute for Water Resources Planning (IWRP), Cuu Long Delta
Rice Research Institute, Mekong Delta Development Research Institute are listed by the national team. IWRR
and IWRP have also sub‐institutes that work primarily on southern provinces. Both IWRR and IWRP have
substantial capacity in hydrological research work. While both institutes have similar portfolios of research
projects, the former works rather on regional environment and resources management topics and the latter
works more on applied research work closely relevant to irrigation projects and management.
d. Professional associations and academic societies
These are: Viet Nam National Committee on large dams and water resource management, Viet Nam Water
Resource Association, and Vietnam Academy of Water Resources Research.

2. Career path of irrigation engineers in the government
a. Admission process to the irrigation agency
Initial degree requirements are as follows:
• Bachelor’s degree or higher in water resources or equivalent degree.
• Experience in the fields of water resources.
• Level B or higher level in English.
• Level B or higher level in basic IT.
The application is assessed based on cover letter, detailed CV, bachelor’s degree, birth certificate, health
certificate, certificate for subject priority. In addition to the assessment based on the aforementioned
documents, examinations are held on the following four subjects:
• General knowledge exam
• Profession specialised exam
• Information office exam
• English
b. Required degree to apply for the irrigation agency
Applicants for the position of government irrigation engineer must hold a bachelor’s degree or higher in the
subject of irrigation.
c. Staff training
Limited courses with a focus on professional qualifications are offered in addition to chances to study for
Masters and PhD degrees or in post doctoral programmes.
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d. Typical career path
Staff engineers in the Ministry of Agriculture and Rural Development (MARD) are classified into three levels:
Junior, Specialist, and Senior levels. Junior level starts after a year of probation period. An engineer who has
at least 15 years of experience and passed the examination inside the MARD moves up to the Specialist level.
With at least 6 years of experience as a Specialist, engineers may take examination to move up to the Senior
level.
e. Requirements for specific roles and positions
There is no clear and specific prerequisite for particular positions. The personnel division considers the
positioning of staff engineers based on their knowledge, skill, performance through the yearly monitoring
and evaluation process.
f. Roles of academic communities and research institutes
Academic communities and research institutes play the following roles in the technical work of the irrigation
agency.
 Promotion of new and innovative technologies
 Advisory roles
 Issuance of technical certificates
 Research work for pilot projects
g. Pilot schemes and new technology application
Ministry of Agriculture and Rural Development (MARD) does adopt new technologies especially for managing
information of irrigation projects, for example, web‐based database management and SCADA systems. MARD
uses such information management systems for construction progress management to improve effectiveness
and efficiency.

3. Relationship with relevant disciplines/technical fields
MARD is a multidisciplinary organisation having specialists of all of the following disciplines in house:
a. Meteo‐hydrology
b. Geology
c. Hydraulic engineering
d. Civil engineering (soil and concrete mechanics)
e. Agronomy (soil science and plant physiology)
f. Agricultural economics
g. Mechanical engineering
h. Electricity

4. Budget and accounting systems for irrigation projects
The national budget for irrigation sector is about US$100 million per year. The trend is similar to Thailand.
Percentage of foreign grant and loans in the national irrigation budget is about 30%. There is no special
system or account that is applied for irrigation projects and the fiscal budget is managed annually. The
maintenance and rehabilitation budget is about US$10 million /year.

5. General protocols of irrigation projects
a. Laws/decrees that directly define the irrigation project process and its summary
Vietnamese standard 14 TCN 174‐2006 Irrigation manual of water for food and tree applies.
Every step of irrigation projects is specified in relevant laws and decrees.
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b. General flow of project approval and initiation including the internal, academic, and 3rd party
evaluation and review process
In general, local authorities initiate the project finding process. They collect the needs of people in villages
and report through upper authority to the government for their screening and prioritisation.
c. Required cost benefit ratios and rules for cost benefit analysis
Irrigation project proposals need to have 1.0 or higher cost benefit ratio and an internal rate of return of
higher than 12% for the approval.
d. ToR of government offices in planning, construction, and O&M
• To define the scope of work of developments to cover the need of people
• To implement planning, survey and design, construction as well as operations and maintenance of
irrigation systems in good conditions.
e. Jobs to be contracted out in irrigation projects
• Study, survey and design work
• Construction supervision and
• Construction work
f. Organisation of irrigation agencies and their scope of work in law
Relevant organisations are: Ministry of Agriculture and Rural Development (MARD), Ministry of Natural
Resources and Environment (MONRE), Department of Agriculture and Rural Development (DARD) and
Department of Natural Resources (DONRE) of provincial governments.
The scope of work is regulation dissemination, guiding, data collection, and adjustment of law and
regulations.
g. Offices in charge of project planning and implementation and system operations and maintenance
Relevant departments are under the directorate of water resources of MARD.
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h. Project cycle time and its flexibility and project cycle management procedures in irrigation projects
The Ministry of Agriculture and Rural Development (MARD) and its Central Office for Water Resources
Projects (shortly Central Project Office – CPO) is the investor in all irrigation projects that are funded by
official development assistance. Project plan is made and its implementation is managed so that its internal
rate of return (IRR) is maintained to be higher than 12%. However, the government may subsidise the
project when the expected IRR cannot be maintained.
i. Collaboration with extension services and agricultural economists
Irrigation projects receive extension services from National Agricultural Extension Centre on productive
irrigation patterns.
j. Routines to share key design concepts between planners and designers, among designers, and
between the designer and construction supervisors
There are national standards of Quality Assurance procedures for sharing design concepts. Professional
network also plays role in facilitating communication.

6. Procedures for water resources management
a. Legal framework for water rights
Water law stipulates water right framework.
b. Process of new water resources development
‐ Desk study and discussion with local authorities and farmers
‐ Feasibility study, Environmental Impact Assessment, IEE
‐ Detailed design
MARD, MONRE, and Ministry of Science and Technology coordinate in the process.
c. Fishermen’s right and minimum/environmental flow
Access to fishery resources in water bodies is acknowledged and regulated in fish laws and related
regulations. The requirement for maintaining the minimum flow depends on design standards.
Environmental Impact Assessment is required for all project stages.
d. Procedures for multi‐purpose project planning
Water law stipulates the procedures with the principles of clear water demands, integrated disciplines, and
public participation.

7. Participation and cost sharing
a. Participation of farmers
Farmers contribute their land in irrigation projects. Besides contributing land, roles of water users similar to
those of Thailand are expected. In terms of cost sharing, about 25% is covered by governments and 75% has
to be shouldered by water user organisations.
b. Legal status of water user organisations, their qualification and regulations applied to them
Water user organisations are defined and regulated by law as Irrigation Management Companies. The
system is similar to Thailand. Difference is the term of the presidency. Heads of water user organisations
have to be elected every year.
c. Protocols for land acquisition and compensation in irrigation projects
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Land law stipulates the protocols for land acquisition.
f. Ownership of the land and structures of irrigation systems
Land of the irrigation system is managed by the government. Ownership of structures is negotiated between
farmers and the government.

8. Design codes and manuals
a. Official planning/design codes and their coverage
There are many official codes relevant to irrigation system planning and design. Here are the major ones:
• Survey and design code
• Construction code
• Agricultural economics code
• Electricity code
• Mechanism code
• Hydraulic code
b. Official planning/design manual
There are many planning/design manuals:
• Standard for design headwork (dam, weir, pump, gate and other.)
• Standard for design canal and its structures
• Standard for material quality
c. other information about the code/manual
The codes and manuals are written in the local language. All the relevant regulations are listed in the manual.
This is necessary to guide the local authorities in the implementation.

9. Irrigation design/planning in general
a. General goal of irrigation developments
General objectives are increasing agricultural areas and contribute to the poverty reduction, increasing
income of the farmers, and increasing agricultural productivity.
Additional and project specific goals include navigation, reducing salt intrusion, soil improvement, diverting
water, etc.
b. Customs to make a reference note in the design work
When engineers do planning and design works, they submit a note for later reference recording the choice of
parameters and their reasons/judging together with charts and tables. Preparing feasibility studies include
general information, drawing on topography, survey mapping, EIA, and socioeconomics.
c. Verification of design works
Who does verification of design works depends on project scale. In large projects, consultants are hired and
ministry approves their works. Engineering department and Director General for technical officer are in
charge of design verification. In small projects, all the verification is done in one step.
d. Check list for the verification of engineering work
MARD has a formal check list for planning/design verification. The list includes effective economic
effectiveness, hydraulic calculation, stability of construction, hydrology, environment impact assessment,
water balance, etc.
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e. Coordination practice between sectors and levels
In terms of inter‐sector coordination, regional offices do inform stakeholders. Provincial Irrigation Section
and Irrigation Unit in the district level coordinate each other, too.
f. Design adjustment based on actual data or experiences
Local offices adjust design values based on actual data or experiences.
g. Feedback mechanism to rehabilitation projects and design codes
There are practices of prior analysis of the cause of damages and measure for improved design before
rehabilitation takes place. Feedback mechanism of such analysis onto design codes exists.
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Annex 2 Templates for rapid assessment of technical protocols
Cambodia
Irrigation system planning
Planning target
1. Paper location
and planning flow

2. Determination of
available flow

3. Determination of
irrigation demand

4. System planning
/base mapping

5. Topographic
survey, geological
investigations, etc.

Milestones
a. Planning by paper location with ballpark figures

(1)
3

(2)
3

(3)
1

(4)
1

(5)
1

(6)
1

b. Assessment of uncertainties and data needs
c. Points of reconnaissance
d. Desirable flow of planning, or the necessary
steps to take
a. Determination of target drought

3
3
3

5
5
3

1
2
1

1
1
1

1
1
1

1
1
1

5

5

1

1

2

2

b. Estimation of rainfall and river flow
c. Identification of existing water use, other plans
and projections
d. Identification of fishery needs, environmental
flow demands and other cares for ecosystems
e. Hydrological modeling
f. Calibration of the model
a. Crop choice and irrigation calendar

3
4

1
3

2
1

1
1

1
1

1
1

6

5

5

2

2

2

3
4
3

2,3
1
3

1
1
1

1
1
1

1
1
1

1
1
1

3

3

1

1

1

1

3

5

1

1

1

1

3
5,4

3
5

1
2

1
1

1
1

1
1

5,4
2

5
5

2
1

1
1

1
2

1
2

3

5

2

1

2

2

3
3

5
3

1
1

1
1

1
1

1
1

b. Choice of ETc and percolation or other ways of
determining unit water requirement
c. Conveyance, distribution, and application
efficiencies
d. Water requirement for nursery and preparation
a. Route selection, selection of conveyance
structures, and system layout
b. Selection of division/control/buffer structures
c. Determination of irrigation block and field
layout
a. Scale of topographic maps and intervals of
profile maps
b. Soil and geological investigation
c. Investigation for the needs of land acquisition

Summary note
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6. OM&M
planning and
economic viability

and compensation
a. Cost estimate for construction and operation and
maintenance

3

2

2

1

1

1

b. Estimate of system life cycle and life cycle costs
c. Estimates of economic benefit

3
3

2
2

2
2

1
1

1
1

1
1

We use a formal method and quantitative information
from the Comptroller General’s Department as rule and
guidelines for estimation.
Usually

(1) Are there 1. rules, 2. official manual, 3. both rule and manual, 4. commonly referred guidelines, 5. rule and informal guidelines, or 6. no
rule, manual, or guidelines with respect to the corresponding item?
(2) Are the rules/guidelines made of 1. natural law and mathematical model, 2. figures/tables/charts derived from simplified theory, 3.
empirical law, 4. figures/tables given as a rule of thumb, or 5. qualitative instructions?
(3) Is the empirical law and rule of the thumb supported by local data? 1. Yes 2. No.
(4) Also, are applicable limits and alternative methods given along with the empirical law and rule of thumbs? 1. Yes, 2. No.
(5) Are illustrations given for complicate settings? 1. Yes 2. No.
(6) Are examples and step-by-step instructions given for complicate methods? 1. Yes 2. No.

Cambodia
Design and construction management of earth/lined canals
Design targets
1. Hydraulic
design of open
channel systems

2. Design of
control and other
structures

3. Mechanical
design of channel
bank

Milestones
a. Design values for water velocity and head loss of
conveyance/division structures

(1)
2,4

(2)
1

(3)
1

(4)
1

(5)
1

(6)
1

b. Size and other consideration of determining
irrigation blocks
c. Preparation of schematic diagrams
d. Channel design steps that include long section
design and cross section design.
e. Design sheet and examples for canal design.
f. Calculation of non-uniform flow
g. Design discharge of drainage
a. Selection of division (distribution) structures

2

5

1

1

2

2

3
2

5
2

2
1

2
1

1
1

1
1

2
2,4
6
5,4

2
3
5
5

1
1
1
2

1
1
1
1

1
1
2
2

1
1
2
2

5,4

1

2

2

1

1

3,4
5,4
3,4

2
2
2

2
2
2

2
2
1

1
1
1

1
1
1

b. Energy loss at divisions and conveyance
structures
c. Design of check, escape, and buffer structures
d. Flow measurement
a. Bank slope and free board

Summary note
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4. Construction
management

5. Date & record
management

b.
c.
d.
e.
f.
a.

Design loads and earth pressure calculation
Stability analysis of the bank
Safety against seepage gradient
Requirement in fill quality and quality control
Lining design and its accessories
Enforcement of contracts

3,4
3,4
3,4
3
2
3

2
2
2
3
5
5

2
2
2
1
1
2

1
1
1
1
1
1

1
1
1
1
2
1

1
1
1
1
2
1

b.
c.
d.
e.
a.

Dimension control
Quality control
Inspection and control of finished work quality
Work space safety
Plan and design documents

3
3
3
3
3

5
5
5
5
5

2
2
2
2
2

1
1
1
1
1

1
1
1
1
1

1
1
1
1
1

3

5

2

2

1

1

Milestones
a.Benefit and risk of pipelines and selection of
pipeline types

(1)
2

(2)
2

(3)
1

(4)
1

(5)
1

(6)
1

b. Design concepts and flow
c.Determination of diameter and design water
pressure
d. Selection of pipe and joint materials
e.Route selection and system design
f. Hydraulic calculation at each of hydraulic units
g. Examination of hydraulic stability in transient
conditions
h. Design of monitoring and safety systems
i. Choice and placing of control bulbs
j. Buffer and maintenance facilities
a.Design concepts and flow

2
2,4

2
3

1
2

1
2

1
1

1
1

2,4
2
2,4
2

2
2
2
2

1
1
1
1

1
1
1
1

1
1
1
1

1
1
1
1

4
4
4
2

3
2
2
2

1
1
2
2

1
1
2
1

1
1
1
1

1
1
1
1

b. Burying methods
c.Design loads and cross sectional design
e.Examination of thrusts and design of thrust blocks
f. Counter measures against corrosion
g. Quality control and testing

2,4
2,4
4
4
5

3
3
2
2
2

1
1
2
1
2

1
1
2
1
2

1
1
1
1
1

1
1
1
1
1

b. Quality control data and record

Cambodia
Pipeline and diversion hydraulics and dynamics
Design targets
1. Hydraulic
design of piped
systems

2. Mechanical
design of pipelines

Summary note
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3. Pump facility
design

4. Planning of
headworks

5. Diversion
facility design

a.Pump selection steps including cavitation
prevention
b. Selection of drivers and motor start method
c.Design of suction sumps
d. Planning flow of electric equipment
a. Concept of desirable point for diversion

4

2

1

1

1

1

4
2,4
4
4

2
2
2
2

1
1
1
2

1
1
1
2

1
1
1
1

1
1
1
1

b. Process to determine the location
c. Determination of design flood level and discharge
d. Headworks layout
e.Concept and process of fish path design
a. Design intake level and crest height of weir

4
4
4
4
2,4

2
2
5
2
2

1
1
2
2
2

1
1
1
1
1

1
1
1
1
1

1
1
1
1
1

b. Safety check due to backwater
c.Prevention of piping
d. Hydraulic design of weir, energy dissipater, and
apron
e. Concept of foundation work
f. Mechanical design process of concrete structures
g. Concept of gate design
h. Standards for steel materials, allowable stresses,
and safety factors
i. Construction planning

3,4
3,4
2

5
2
2

2
2
1

2
1
1

1
1
1

1
1
1

4
3,4
4
3,4

2
2
5
2

1
2
2
2

1
1
1
1

2
1
1
1

2
1
1
1

3

5

2

1

1

1

LAO PDR
Irrigation system planning
Planning target
6. Paper location
and planning flow

7. Determination of
available flow

Milestones
a. Planning by paper location with
ballpark figures
b. Assessment of uncertainties and
data needs
c. Points of reconnaissance
d. Desirable flow of planning, or
the necessary steps to take

(1)

(2)

(3)

(4)

(5)

(6)

2

5

1

1

2

2

2

5

1

1

2

2

2

5

1

1

2

2

2

5

1

1

2

2

a. Determination of target drought

2

5

1

1

2

2

b. Estimation of rainfall and river
flow

2

2

1

1

2

2

Summary note
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8. Determination of
irrigation demand

9. System planning
/base mapping

10. Topographic
survey, geological
investigations, etc.

6. OM&M
planning and
economic viability

c. Identification of existing water
use, other plans and projections
d. Identification of fishery needs,
environmental flow demands
and other cares for ecosystems
e. Hydrological modeling
f. Calibration of the model
a. Crop choice and irrigation
calendar
b. Choice of ETc and percolation
or other ways of determining
unit water requirement
c. Conveyance, distribution, and
application efficiencies
d. Water requirement for nursery
and preparation
a. Route selection, selection of
conveyance structures, and
system layout
b. Selection of
division/control/buffer structures
c. Determination of irrigation
block and field layout

2

5

1

1

2

2

2

5

1

1

2

2

2
2

2
2

1
1

1
1

2
2

2
2

2

5

1

1

2

2

2

1

2

2

2

2

2

1

2

2

2

2

2

1

1

1

2

2

2

2

1

1

1

1

2

2

2

2

2

2

2

1

1

1

2

2

d. Scale of topographic maps and
intervals of profile maps

2

1

1

1

2

2

e. Soil and geological investigation
f. Investigation for the needs of
land acquisition and
compensation

2

1

1

1

2

2

2

1

2

2

2

2

d. Cost estimate for construction
and operation and maintenance

2

3

2

2

2

2

e. Estimate of system life cycle and
life cycle costs
f. Estimates of economic benefit

2

3

2

2

2

2

2

3

1

1

2

2

(7) Are there 1. rules, 2. official manual, 3. both rule and manual, 4. commonly referred guidelines, 5. rule and informal guidelines, or 6. no
rule, manual, or guidelines with respect to the corresponding item?
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(8) Are the rules/guidelines made of 1. natural law and mathematical model, 2. figures/tables/charts derived from simplified theory, 3.
empirical law, 4. figures/tables given as a rule of thumb, or 5. qualitative instructions?
(9) Is the empirical law and rule of the thumb supported by local data? 1. Yes 2. No.
(10) Also, are applicable limits and alternative methods given along with the empirical law and rule of thumbs? 1. Yes, 2. No.
(11) Are illustrations given for complicate settings? 1. Yes 2. No.
(12) Are examples and step-by-step instructions given for complicate methods? 1. Yes 2. No.

LAO PDR‐2
Design and construction management of earth/lined canals
Design targets
1. Hydraulic
design of open
channel systems

2. Design of
control and other
structures

3. Mechanical
design of channel
bank

Milestones
a. Design values for water velocity and head
loss of conveyance/division structures

(1)
3

(2)
2

(3)
1

(4)
1

(5)
2

(6)
2

Summary note

b. Size and other consideration of determining
irrigation blocks
c. Preparation of schematic diagrams
d. Channel design steps that include long
section design and cross section design.
e. Design sheet and examples for canal
design.
f. Calculation of non-uniform flow
g. Design discharge of drainage
a. Selection of division (distribution)
structures

2

2

1

1

2

2

5
2

2
2

1
1

1
1

2
2

2
2

2

2

1

1

2

2

6
3
3

2
2
2

1
1
1

1
1
1

2
2
2

2
2
2

(1) USBR Standard
(1) USBR Standard

3

2

2

2

2

2

(1) USBR Standard

Refer to:
(1) USBR Standard

b. Energy loss at divisions and conveyance
structures
c. Design of check, escape, and buffer
structures
d. Flow measurement
a. Bank slope and free board

3

2

2

2

2

2

(1) USBR Standard

3
3

2
2

1
2

1
2

2
2

2
2

(1) USBR Standard
(1) USBR Standard

b.
c.
d.
e.

5
5
5
5

1
1
1
1

1
1
1
1

2
1
1
1

2
2
2
2

2
2
2
2

Design loads and earth pressure calculation
Stability analysis of the bank
Safety against seepage gradient
Requirement in fill quality and quality
control
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Design targets
4. Construction
management

5. Date & record
management

Milestones
f. Lining design and its accessories
a. Enforcement of contracts

(1)
5
5

(2)
2
5

(3)
1
1

(4)
1
1

(5)
2
2

(6)
2
2

b. Dimension control
c. Quality control
d. Inspection and control of finished work
quality
e. Work space safety
a. Plan and design documents

2
2
2

5
5
5

1
1
1

1
1
1

2
2
2

2
2
2

2
2

5
5

1
2

1
2

2
2

2
2

b. Quality control data and record

2

5

2

2

2

2

Summary note

LAO PDR 3
Pipeline and diversion hydraulics and dynamics
Design targets
6. Hydraulic

design of piped
systems

7. Mechanical
design of pipelines

Milestones
k. Benefit and risk of pipelines and
selection of pipeline types

(1)

(2)

(3)

(4)

(5)

(6)

2

2

2

2

2

2

l. Design concepts and flow
m. Determination of diameter and
design water pressure
n. Selection of pipe and joint materials
o. Route selection and system design
p. Hydraulic calculation at each of
hydraulic units
q. Examination of hydraulic stability in
transient conditions
r. Design of monitoring and safety
systems
s. Choice and placing of control bulbs
t. Buffer and maintenance facilities
d. Design concepts and flow

2
2

2
2

2
2

2
2

2
2

2
2

2
2
2

2
2
2

2
2
2

2
2
2

2
2
2

2
2
2

2

2

2

2

2

2

4

4

2

2

2

2

4
4
2

4
4
2

2
2
2

2
2
2

2
2
2

2
2
2

e.Burying methods
f. Design loads and cross sectional design

2
2

2
2

2
2

2
2

2
2

2
2

Summary note
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8. Pump facility
design

9. Planning of
headworks

10. Diversion
facility design

e.Examination of thrusts and design of
thrust blocks
f. Counter measures against corrosion
g. Quality control and testing
e.Pump selection steps including
cavitation prevention
f. Selection of drivers and motor start
method
g. Design of suction sumps
h. Planning flow of electric equipment
f. Concept of desirable point for
diversion
g. Process to determine the location
h. Determination of design flood level
and discharge
i. Headworks layout
j. Concept and process of fish path
design
e. Design intake level and crest height of
weir
f. Safety check due to backwater
g. Prevention of piping
h. Hydraulic design of weir, energy
dissipater, and apron
j. Concept of foundation work
k. Mechanical design process of
concrete structures
l. Concept of gate design
m. Standards for steel materials,
allowable stresses, and safety factors
n. Construction planning

2

2

2

2

2

2

2
2
2

2
2
2

2
2
2

2
2
2

2
2
2

2
2
2

2

2

2

2

2

2

2
2
2

2
2
2

2
2
1

2
2
1

2
2
2

2
2
2

2
2

5
2

1
1

1
1

2
2

2
2

2
6

1
1

1
1

1
1

2
2

2
2

3

2

2

2

2

2

3
3
3

2
2
2

2
2
2

2
2
2

2
2
2

2
2
2

Refer to:
(1) USBR Standard
(1) USBR Standard
(1) USBR Standard
(1) USBR Standard

3
3

1
2

2
2

2
2

2
2

2
2

(1) USBR Standard
(1) USBR Standard

3
3

2
2

2
2

2
2

2
2

2
2

(1) USBR Standard
(1) USBR Standard

3

2

1

1

2

2

(1) USBR Standard

(1)

(2)

(3)

Thailand
Irrigation system planning
Planning target

Milestones

(4)

(5)

(6)

Summary note
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11. Paper location
and planning flow

12. Determination of
available flow

13. Determination of
irrigation demand

14. System planning
/base mapping

15. Topographic
survey, geological
investigations, etc.

6.

OM&M

a. Planning by paper location with
ballpark figures
b. Assessment of uncertainties and data
needs
c. Points of reconnaissance
d. Desirable flow of planning, or the
necessary steps to take
a. Determination of target drought
b. Estimation of rainfall and river flow
c. Identification of existing water use,
other plans and projections
d. Identification of fishery needs,
environmental flow demands and
other cares for ecosystems
e. Hydrological modeling
f. Calibration of the model
a. Crop choice and irrigation calendar
b. Choice of ETc and percolation or
other ways of determining unit water
requirement
c. Conveyance, distribution, and
application efficiencies
d. Water requirement for nursery and
preparation
a. Route selection, selection of
conveyance structures, and system
layout
b. Selection of division/control/buffer
structures
c. Determination of irrigation block and
field layout
g. Scale of topographic maps and
intervals of profile maps
h. Soil and geological investigation
i. Investigation for the needs of land
acquisition and compensation
g. Cost estimate for construction and

3

3

1

1

1

1

3

5

1

1

1

1

3
3

5
3

2
1

1
1

1
1

1
1

5

5

1

1

2

2

3
4

1
3

2
1

1
1

1
1

1
1

6

5

2

2

2

2

3
4
3

2,3
1
3

1
1
1

1
1
1

1
1
1

1
1
1

3

3

1

1

1

1

3

5

1

1

1

1

3

3

1

1

1

1

5,4

5

2

1

1

1

5,4

5

2

1

1

1

2

5

1

1

2

2

3

5

2

1

2

2

3
3

5
3

1
1

1
1

1
1

1
1

3

2

2

1

1

1

We use a formal method and quantitative information from the
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planning and
economic viability

operation and maintenance
h. Estimate of system life cycle and life
cycle costs
i. Estimates of economic benefit

Comptroller General’s Department as rule and guidelines for
estimation.
3

2

2

1

1

1

3

2

2

1

1

1

Usually

(13) Are there 1. rules, 2. official manual, 3. both rule and manual, 4. commonly referred guidelines, 5. rule and informal guidelines, or 6. no
rule, manual, or guidelines with respect to the corresponding item?
(14) Are the rules/guidelines made of 1. natural law and mathematical model, 2. figures/tables/charts derived from simplified theory, 3.
empirical law, 4. figures/tables given as a rule of thumb, or 5. qualitative instructions?
(15) Is the empirical law and rule of the thumb supported by local data? 1. Yes 2. No.
(16) Also, are applicable limits and alternative methods given along with the empirical law and rule of thumbs? 1. Yes, 2. No.
(17) Are illustrations given for complicate settings? 1. Yes 2. No.
(18) Are examples and step-by-step instructions given for complicate methods? 1. Yes 2. No.

Thailand 2
Design and construction management of earth/lined canals
Design targets
6. Hydraulic
design of open
channel systems

7. Design of
control and other
structures

Milestones
h. Design values for water velocity and
head loss of conveyance/division
structures
i. Size and other consideration of
determining irrigation blocks
j. Preparation of schematic diagrams
k. Channel design steps that include
long section design and cross section
design.
l. Design sheet and examples for canal
design.
m. Calculation of non-uniform flow
n. Design discharge of drainage
h. Selection of division (distribution)
structures
i. Energy loss at divisions and
conveyance structures
j. Design of check, escape, and buffer
structures
k. Flow measurement

(1)
2,4

(2)
1

(3)
1

(4)
1

(5)
1

(6)
1

2

5

1

1

2

2

3
2

5
2

2
1

2
1

1
1

1
1

2

2

1

1

1

1

2,4
6
5,4

3
5
5

1
1
2

1
1
1

1
2
2

1
2
2

5,4

1

2

2

1

1

3,4

2

2

2

1

1

5,4

2

2

2

1

1

Summary note
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8. Mechanical
design of channel
bank

9. Construction
management

10. Date & record
management

g. Bank slope and free board

3,4

2

2

1

1

1

h. Design loads and earth pressure
calculation
i. Stability analysis of the bank
j. Safety against seepage gradient
k. Requirement in fill quality and
quality control
l. Lining design and its accessories
f. Enforcement of contracts

3,4

2

2

1

1

1

3,4
3,4
3

2
2
3

2
2
1

1
1
1

1
1
1

1
1
1

2
3

5
5

1
2

1
1

2
1

2
1

g. Dimension control
h. Quality control
i. Inspection and control of finished
work quality
j. Work space safety
c. Plan and design documents

3
3
3

5
5
5

2
2
2

1
1
1

1
1
1

1
1
1

3
3

5
5

2
2

1
1

1
1

1
1

d. Quality control data and record

3

5

2

2

1

1

Milestones
u. Benefit and risk of pipelines and
selection of pipeline types

(1)
2

(2)
2

(3)
1

(4)
1

(5)
1

(6)
1

v. Design concepts and flow
w. Determination of diameter and
design water pressure
x. Selection of pipe and joint materials
y. Route selection and system design
z.Hydraulic calculation at each of
hydraulic units
aa. Examination of hydraulic stability in
transient conditions
bb. Design of monitoring and safety
systems
cc. Choice and placing of control bulbs
dd. Buffer and maintenance facilities

2
2,4

2
3

1
2

1
2

1
1

1
1

2,4
2
2,4

2
2
2

1
1
1

1
1
1

1
1
1

1
1
1

2

2

1

1

1

1

4

3

1

1

1

1

4
4

2
2

1
2

1
2

1
1

1
1

Thailand 3
Pipeline and diversion hydraulics and dynamics
Design targets
11. Hydraulic
design of piped
systems

Summary note
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12. Mechanical
design of pipelines

13. Pump facility
design

14. Planning of
headworks

15. Diversion
facility design

g.

Design concepts and flow

h. Burying methods
i. Design loads and cross sectional design
l. Examination of thrusts and design of
thrust blocks
m. Counter measures against corrosion
n. Quality control and testing
i. Pump selection steps including
cavitation prevention
j. Selection of drivers and motor start
method
k. Design of suction sumps
l. Planning flow of electric equipment
k. Concept of desirable point for
diversion
l. Process to determine the location
m. Determination of design flood level
and discharge
n. Headworks layout
o. Concept and process of fish path
design
i. Design intake level and crest height of
weir
j. Safety check due to backwater
k. Prevention of piping
l. Hydraulic design of weir, energy
dissipater, and apron
o. Concept of foundation work
p. Mechanical design process of
concrete structures
q. Concept of gate design
r. Standards for steel materials, allowable
stresses, and safety factors
s. Construction planning

2

2

2

1

1

1

2,4
2,4
4

3
3
2

1
1
2

1
1
2

1
1
1

1
1
1

4
5
4

2
2
2

1
2
1

1
2
1

1
1
1

1
1
1

4

2

1

1

1

1

2,4
4
4

2
2
2

1
1
2

1
1
2

1
1
1

1
1
1

4
4

2
2

1
1

1
1

1
1

1
1

4
4

5
2

2
2

1
1

1
1

1
1

2,4

2

2

1

1

1

3,4
3,4
2

5
2
2

2
2
1

2
1
1

1
1
1

1
1
1

4
3,4

2
2

1
2

1
1

2
1

2
1

4
3,4

5
2

2
2

1
1

1
1

1
1

3

5

2

1

1

1

Viet Nam
Irrigation system planning
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Planning target
16. Paper location
and planning flow

17. Determination of
available flow

18. Determination of
irrigation demand

19. System planning
/base mapping

20. Topographic
survey, geological
investigations, etc.

Milestones
a. Planning by paper location with
ballpark figures
b. Assessment of uncertainties and data
needs
c. Points of reconnaissance
d. Desirable flow of planning, or the
necessary steps to take

(1)

(2)

(3)

(4)

(5)

(6)

4

3

1

1

2

2

4

1

1

1

1

1

4

3

1

1

2

2

4

3

1

1

2

2

a. Determination of target drought

4

3

1

1

2

2

This is referenced by technical guidelines

b. Estimation of rainfall and river flow
c. Identification of existing water use,
other plans and projections
d. Identification of fishery needs,
environmental flow demands and
other cares for ecosystems
e. Hydrological modeling
f. Calibration of the model

4

3

1

1

2

2

This is referenced by technical guidelines

4

3

1

1

2

2

This is referenced by technical guidelines

4

3

1

1

2

2

This is referenced by technical guidelines

4
4

1
3

1
1

1
1

2
2

2
2

Two hydrological models used are Mike and Nam.
This is referenced by technical guidelines

a. Crop choice and irrigation calendar

2

3

1

1

1

1

4

1

2

2

2

2

This is referenced by technical guidelines

4

1

2

2

2

2

This is referenced by technical guidelines

4

1

2

2

2

2

This is referenced by technical guidelines

1

3

1

2

1

1

This is referenced by Vietnamese Standard

1

1

2

2

1

1

This is referenced by Vietnamese Standard

1

3

1

1

2

1

This is referenced by Vietnamese Standard

j. Scale of topographic maps and
intervals of profile maps

1

3

1

1

2

2

This is referenced by Vietnamese Standard 8226 ‐ 2009

k. Soil and geological investigation

1

1

1

1

2

2

This is referenced by Vietnamese Standards (5747: 1993
and TCN 259:2000)

b. Choice of ETc and percolation or
other ways of determining unit water
requirement
c. Conveyance, distribution, and
application efficiencies
d. Water requirement for nursery and
preparation
a. Route selection, selection of
conveyance structures, and system
layout
b. Selection of division/control/buffer
structures
c. Determination of irrigation block and
field layout

Summary note
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6. OM&M
planning and
economic viability

l. Investigation for the needs of land
acquisition and compensation

1

3

2

2

2

1

j. Cost estimate for construction and
operation and maintenance

1

1

2

2

2

1

This is referenced by Vietnamese Standard 8302 ‐ 2009

k. Estimate of system life cycle and life
cycle costs
l. Estimates of economic benefit

1

3

2

2

2

1

This is referenced by Vietnamese Standard

1

3

1

1

2

2

This is referenced by Vietnamese Standard 8213 ‐ 2009

(19) Are there 1. rules, 2. official manual, 3. both rule and manual, 4. commonly referred guidelines, 5. rule and informal guidelines, or 6. no
rule, manual, or guidelines with respect to the corresponding item?
(20) Are the rules/guidelines made of 1. natural law and mathematical model, 2. figures/tables/charts derived from simplified theory, 3.
empirical law, 4. figures/tables given as a rule of thumb, or 5. qualitative instructions?
(21) Is the empirical law and rule of the thumb supported by local data? 1. Yes 2. No.
(22) Also, are applicable limits and alternative methods given along with the empirical law and rule of thumbs? 1. Yes, 2. No.
(23) Are illustrations given for complicate settings? 1. Yes 2. No.
(24) Are examples and step-by-step instructions given for complicate methods? 1. Yes 2. No.

Viet Nam 2
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Design and construction management of earth/lined canals
Design targets
11. Hydraulic
design of open
channel systems

12. Design of
control and other
structures

13. Mechanical
design of channel
bank

14. Construction
management

Milestones
o. Design values for water velocity and head
loss of conveyance/division structures

(1)
3

(2)
2

(3)
2

(4)
1

(5)
1

(6)
1

p. Size and other consideration of determining
irrigation blocks
q. Preparation of schematic diagrams
r. Channel design steps that include long
section design and cross section design.
s. Design sheet and examples for canal
design.
t. Calculation of non-uniform flow
u. Design discharge of drainage
o. Selection of division (distribution)
structures

2

2

1

1

2

2

Summary note
Refer to:
(1) Standard of Vietnam TCVN4118:1985
(2)National technical regulation on irrigation
structures QCVN 04-05:2012/BNNPTNT
TCVN= Vietnamese Standard, 4118= id of
standard, 1985= year of publication.
QCVN= Vietnam Regulation, ID, year.
(Ministry of Construction)
(1) Refer to TCVN4118:1985

6
2

1
2

2
1

2
2

2
1

2
1

(1) Refer to TCVN4118:1985

2

2

1

1

2

2

(1) Refer to TCVN4118:1985

6
3
5

1
2
2

2
1
2

2
1
2

2
2
2

2
2
2

(1) Refer to TCVN4118:1985

5

2

2

2

2

2

(1) Refer to TCVN4118:1985

p. Energy loss at divisions and conveyance
structures
q. Design of check, escape, and buffer
structures
r. Flow measurement
m. Bank slope and free board

5

2

2

2

2

2

(1) Refer to TCVN4118:1985

5
5

2
1

2
1

2
2

2
1

2
1

(1) Refer to TCVN4118:1985
(1) Refer to QCVN 04-05:2012/BNNPTNT

n.
o.
p.
q.

Design loads and earth pressure calculation
Stability analysis of the bank
Safety against seepage gradient
Requirement in fill quality and quality
control
r. Lining design and its accessories
k. Enforcement of contracts

5
5
5
5

1
1
1
1

1
1
1
2

2
2
2
2

1
1
1
2

1
1
1
2

(1) Refer to QCVN 04‐05:2012/BNNPTNT

5
1

2
5

1
1

2
2

2
2

2
2

l. Dimension control

1

5

1

2

2

2

(1) Refer to TCVN4118:1985
Refer to
(1) Decree of Government No. 209/2004/ND-CP
(2) Decree of Government No. 12/2009/ND-CP
Refer to

(1) Refer to QCVN 04-05:2012/BNNPTNT
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Design targets

15. Date & record
management

Milestones

(1)

(2)

(3)

(4)

(5)

(6)

m. Quality control

1

5

1

2

2

2

n. Inspection and control of finished work
quality

1

5

1

2

2

2

o. Work space safety
e. Plan and design documents

5
5

5
5

2
2

2
2

2
2

2
2

f. Quality control data and record

5

5

2

2

2

2

Summary note
(1) Standard of MARD 14TCN 59-2002
(2) 209/2004/ND-CP
(3) 49/2008/ND-CP
(1) 14TCN 59-2002
(2) 209/2004/ND-CP
(3) 49/2008/ND-CP
(1) 14TCN 59-2002
(2) 209/2004/ND-CP
(3) 49/2008/ND-CP
(4)Circular of Ministry of Construction
No.27/2009/TT‐BXD

27/2009/TT‐BXD

Viet Nam 3
Pipeline and diversion hydraulics and dynamics
Design targets
16. Hydraulic

design of piped
systems

17. Mechanical
design of pipelines

Milestones
ee. Benefit and risk of pipelines and selection
of pipeline types

(1)

(2)

(3)

(4)

(5)

(6)

Summary note

3

2

2

2

2

2

TCVN 8636 : 2011

ff. Design concepts and flow
gg. Determination of diameter and design
water pressure
hh. Selection of pipe and joint materials
ii. Route selection and system design
jj. Hydraulic calculation at each of hydraulic
units
kk. Examination of hydraulic stability in
transient conditions
ll. Design of monitoring and safety systems
mm.
Choice and placing of control bulbs
nn. Buffer and maintenance facilities
j. Design concepts and flow

3
3

2
2

2
2

2
2

2
2

2
2

TCVN 8636 : 2011
TCVN 8636 : 2011

3
3
3

2
2
2

2
2
2

2
2
2

2
2
2

2
2
2

TCVN 8636 : 2011
TCVN 8636 : 2011
TCVN 8636 : 2011

3

2

2

2

2

2

TCVN 8636 : 2011

4
4
4
3

4
4
4
2

2
2
2
2

2
2
2
2

2
2
2
2

2
2
2
2

TCVN 8298 : 2009 ; TCVN 8636 : 2011
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18. Pump facility
design

19. Planning of
headworks

20. Diversion
facility design

k. Burying methods
l. Design loads and cross sectional design
s. Examination of thrusts and design of thrust
blocks
t. Counter measures against corrosion
u. Quality control and testing
m. Pump selection steps including cavitation
prevention

3
3
3

2
2
2

2
2
2

2
2
2

2
2
2

2
2
2

TCVN 8289 : 2009 ; TCVN 8636 : 2011
TCVN 8289 : 2009 ; TCVN 8636 : 2011
TCVN 8289 : 2009 ; TCVN 8636 : 2011

3
3
3

2
2
2

2
2
2

2
2
2

2
2
2

2
2
2

n. Selection of drivers and motor start
method

3

2

2

2

2

2

o.

Design of suction sumps

3

2

2

2

2

2

p.

Planning flow of electric equipment

3

2

2

2

2

2

TCVN 8289 : 2009 ; TCVN 8636 : 2011
TCVN 8289 : 2009 ; TCVN 8636 : 2011
TCVN 8423 : 2010 ; TCVN 8637 : 2011 ; TCVN
8638 : 2011 ; TCVN 8639 : 2011
TCVN 8423 : 2010 ; TCVN 8637 : 2011 ; TCVN
8638 : 2011 ; TCVN 8639 : 2011
TCVN 8423 : 2010 ; TCVN 8637 : 2011 ; TCVN
8638 : 2011 ; TCVN 8639 : 2011
TCVN 8423 : 2010 ; TCVN 8637 : 2011 ; TCVN
8638 : 2011 ; TCVN 8639 : 2011

p.

Concept of desirable point for diversion

q. Process to determine the location
r. Determination of design flood level and
discharge
s. Headworks layout
t. Concept and process of fish path design
m. Design intake level and crest height of
weir
n. Safety check due to backwater
o. Prevention of piping
p. Hydraulic design of weir, energy
dissipater, and apron
t. Concept of foundation work
u. Mechanical design process of concrete
structures
v. Concept of gate design
w. Standards for steel materials, allowable
stresses, and safety factors
x. Construction planning
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Preface
The report is conducted to collect the information related to college/university curricula and government
training programmes concerning agricultural irrigation in Cambodia in the framework of projects supported by
the Mekong River Commission.
The report consists of two chapters:
Chapter I:

is an overview of agricultural university and national schools of agriculture, especially the curriculum of Rural
Engineering Department, Institute of Technology of Cambodian (ITC) that is most concerning to agricultural
irrigation. And,

Chapter II:

is focused on the government training programme in the field of agricultural irrigation by Technical Service
Center (TSC) for Irrigation & Meteorology, Ministry of Water Resources and Meteorology (MOWRAM).
The information on the results of this report was collected from ITC, TSC/MOWRAM, Websites and from
others sources.
The authors wish to thank Mr. Kim Mengsreng (MOWRAM), Ms. Men Nareth (ITC, GRU Head of
Department), Mr. Veng Hour (ITC),Msc. ChheaBunrith (MOWRAM), Dr. Lim soktay (Norton University), Mr.
Hay Bunthoeun & Sao Ena (TSC) for their cooperation and for sharing the information needed. We also
thank Dr. Itaru Mimani for his cooperation and support to complete this report, CNMC for its coordination.
And the authors would like to thank the Mekong River Commission for the establishment of this capacity
building programme.
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Chapter I: Overview of college/university curricula

Introduction
Cambodia is dominated by distinct tropical monsoon divided into two seasons and most of the territory is
controlled by the Mekong River Basin. Cambodia has a potential of land and water resources. Most parts of
Cambodia’s economy relies on the agriculture sector and 80% of Cambodian people are mainly working in this
sector. So, being aware of the significant role of agriculture in poverty reduction, the Royal Government of
Cambodia integrates agriculture to be one of the priorities in the government’s Rectangular Strategy. But,
agriculture is still limited due mainly to lack of quality standard, finance, crop diversification, market’s
information; especially the level of technical education and training for planning and irrigation is not enough to
increase the agricultural production.
Based on the above-mentioned reasons, the University,
Technical Institute, Research Institutes and many agricultural
Schools have been established by the Royal Government of
Cambodia (RGC) to support the agriculture field. Currently,
there are one agricultural university called Royal University of
Agriculture (RUA-www.rua.edu.kh) and many National
Agricultural Schools located nationwide, such as Preak Leap
National School of Agriculture (www.pnsa.edu.kh).
Royal University of Agriculture

Preak Leap National School of Agriculture

Furthermore, the Institute of Technology of
Cambodia (ITC) is the most famous institute of
engineering in the country. The ITC is a
Cambodian Higher Education Institution which
was founded in 1964 and supported by cooperation
between Cambodia and the former Soviet Union.
One faculty among others was called hydraulics
that had educated hundreds of Hydraulic
Engineers who work for the government, NGOs
and private sectors, as a specialist of water
http://www.itc.edu.kh resources.
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New building at ITC

In 1993, the RGC and French governments agreed to renovate and update the education standards of the ITC
with a perspective to improve performance of the administration and financial services along with the
educational system of the institution and the human resources development.
More than 10,000 executive members have
graduated from the ITC. They are currently
working intensely on the economic and social
infrastructure development of Cambodia. In the
current context of globalisation and fast
transformations of new technologies, the ITC’s
main concerns are to play an efficient role in
Cambodian society and to be at the cutting
edge of development to improve our
educational system.
There are 6 departments at ITC: Dpt. of Food Tech. & Chemical Engineering., Dpt. of Civil Engineering
&Architectural (+Ms), Dpt. of Electrical & Energy Engineering, Dpt. of Information & Communication, Dpt.
of Rural Engineering (+Master pro.), and Dpt. of Geo-resources & Geotechnical Engineering.
The Rural Engineering Department replaced the Hydraulics Faculty with support of French Cooperation. And
some courses in the curriculum were reviewed to be adapted to the market requirements.
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Note: Baccalaureate Diploma = High School Diploma
The table below shows the curriculum of the Rural Engineering Department (RED) of the ITC that covers the
subject courses from the 1st to the 5th years. This curriculum is used for rural/irrigation engineering studies.

Subject study
Foundation year/General education

80

Subject study
Reinforced
construction
19

Specialized years

65

20

Rural road construction

2

Fluid mechanics

3

21

Bridge construction

2

General hydrology

3

22

Rural building construction

1

3

Soil mechanics

3

23

Wood construction

2

4

Geology and hydrogeology

2

24

Steal construction

2

5

Soil science

2

25

SIG‐Remote sensing

3

6

Topography

3

26

Plumbing

2

7

Strength of materials

3

27

8

Auto computer aid designing

1

28

Water supply
2
Waste water treatment and
drainage
2

I.
II.
1
2

Credits

Credits
concrete
2
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9

Renewable energy

1

29

Hydraulic structure

3

10

Earth work engine

1

30

Building construction

2

11

Rural development

1

31

Environment

2

12

Ground water exploitation

2

13

III.

Site management

4

14

General hydraulic
2
Pump and pumping station &
hydropower station
2

1

15

Earth dams construction

2

2

Planning
1
Introduction of hydrological
model
1

16

Irrigation and drainage

2

3

Work security

1

17

Water quality analysis

2

4

Quotation and market

1

18

Structural analysis

3

IV. Internship final year

9

Total of credits: 158
To meet the human resources’ need on water management at the Ministry of Water Resources and
Meteorology, the Asian Development Bank (ADB) approved and provided scholarships for the five-year
education plan (2012-2016) at the ITC under the Water Resources Management Development Sector Program
(WRMDSP). To match the field of water resources management, the curriculum of Rural Engineering
Department is being reviewed and will be reformed very soon.

Meeting between MOWRAM, ADB and ITC about scholarship for the five year’s education plan (2012-2016
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PART I: Meteo-Hydrology, Soil & Plan and Water Relationship and Irrigation
System Planning
1.1 Meteo-Hydrology
1.1.1 Overview of the subject
Meteo-Hydrology is the science that studies water in nature and safe evolution of land and soil in three states:
solid, liquid and gas. Therefore, hydrology is mainly based on observation and measurement of the
phenomenon of nature which man has virtually no control over.
The main content of this subject course are as follows:
Chapter 1: Introduction of hydrology
1.1. Definition of hydrology
1.2. Objective of hydrology
1.3. Basic concepts of hydrology
Chapter 2: Study of components of the hydrological cycle system in a watershed
1. System of the watershed
1.1 Definition of watershed
1.2 Physical characteristics of a watershed
2.
2.1.
2.2.
2.3.
2.4.
2.5.

Precipitation
Notion of Meteorology
Precipitation measurement
Counting and control data
Observation network and data publication
Analysis of spot metering

3.
1.1.
1.2.
1.3.
1.4.
1.5.

The runoff
Introduction of runoff
Hydrometric
Measurement of water levels
Flow measurement
Calibration curve and flow calculation

4.
4.1.
4.2.
4.3.
4.4.

Evaporation, Transpiration and Evapotranspiration
Definition and general
Evaporation as the physical process
Plant transpiration
Potential evapotranspiration

5. Infiltration
5.1. Definition and parameters describing infiltration
5.2. Facture influencing infiltration
5.3. Modeling process on infiltration
Chapter 3: Flood estimation at the outlet
1.
1.1.
1.2.
1.3.
1.4.
1.5.

Methods of predicting peak flow
Historical method
Empirical formula
Hydraulic approach
The rational method
The statistical approach
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1.6. The USSCS method
And, in the first semester of the 5th year, the Introduction Hydrological Model’s course is illustrated as the
knowledge base for future research on meteo-hydrology.

1.1.2 Concrete skills and knowledge to be gained after completion
The main objective of this subject is to provide background knowledge of meteorology and hydrology‘s
phenomenon and assessment of flood’s peak flow on a watershed that is the vital factor of irrigation system
planning. And also, students have a notion of research on water resources management.

1.1.3 Teaching methods
A.
-

Lecture
Students study in the classroom;
Provide lesson to students;
Explain to students by formula and theory demonstration on white board;
Present the lesson by LCD projector and show some video clips and pictures;
Showing the examples and giving some exercises model with the detail demonstration at the end of each
lesson.

B.
-

Execution Work
Divide into small groups: 4 persons per group;
Review lesson learned in the room with detail Q&A on the items unclear to student;
Give chance to students to demonstrate their previous exercise on the white board. At this opportunity
students have the chance to get more explanation, guides and key solutions from the professor at the same
time;
Give more homework;
Give assignments to groups of 4 persons:
Design the line sharing of water in a watershed;
Calculate the catchment area;
Estimate the perimeter of the basin;
Calculate the index of compactness expression or Gravelius Horton and Miller;
Calculate the drainage density;
Calculate the average slope of a steam;
The continuation of the pluviogramme;
After completing this course, students can have a field trip to practice the operation of calculating the rate
flow in a stream by using the current meter method and floating method for comparison.








-
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Students’ Activities for flow measurement by using current meter for finding the rate flow in a main canal
at Roleang Chrey Irrigation Scheme, Kampong Speu Province

1.2 Soil, Plant and Water Relationship and Irrigation System planning
Overview of the subject
Plants grow on soil that provide them water and nutrients. They absorb water from soil mainly through roots
and use only 1 to 1.5% of the volume of water absorbed for building their vegetative structure and performing
various physiological and biochemical activities. The rest of the water absorbed is lost through transpiration. A
closer relationship, therefore, exists between soil, water and plant that should be clearly understood to decide
upon the time and depth of irrigation and to make the most efficient use of irrigation water.
To produce agriculture effectively, irrigation engineers need to know how to control the sufficient amount of
water. For instance, soil and plants will be dry and wilt if they lack water. Thus, it is necessary to irrigate them.
In terms of water demands, Department of Rural Engineering of ITC also provides a course of Irrigation and Water
management as well as irrigation system planning. The main content of this course subject are the following:
Chapter 1: Introduction of the course
Chapter 2: Soil water plant management
Chapter 3: Estimation of water requirement for crop
Chapter 4: Irrigation method
Chapter 5: Description of different irrigation systems
Chapter 6: Irrigation efficiency
Chapter 7: Scheduling of irrigation
Chapter 8: Irrigation practice for crop
The assignment of the course will help the student to use empirical formula and application in lectures, practices and
discuss in a class or group. Sometimes teachers also show some pictures on a slide projector that are related to irrigation.
In addition, students can have a field trip to study the operation of irrigation systems that can improve their understanding
about the course.
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1.2.1. Concrete skills and knowledge to be gained after completion
The main objective of this subject is to provide background knowledge of calculating crop water requirement,
relationship between soil water and plants, choose the method and technical of agricultural irrigation and
application.
After completing this course, students can gain their general knowledge of irrigation especially they can
calculate the crop water requirement for agricultural design that is the very important to increase the
agriculture’s product and water use saving.

1.2.2 Teaching methods
A.
-

Lecture
Students study in the classroom;
Provide lesson to students;
Explain to students by formula and theory demonstration on white board;
Present the lesson by LCD projector and show some video clips and pictures;
Showing the examples and giving some exercises model with the detail demonstration at the end of each
lesson.
B. Execution Work
- Divide in to small group;
- Review lesson learned in the room with detail Q&A on items unclear to student;
- Give more home works;
- Give assignments to group:
Study on program Daily ET
 Calculating the value of evapotranspiration and verify with the method
 Hargreaves
 Penman Montieth
 FAO Modified Penman
 Penman
 Penman open water
After completing the course, the field trip will be organised to visit the irrigation scheme so that students can
compare their knowledge between theories and practice on the real world of open channel and hydraulic water
control structures.

Field trip for visiting the irrigation system planning and water requirement and management

90 | P a g e

PART II: Open Channel Hydraulic, Water Control Structure Design and Soil and
Concrete Mechanics
2.1.

Open Channel Hydraulics and water Control structure Design

Overview of the subject
The flow of water in an open channel is called free surface, takes place under the action of gravity forces and is
characterised by a mandatory presence of a free surface current, usually air under pressure atmospheric. The free flow of
water is a lot more complicated than the flow over because the presence of a free surface causes changes in the following
section the length of liquid flow when obstacle meaningful phenomenon. Current free surface can be permanent, nonpermanent, uniform and non-uniform. Wholes channels can be subdivided into two categories: natural and artificial
channel:
-

Natural channels are: rivers, streams, flows through the troughs and ravines,

Artificial channels are: channels, supported channels, drainage pipes, and other engineering structures for
water conveyance.
The main content of the course on open channel hydraulic and water Control structure Design are:
-

Chapter 1: Definition, classification and properties of open channel
Chapter 2: The energy in open channel flow
Chapter 3: Analysis of uniform flow in channel and structure
Chapter 4: The optimum dimensions of the channels of discovery for the uniform system
Chapter 5: Floating object in a liquid
Chapter 6: Types of fluid flow and Bernoulli equation
Chapter 7: Non uniform flow of water in channels
Chapter 8: Flow through weirs and other structures
Chapter 9: General knowledge structure of channel network

2.1.1. Concrete skills and knowledge to be gained after completion
The main objective of this subject is to provide background knowledge of flow calculation as well as the
dimension of open channel hydraulic structure design.
After this course, students are able to design the dimension of channel and water control structure along the
scheme in frame work of water management in river basin concept and irrigation system planning.

2.1.2. Teaching methods
A. Lecture
- Students study in the classroom;
- Provide lesson to students;
- Explain to students by formula and theory demonstration on white board;
- Present the lesson by LCD projector and show some video clips and pictures;
- Showing the examples and giving some exercises model with the detail demonstration at the end
of each lesson.
B. Execution Work
- Divide in to small group;
- Review lesson learned in the room with detailed Q&A on items unclear to student;
- Give more homework;
- Give assignments to group.
91 | P a g e

-

After completing the course, a field trip will be organised to visit the irrigation scheme so that
students can compare their knowledge between theories and practice on the real world of open
channel and hydraulic water control structures.

A field trip to visit Stung Chinit’s Irrigation Scheme that has great watershed, Kampong Thmor commune in Kampong
Thom province.

View of Spillway (L=750m)

Main canal of Stung Chinit Irrigation Scheme

Students are visiting the fish ladder structure on dam

Building of Farmer Water User Community

2.2. Soil and Concrete Mechanics
2.2.1 Overview of the subject
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Soil‘s characteristic at TeukThlar, Kandal province

Soil is formed by the effects of mechanical (physical), chemical and biological processes on rocks and
organic matters of the earth’s crust. The soil is composed of materials and the composition of organic
matters which present in grains (particles) and organic matters of different forms and sizes.
Soil mechanics deal with the determination and analysis of forces that act on a soil mass. It seeks to
understand how a soil responds to being exposed to an engineered works or to being used in the works as a
construction material.
It is also focus on the basic of soil mechanic, soil composition, soil classification, relationship of soil and
water, soil constraints occurred from on top charge, deformed constraints and resistance of soil, compact
and compression of soil, parameter of total constraints, porosity and effective stress etc.
The content outlines of this course are comprised as follow (around 66h of 17 weeks):
-

Chapter 1: Soils and general presentation
 Definition
 Soil component
 Characteristic of soil
 Physical properties of soil
 Relation between soil parameters
 Experimental methods for measuring soil parameters

-

Chapter 2: Soil structure and identification
 Structure of fine soils
 Soil identification
 Particle size analysis (ASTM D 422-63)
 Particle size analysis by hydrometer
Chapter 3: Specific test soil
 Specific test by granular soils
 Arrangement of the particles in cohesion less soil
 Specific test cohesive soils: Atterberg Limits
 Compaction and bearing pressure
Chapter 4: Water in soil moisture
 General conditions

-

-

93 | P a g e





-

-

-

Seepage velocity
Darcy’s law
Flow net
Phenomenon of foundation erosion, danger and remedies

Chapter 5: Settlement and consolidation
 Definition
 Estimation of settlement
 Calculation of stress distribution
 Oedometer consolidation test
 Determination of consolidation settlement
Chapter 6: Shear strength of soil
 Stress-strain models for soils
 Coulomb’s law
 Measurement of the shear strength parameters
Chapter 7: Lateral earth pressure and retaining wall
 Introduction
 Sliding wedge (prism)
 Coefficient of lateral earth pressure at rest
 Ranking theory (1857)
 Coulomb’s theory
 Proportioning retaining walls
 Stability of retaining walls

2.2.2. Concrete skills and knowledge to be gained after completion
This course provides students with the capacity to conduct soil analysis in both physical and mechanical terms
at laboratory and field site. Beside this, it provides more capacity to students to determine and select the type
and dimension of construction piles with clear technical choices.

2.2.3. Teaching methods
A. Lecture
- Students study in the classroom;
- Provide lesson to students;
- Explain to students by formula and theory demonstration on white board;
- Present the lesson by LCD projector and show some video clips and pictures;
- Showing the examples and giving some exercises model with the detail demonstration at the end
of each lesson.
B. Execution Work
- Divide in to small group: 4 persons per group;
- Review lesson learned in the room with detail Q&A to unclear points of student;
- Give chance to student for demonstration their previous exercise on white board. At this
opportunity students have chances to get more explanation, guides and key solutions from
professor at the same time;
- Give more home works;
After completing the course, a field trip will be organised to visit the construction’s site so that students can
compare their knowledge between theories and practice.
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Soil testing and sample of soil lab
Application of soil mechanic for spillway’s
foundation at 7 January Scheme (TeukThlar),
Kandal Province 

PART III: Pipeline Hydraulics and Pump, Head works and Control System
Design
3.1. Pipeline hydraulics
3.1.1 Overview of the subject
These courses are written essentially as a text the engineering module Fluid Mechanics. Each chapter commences
with list of objectives and introduction, and concludes with summary and a comprehensive set of problems requiring both
descriptive and analytical solution. These courses are also important for irrigation engineer to determine the pipeline to
support with the pump and also the fluid flow in the pipeline.
These are the courses of the fluid mechanic that are provided a chapter as below:
- Chapter 1 : Reynolds number and flow regime
 Fluid properties
 Principle of fluid flow
 Flow regimes
 Reynolds number
 Tables of pressure losses in pipes
 Critical Reynolds number
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-

-

 Velocity profiles
Chapter 2: Head loss in pipes and fittings
 Fluid head and Bernoulli equation
 Relationship between fluid power and head
 Head loss in a pipe
 Estimating the friction factor
 Head loss in fitting
 Equivalent length
 System head
 Fluid power and pump power
 System head equation
Chapter 3: pipe flow
 Flow through a single-diameter pipe (unknown flow rate)
 Flow through a single-diameter pipe (unknown pipe diameter)
 Pipe in series
 Equivalent length-series pipes
 Pipe in parallel
 Equivalent length-parallel pipes
 Study on the Moody diagram

The assignment of the course also help students to practice and measure with the instrument of fluid dynamics as below:
- Measure the pressure drops in the circuit
- Establish the relation P=K.Q2
- Find the drop tube by longitudinal equivalent.
- Measure flow with concept standardisation
- Determine the coefficients K and
- Draw the load line for each flow.

Instrument of fluid dynamic

3.1.2. Concrete skills and knowledge to be gained after completion
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This course subject provides students with capability to determine the pipeline design that support
pump and fluid flow in the pipeline. It allows students to calculate head losses in pipes and discharge
as well.
3.1.3. Teaching methods
A. Lecture
- Students study in the classroom;
- Provide lessons to students;
- Explain to students by formula and theory demonstration on white board;
- Present the lessons by LCD projector and show some video clips and pictures;
- Showing the examples and giving some exercises model with the detail
demonstration at the end of each lesson.
- Execution Work
- Divide into small group;
- Review lesson learnt in the room with detailed Q&A on items unclear to student;
- Give chance to student to demonstrate their previous exercise on white board. At this
opportunity students have chances to get more explanation, guidance and key
solutions from the professor;
- After completing the course, a field trip was organised to visit the Water Supply in
Phnom Penh as well as others provinces so that students can compare their
knowledge between theories and practice.

A field trip at Water Supply Authority, Sihanouk Ville Province

Pump, head works and control system design

3.2.

3.2.1. Overview of the subject
The courses of essentials of pump application are divided as follows:

-

-

Chapter 1: Terminology and characteristics
 Turbo pumps
 Classification of pump types
 Capacity versus bore
 Total head
 Specific speed
 Efficiency and required power
 Pump characteristics and specific speed
 Cavitation and suction performing
Chapter 2: Determination of requirements
 Pumping capacities and numbers of units
 Determination of total head
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 Selection of pump type and speed
 Shaft directions
 Prime movers and required output
 Determination of pump requirement
 Selection of materials
- Chapter 3: Operation conditions
 System head curve and operating point
 Combined pump operation
 Control on pump output
 Operational limitations
- Chapter 4: installation, operation and maintenance
 Sump arrangement
 Valve and piping
 Installation of pumping units
 Operation procedures
 Maintenance
The assignment of pump and pumping station helps students to understand how to choose types of pump and their
functionality.

There is a seminar with foreign teachers who come to teach the students about the application of pumping equipment and
refrigeration equipment, this seminar also helps the student understand about:
- Essential of pump technology
- Determination of pump requirement
- Application in irrigation and drainage
- Essentials of refrigeration and technology
- Essentials of chiller and cooling tower
- Application in air conditioning and district cooling
3.2.2. Concrete skills and knowledge to be gained after completion
This course subject provides students the ability to understand the terminology and characteristic of
pumps. Students are able to choose, install, operate and maintain the pump to set up a station
project.
3.2.3. Teaching methods
A. Lecture
- Students study in the classroom;
- Provide lessons to students;
- Explain to students by formula and theory demonstration on the white board;
- Present the lesson by LCD projector and show some video clips and pictures;
- Showing the examples and giving some exercises model with the detail
demonstration at the end of each lesson.
B. Execution Work
- Divide in to small group;
- Review lesson learnt in the room with detailed Q&A on items unclear to student;
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-

Give chance to student to demonstrate their previous exercise on the white board. At
this opportunity students have the chance to get more explanation, guidance and key
solutions from the professor;
Give more home work;
Give assignments to groups.

A field trip at Kamchay Hydropower’s site, Kampot Province
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Chapter II: Government training program on agricultural irrigation

Introduction
As mentioned above, the agriculture sector is a vital contribution to Cambodia’s GDP. To increase agricultural
production, water resources management and irrigation system planning play a very important role to execute
water policy. Therefore, the RGC formulated a new necessary institution, Ministry of Water Resources and
Meteorology in the second mandate. The conveyance capacity of irrigation systems was expected to increase
from 3.32% to 4% annually in agriculture 5 year (1998-2003) plan, and irrigation system for agriculture was
planned to increase up to 374,603.00ha. With the framework of evolving policy context, the General
Department of Irrigation, Meteorology and Hydrology has upgraded the capacity to become a Ministry of
Water Resources and Meteorology (MOWRAM) based on proclamation NS/RKM/0699108, dated June 23rd,
1999.

Views of MOWRAM Building

Besides the high education level, the governmental training programme plays a very significant role in
agricultural irrigation and water resources management in Cambodia. Therefore, a training centre called the
Technical Service Center (TSC) for irrigation and meteorology was established by Royal Government of
Cambodia’s sub decree on December 2006 under the MOWRAM’s umbrella. The TSC’s duty is to strengthen
the capacity of MOWRAM (central & provincial levels) and to recruit new staff.
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TRAINING PROGRAMME
MOWRAM/TSC (Technical Service Center for Irrigation and Meteorology) organised an annual training
course on different subjects to improve the knowledge of the staff from within MOWRAM and from
different provinces under MoWRAM( PDOWRAMs).
These trainings are focused on the following subjects:
Y(1)
N
o

TC Subject

day
s

O
c
t

N
o
v

1 Accurate data collection Methodology appropriate
for Agricultural River Basin Planning by using
Remote Sensing & GIS Technology

10

◆

2 The cost estimation of Irrigation Canal and Canal
Structure by Excel.

5

◆

5

◆

3 Construction Management

4 Accurate data collection Methodology appropriate
for Agricultural River Basin Planning by using
Remote Sensing & GIS Technology
5 Supervision Construction Site

6 Irrigation Planning by GIS

20

Y(1+1)
D
e
c

J
a
n

F
e
b

A
p
r

M
a
y

J
u
n

J
u
l

A
u
g

S
e
p

◆

3

12

M
a
r

◆

◆
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7 Run-Off analysis for River basin (Basin-Wide
Irrigation Planning)

4

8 Farmers Participation for Sustainable Irrigation
System Management

5

◆

9 Hydraulic Design for Irrigation Canal and Canal
Structures

5

◆

10 Accurate data collection Methodology appropriate
for Agricultural River Basin Planning by using
Remote Sensing & GIS Technology

5

11 Irrigation Design and Drawing by Auto Cad

12 Meteorological-Hydrological
Requirement

and

Crop

water

◆

◆

5

◆

10

◆

Irrigation System Planning
Training 1:
Session1: Accurate Data Collection Methodology Appropriate Agriculture River Basin Planning
By Using Remote Sensing and GIS Technology
Duration: 10 days
Purpose:

To acquire the practical skill to utilize methods of remote sensing using satellite images to grasp
topographical and land use conditions.

Trainer:

MSc.Teng Peng Seang, Uch Hing, Mean Seng, & others.

Participant: 22 trainees (staffs from relevant provinces)
Material:
1) Manual for River Basin Management
2) Remote Sensing & GIS
3) CISIS document and others

102 | P a g e

Training course in classroom

Practice at field site

Session 2: Accurate Data Collection Methodology Appropriate for Agricultural River Basin
Planning by Using Remote Sensing & GIS Technology
Duration: 10 days
Purpose:
 To acquire the practical skill to utilize methods of remote sensing using satellite images to grasp
topographical and land use conditions;
 To acquire the practical GPS usage method to collect accurate topographical data;
 To acquire the practical skills to utilize methods of the geographical information system(GIS) to
manage the information technological of irrigation schemes;
 To acquire the practical knowledge of the information technological mechanism and structure of
the Cambodian information system on irrigation Scheme (CISIS) database;
 To learn the appropriate operation method of the CISIS database;
 To learn how to draw schematic irrigation diagram.
Trainer:

Sotha, Saly, Phanna, Seng, Savoeun, Senny

Participant: 12 trainees from different provinces
Material:
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1) How to use GPS Document
2) CISIS form Document
3) Other

Session3: Training course on Accurate Data Collection Methodology Appropriate for
Agricultural River Basin Planning by Using Remote Sensing & GIS Technology
Duration: 5 days
Purpose:
 To acquire the practical skills to utilize methods of remote sensing using satellite images to grasp
topographical and land use conditions;
 To acquire practical GPS skills to collect accurate topographical data;
 To learn practical usage of the geographical information system(GIS) to manage the information of
irrigation schemes;
 To acquire the practical knowledge of the information technological mechanism and structure of
the Cambodian information system on irrigation Scheme (CISIS) database;
 To learn the appropriate operation method of the CISIS database;
 To learn how to draw schematic irrigation diagram.
Trainer:

Teng Peng Seang Uch Hing, Mean Seng, Meas Savoeun, Cheam Senny, Sous Saly,Than Sattya.

Participant: 20 trainees
Material: 1) How to use GPS Document
2) CISIS Document
3) Creating DEM ASC-II format from original Survey dataset
4) Introduction of Agricultural River Basin Management Development
5) Others

Training 2:
Planning)

Training course on Run-off analysis for River basin (Basin wide Irrigation

Duration: 3 days
Purpose:
a. To Understand Basic concept of Agricultural River Basin Management and Development.
b. To learn Method for basin-wide water balance analysis:
- Data collection and database development
- Calculation runoff and water requirement
c. To provide framework of decision-making for irrigation planning
Trainer:

Takeo Yoshida, Hiraiwa Masahiko, Uch Hing, You Sotha and Meas Savoeun

Participant: 12 trainees, 06 provinces
Material:

1) Textbook for River basin-wide irrigation planning
2) Other (Power point)
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Construction Management, O&Mof Pipline, Pump and Headwork Facilities
Training 1:
Training course on Supervision on Construction Site
Duration: 3 days
Trainer:

Mr.NounVannarith, SoaEna, SoeungSotha.

Participant: 20 trainees
Material: 1) Supervision on Construction Site
2) Text Book
3) Other

Training in the classroom

Practice at field site

Farmer’s participation in earth canal construction

Training 2:Training course on Participation of farmer for Sustainable irrigation System
management
Duration: 5 days
Purpose:
a. To learn ways to facilitate farmer’s participation in the Workshop on farmer participation of farmer
to farmer;
b. To Select farmer leader group of FWUG;
c. Water flow, trouble area and solution map making by key farmers.
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Trainer:

Mr. Noun Vannarith, Mr.So kKorn& Mr.Soeung Sotha

Participant: 20 trainees
Material: 1) Manual Participation of farmer for sustainable irrigation System Management;
2) Site Survey;
3) Group discussion to find good point of FWUC or FWUG Activity.

Site survey

Discussion with FWUC leaders

Open Channel Hydraulics
Training 1:
Cost Estimation of Irrigation Canal and Canal Structure by Excel
Duration: 5 days
Purpose:
 To acquire knowledge for cost estimation of irrigation system;
 To learn method for cost estimation.
Trainer:

Hey Bunthoeun,Vutha,Senny

Participant: 20 trainees
Material: 1) Text book
2) Other

Water Control Structure Design
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Training 1:

Hydraulic Design for Irrigation Canal and Canal Structures

Period:

5 days

Venue:

Technical Service Centre for Irrigation and Meteorology (MOWRAM )

Organization: Ministry of Water Resources and Meteorology
Purpose:

To improve capacity of MOWRAM and PDOWRAM staff on how to acquire knowledge for
Hydraulic Canal Design for irrigation system

Participants: Short time expert in charge of design section, 20 PDOWRAM staff from related provinces
The main contents of the training as follow:
- Structural design: kind of load, Load combination, Plain concrete and reinforced;
- Hydraulic design, division box, drop structure;
- Structure design: Culvert , Slab;
- Slope protection, standard drawing, design approach;
- Irrigation System Design;
- Practice the canal hydraulic design in computer for group work;
- Exchange knowledge and skill of hydraulic design and make group presentation.

Classroom participation, lecture given by TSC C/Ps

Training 2:

Group photo conferring certificate to participants

Irrigation Design and Drawing by Auto Cad

Period:

5 days

Venue:

Technical Service Centre for Irrigation and Meteorology (MOWRAM )

Organization: Ministry of Water Resources and Meteorology
Purpose:

To transfer the technical for longitudinal design by Excel and drawing in Auto Cad Program in
Computer.

Participants: Short time expert in charge of design section, 20 PDOWRAM staff from related provinces
The main contents of the training included:
- Longitudinal Design by Excel;
- Important of Canal Design , Function of canal , Other canal area, Typical cross section;
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-

Calculation Table , Table by Excel , Each component, Figure cross section;
Excel command;
Bed slope and canal size : Change of bed slope , Bed slope , Canal size;
Exercise;
Drawing command : basic of drawing , drawing exact length;
Initial setting: Layer, Line type, Dimension Style;
Exercise: Cross section, Put design Elevation, Make template, Copy to specific point, trim the
template, set dimension, measure area of cutting & Embankment;
- Drawing of Long section, put elevation from table prepared, drawing EL of bed canal &
Embankment
- Presentation by group the result of drawing.

TSC C/P & Expert explain how to design the longitudinal by using Auto Cad Program and practice activity

Construction Management
Training 1:
Evaluation of Training Course on Construction Management
Duration: 5 days
Purpose:
 To acquire a knowledge for outline of construction management to MOWRAM & PDOWRAM
staffs;
 To acquire knowledge to MOWRAM & PDOWRAM staff for dimension control & quality of earth
and concrete work through lecture & practice.
Trainer:

Mr. Noun Vannarith, Mr.SaoEna, Mr.Sok Korn, Soeung Sotha

Participant: 20 trainees
Material:1) Manual of Construction Management
2) Textbook of Field Density Test
3) Concrete test, Iron bar test & compaction test.
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Lecture in classroom

Soil sample for test

Density test at field

Equipments for testing
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I.

Introduction

The Lao People’s Democratic Republic (PDR) is classified as one of the least developed countries
(LDC) in South East Asia with an estimated GDP per capita of US$841 in 2012. Its economic
development largely depends on rural development. Agriculture is the most important sector for the
economic development, contributing to around half of GDP and employing approximately 80% of the
labor force.
The Agriculture and Forestry Sector has always been the key sector in the national economic
structure since the declaration of independence and the founding of the Lao People’s Democratic
Republic in 1975. After the adoption of the New Economic Mechanism and the open-door policy in
1986, economic growth rates of Lao PDR were stronger throughout the nineties, despite the Asian
financial crisis. Growth since the start of the new millennium has been steady in a stable macroeconomic climate. The Lao PDR has become an active partner in the Association of South East Asian
Nations (ASEAN) and other regional cooperation initiatives.
To achieve the foundations of Lao PDR’s national development goal, certain strategies have been laid
during the past 30 years of peace and development in the country:
• Moving consistently towards a market-oriented economy;
• Building-up the needed infrastructure throughout the country; and
• Improving the well-being of the people through greater food security, extension of social services
and environmental conservation, while enhancing the spiritual and cultural life of the Lao multiethnic population.
The National Growth and Poverty Eradication Strategy (NGPES) is the strategic framework aiming at
tackling poverty and achieving the government’s goal of graduating from the least developed country
status by 2020. The NGPES has a dual objective: (1) to enhance growth and development, and (2) to
reduce poverty, with a particular focus on poverty alleviation in 47 poorest districts (Improving
Livelihood in the Upland of Lao PDR).
To achieve these objectives, the agriculture and forestry sector is essential as it supports the
economic, social and cultural basis for more than 80% of the population and accounts for more than
one-half of the GDP. These facts make the sector one of the key components of the NGPES.
To support the agricultural development process, the Government of Lao PDR has given high priority
to agriculture and forestry research. This can be seen through the establishment of the National
Agricultural and Forestry Research Institute (NAFRI) in 1999. NAFRI continuously received strong
support from international organisations and has, in a relatively short period, established itself as the
key national organisation in agricultural research with a number of notable achievements in the
generation and dissemination of new technologies and in agricultural and farming systems research
(Ministry of Agriculture and Forestry, National Agriculture and Forestry Research Institute, Lao PDR
Strategic Plan 2011- 2015).
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Poverty in the Lao PDR is a complex issue and can be viewed from many perspectives. For the Lao
multi-ethnic culture, poverty has a particular meaning, as it refers to those families that have been
stricken by misfortune and/or are the least well-off in a given community.
Most of the poor are living in the upland, mountainous and hilly areas. The uplands present a
different set of problems due to their remoteness, inaccessibility, endemic rural poverty, poor credit
and capital accessibility, and other factors. These include all problems of transforming and shifting
cultivation farming systems away from “low-input: low-output” systems in order to stabilise
communities, enhance productivity, improve the socio-economic environment, and minimise the
degradation of the natural resources base. With increasing population density in the upland areas, the
present farming systems inevitably condemn upland rural people to continue to live in poverty.
There are at least six major types of constraints to agricultural growth and development in the
uplands:
1.
2.
3.
4.
5.
6.

Lack of markets and markets’ information flows
Inadequate access to transport and road links
Low incidence of rural savings and investment
Absence of productivity enhancing technology flows
Slow implementation of formal land tenure arrangements
Insufficient community- based irrigation infrastructure needed to optimise water resource
productivity within the agricultural sector.

Irrigation is one of the core subjects and has a long traditional history in water resource engineering.
In order to achieve a good engineering design, designers need to have concrete basic knowledge on
water and its related problems such as meteo-hydrology, soil, plant and water relationships, irrigation
system planning, socio-economic evaluation, and the design of irrigation.
There are two academic campuses that provide a course on irrigation engineering in Lao PDR:
1. The Water Resources Engineering Department (Established in 1981 by the Ministry of Education,
Tourism and Sports);
2. Thangone Irrigation College (Established in 2000 by the Ministry of Agriculture and Forestry).
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II. Overview of College.
2.1 Water Resources Engineering Department

2.1.1 Background

The Water Resources Engineering Department (WRED) was established in 1981. It is a department
under the Faculty of Engineering, National University of Laos, Ministry of Education and located in
Tadthong Campus. WRED is the only educational institution offering higher diplomas and Bachelor
degrees in Irrigation and Management. Many graduates from WRED are recruited in the Irrigation
Division of the Provincial Agriculture and Forestry Services Office and the District Agriculture and
Forestry Services Office. They work closely with farmers on irrigation farming activities. WRED
runs both a 5-year Bachelor’s Degree programme and 4 year higher Diploma courses. The main
activity at WRED is to provide students with educational services such as lectures, and hands-on
experience in laboratories in order to produce qualified students. Tadthong campus is situated in the
vast area of 24.4 ha on Route 13 North, 15 Km west from Vientiane Capital. It has been an excellent
place in terms of providing practical classes to students and training courses to locals.
2.1.2 Objectives
 To produce high qualified human resources in irrigation engineering and water resources
management in the region.
 To contribute to a high number of irrigation engineers for the nation.
 To improve education and human resources in water resources management and irrigation system.
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2.1.3 Curriculum and Courses offered
The Bachelor’s Degree Programme has 181 Credits.
1. Water Resources Management
2. Survey-Design and Construction of Irrigation Engineering
o Higher Diploma Programme 116 Credits
o Continuous Bachelor’s Degree Programme 134 Credits (Special Course for technical alumni)
o Continuous Bachelor’s
2.1.4 Admission
Students who completed high school can apply to study at the National University of Laos (NUOL)
either through a quota system or an entrance examination system. For the former system, each
province selects students to be admitted to the NUOL based on their academic performance. For the
later one, students can apply to NUOL through the national entrance examination.
In the past years, approximately 60% of students entered through the quota system while the
remaining 40% through the examination.
2.1.5 Research Activities
1) Characterisation of physical water quality close to small scale gold mining activities;
2) Study of nutrient concentration in the Mekong River;
3) Analysis of basin’s physical characteristics to determine surface runoff in Xedone Basin;
4) Development of dam safety surveillance system;
5) Operation and maintenance of irrigation headwork of Tadthong irrigation system by the
farmers;
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6) Climate change impact on Nam Theun development in Bolikhamxay province “Analysis of
production costs of paddy under gravity irrigation systems and pumping irrigation systems”;
7) Water use inventory at the sub-catchments area;
8) Labour sharing among villagers as contribution to irrigation development in Bolikhamxay
province “Analysis of production costs of paddy under gravity irrigation systems and
pumping irrigation systems.

116 | P a g e

2.1.6 Number of Graduated Students
Table-1: Statistics of graduated students in each year
Year

Middle level

1981‐1982
1982‐1983
1983‐1984
1984‐1985
1985‐1986
1986‐1987
1987‐1988
1988‐1989
1989‐1990
1990‐1991
1991‐1992
1992‐1993
1993‐1994
1994‐1995
1995‐1996
1996‐1997
1997‐1998
1998‐1999
1999‐2000
2000‐2001
2001‐2002
2002‐2003
2003‐2004
2004‐2005
2005‐2006
2008‐2007
2007‐2008
2008‐2009
2009‐2010
2010‐2011
2011‐2012
Total

47
32
47
47
37
45
45
52
56
0
30
52
54
50
39
38
29
38
31
21
33

823

Diploma degree
(3 years)

52
27

52
25
14
221

Diploma degree
(4 years)

Bachelor’s
degree (5 years)

43
49
59
64
23
49
67
73
124
171
184
141
153
80
128
66
70
43

1587

14
16
35
17
23
35
28
32
18
6
50
72
346

Total

73
101
113
116
66
61
78
105
104
159
220
219
158
176
115
156
98
88
101
75
86
2977
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2.2 Thangone Irrigation College
2.2.1 Background
Thangone Irrigation College was established in 1999 by the Department of Irrigation (DoI), Ministry
of Agriculture and Forestry (MAF). Initially, the Irrigation College offered only medium level
(Diploma). Nowadays, the Thangone Irrigation College is offering a higher diploma programme. The
College is located at Phoukham Village, Xaythany District, Vientiane Capital, Lao PDR. It is about
25 Km from Vientiane Capital on road No. 10.

2.2.2 Objectives
The objective of the college is to produce qualified human resources with specific skills in irrigation
engineering, irrigated agriculture and water resource development.
2.2.3 Education Systems
1. Medium Curriculum (2 year system)
2. Higher Curriculum (3 year system)
3. Higher continuous studies Curriculum (18 month system)
2.2.4 Programme Majors
1. Survey and Design;
2. Materials and Construction;
3. Irrigation and Drainage Development;
118

4. Maintenance and Operation of Irrigation Project.
2.2.5 Conditions of Candidates
1. Students with a government scholarship are automatically accepted to study in the university;
2. Students without a government scholarship, have to take an entrance examination in order to
enter into Thangone Irrigation College.
2.2.6 Candidate Standards
1. Medium curriculum: 2-year study, the course admits students who completed secondary and
upper secondary school;
2. Higher Curriculum: 3-year study, the course admits students who completed upper secondary
school.
3. Higher Curriculum: 18-month study, the course admits students who completed medium level
concerning the major and local staffs from District Agriculture and Forestry Offices and
Provincial Agriculture and Forestry Offices.
2.2.7 Special Requirements
1. Behaviours:
- Property
- If he/she has ever been prosecuted and punished
- If he/she likes the job
2. Heath Conditions and Other Requirements:
- Students who have been diagnosed transmitted disease, e.g. sexual transmitted diseases and
involved in drugs (narcotics) are not permitted to enroll in the programmes.
- Students must be diligent and industrious in order to complete the study.
3. Tuition Fees:
- Exemption from tuition fee for students awarded with government scholarship.
- Students without government scholarship have to pay 25,000 kip for the enrollment fee.
- The existing self-supported students will have to pay 20,000 kip for the enrollment fee.
4. Special Students (Poor):
The students who have financial constraints and cannot afford tuition fees can request support.
In this case, students need to submit a request paper certified by their local authorities and
submit it to the college.
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2.2.8 Supporting Facilities
1. Buildings:
-

Offices, libraries, lecture halls, and stadiums.
Laboratories and technical examination tools.
Student dormitories (men-women).
Teacher dormitories.

2. Equipments and Tools:
- Teaching tools (Computers, LCDs, projectors, Theodolite, Level instrument, GPS, Total
station and etc…)
- Communication materials: telephone, fax and Internet.
- Electricity and water supply.
3. Vehicles:
- Vehicles, Cars.
- 15 seat bus, and auto and motorcycles.
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2.2.9 Education activities
Teaching Activities

Examination

Studying Activities

Surveying practice

Site visits of teachers and students at the project sites
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Practical Soil Density Test

Sports Activities

Graduation Ceremony
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2.2.10 Number of Graduated Students
Table-2: Statistics of graduated students in each year
Year
2001‐2002
2002‐2003
2003‐2004
2004‐2005
2005‐2006
2008‐2007
2007‐2008
2008‐2009
2009‐2010
2010‐2011
2011‐2012
Total:

Middle level

Diploma degree
(3years)

28
89
86
116
117
87
73
54
38
34
19
741

Diploma degree
(1.5years)

28
28
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Total

25
25
50

28
89
86
116
117
87
73
54
38
59
72
819

Thailand

Training Materials and Capacity Building Programes for the
case of Thailand
1. Overview of college/universities curricula
As described in an earlier section, an academic provision associated with irrigation engineering plays
an important role in providing irrigation knowledge as well as a technical design. There are seven universities
and one college in Thailand having potential to offer bachelor’s, master’s and doctoral programmes in
irrigation, namely Kasetsart University, Asian Institute of Technology, University of Chulalongkorn, KhonKaen
University, Mahanakhorn University, Thammasart University, King Mongkut’s University of Technology
Thonburi and Irrigation College.
Technical certificate systems in civil and irrigation engineering are simply categorised into two main
certificates. One is a bachelor’s degree certificate, which can be acquired from the universities and the
colleges in Thailand as it provides subjective and selective courses of 4 years to complete the degree. The rest
is a certificate that aims to provide more knowledge in civil and irrigation techniques, civil engineering work
on operation and management, water resources engineering and management in the areas of civil, water
resources, agriculture and irrigation; this certificate is set up as a short course, which period varies between
3‐5 days and up to one month. To obtain the first certificate, the student who has completed his/her high
school education needs to undergo the admission’s system or entrance system provided by the Ministry of
Education. The curricula to obtain the first certificate is fixed, but the second type of certificate system is
different depending on the policy of each academic/institute. To obtain the second type of certificate,
students can attend above‐mentioned universities. The Thai Council of Engineers and Irrigation Development
Institute provide civil and irrigation engineering curricula. Both certificate systems also have credits and fee
charges.
As also mentioned in the section “Career Path of Irrigation Engineers in the Government” (Section 2,
the 1st assignment), study courses in the engineering programme shall be certified by The Office of the Higher
Education Commission. Furthermore, to work as an irrigation engineer in the career path of
government/company, the study course shall also be certified by the Office of the Civil Service Commission
(OCSC) affiliated with the Office of the Prime Minister and Thai Council of Engineers. This causes the study
course on engineering program of all universities is similar.
We will use the bachelor of engineering programme in civil irrigation (updated 2013) offered by
Kasetsart University as an example. Since various relevant mandatory subjects more than 40 subjects are
required for this curriculum, some mandatory subjects in accordance with AIP Activity 2.1.3 TOR are
presented in Table 1 as follows:
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Table 1 Mandatory subjects for the bachelor of engineering programme in civil engineering – irrigation (2013)
Teaching
Year
Semester Subject Name Concrete skills and
Software and
Methods
knowledge to be gained
Tools
after completion
[Lecture (hr.)‐
Lab.(hr.)‐Self
Learning (hr.)]

First

1

Engineering
Drawing:

2

Mechanics of
Materials I:

Second 1

Surveying:

Lettering techniques;
applied geometry drawing;
sketching techniques;
orthographic drawing;
pictorial drawing;
dimensioning; sectional
view drawing; auxiliary
views; introduction to
descriptive geometry;
development; computer‐
aided drawing.
stress, strain, Hooke's law,
Poisson's ratio; stresses in
thin walled cylinders;
torsion in cylinders; helical
springs; stress, shear and
bending moment in beams;
deflection of beams; total
stress; Mohr’s circle; total
strain.
General principles; errors in
surveying; map and scales;
principles and the use of
theodolite (a precision
instrument for measuring
angles in the horizontal and
vertical planes); distance
and precise angle
measurements; traverse,
leveling and precise
leveling; calculation and
adjustment of field data
work; error specification;
triangulation and precise
determination of azimuth;
plane coordinate system;
detail surveying for plotting
topographic map;
construction surveying;
horizontal and vertical
curves.
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[2‐3‐6]

AutoCad,
SolidWorks.

[3‐0‐6]

Text books,
lecture document
and PowerPoint.

[3‐0‐6]

Survey
instruments (e.g.
digital theodolite,
auto level), staff‐
gage, ranging
pole, tape and
chain for
measurement,
plane table,
planimeter, Global
Positioning
System (GPS),
plumb bobs.

Table 1 (Cont’d)
Year
Semester Subject
Name

Concrete skills and knowledge to
be gained after completion

Teaching
Methods

Software
and Tools

[Lecture
(hr.)/Lab.(hr.)/Self
Learning (hr.)]

Second 1

Introduction
to Irrigation
Engineering:

Materials
Science for
Engineers:

Second 2

Engineering
Hydrology:

Structural
Analysis I:

Principles of irrigation, soil‐
water‐plant relationships, crop
and irrigation water
requirements, irrigation
scheduling, yield response to
water, water application
methods, characteristics of
irrigation works in the past and
present, irrigation project
components, irrigation and
environment, methods of water
delivery and drainage systems.
Study relationship between
structures, quality and
production process of
engineering, materials, crystal
structure and faults of crystal,
production of materials, such as
steel, ceramics and polymers as
well as electrical property,
mechanical property and light of
materials.
Hydrological process and
measurement, rainfall‐runoff
relationship, statistics for
hydrology, hydrological analysis
and design, reservoir analysis and
design.
Introduction to structural
analysis, reactions, shears and
moments in statically
determinate structures; graphic
statics; influence lines; analysis of
stresses in trusses; structures
subjected to moving loads;
deflections of beams and frames,
method of virtual work and strain
energy; Williot‐Mohr diagrams;
analysis of statically
indeterminate structures by
method of consistent
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[3‐0‐6]

CropWat for
Windows
Version 4.2,
WinFlume

[3‐0‐6]

Text books,
lecture
document
and
PowerPoint.

[2‐3‐6]

Text books,
lecture
document
and
PowerPoint.

[3‐0‐6]

Text books,
lecture
document
and
PowerPoint.

deformation.
Table 1 (Cont’d)
Year
Semester Subject
Name

Concrete skills and knowledge
to be gained after completion

Teaching
Methods

Software and
Tools

[Lecture
(hr.)/Lab.(hr.)/Self
Learning (hr.)]

Second 2

Concrete
and
Engineering
Material:

Fluid
Mechanics:

Third

1

Mechanics
of Materials
II:

Civil
Engineering
Materials
Testing
Laboratory:

Structural
Analysis II:

The fundamental behaviours
and properties, introduction to
inspecting and testing of
various civil engineering
materials, steel and rebar,
wood, cement, aggregates and
admixtures, fresh and
hardened concrete, highway
materials, other civil
engineering materials.
Properties of fluid, fluid statics,
continuity, momentum and
energy equations, dimensional
analysis and similitude of fluid
flow, steady incompressible
flow through pipes and open
channels.
Shear centre; unsymmetrical
bending; curves beams; beams
on elastic foundation; torsion
of shafts of noncircular cross‐
section, torsion of thin‐walled
section; composite beams;
medium length column and
long column, critical load, Euler
formula; strain energy method;
theories of failure.
Laboratory testing of civil
engineering materials: steel,
non‐ferrous metals and wood;
compression, tension, shear,
torsion, flexure, and hardness.

Analysis of indeterminate
structures by elastic load
method, strain energy method,
slope‐deflection method,
moment distribution method;
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[3‐0‐6]

Text books,
lecture
document and
PowerPoint.

[3‐0‐6]

Text books,
lecture
document and
PowerPoint.

[3‐0‐6]

Text books,
lecture
document and
PowerPoint.

[0‐3‐2]

Text books,
lecture
document and
PowerPoint,
concrete Lab
with testing
instruments
Text books,
lecture
document and
PowerPoint.

[3‐0‐6]

influence line of continuous
beams and frames;
introduction to plastic analysis;
second order analysis by load
and lateral deflection method;
approximate analysis of
building frame; matrix method;
computer programme in
structural analysis.
Table 1 (Cont’d)
Year Semester Subject Name

Concrete skills and knowledge to
be gained after completion

Teaching
Methods

Software and
Tools

[Lecture
(hr.)/Lab.(hr.)/Self
Learning (hr.)]

Third 1

Reinforced
Concrete
Design:

Soil
Mechanics:

Laboratory
for Fluid
Mechanics:

Third 2

Design of
Timber and
Steel
Structure

Fundamental behaviour in trust,
flexure, shear, torsion, bond and
interaction among forces; design
of reinforced concrete structures
by working stress method and
ultimate strength method; design
principles; application to basic
structural members; structural
design for deep beam, corbel, and
retaining wall; design practice.
Soil genesis; physical properties of
soil; engineering soil
classifications; soil investigation
and testing; density, compaction
and soil improvement; soil and
pore water relationship, flow of
water in soil; stress within soil
mass; strength and stability of
soil; bearing capacity theories;
consolidation and settlement.
Experiments for verification of the
principles of fluid mechanics,
Bernoulli's apparatus, pump,
turbine, flow through pipes and
channels, flow through weir,
preparation of reports on
experiments.
Design of timber and steel
structures, tension and
compression members, beams,
beam‐columns, built‐up
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[3‐3‐6]

Text books,
lecture
document and
PowerPoint.

[3‐0‐6]

Text books,
lecture
document and
PowerPoint.

[0‐3‐2]

Text books,
lecture
document,
Science lab,
lab.
instruments,
etc.
Text books,
lecture
document and
PowerPoint.

[3‐3‐6]

Design of
Farm
Irrigation
Systems:

Table 1 (Cont’d)
Year
Semester Subject Name

members, plate girders,
connections; design practice.
Components of farm irrigation
systems; selection of water
application methods; design and
evaluation of surface irrigation
system, land grading for irrigation;
design of water delivery systems;
farm water control and drainage
systems; design of low head pipe
irrigation system.

[2‐3‐6]

Concrete skills and knowledge Teaching
to be gained after completion Methods

Software
Tools

Field
study
on
water
management,
irrigation
system, irrigation structures
and farm irrigation system
during
construction
and
operation, report writing.

Text
books,
lecture
document and
PowerPoint.

[Lecture
(hr.)/Lab.(hr.)/Self
Learning (hr.)]

Third

2

Irrigation
Field Study:

Text books,
lecture
document and
PowerPoint.
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and

Soil
Mechanics
Laboratory:

Principles of engineering soil [0‐3‐2]
testing; data collection and
interpretation;
report,
applications of test results in
civil
engineering
works;
laboratory works on soil
boring, sampling, physical
properties, engineering soil
classification,
engineering
properties, soil compaction,
field density, permeability.

Foundation
Design:

Fourth 1

Application of soil mechanics [3‐0‐6]
principles to solve civil
engineering problems; soil
investigation for foundation
design; design of shallow and
piled foundations; settlement
analysis
of
foundations;
design of earth structures and
earth retaining structures;
stability design of earth
slopes; design practice.
Construction The
fundamental
of [3‐0‐6]
Engineering
construction
management;
and
organisational administration;
Management: construction bidding and cost
estimation;
construction
contract and specifications;
construction
planning,
scheduling and controlling;
resource
management;
equipment;
safety
in
construction.
Design
of General characteristic of [2‐3‐6]
Canal
and irrigation systems, irrigation
Conveyance
systems layout, design of
Structures:
earth canal and concrete
lining canal section, design of
transition, design of bench
and elevated flume, design of
drop structure, design of box
culvert,

Table 1 (Cont’d)
Year
Semester Subject
Name

Concrete skills and knowledge Teaching
Methods
to be gained after completion
[Lecture
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Text
books,
lecture
document and
PowerPoint. Lab.
soil test, sieve,
density
apparatus,
proving
ring,
compression
machine, shear
box, direct shear
testing machine,
etc.
Text
books,
lecture
document and
PowerPoint.

Text
books,
lecture
document and
PowerPoint.

Text
books,
lecture
document and
PowerPoint.

Software and
Tools

(hr.)/Lab.(hr.)/Self
Learning (hr.)]

Fourth 1

(cont’d)
design of inverted siphon and [2‐3‐6]
Design
of engineering drawing.
Canal
and
Conveyance
Structures:
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Text books,
lecture
document
and
PowerPoint.

Design
of
Pipe
and
Pressurized
Irrigation
Systems:

Pump and pipe systems, [3‐0‐6]
selection of pump and pipe
systems, selection of pumps and
accessories, hydraulic of pipe
flow, design of pipe and control
systems, design of sprinkler and
micro irrigation, design of
fertigation system.
Management Water resources management [3‐0‐6]
of
Water under hazard and uncertainty,
resources
principle of integrated water
Project:
resources
management,
principle
of
project
management, organization and
institution, social, economic and
environmental implication of
water resources project, water
requirement and project water
balance, operation of water
resources
project,
water
delivery, project maintenance,
crop yield model monitoring
and evaluation of water
resources project, computer
application in project planning
and management.
Highway
Historical
development
of [3‐0‐6]
Engineering: highways; development of
highways in Thailand; highway
administration; principles of
highway planning and traffic
analysis; route survey for design
and construction of highway;
soil investigation and testing;
geometric
design
and
operations
of
highways;
highway finance and economic;
design of flexible pavement and
rigid
pavement;
highway
materials; bituminous surface
and asphalt; highway drainage;
highway
construction
and
maintenance.

Table 1 (Cont’d)
Year
Semester Subject Name

Concrete skills and knowledge Teaching
Methods
to be gained after completion

[Lecture
(hr.)/Lab.(hr.)/Self
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Text books,
lecture
document
and
PowerPoint.

Text books,
lecture
document
and
PowerPoint.

Text books,
lecture
document
and
PowerPoint.

Software
and Tools

Learning (hr.)]

Fourth 1

Hydraulic
Engineering:

Open channel flow and design, [3‐0‐6]
sediment transportation in
stream, reservoirs and dams,
spillways,
stilling
basins,
conveyance, drainage, flow
measurement, pipe network
analysis,
water
hammer,
turbines and pumps, hydraulic
models.
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Text books,
lecture
document
and
PowerPoint.

Research
Methods
in
Irrigation
Engineering:

2

Drainage and
Flood
Protection:

Design
of
Small Dams
and
Water
Control
Structures:

Feasibility
Study
and
Environmental
Impact
Assessment of
Water
Resources
Development
Projects:

National research policy and
direction in irrigation and water
resources engineering, topics in
irrigation engineering research,
document
search,
and
statistical method for research,
writing research proposal,
writing and presentation of the
research result.
Principle of drainage and flood
protection, design discharge,
hydraulics of drainage works,
soil water flow in drainage,
design and layout of main
drainage channel, agricultural
land drainage, agricultural
water quality and soil salinity
control.
Design of small earth dams,
concrete
weirs,
spillways,
energy
dissipaters,
head
regulator, bank protection,
construction cost estimation of
water resource works and
planning of construction.
Planning of water resources
development
project,
considerations on engineering,
socio‐economic,
agriculture
and environmental issues in
planning of water resource
project, cost and benefit
analysis, environmental and
social impact assessment,
preparation of study report,
case study.
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[1‐0‐2]

Text books,
lecture
document
and
PowerPoint.

[3‐0‐6]

Text books,
lecture
document
and
PowerPoint.

[3‐0‐6]

Text books,
lecture
document
and
PowerPoint.

[3‐0‐6]

Text books,
lecture
document
and
PowerPoint.

Moreover, some interesting courses for the bachelor of engineering programme in civil– irrigation
engineering are also provided by universities (Box 1). As shown in Box 1, there are mandatory subjects for the
bachelor of engineering programme in civil engineering – water resources engineering, which are also setup
for the civil– irrigation engineering programme.
Box 1: Some mandatory subjects for the bachelor of engineering programme in civil – water
resources engineering

Design of Hydraulic Structures:
Application of hydrology, hydraulics, structures and soil mechanics for design of
headwork; dams, weir, barrages, appurtenant structures; and for design of conveyance
structures; use of mathematical model for design of hydraulic structures, practical problems,
principles for system operation and maintenance.
Flow in Open Channel:
Principle of fluid flow, energy and momentum in open channel flow, critical flow,
uniform flow, non‐uniform flow, steady flow, hydraulic design of open channel, analysis of water
surface profile, water control structures in open channel.
Groundwater Engineering:
Groundwater occurrences, characteristics and hydraulics of groundwater movement,
groundwater flow analysis, groundwater investigation, well hydraulics, well drilling techniques,
well design, well maintenance, and ground water recharge.
Water and Land Resources Management Engineering:
Watershed management, organisation and responsibility, socio‐economic and
environmental conditions of land and water resources systems, land suitability and land use
planning, pollution in soil and water, land and water conservation engineering, information
technology for land and water resources management.
Management of Water Resources Project:
Water resources management under hazard and uncertainty, principle of integrated
water resources management, principle of project management, organisation and institution,
social, economic and environmental implication of water resources project, water requirement
and project water balance, operation of water resources project, water delivery, project
maintenance, crop yield model monitoring and evaluation of water resources projects,
computer application in project planning and management.
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2. Regularly organised staff training
Various training courses are provided by the irrigation agency to increase government officials’ potential,
skills, knowledge, know‐how and capability to deal with their specific important work. Detailed information
about some training courses is provided by sample courses (Sections 2.1‐2.8) as those are useful and related
to irrigation engineer. In every course an achievement shall be evaluated after the end of training as it also
provides certification for trainees who have received training; these processes shall be in accordance with the
specified criteria by training organisation/institute as follows.
Course Evaluation
The following criteria are used to evaluate course achievements and performance:
1. The number of trainees shall not be less than 80% of the target number of trainees specified by the
training institute.
2. The number of trainees who pass the training with good level shall not be less than 50%
3. The number of trainees who plan to apply the knowledge from training for work operation shall not be less
than 50%
4. The amount of real expense for project management shall be less than 2% of the allocated budget of the
training course.
Trainee Certification
Certification from the training course is provided to trainees; however, each trainee shall pass the
specified criteria of each course requirement. To receive the certificate from the training course, trainees
shall attend training for not less than 80% of training time period. The levels for passing the training can be
classified into 3 levels: fair, good, and very good.
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2.1 Advance Hydraulic Knowledge Skill for Designing course:
Complex hydraulic calculation and analysis often involved in the design process is unavoidable for RID
engineers. Skills in hydraulic engineering and the range of problems that one can handle are limited by
experience, tools, and chance of facing similar problems. Selection of irrigation structure is sometime not
appropriate in terms of its hydraulic behaviour under topographic and geotechnical constrains. This course is
thus necessary to improve advanced hydraulic knowledge and skills in designing civil works for RID officials

Training Title
Organizer
Goal

Advance Hydraulic Knowledge Skill for Designing
Irrigation Development Institute (IDI), Royal Irrigation
Department (RID).
1. To acquire hydraulic knowledge related to engineering
designing work.

2. To apply knowledge gained from the training course to
engineering
designing
work.
3. To provide a chance for trainees to exchange skills,
knowledge and opinions about hydraulic engineering and its
practical application in engineering work.
Target trainees
Officials who work on a professional level (K2) onward, who
received a License for Professional Practice in Civil Engineering
(professional engineer level) in not less than 5 years, who have
at least an academic bachelor’s degree, and who have ever
learned open‐channel & hydraulics.
Language
Thai
Program
curricula
and ‐1 time per year, Short 4‐day course, 25 persons per course,
duration
during September.
Concrete skills and knowledge Understand hydraulic characteristics for civil works including
to be gained after completion hydraulic analysis and calculation for specific irrigation head
works, namely head regulator, bridge, weir, etc. Trainees will
gain knowledge on energy and momentum equation, specific
energy, critical and uniform flow, hydraulic jump, gradually
varied flow, spatial varied flow as well as case study.
Average number of trainees 25 persons
per year
Training Methods
Lecture, case study, group training, comprehensive discussion.
Software and Tools
Spread sheet for calculation.
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2.2 Application of Supervisory Control And Data Acquisition (SCADA) and Telemetering in Irrigation Works
course:

Water executive and management system development needs metrological and hydrological data in real
time, namely water level of reservoir and irrigation canal, rainfall amount in different watershed areas, etc.
Such information is strictly required to analyse actual hydraulic behaviour of water during management;
SCADA and Telemetering system thus is introduced and installed for water management by RID. This course
aims to enable understanding on SCADA and Telemetering in irrigation Works among RID officials

Training Title
Organiser
Goal

Application of SCADA and Telemetering in irrigation Works
Irrigation Development Institute (IDI), Royal Irrigation
Department (RID).
1. To acquire and increase knowledge of SCADA and
Telemetering system related to irrigation works. This includes
system design, control, installation, application as well as
system maintenance.

2. To provide a chance for trainees to exchange skills,
knowledge and opinions about the application of SCADA and
Telemetering system to irrigation works.
Target trainees
Officials who work on SCADA and Telemetering design, its
application, control, installation, and maintenance.
Language
Thai
Program
curricula
and ‐1 time per year, Short 1‐day course, 30‐40 persons per course,
duration
during May.
Concrete skills and knowledge Officials will receive knowledge of SCADA and Telemetering
to be gained after completion system related to irrigation works. This includes system design,
control, installation, application as well as system maintenance.
This course provides useful research, which applies SCADA and
Telemetering system to remotely control a head regulator.
Average number of trainees 30‐40 persons
per year
Training Methods
Lecture, case study, group training, comprehensive discussion.
Software and Tools
PowerPoint presentation, VDO multimedia.
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2.3 Water delivery planning and monitoring using Water Algorithm Scheduling and Monitoring (WASAM)
Version 3.01 and reservoir management and monitoring using Reservoir Operation and Monitoring Program
(RESOM) Version 1.2 course:
In the past, water delivery planning and evaluation including reservoir management and evaluation were
performed using manual calculation as well as some application spreadsheet. With the problem of data
management and complexity of the irrigation system, especially for large scale projects, there was a need to
develop a computer programme for such purposes. WASAM Version 3.01 (Water Allocation Scheduling and
Monitoring Program) and RESOM Version 1.2 (Reservoir Operation and Monitoring Program) were therefore
developed. This course is required in order to provide RID officials with an understanding on the use of such
applications in real irrigation works.

Training Title

Organizer
Goal

Water Delivery Planning and Monitoring using WASAM Version
3.01 and Reservoir Management and Monitoring using RESOM
Version 1.2
Irrigation Development Institute (IDI), Royal Irrigation
Department (RID).
1. Officials can perform water delivery planning for reservoir
and irrigation system as well as its management, and
monitoring.
2. Officials can adopt new technology for data management
(i.e. collection, storing, retrieving and analysis) in water
management, discharge calculation, water delivery planning,
weekly water supply rotation, and reservoir monitoring and
management.

3. Officials can effectively apply such applications to Irrigation
Projects of Thailand.
Target trainees
Officials who work for RID and have operation duty on water
management.
Language
Thai
Program
curricula
and ‐2 time per year, Short 5‐day course, 30 persons per course,
duration
during March, April and June.
Concrete skills and knowledge Officials will receive knowledge on application of WASAM
to be gained after completion Version 3.01 and RESOM Version 1.2 for reservoir and irrigation
system, they will also know the data needs for such application,
how to collect the data and how to report and analyse the
output.
Average number of trainees 60 persons
per year
Training Methods
Lecture, case study, group training, comprehensive discussion.
Software and Tools
PowerPoint presentation, VDO multimedia, WASAM Version
3.01 and RESOM Version 1.2
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2.4 Soil Engineering Properties Evaluation for Irrigation Works course:
The responsibility and duty of RID covers project planning, design, construction, investigation of civil and
irrigation structures. An important data need for such purposes is information of soil properties for both
physical and engineering properties; this includes soil collection, investigation, analysis and improvement.
This course is thus essential to enable RID officials to understand soil properties evaluation in irrigation works
context.

Training Title
Organizer
Goal

Soil Engineering Properties Evaluation for Irrigation Works
Office of Engineering Topographical & Geotechnical Survey,
Royal Irrigation Department (RID).
1. Trainees can evaluate soil properties (engineering and
physical properties) form borehole, test pit.
2. Trainees can apply this knowledge as well as use soil
properties information from borehole and test pit for
engineering design, construction control and investigation of
damage irrigation structure.

3. Trainees can design foundation, perform an analysis to
improve soil foundation, and analyse slope stability of soil
embankment.
Target trainees
Officials who work for RID and have operation duty on water
management.
Language
Thai
Program
curricula
and ‐1 time per year, Short 3‐day course, 45 persons per course,
duration
during August.
Concrete skills and knowledge Trainees will receive knowledge on evaluation of soil properties
to be gained after completion (engineering and physical properties) form borehole, test pit.
Trainees can apply this knowledge to irrigation planning,
engineering design and construction including an
understanding on topographical & geotechnical survey, its data,
testing, and application in accordance with international
standards.
Average number of trainees 45 persons
per year
Training Methods
Lecture, case study, group training, comprehensive discussion.
Software and Tools
PowerPoint presentation, VDO multimedia

2.5 Waters‐Saving Irrigation System Design course:
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Thailand is an agriculture country, with a great potential in agricultural goods and commodities production. It
is thus among the world’s ten largest rice producing countries. However, scarcity of available water for use
especially in dry season is the main issue that shall be taken into consideration. Only the quantity oriented
approach of developing water resources by introduction of new irrigation structures for water storage may
not be enough for sustainable development; thus, the quality oriented approach for increasing water‐use
efficiency such as promotion of water‐saving irrigation system is a useful choice instead. This course is
essential to enable RID officials understand the water‐saving irrigation system, its design and application.

Training Title
Organiser
Goal

Water‐Saving Irrigation System Design
Irrigation Development Institute (IDI), Royal Irrigation
Department (RID).
1. Trainees understand process and step for crop water
requirement estimation.
2. Trainees understand water‐saving technique, application,
and installation in the actual field.

3. Trainees understand various water‐saving schemes, their
merits and demerits, limitations, system designing,
maintenance, its cost estimation and tools.
Target trainees
1. Officials who work in the field of construction, water delivery
and maintenance.
Language
Thai
Program
curricula
and ‐1 time per year, Short 3‐day course, 30 persons per course,
duration
during February.
Concrete skills and knowledge Trainees will gain irrigation knowledge, have skills on crop
to be gained after completion water requirement estimation, water‐saving technique
selection. Trainees also can design water‐saving system, select
tools and system components, and receive skills for application
and installation in the actual field.
Average number of trainees 30 persons
per year
Training Methods
Lecture; demonstrate system design, application, and
installation; case study; group training; field practice;
comprehensive discussion.
Software and Tools
PowerPoint presentation, VDO multimedia, drip and sprinkler
irrigation system components.

2.6 Measurement the Amount of Irrigation Water in the Irrigation System:
Measurement of the amount of irrigation water in the irrigation system is essential for water delivery activity.
It confirms that water released to the irrigated‐area or to farms fulfils demand within an appropriate
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efficiency target. Furthermore, measured data is important information for consideration of repair,
improvement, and rehabilitation of irrigation structures in case the reduction of structure performance is
found. This course is to understand the process for measurement and calculation of the amount of irrigation
water the irrigation system.

Training Title
Organiser
Goal

Target trainees

Language
Program
curricula
and
duration
Concrete skills and knowledge
to be gained after completion

Measurement the Amount of Irrigation Water in the Irrigation
System
Irrigation Development Institute (IDI), Royal Irrigation
Department (RID).
1. Trainees can apply measurement of the amount of irrigation
water in the irrigation system to the real irrigation water
delivery activity in a practical and effective way.
2. Trainees can utilise the useful information form SCADA and
Telemetering system, installed at irrigation projects, in the
calculation of the amount of irrigation water in the irrigation
system.
1. Trainee shall be a RID government official who works in the
field of irrigation operation and maintenance.
2. Trainee shall have basic knowledge of MS‐Excel.
Thai
‐1 time per year, Short 3‐day course, 30 persons per course,
during May.
Trainees will gain knowledge in the contexts of flow in open
channel, measurement technique for measurement the amount
of irrigation water in the irrigation system, using of
Telemetering data for calculation of the amount of irrigation
water in the irrigation system.

Average number of trainees 30 persons
per year
Training Methods
Lecture; demonstration of measurement tools; group training;
field practice; comprehensive discussion.
Software and Tools
PowerPoint presentation, VDO multimedia, measurement tools
such as current meter, V‐notch weir, SCADA and Telemetering
system, etc.

2.7 Engineering and Architecture Design and Calculation for Water Resource Development, Water
Management, Flood Protection as well as Relevant Civil Works:
The RID strategy is comprised of 3 main duties: water resources development, water management, and
flood protection. In order to increase their potential, skills and performance for effective work operation, the
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training course has been prepared for RID officials who have related work on civil and irrigation in the
contexts of project planning, survey, and design for water resources development, high potential water
management.

Training Title

Organizer
Goal

Engineering and Architecture Design and Calculation for Water Resource
Development, Water Management, Flood Protection as well as Relevant
Civil Works:
Office of Engineering and Architecture Design, Royal Irrigation
Department (RID).
1. Trainees will understand the basic dam and irrigation appurtenant
structures design.
2. Trainees have capable to design irrigation system and appurtenant
structures, reservoirs and weirs project.
3. Trainees will receive knowledge on reinforcement concrete design
and design of civil structure.
4. Trainees will understand procedures, steps, and version on
architecture and landscape design
5. Trainees will learn a preparation of irrigation project cost estimation
and report.
6. Trainees understand bidding process, and contract documents.

Target trainees

1. Trainee shall be a RID government official who works in the Office of
Engineering and Architecture Design, Royal Irrigation Department.

2. Trainee shall be a RID government official who works in the Regional
Irrigation Office 1‐17.
Language
Thai
Program
curricula
and ‐1 time per year, short 14‐day course, 50‐60 persons per course, during
duration
May.
Concrete skills and knowledge Trainees will gain knowledge on dam and irrigation structure design, on‐
to be gained after completion farm design, scale and type of irrigation project, concrete reinforcement
design architecture design as well as understanding the bidding process,
and contract documents.
Average number of trainees 50‐60 persons
per year
Training Methods
Lecture; comprehensive discussion.
Software and Tools
PowerPoint presentation, VDO multimedia, case study and sample
practice.
2.8 Test Operation for Construction Quality Control:
The knowledge and skills for test operation of engineering material properties are necessary to control
construction quality especially in‐situ test operation. Testers need to develop their skills and knowledge for
effective operation work during construction as well as interpretation of the test results from outsourced
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testers. Hence, this course could provide much more benefit to RID officials who are working on construction,
audit and engineering analysis.

Training Title
Organizer
Goal

Test Operation for Construction Quality Control
Irrigation Development Institute (IDI), Royal Irrigation Department
(RID).
1. To increase skills, competency, knowledge of trainees who are
working on engineering material property testing.
2. To enable an understanding, procedures, steps, and methods on
engineering material property testing to trainees.

3. To provide a chance for trainees to exchange skills, knowledge
and opinion about engineering material property testing for quality
control during construction.
Target trainees
1. Trainee shall be RID government officials who work on
engineering material property testing, officials who work for the
group of audit and engineer analysis, and officials who work on
design and construction.
Language
Thai
Program
curricula
and ‐2 time per year, short 14‐day course, 25 persons per course, during
duration
April and May.
Concrete skills and knowledge Trainees will gain knowledge on engineering materials in irrigation
to be gained after completion works, type of portland cement and concrete admixture, quantity
testing of portland cement and concrete admixture, sand and sand
property test, aggregate and sand property test, type and design of
concrete admixture, steel reinforcing bar for concrete and it quantity
testing method, other engineering materials and its test, soil
engineering work in irrigation work, specification of soil in irrigation
work, basic of soil survey and its classification, dispersive soil,
compaction, sieve analysis, relative density, field density, field
permeability, soil Atterberg’s limit, and unified soil classification.
Average number of trainees 50 persons
per year
Training Methods
Lecture; demonstration of testing tools; group training; laboratory
and field practice; comprehensive discussion.
Software and Tools
PowerPoint presentation, VDO multimedia, testing tools, and
samples of engineering materials.
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Preface
The framework of this project supports the improvement of irrigation facilities adaptable to climate
change in the lower Mekong Basin. The report shows an overview of current universities and their major
mandatory subjects in the area of irrigation engineering in Vietnam. The report comprises three parts which
present an overview of college curricula and government training programmes related to agricultural irrigation.
Part 1: Meteo-hydrology; soil, plant and water relationship; irrigation system planning; socio-economic
survey and evaluation.
Part 2: Open channel hydraulics; soil and concrete mechanics; water control structure design; construction
management.
Part 3: Pipeline hydraulics, Pump, head works, and control system design.
Information in this report is the result of a process of learning and collecting from many universities,
research institutes, bookshelves in the office, and other sources. Therefore, it may not fully cover all aspects or
it may not show purely the state of the art of agricultural irrigation in Viet Nam.
The authors would like to thank Ms Nguyen Hong Phuong, Mr Prsong Jantakad, Dr Itaru Minami for their
support to accomplish this report. The authors would also like to thank the Mekong River Commission for
their funding to fulfill this task.
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1. Introduction
Irrigation is one of the most important subjects with a long traditional history in water resource
engineering. In order to make a good design, engineers need to have concrete basic knowledge about water and
its related problems. Meteo-hydrology, soil plant and water relationship, irrigation system planning, socioeconomical evaluation, and design of irrigation works are usually the subjects that have to be taught in many
universities all over the world. In principle, these are the many steps of an irrigation planning project (eg.
figure 1).

Figure 1. Steps for an irrigation planning project
Firstly, with knowledge of meteo-hydrology, water resource engineers can improve their ability in terms
of water quantity and quality, its change in time and space. Furthermore, they study ways to exploit, use and
develop water resources sustainably. Besides understanding of meteo-hydrology, engineers can also assess
risks and damages which originate from water. These factors are inputs from water resources engineers in
irrigation project planning.
Secondly, after determining available water resources in each region, engineers need to accurately
determine the water requirements of the economic sectors such as agriculture, industry, and tourism.
Next, the system of irrigation works is planned and designed in the project. The tasks of this system are to
adapt the water needs while still ensuring to develop water resources sustainably. Finally, economic
calculation and environment impact assessment on each project are the important elements to determine the
feasibility of the irrigation project. In summary, basic knowledge of water resources is necessary for water
engineers and the universities are responsible for teaching this.
To meet the needs of human resources for the field of water resources planning, many universities are assigned
with the education of water engineers. Currently, there are about 15 universities and 11 colleges that have the
function of training human resources in the area of water resources in Vietnam. Every year, thousands of
students graduate from these universities and are recruited to work at the agencies of water resources. Their
training quality is quite good and the number of good students accounts for 30% of the total of graduated
students. Some universities have achieved high results in education and are evaluated as the best ones in Viet
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Nam, such as the University of Technology in Ho Chi Minh City, Water Resources University, Can Tho
University, and University of Agriculture. However, these universities have still many drawbacks in education
quality. Most universities mainly focus on teaching theories, but have little consideration for practices and
updating new technologies. As a result, it takes junior engineers usually 3-5 years to be able to work
independently. In order to reduce these constrains and improve employee’s professional skills, the Government
allows universities and other agencies to organise technical training classes for their employees. Governmental
training programmes usually focus on technical skills such as new geodesic methods, modern technology, and
new calculation methods. These training programmes may be organised regularly or casually.

Figure 2. Dissemination of knowledge in water resource
In summary, to work effectively, water resources engineers in Viet Nam need to attend training courses at
universities and updated training from government agencies. This report will show an overview of the training
contents for some necessary topics of water resources engineers. The report consists of three main parts, which
give a general overview and training content of the topics in universities and training courses. Although each
university often uses its own curriculum for their students, the information reported here is in general.
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Part 1
Studying meteo-hydrology; soil, plant and water relationship; irrigation system planning;
socio-economic survey and evaluation in agricultural irrigation
1.1.Meteo-hydrology
1.1.1. Overview of the universities
Meteo-hydrology is a specific course, thus only some universities and colleges in Viet Nam are teaching
it. The University for Natural Resources and Environment is the university with the longest teaching
experience in hydrometeorology (about 55 years). It is followed by the University of Natural Sciences (46
years), Water Resources University (44 years), Meteo-Hydrology College. Every year, the number of
graduation students is about 1,000 students. The objectives of these universities is to help the students to
undertake tasks after graduating, including surveying hydrology, editing hydrological documents, calculating
water balance on the basin, calculating the hydrological characteristics. Besides, the students are also taught
about analysing and assessing hydrologic data for forecasting, warning, and serving for integrated water
resources planning and management.
In general, engineers, masters and doctors who graduate from the Department of Hydrology and Water
Resources can work in the following government agencies:
- The organisations of training and scientific research, including technical universities, colleges, and
secondary schools; institutes of hydrology, water resources, environment, and oceanography.
- The management agencies of the Ministry of Agriculture and Rural Development, Ministry of Natural
Resources and Environment, the Department of Marine, the Department of Dike Management, Water Resource
Department, Water Resources Administration, Mekong Committee.
- The Divisions of the Department of Agriculture and Rural Development, the Department of Natural
Resources and Environment, the Department of Science and Technology, the Department of Dike
Management.
- The Center of Hydro meteorological Prediction in the national and regional levels, and the stations of
meteorological forecasts in provinces.
- The governmental and private companies of consultancy and design in irrigation and hydropower.
In addition to the University of Natural Resources and Environment, the Water Resources University has
the faculty of hydrology – water resources in order to teach about the general concepts of hydrology and its
related problems. In detail, the main subjects outlined in the study plan of the bachelor of hydrology include
Statistics in Hydrology, Meteorology, Practice of Meteorology, Weather and Climate, Geotechnical
Engineering, Engineering Hydrology, Hydrometry and Data Processing, Practice of Hydrometry and Data
Processing, Estuary Dynamics, Surface Hydrology, Underground Hydrology, and Introduction to
Oceanography.
Table 1. Study plan for bachelor of hydrology
No.
I
II
II.1

Name of Subjects
GENERAL EDUCATION
PROFESSIONAL EDUCATION
Foundation Subjects

Credit
54
91
18

No.
II.4
II.5
II.5.1

Name of Subjects
Graduation thesis
Selective
Hydrology and Water Resources

Credit
7
7
7
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No.
II.2
1

Physical Geography

2

2

2

Practice of Physical Geography

1

3

3
4
5
6
7

Meteorology
Practice of Meteorology
Weather and Climate
Statistics in Hydrology
River Hydraulics

3
1
3
2
2

4
5
6
7
8

8

Geotechnical Engineering

4

9

9

Engineering Hydrology

3

10

10

Environment Impact Assessment

2

II.5.2

11

2

1

1

2

Disaster Management

2

13
14

Hydrometry and Data Processing
Practice of Hydrometry and Data
Processing
Estuary Dynamics
Surface Hydrology

Name of Subjects
Flows Regulation
Estimation and Forecasting Water
Demand
Introduction to Hydraulic
Structures Design
Water Quantity Management
Urban Hydrology
Water Chemistry
Hydro-Geography
Risk Analysis
Flood and Drought Control and
Management
Environmental Resources
Management
Disaster Mitigation and
Management
Disaster and catastrophe

3
3

3
4

2
2

15

Underground Hydrology

3

5

16

Introduction to Oceanography

3

6

II.3

Core Area Subjects

21

7

Risk Analysis
Bank erosion and protection
Flash flood and erosion
management
Flood and Drought Control and
Management
Introduction to Hydraulic
Structures Design

12

Name of Subjects
Core Subjects

Credit
38

No.
1

Credit
2
2
2
2
2
2
2
2
3
2
7
2

2
3
2

Water Resources Planning and
Management
Hydrological Forecasting
Mathematical Modeling in
Hydrology

3

8

Urban Hydrology

2

3

9

Disaster investigation

2

3

10

Salt intrusion management

2

4

Integrated Watershed Management

3

11

Emergency Information
management

2

5

River and Coastal Training

3

6

Practice of River and Coastal
Training

1

7

Global Climate Change

2

8

Estimation and Forecasting Water
Demand

3

1
2
3

Total: 145 credits
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With 44 years of teaching experience, the Faculty of Hydrology-Water Resources in the Water Resource
University has trained over 1,800 hydrological and environmental engineers, including over 180 part-time
engineers and more than 1,620 full-time engineers. Furthermore, this faculty has also trained over 160 masters
and 40 doctors. At present, 10 post-graduate students have been studying in this major and more than 37
graduate students were enrolled in the similar course at the university.
1.1.2. Main contents of the textbook
The title of the textbook is engineering hydrology. It is designed to teach 45 lectures (45 minutes per
lecture) with five chapters as follows:
Chapter 1: Introduction
Chapter 2: Principles of hydrology
Chapter 3: Analysis of frequency and correlation in hydrology
Chapter 4: Calculation of hydrological characteristics for designing
Chapter 5: Flow regulation by using reservoirs
In addition, students have a one-day field trip to measure the flow velocity and the height of water level
(Figure 3). This field trip will help students have useful experience for measuring and processing hydrological
data.

Figure 3. Practicing the use of equipment and notes on flow measurement
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The teaching methodology is active learning. In addition to the individual assignments, students will also have
to complete the course projects individually or in groups. As a result, students improve their ability to working
independently and in teams.
Concrete skills and knowledge to be gained after completion:
- Basic knowledge about the formation of river flow in the basin
-

The method to measure and collect hydrological data

-

The methods to calculate the hydrological characteristics for planning, designing and building
systems of hydraulic works.

-

The methods of water balance calculation in the system, especially reservoir systems which collect
hydrographic documents fully and exactly.

-

Communication skills and teamwork.

1.1.3. Governmental training programmes
Training 1
-

Name of training: Investigation, monitoring and planning of water resources

-

Time: 3-5 April 2012

-

Place: Division for Water Resources Planning and Investigation for the South of Vietnam

-

Organisation: The Center for Water Resources Planning and Investigation

- Purpose: To enhance professional skills, technical investigations, monitoring and planning of water
resources.
- Participants: More than 40 technical staff of 2 divisions, including Division for Water Resources
Planning and Investigation for the South of Viet Nam and Division for Water Resources Planning and
Investigation for the Central of Viet Nam.
The main contents of the short training consist of:
- Overview of the investigation of surface water resources.
-

Surveying and measuring the amount of surface water resources.

-

Investigation of dried and flood flows.

-

Investigation of exploitation, utilisation and discharge of water resources.

-

Water resources planning.

-

Field trip to the meteorological station in Can Tho.
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Presentation about the activities of survey, Board of Management of the Center and the Division
exploitation and use of water resources and the participants of the training

Field trip in Can Thometeorological stations
Practice the use the measuring equipment (ADCP)
Figure 4. Update and official knowledge sharing in the government boards

1.2. Soil, plant and water relationship
1.2.1. Overview of the universities
For a long time, Vietnamese farmers have recognised the importance of the relationship among soil, water
and plants. Of them, water is considered the most important factor because it is necessary for the growing of
soil and plants. Soil needs water to maintain microorganisms, and preserve the fertility and porosity of soil,
whilst plants are able to live and grow due to water. In fact, water accounts for more than 70% of the total
weight of plants. Also, water can balance the temperature and humidity in the soil and the air near the ground.
To produce agriculture effectively (i.e. plants grow with a high yield), engineers in water resources and
agriculture need to know how to control the sufficient amount of water. For instance, soil and plants will be
dry and withy if they lack water, and thus, it is necessary to irrigate them. When water is in excess, it will
cause the inundation of soil and plants, and so drainage is necessary in this case. To determine the exact
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schedule of irrigation and drainage for crops and soil, the engineers need to understand about the relationship
between soil, water and crops. This is the reason why the relationship between soil -water- plant is often
included in the programme curricula of the universities which have courses about agriculture and water
resources such as Can Tho University, University of Agriculture, University of Agriculture and Forestry,
Water Resources University
Most curricula such as irrigation systems (Dr. Le Anh Tuan, Can Tho University), design of irrigation
systems (University of Civil Engineering), planning and design of irrigation systems (Water Resources
University) often have one chapter to introduce about the relationship between land, water and crops. In detail,
they include the contents about the influence of water on crops, the role of water for land, water balance
principle. In this report, the textbook of irrigation systems at the Can Tho University is selected to represent
these contents.
1.2.2. Main contents of the textbook
Irrigation and Drainage Systems is one of the leading courses for students in irrigation and agriculture,
and even environment and rural development. This course is designed with two credits, which are equivalent to
30 lectures. The main contents of this textbook are divided into six chapters:
- Chapter 1: Introduction on the course and the basic concepts of irrigation - drainage
-

Chapter 2: The relationship between soil-water and plants

-

Chapter 3: Crop water requirements

-

Chapter 4: Irrigation system

-

Chapter 5: Drainage works

-

Chapter 6: Management of irrigation and drainage systems.

The assignments of the course will help students to use empirical formula and application in lectures. In
lectures, teachers will suggest questions to discuss in a class or group. Also, students can watch short films
about technology of irrigation - drainage. In addition, students can have field trips to study the operation of
irrigation systems.

Figure 5. Practice model for land, soil and water study
The general objective of the course "irrigation-drainage systems" is to provide background knowledge for
calculating crop water requirements. Therefore, students will be prepared with the basic knowledge of
irrigation and drainage, including:
- Relationship between soil, water, and plants;
-

Identification of the kinds of water resources and water quality;
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-

Calculation of the evaporation from plants

-

Determination of crop water requirements depending on the growth stages.

-

Methods and techniques of irrigation and drainage.

-

Methods of irrigation management to obtain the highly technical and economic efficiency.

After completing this course, students can gain the general understanding of irrigation and drainage. They
will know about the complex relationship between soil-water -plant, which is the key to calculate water
requirements for agriculture in design, construction and operation of irrigation-drainage systems. On the other
hand, an effective irrigation-drainage system is necessary to stably develop crops, limiting the influence of the
erratic weather and natural conditions related to water, soil and plants. However, to reach this goal, students
should have the broad knowledge and understanding of both technical and economic, and social issues from
practical experiences.
1.2.3. Government training programmes
The relationship between soils, water and plants is a basic knowledge and is often the main course in the
universities as mentioned in 2.2.1. Thus, there is few training about this issue in Viet Nam.

1.3.Irrigation system planning
1.3.1. Overview of the universities
Irrigation system planning is one of the most significant courses for water resources engineers. It provides
the knowledge for suggestion, layout and calculation of irrigation systems. This course is generally included
into the study plan of civil engineering in the University of Technology, University of Transportation, and
water resources engineering in the Water Resources University.
The Water Resources University was established in 1959 for all fields of Water Resources Engineering.
The Faculty of Water Resources Engineering was originated from the Faculty of Irrigation and Drainage in
1966. Until today, this faculty has educated more than 6,000 engineers, hundreds of maters and doctors. The
students graduated from the faculty have successfully worked in many fields relating to water resources
engineering. As a result, many of these students have become leaders and managers in local and governmental
organisations. Currently, the annual number of full-time students enrolling into this faculty is 500.
Table 2. Some main courses of water resources engineering
No.
1
2
3
4
5
6
7
8
9
10
11
12
13

Subjects
Water Resources Engineering
Water Resources Systems Planning and Management
Management of Hydraulic System
Sustainable Development Approach
Water Control and Measurement
Surface Irrigation Systems
Sprinkler and Trickle Irrigation Systems
Nonpoint Source Pollution
Planning and Design of Water Resources Systems
Surface drainage Systems
Irrigation Management for Water Quality
Drainage and Wetlands Engineering
Groundwater Technology
After graduation, water resources engineers have the necessary knowledge and skills in planning,
investigation, design, construction and management of water resources structures. These engineers have
opportunities to work in many institutions or companies of water resources engineering fields, such as
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consultancy and hydraulic construction, companies working in the management and exploitation of irrigation
works, or organisations/institutes of water resources management at governmental and local levels. Also, they
have opportunities to apply to Master and PhD programmes in water resources engineering in Viet Nam or
abroad.
1.3.2. Main contents of the textbook
The name of the textbook is Hydraulic System Planning and Design. This textbook has two parts; while
Part 1 presents the basic contents of hydraulic system planning and design, the methods of water resources
management in the specific regions are shown in Part 2.
The main contents of the textbook include:
- The rules of water transfer and basic principles of water regulation.
- The demands of water supply and drainage, especially for agriculture.
- The technologies of water supply and drainage.
- The design and planning of irrigation systems.
- The methods of water resources management for the specific areas such as mountain, suburb area, and
coastal area.
- Analysis of economic effectiveness of projects.
The teaching method of the course includes a field trip, assignments, and exam. The software used in the
lecture Microsoft Office PowerPoint. Some pictures of the fieldtrip are presented below.
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Concrete skills and knowledge to be gained after completion:
The contents in this textbook can provide the necessary knowledge as follows:
- To collect and analyses basic documents
-

To calculate the technical standards for planning and design of irrigation systems

-

To bring out the methods of water resource system planning.

-

To invest for irrigation systems.

1.3.3. Governmental training programmes
Training 1
Name of training: Integrated water resources management
Time: 28-29/09/2010
Place: Hai Au Hotel (Do Son - Hai Phong)
Organisation: Vietnam National Mekong Committee
Purpose: Improve the effectiveness of integrated water resources management to ensure the sustainable
development of water resources and other relating resources in the Mekong River Basin.
Participants: Experts of the Center for Integrated Water Resources Management (CIWAREM), members
of Viet Nam National Mekong Committee, and members of the relating agencies
The main contents of the training include:
- Focusing on river basin management and planning
-

Studying about the new knowledge of water resources

-

Discuss in group about the hypothetical examples of water resources management
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Training 2
Name of training: Management and use of irrigation works
Time: January – March 2010
Place: Bac Can
Organisation: Division of Water Resources and Flooding Protection (Department of Agriculture and Rural
Development in Bac Can Province) and a company of Irrigation in Bac Can
Purpose: To disseminate the documents relating to management, use and operation of irrigation works; to
explain policies and subsidies of water fee provided by the Government to the province to help participants
understand the guideline "Government and the people are working together" in terms of prevention and
protection of drought in the agricultural production.
Participants: Staff of People’s Committee at the communes, members of irrigation stations, and members
of the office of agriculture and forest in the provinces.
The main contents of the training include:
- To understand the documents relating to management, use and operation of irrigation works
- To understand the techniques to operate the irrigation works
Training 3
Name of training: Integrated water resources management and climate change
Time: 27 February – 2 March 2012
Place: Viet Nam Academy for Water Resources
Organisation: ITT, CTIC and Ministry of Natural Resources and Environment
Purpose: To provide knowledge about interdisciplinary approaches in water resources management in the
context of climate change.
Participants: 13 persons of TERMA-VN and 16 persons from the Ministry of Agriculture and Rural
Development, Ministry of Natural Resources and Environment, Water Resources University, and Institute for
Agricultural Planning and Design.
The main contents of the training include:
- To update information about scenarios of climate change
- To approach the tools to assess the scenarios and make a decision in the water resources management
- To organise the field trips at the company of designing irrigation works and the management board of
Cau River Basin, Thai Nguyen province
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1.4 Socio-economic survey and evaluation
1.4.1. Overview of the universities
The feasibility of a project is evaluated by its economic effectiveness. However, some benefits of the
project of water resources management and planning cannot be converted into currency. Thus, the faculty of
economics has been established at the technological universities such as Water Resources University.
Due to the demand on management of, research and solution to economic and engineering issues in
practice in Viet Nam, in 1979, the Ministry of Water Resources and the Ministry of Education and Training
allowed the Water Resources University (WRU) to establish the Faculty of Water Resources Economics
(WRE). This faculty has responsibilities for training the economic field in water resources management.
The aims of this faculty are to provide the knowledge in economics and management in the field of
natural resources and to apply economic principles and business in the use, conservation and improvement of
natural resources.
Table 3. Study plan for bachelor of Economics and Management
No.
I
II
II.1
II.2
II.3

Name of Subjects
GENERAL EDUCATION
PROFESSIONAL EDUCATION
Foundation Subjects
Core Subjects
Core Area Subjects

Credit
43
87
18
22
28

No.
II.5
II.5.1
1
2
3

1

Development Economics

2

4

2

Public Economics

2

5

Name of Subjects
Selective
Natural Resources Economics
Price Unit - Norm - Cost Estimate
Construction Economics
Natural Resouce Economics II
Economics of Hydraulic
Engineering Management
Organization and Management of

Credit
12
12
3
2
2
3
2
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No.

Name of Subjects

3

Credit

No.

3

6

Intermediate Microeconomics

Name of Subjects
Construction
Organization and Management of
Construction

Credit
1

3

7

Business Management

3

5
6

Operations Research in Economics
and Management
Natural Resource Economics I
Natural Resource Management

4
3

8
9

3
3

7

Environmental Economics

3

10

8

Project Management

2

11

International Trade Policies
Managerial Economics
Applied Game Theory in
Business
Accounting for Construction
Company

3

12

Business Administration I

2

3

13

Public Finance Management

2

4

Economics of Multiple Use of
Water Resources
Practice of Natural Resources
Economics

9
10
II.4

2
2

7

Graduation thesis

Total: 130 credits
After graduation, the students of the economics faculty can work at the following companies:
- Consulting companies on construction and management of irrigation works.
-

Divisions, institutes, universities, colleges and the boards of project management for water resources
management and planning.

-

Other national and international organisations relating to water resources management.

The course of construction economics provides the socio-economic processes in construction that pertains
to a certain extent with the material specifications. The goal is to choose the optimal solutions in order to
determine the form of measures to apply the rules of economic development.
1.4.2. Main contents of the textbook
The main contents of the textbook include:
- Methods to evaluate social - economic effectiveness of investment projects
-

Invested capital of companies of irrigation construction

-

Costs in the irrigation construction.

-

Some economic problems of civil machines.

-

Governmental management for civil industry and firms.

The methods to study the course of Construction Economics include:
- The method of dialectical materialism which is the main method to solve the problems relating to
construction economics.
-

The method of incorporating scientific knowledge with the trend data of economic development in the
condition of Viet Nam.

-

Combination between experimental research and arguments of economic science.

-

The qualitative and quantitative method.

-

Issues concerning the system of the courses in hydraulic engineering and economics.
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About teaching method, this course uses the method of active learning. In addition to the individual
assignments, students will also have to complete the course projects in individual or group. As a result,
students improve their ability to work independently and in teams.
Professional abilities of the course:
a. The ability to apply the deep and broad knowledge of economic management, business administration
and project management
b. The necessary knowledge of mathematics, basic sciences, basic engineering, civil engineering and
engineering on calculation, measurements, surveys, experiments, data analysis for design, construction
and verification of irrigation works.
c. Capability for suggesting investment, analysing projects, managing investment projects, analysing and
evaluating investment projects having construction elements with full awareness of the impacts in
terms of economics, society and environment.
d. Awareness and ability to take part in a lifelong study in order to be able to work effectively in the
context of the continuous appearance of new technologies.
e. Extensive knowledge to understand the effects of technical and economic solutions in the context of
social and economic globalization.
f.

Understanding of the contemporary issues in terms of national, regional and international level with
foresight.

Economic engineers in water resources can work in the following areas:
- Integrated Water Resources Management (IWRM);
-

Arrangement and management of business in the water sector;

-

Planning and management of socio-economic projects;

-

Institutions and policies in water resources management.

1.4.3. Governmental training programmes
Name of training: Valuation and economic estimation in construction
Time: Annual
Organisation: Institute for Construction Economics, Institute of Construction Economics Sciences, and
Institute for Training and Fostering Research in Ha Noi
Economic estimation and separation of mass in construction
The main contents of the training include:
1. Documents of the Government relating directly to economic estimation in construction
2. Bases of economic estimation in construction, including designing documents, construction norms,
unit prices in construction, legal documents, and unit cost of materials and equipment.
3. Items of cost in economic estimation in construction.
4. Principles of economic estimation in construction
5. Determination of construction cost
6. Determination of equipment cost according to current regulations
7. Determination of cost in project management
8. Determination of cost in investment consultant (survey, design, verification, monitoring and
procurement)
9. Determination of other costs (insurance, audit, and settlement)
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10. Determination of redundancy costs
11. Practice of the software of economic estimation in construction
12. Guidelines about how to understand drawings and separate masses
Valuation in construction
The main contents of the training include:
1. Management of investment projects in construction according to current regulations
2. Overview about the valuation in construction
3. Methods to determine the total investment and evaluate the effectiveness of projects
4. Methods to determine valuation and unit price in construction
5. Methods to separate mass and control costs in construction
6. Methods to determine economic estimation in construction
7. Selection of contractors
8. Management of contracts in construction
9. Payment and settlement of invested capital in construction
10. Discussion and assessment of training results
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Part 2
Open channel hydraulics; soil and concrete mechanics; water control structure design;
construction management.
2.1. Soil mechanics
2.1.1. Overview
The Soil Mechanics curriculum was taught and became one of the compulsory subjects of the Water
Resources University (WRU) since 1968. Over the past 40 years of training and a lot of edits, new soil
mechanics textbooks are organized by the Department of Geotechnics compiling official teaching materials for
students of Water Resources University and are used as reference documents for graduate students and fellows
of Irrigation Construction and Geotechnical Engineering.
2.1.2. The curriculum aims to:
 Raise the level of theory subject, focus on the basic principles and methods of thought to lead to the
problem and specific answers.


Enhance the ability to practice with sample exercises the typical application of theory in modern
methods of calculation and the most commonly experimental methods used in the world, but with the
ability to apply to the actual circumstances in Viet Nam. Note many tables that are set up to facilitate
searching and,the construction of exercises for easy programming to automate the necessary design
calculations.



Combine certain level of knowledge of the schools in both west and east so that the graduates can
communicate on the contents with foreign colleagues.

2.1.3. The program curricula and duration:
Subject Soil Mechanics is 3 credits in the curricula.
Chapter 1: Physical properties of soil
1.1. The material forming the soil
1.2. The structure, composition and texture of soil associated
1.3. Target properties and physical state of the land
1.4. Construction land Classification
Chapter 2: Mechanical properties of the soil
2.1. The permeability of the soil
2.2. Calculate the co-force and deformation of soil
2.3. The intensity of soil shear
2.4. Status of soil compaction
Chapter 3: Determination of stress in the soil
3.1. Opening
3.2. Stresses in the earth itself
3.3. Bottom pressure nail
3.4. Increased stress in the
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Chapter 4: Stability of soil permeability
4.1. Opening
4.2. Stresses in the soil under the effect of seepage
4.3. Infiltration and seepage force transformation
4.4. Permeable grid computing and applications to stable permeability
Chapter 5: Determination of the subsidence
5.1. Opening
5.2. Determine the settlement
5.3. Theory of cohesive soil permeability and water saturation calculations settlement with time
Chapter 6: Determination of earth pressure on retaining wall
6.1. Opening
6.2. The soil type and pressure conditions producing them
6.3. Determination of earth pressure condensate
6.4. Calculate the earth pressure theory C.A. Coulomb
6.5. Method of graphical determination of passive earth pressure Goluskievic
6.6. Calculate the earth pressure theory W.J.M Rankine
6.7. Scope of application of earth pressure theory of Coulomb and Rankine
6.8. Factors affecting the value of earth pressure
Chapter 7: Determination of the work load
7.1. Opening
7.2. Determination of base load capacity limited by weight
7.3. Determination of base load capacity is based on the development of the plastic deformation
Chapter 8: Analysis of slope stability
8.1. The concept of opening
8.2. Analysis stabilize loose soil
8.3. Slope stability analysis of homogeneous cohesive soil
8.4. Slope stability analysis by method of ingots
Chapter 9: The field test
9.1. The general concept
9.2. The penetration test
9.3. Horizontal compression tests in boreholes
9.4. Experiments in the field cut off

2.2. Open channel hydraulics;
2.2.1. Overview
At the University of Water Resources, the subject: Open Channel hydraulics is not taught as a separate subject
but it is taught as part of the subject: Hydraulics Engineering (3 credits in curricula).
For the Master Programme in WRU, the subject: Open Channel Hydraulics is taught as mandatory subject. (2
credits)
2.2.2. The curricula
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Chapter 1: Overview of the open flow
1.1. Classification of movement
1.2. The basic equations describing the open flow
1.3. Three issues of open flow problems
1.4. The wave propagation properties of open flow
1.5. The equation of characteristics and the speed of wave propagation effects
1.6. Line of characteristics - The characteristics surface
1.7. Areas affected - Areas of result
1.8. Conditions shores of open flow problems
1.9. The wave propagation speed
Chapter 2: The one-dimensional steady open flows
2.1. Opening
2.2 Energy unit of section (or the ratio of sections)
2.3. The liquid state
2.4. The slope boundary
2.5. Characteristic depth
2.6. Steady open flow equations
2.7. The forms of water in prismatic channel
2.8. The relationship between the characteristic depth and the forms of water in prismatic channel
2.9. Extreme slope - Characteristic flow
2:10. Exactly the type of water surface
2:11. The methodology to calculate water surface
Chapter 3: The calculation of unsteady flow by the method of characteristic
3.1. The basic equations
3.2. Solve equations in the form of characteristic difference
3.3. Solve characteristic equations by a rectangular grid predetermined difference
3.4. Solve two horizontal manners by the method of characteristic
Chapter 4: The calculation of unsteady flow by the method of direct difference
4.1. Basic differential equations
4.2. Some concepts of difference problem
4.3. Solve under visible diagram of rosette
4.4. Solve under visible diagram of rhombus
4.5. Solve under visible diagram of triangular
4.6. Solve under hidden diagram of rectangular (linear)
4.7. Solve under hidden diagram of triangle
4.8. Solve under hidden diagram of rectangular (non-linear)
4.9. Calculation of unsteady flow for channel – river system
4.10. Calculation of unsteady flow in two dimensional horizontal under difference method
Chapter 5: The unsteady movement with quick change – interrupted waves
5.1. The formation of interrupted waves
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5.2. The basic equation of the interrupted wave front
5.3. The phenomenon of interrupted wave propagation in open channel
5.4. The phenomenon of reflection of interrupted wave from the solid barrier
5.5. The phenomenon of reflection of interrupted wave from the reservoir
5.6. Some hydrodynamic characteristics of anode interrupted wave
5.7. The general guidelines for problem interrupted wave
5.8. Calculation of interrupted wave on the theory of characteristic
5.9. Calculation of interrupted wave by direct difference method
5.10. How to determine the initial hydraulic parameters of the interrupted wave
2.2.3. Software and substantial computer exercise
For subjects exposed hydraulic lines, besides the theory learned in class, students are instructed to practice
using software HEC RAS.
2.2.3.1. Overview of hydraulic software for Open channel hydraulics
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HEC-RAS is designed to perform one-dimensional hydraulic calculations for a full network of natural and
constructed channels
The user interacts with HEC-RAS through a graphical user interface (GUI). The main focus in the design of
the interface was to make it easy to use the software, while still maintaining a high level of efficiency for the
user.
The HEC-RAS system contains four one-dimensional river analysis components for: (1) steady flow water
surface profile computations; (2) unsteady flow simulation; (3) movable boundary sediment transport
computations; and (4) water quality analysis. A key element is that all four components use a common
geometric data representation and common geometric and hydraulic computation routines. In addition to the
four river analysis components, the system contains several hydraulic design features that can be invoked once
the basic water surface profiles are computed.
2.2.3.2. Substantial computer exercise
End of the course, students must complete an essay in which they apply HEC RAS model to an exercise with
given parameters.
The content of the final essay:
Chapter I General Theory of calculation of unsteady flow by method of difference
- Calculate the hidden grid diagrams: a rectangular grid linear (or nonlinear)
- Calculate the visible grid diagram: Triangular grid and Rhombus Grid
Chapter II Application HEC-RAS model to calculate steady flow of river systems, independent channels
(or available)
1. Introduction to HEC-RAS software
2. The application calculates the river system.
- Topography (section number, section number, number of nodes, number of plots, storage).
- Upper and lower boundary
- The condition of the river (in the section, plots).
- The period calculated from the date ........... come on ..........; Ät value (30 minutes, 1 hour, 2 hours ...)
- Calculation results:
+ Relation line: Q ~ Z, Q ~ t, Z ~ t .....
+ Water level at river section
+ The construction on the river (spillway, culvert, bridge if applicable)
Chapter III Conclusions and Recommendations
Analyze strengths and weaknesses of the HEC-RAS model

2.3. Construction management
2.3.1. Overview
Subject Construction management is taught for both undergraduate and postgraduate students with duration of
02 credits, but with different textbooks, for undergraduate is “Irrigation Construction Management” and for
postgraduate is “Advanced Irrigation Construction Management”.
Students are taught not only in theory but also in field work for one day visiting field to learn processes as
well as experience irrigation management.
2.3.2. The curricula
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The content of the curriculum “Irrigation Construction Management”:
Chapter 1: The management of construction and exploitation of irrigation systems in Vietnam and the
development requirements
1.1. The concept of management and management of irrigation systems
1.2. The construction status and developing irrigation systems in Vietnam
1.3. Quality construction and the status of exploitation of the management of irrigation systems
1.4. Measures to improve the efficiency of the management and exploitation of irrigation systems
Chapter 2: Creation and implementation of plans for the water irrigation system
2.1. Characteristics, status of construction and implementation of water use plans for irrigation system
2.2. Scientific significance and methods of water use planning
2.3. The kind of water plans and water planning process
2.4. Calibration of the water use plan for the system when water flow upstream decreases from the 5 ÷ 25%
compared to the required flow
2.5. Organisation of the rotating water when upstream flow decreased more than 25% compared to the plan
2.6. Calibration of the water use plan when needed water in the field changes.
2.7. Calibration of water plan when climatic or geological conditions change
2.8. Approval and implementation of plans for the country.
2.9. The inspection criteria and implementation water use plan
Chapter 3: Measuring water in irrigation systems
3.1. The general concept
3.2. Methods of measuring water levels
3.3. The method of measuring the discharge through the flow velocity
3.4. Used works to measure water
3.5. Using chemical methods to measure water
Chapter 4: Automate water control and manage on modernizing irrigation systems
4.1. General information about automated water control
4.2. Works automatically regulate the constant fixed water level
4.3. Structure of works automatically regulate the fixed water level by hydraulic
4.4. Works for fixed flow discharge regulator
4.5. Automatic regulation by electric and electronic
4.6. The concept of automated management of irrigation systems
4.7. The basics of computer applications to automate the management of irrigation systems
4.8. Practical application
Chapter 5: Renovation, improvement and modernization of irrigation systems
5.1. The need for renovation, improvement and modernisation of irrigation systems
5.2. Basic contents renovation, improvement and modernisation of irrigation systems
5.3. The needed materials to renovate improve and modernise the irrigation system
5.4. Assessing the status of irrigation and transport in system
5.5. Steps renovation, improvement and modernisation of irrigation systems
5.6. The principles and requirements for renovation, improvement and modernisation of irrigation systems
5.7. Renovation, improvement and modernisation of irrigation systems in plains
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5.8. Renovation, improvement and modernisation of irrigation systems in hills
5.9. Example for renovation, improvement and modernisation of irrigation systems
5.10. Measures to improve water use coefficients for irrigation systems
Chapter 6: Management and maintenance of irrigation systems
6.1. The purpose and mission management, maintenance of irrigation systems
6.2. Content management of irrigation systems
6.3. Management and maintenance of the channel
6.4. Management and maintenance of water works
6.5. Monitoring water works
Chapter 7: Management and maintenance of irrigation and drainage pumping stations
7.1. Management methods
7.2. Technical Management
7.3. Management operation
7.4. Economic Management
Chapter 8: Institutional and policy organisations in the management of irrigation systems
8.1. Organisations managing irrigation systems
8.2. Policies and regulations in the management of irrigation systems
8.3. The involvement of communities in the management of irrigation systems
8.4. Integrate gender issues into the management and development of water resources
Chapter 9: Economic and Financial Management of Irrigation System
9.1. Cost management and exploitation of irrigation systems
9.2. Prices and irrigation water in the irrigation system cost
9.3. Assessment of the Economic effectiveness of irrigation systems
Chapter 10: Environmental impacts and water quality of the irrigation system
10.1. The basic concept of resource and environment
10.2. The basic concept of environmental impact assessment
10.3. The order of the environmental impact assessment
10.4. Methods of environmental impact assessment
10.5. Assessing the impact of irrigation on the environment
10.6. Preliminary evaluation of environmental impacts of irrigation projects
10.7. Management and assessment of water quality in the irrigation system
Chapter 11: Experimental study of irrigation systems
11.1. Opening
11.2. Experiments on irrigation and drainage for crops
11.3. Experimental study on irrigation methods, irrigation techniques
11.4. Experiments saline soil improvement
11.5. Prevent soil erosion experiment
11.6. The experiment took alluvial farm fertiliser
11.7. Research coefficients and water use coefficient measures to improve water use
11.8. Research issues of water use in irrigation systems
11.9. The research issues of economic management, organization and management of irrigation systems
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11:10. Methods outlining research topics of scientific research in irrigation

2.4. Government training programme
2.4.1. Overview
On May 27th, 2011, the Ministry of Agriculture and Rural Development (MARD) issued Circular No.
40/2011/TT-BNN&PTNT regulation capacity of organisations and individuals involved in the management
and exploitation of irrigation, in which at least since 01/7/2014, the organisation is performing the task of
managing irrigation operators to meet the capacity requirements specified in this Circular.
To help improve and enhance the management and exploitation of irrigation and training to meet the needs of
this sector, in 2008 – 2009 the Department of Water Resources, Department of Organization and
Personnel (DOP), and College of Management for Agriculture Rural Development 1 (CMARD1) jointly
organized the first 1 to 2 classes of professional training on the management and exploitation of irrigation.
From 2010 to now, each year the Directorate of Water Resources (DWR) , DOP and CMARD1 has jointly
organised 2 classes ranging from 5 to 7 days (including 1 fieldwork on irrigation location).
2.4.2. Organisation of training course 2013
According to the plan in 2013, DWR, DOP and CMARD1 opened 2 classes of professional training on the
management and operation of irrigation . The 1st Class was held for 5 days (from 12th to 18th April, 2013), the
2nd class washeld in 5 days (from 22nd to 27th April, 2013), each class includes 1 day for irrigation practice, to
learn, exchange and share their experiences.
The 1st class of 2013 " Management and Operation of Irrigation Works" opened with the participation of over
150 students from the Department of Agriculture and Rural Development (DARD), Company of Irrigation
Exploitation, Division of Agriculture and Rural Development, Water User Association (WUA), which is
responsible for the management and operation of irrigation works in 26 provinces and municipalities.
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\
Opening of the first class of 2013 “Management and Operation of Irrigation Works”
2.4.3. Fieldwork on irrigation location of 1st class 2013
Field trip of professional training on "Management and exploitation of irrigation work - 2013"
On 16th April, 2013, DWR and CMARD1 jointly organised the first class of professional training on
"Management and exploitation of irrigation - 2013" field trips, where they exchanged and shared their
experiences at the Chu river Irrigation System, and visited the irrigation headwork in CuaDat, Thanh Hoa
province.

Fieldwork on irrigation location of 1st class 2013
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Welcoming the delegation at Chu River Irrigation Management were: One-member Limited Liability
Company - Management Branch, CuaDat Irrigation Exploitation, Mr. Le Van Nhi, Chairman of the Board
members, Mr. Le Van Thuy, General Director and Heads of Division. On behalf of the leadership and all staff
and employees of the Company, Mr. Le Van Nhi introduced the main features of the organisational structure,
human resources, management, exploitation of Irrigation Works, an overview of the Chu river irrigation
system. He also introduced the details of some large projects, such as: CuaDat dam, Bai Thuong.After the
presentation, the students had the same discussions together. Leaders from the company answered questions in
the field and during the visit to the irrigation system.

Students and leaders of the company exchange and share their experiences at the Hall
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Part 3
Pipeline hydraulics, Pump, head works, and control system design
3.1. Pipeline hydraulics
3.1.1. Overview
In Viet Nam, there are many universities of water resources such as the Water Resources
University,University for Natural Resources and Environment, University of Technology, Can Tho University.
These are leading universities in Viet Nam, provide personnel for irrigation sector.
The Water Resources University is located in Hanoi, Viet Nam. The university was established in 1959
as the Electricity Water Resources Academy, spun off from the mother university Hanoi University of
Technology. The university now has three campuses in Hanoi (main campus) with a large campus in Ho Chi
Minh City and a campus in Phan Rang - ThápChàm, Ninh Thuan Province. The university offers
undergraduate and postgraduate programmes in: water resources management, dam construction, irrigation,
flood control, environmental management, civil construction, and hydroelectricity.
Hydraulic subjects is one of the major courses such as water management industry, marine construction,
port, road and bridge construction for students in university technology and techniques in Viet Nam. It requires
technical knowledge of Fluid Mechanics. The course contents cover both theoretical and experimental results
associated with actual construction.
Pipeline Hydraulics is one of the common subjects in universities on water resources. The purpose of
calculation pipeline hydraulics is designing new pipe systems or checking and repairing of existing systems,
adjusting of systems available to suit specific requirements: discharge Q; head H at the beginning or end of the
pipe, the diameter d or d and H.
3.1.2. Main contents of the textbook
Pipe line hydraulic is a chapter in hydraulics subject, and contents of the training programme as follows:
A. Basics of pipeline & the basic formula
- Concept
- The basis for calculating pipeline hydraulic
B. Calculate the hydraulic piping long
C. Calculate the hydraulic piping short
- Calculate the suction pipeline hydraulic
- Calculate the push pipeline hydraulic
D. Basic equations of unstable flow in pipeline pressure
- Continuity equation of unstable flow
- Dynamics equations of unstable flow in pipeline pressure
E. Phenomenon of sudden increase of water pressure in the pipeline
- Question
- Sudden increase of water pressure in the pipeline due to instantaneous valve closure
- Sudden increase of water pressure in the pipeline when valve is closed slowly
- Speed of pressure wave propagation inside pipelines
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3.1.3. Governmental training programmes
The universities and organizations use Epanet software for training and calculating the hydraulic
pipeline network. This is popular software used for training in universities of water resources.

Software That Models the Hydraulic and Water Quality Behavior of Water Distribution Piping Systems
3.1.3.1. Description
EPANET is a software that models water distribution piping systems. EPANET is a public domain
software that may be freely copied and distributed. It is a Windows 95/98/NT/XP programme. EPANET
performs extended period simulation of the water movement and quality behaviour within pressurised pipe
networks.
Pipe networks consist of pipes, nodes (junctions), pumps, valves, and storage tanks or reservoirs.
EPANET tracks:
- The flow of water in each pipe,
- The pressure at each node,
- The height of the water in each tank, and
- The type of chemical concentration throughout the network during a simulation period,
- Water age,
- Source, and
- Tracing.
3.1.3.2. Capabilities
EPANET's Windows user interface provides a visual network editor that simplifies the process of
building piping network models and editing their properties and data. EPANET provides an integrated
computer environment for editing input data. Various data reporting and visualisation tools are used to assist in
interpreting the results of a network analysis. These include
- Color-coded network maps,
- Data tables,
- Energy usage,
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- Reaction,
- Calibration
- Time series graphs,
- Profile plots
- Contour plots.
EPANET provides a fully equipped, extended-period hydraulic analysis package that can:
- Simulate systems of any size
- Compute friction head loss using the Hazen-Williams, the Darcy Weisbach, or the ChezyManning formula
- Include minor head losses for bends, fittings, etc.
- Model constant or variable speed pumps
- Compute pumping energy and cost
- Model various types of valves, including shutoff, check, pressure regulating, and flow control
- Account for any shape storage tanks (i.e., surface area can vary with height)
- Consider multiple demand categories at nodes, each with its own pattern of time variation
- Model pressure-dependent flow issuing from sprinkler heads
- Base system operation on simple tank level, timer controls or complex rule-based controls
In addition, EPANET's water quality analyser can:
- Model the movement of a non-reactive tracer material through the network over time
- Model the movement and fate of a reactive material as it grows (e.g., a disinfection by-product) or
decays (e.g., chlorine residual) over time
- Model the age of water throughout a network
- Track the percent of flow from a given node reaching all other nodes over time
- Model reactions both in the bulk flow and at the pipe wall
- Allow growth or decay reactions to proceed up to a limiting concentration
- Employ global reaction rate coefficients that can be modified on a pipe-by-pipe basis
- Allow for time-varying concentration or mass inputs at any location in the network
- Model storage tanks as being complete mix, plug flow, or two-compartment reactors
3.1.3.3. Applications
EPANET helps water utilities maintain and improve the quality of water delivered to consumers. It can
be used to:
- Design sampling programmes,
- Study disinfectant loss and by-product formation,
- Conduct consumer exposure assessments,
- Evaluate alternative strategies for improving water quality, such as altering source use within
multi-source systems,
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- Modify pumping and tank filling/emptying schedules to reduce water age,
- Use booster disinfection stations at key locations to maintain target residuals, and
- Plan cost-effective programmes of targeted pipe cleaning and replacement.
- Plan and improve a system's hydraulic performance,
- Assist with pipe, pump, and valve placement and sizing,
- Energy minimisation,
- Fire flow analysis,
- Vulnerability studies and operator training.
- Operator training.

3.2. Pump, headworks, and control system design
3.2.1. Overview
The universities famous for irrigation in Viet Nam such as Water Resources University, University Of
Technology and some other universities trained professionals for water collection works - pumping station. It
is also an important subject of the training of water resources engineers.
Pumping for irrigation in Viet Nam occupies a significant position in the agricultural. The graduate
students can master the basic knowledge of pumping stations as well as the design calculations.
3.2.2. Main contents of the textbook
The curriculum shows basic calculations, structural diagram, working principle of pumps, and air
compressors for blowers, which are used in water supply and drainage system. Introduction to structure
diagram, conditions applied, how to design and calculate the operational management of water collection work
in the water supply system, knowledge base, the works and devices are updated in the textbook so that students
can research the subject selecting preferred alternatives when they design water collection works and water
pumping stations.
Chapter 1: The general concept of pumps and pumping stations
- The concept of pumps, pump classification
- The parameters of the energy and the use of pumps
- The pumps and pumping stations
Chapter 2: Structure of impeller pump
- Classification of impeller pump
- Centrifugal pump
- Axial pump
Chapter 3: Characteristics of the impeller pump
- Working principle of centrifugal pump
- Working principle of axial pump
- Characteristics of impeller pump
Chapter 4: Uniform law of pump and applications
- Uniform law and uniform formula, percentage rate
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- Application of uniform law
Chapter 5: Air erode in the impeller pump
- Air erode and causes
- Elevation pump installation
Chapter 6: The case of pump work
- Pump work with pipeline, point work
- The adjustment point work of pump
- Area working unstable of the pump
- The pumps work in parallel
- The pumps work in series
- The pumps work in the pipeline network
Chapter 7: The other pumps
- Pump piston and cylindrical piston
- Pump rotor and pump whirl
- Pump beam
- Pump pneumatic
- Taran pump
Chapter 8: The system works pumping station
- The general concept of the system of pumping stations
- Irrigation Pumping Station
- Sewage pumping stations and combine pumping stations
- Rural water supply pumping station
Chapter 9: The mechanical and electrical equipment of pumping stations
- List of major equipment and requirements for pumps
- Calculate the parameters and select the pump
- Electric motors for pumps and selecting electric motors
- Transformers and transformer selection for pump station
Chapter 10: The secondary equipment in pumping station
- Mechanical Equipment
- The water supply system technical
- System of water infiltration and drainage in factories
- Oil supply system
- Pneumatic system
- Vacuum system
- Fire System
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- The measuring equipment, testing
Chapter 11: Pumping station
- Types of pumping station
- Block foundation pumping station
- Type of chamber pumping station
- Type of apart from foundation pumping station
- Type of roving pumping station
Chapter 12: Water collected works and discharge water pumping station
- Water collected works
- The works get water to pumping station
- Centralised water tank before the pumping station
- Push pipeline (penstock)
- Drainage works (tanks drainage)
Chapter 13: Content economic calculations - technical, economic indicators, problems pumping station
operators
- The general rule
- Investment and operating costs every year
- Determine the economic diameter pipe
- Choose the location of the pumping station
- Calculation of hydropower projects
- The economic indicators - technical
- The problem of organising pumping station
3.2.3. Government training programmes
This is a compulsory subject in universities. College graduates must master the subjects of pump design.
Thus, there is few training about this issue in Viet Nam.

3.3. Construction management, operations, of pipeline, pump, and headwork facilities
3.3.1. Overview
Many irrigation projects in Viet Nam now have low efficiency. Therefore, there is a need to find an
appropriate management model to improve the efficiency of the irrigation system. Decentralisation irrigation
operators are assigned from government irrigation management to agencies, organisations, local subordinates.
The decentralisation of local government organisations is a basis for the transfer of management
responsibilities for irrigation water cooperatives. This is one of the requirements to ensure that the irrigation
system to promote efficiency and ensure service of agricultural production, livelihood and other economic
sectors, to respond to the requirements of industrialisation and modernisation of agricultural production.
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The decentralised management of irrigation operators has advantages and promotes the role and capacity
of the beneficiaries to participate in management of irrigation works. The following are some proposals for the
decentralisation of management to improve the efficiency of management and exploitation of irrigation works:
- The decentralisation of management and exploitation of irrigation works should be based on the
size and capacity of the facility, administrative boundaries and the complexity in the management
and threat level for downstream when an incident occurs.
- Division of management responsibilities should be clearly defined between the exploitation of
companies irrigation works with individuals, organizations and management, particularly in the
operation, protection and maintenance to ensure work safety.
- Decentralisation of irrigation management to organisations should be associated with
management works. Beneficiaries are responsible for payment of funds for management,
operation and maintenance.
- For irrigation works by any level of management, the organization that directs operation and
maintenance must be in accordance with procedures, rules and requirements for irrigation of the
irrigation system.
3.3.2. Government training programmes
In Viet Nam, the irrigation management company is responsible for construction management, operation
and maintenance of irrigation systems. Training courses for managers are held annually.
To enhance the performance of management units as well as operation of irrigation works, head works,
and main canals; development and use of cooperative organizations is the key, which was the main content of
the discussion in the workshop "Improving management efficiency irrigation exploitation" held by the
Irrigation Department (MARD).
According to the report of the Irrigation Department (MARD), in 2012 there were 16,238 water using
cooperatives operating in many different models. In particular, the model accounts for a majority of the
aggregate service cooperatives, which makes irrigation services.
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Workshop: Improving management efficiency irrigation exploitation
According to the draft proposal "Improving the efficiency of the management and exploitation of
irrigation systems", specific tasks of irrigation industry by 2020 are as follows: Increase of efficiency of
irrigation by 80%, 5% increase of the irrigated cultivated area compared to the current, 10% reduction of
energy consumption in service, and about 10% saving of irrigation water for crops on the same acreage.
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PREFACE
The report is to review the historical evolvement of research topics by public research centres and universities
in the area of civil and environmental engineering and biological system engineering related to irrigation and
drainage systems projects.
The report should include hydrology, hydraulics, soil mechanics, concrete structure, remote sensing and
information system application, on-farm soil and water management and pump and pipeline systems.
In Cambodia, there were many studies on the field related to water resources, irrigation and drainage,
agriculture for the development of water resources and agricultural activities and projects. But unfortunately
the documents of the studies or information are still limited. On the other hand at the university level or
research centre, there was also a lack of research activities or documents.
So in these matters, we have the difficulty of getting the information and documents of the researches or
studies to complete our assignments on time.
The authors wish to thank MOWRAM, TSC for sharing some of the information needed. We also thank Mr
Itaru Minami for his cooperation, support and guidance that helped us to understand more about the context to
complete this report, and CNMC for its coordination. And the authors would like to thank the Mekong River
Commission for the establishment of this capacity building programme.
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Hydrology
Review of history
Today, over 80 per cent of the population of Cambodia live in rural areas and about 73 per cent depend on
agriculture for their livelihoods. Agriculture and Water Resources are the high priority sectors in the
Government’s policy and are strongly supported by the Government of Cambodia. In this regard, agriculture
and rural development have been considered as a sustainable growth source for the Cambodian socioeconomy. In order to improve agricultural productivity, the rehabilitation and development of irrigation
infrastructure is needed and considered as priority, however, it is not depending on the irrigation system alone.
It would be supported by other factors such as soil.
Meteo-Hydrology is the science that studies the water in the nature and evolution of safe land and soil in three
states: solid, liquid and gas. Therefore, hydrology is mainly based on observation and measurement of the
phenomenon of nature of which human has virtually no control.
Cambodia is rich in water resources, especially in the area along the Mekong River and Tonle Sap Lake. There
is too much water during the rainy season and lack of water during dry seasons. This matter causes a lot of
problems for Cambodia in developing its activities on water and agriculture sectors.
With its water resources, in the past Cambodia used water for the stability of monuments/temples and for
agricultural activities (Angkor temple, Baray reservoir and other systems).
Some examples of research or study are shown as follows:

-

Study report (2007), A distributed hydrological modelling equipped with an ET sub-model for Prek Thnot
River Watershed, Kompong Speu province, Cambodia.

-

MRC (2005), The Overview of the hydrology of the Mekong Basin, Thailand, Lao, Cambodia and Viet
Nam.

-

Hang Peou (2013), The Angkorian Hydraulic System, Siem Reap province, Cambodia.
Hang Peou (2013), The Hydraulic System of Preah Vihear, Preah Vihear province, Cambodia.

Some studies on hydrology in stability of temple structures and in irrigation
A distributed hydrological modelling equipped with an ET sub-model for Prek Thnot River Watershed,
Kompong Speu province, Cambodia

A. Research trend

-

To upgrade the watershed scale management for Prek Thnot watershed in terms of agriculture
improvement and environmental protection.
B. Research objective
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-

To establish a distributed system hydrologic model by combining an existing distributed hydrologic model
and an evapotranspiration (ET) sub-model.

-

To establish a watershed model equipped with irrigation sub-model.

To apply a watershed model for conducting irrigation planning and watershed-scale water management
planning.
C. Result of research
A basic structure of distributed hydrological modelling equipped with an ET sub-model was established, which
can be applied to a watershed for the dry season. The model consists of two layers and five sub-models
(Evapotranspiration, Infiltration, Overland flow, sub-surface lateral flow and channel flow). The model was
applied in Prek Thnot River watershed having distinct dry season with 500m x 500m grid size.
The following conclusions were reached based on the model results:,

-

A structure of a distributed hydrological model was established; the model was successfully calibrated and
validated.

-

The model’s ability to simulate daily runoff at several gauging stations was indicated by high Model
Efficiency for Peam Kley and Ta Sal gauging stations.

-

This model provided a suitable framework for next step: the establishment of irrigation sub-model.

In order to model the effects of irrigation on the watershed water cycle, an irrigation sub-model was
established and added to the model. The following conclusions were drawn:

-

The irrigation sub-model, which was able to simulate irrigation water requirement, diversion water, field
water balance and total production, was established.

-

The model was able to simulate the effects of the irrigation scheme’s diversion, return flow on the river
flow.
The completed model was used to evaluate the impact of various changes in water use in the watershed. The
study concluded that:
 Prek Thnot River was most critical in water resource availability. There was too much water during the
rainy season and lake of water during the dry season. In some years the rain came too late with heavy flooding
afterwards.
 Changing cropping schedule for rainy season rice (medium and late rice) from 1st July to 1st August for
medium rice and from 15th July to 15th August for late rice significantly reduces the irrigation water deficit and
consequently the required storage, and increases the yield of rice and its production.
 The possible use of the model to evaluate the impact of various changes in water use in the watershed was
confirmed.
Overview of the hydrology of the Mekong Basin

Research objective

-

To uncover and describe the key patterns and features of the Mekong Basin hydrology and synthesise the
results in a way that provides some basic insights into the regime of this fascinating river system.

-

To recognise the need for joint cooperation and mutual consideration when planning and designing new
water utilisation projects within a single trans-boundary river basin (as in the Mekong Agreement of 1995).
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-

To reduce detrimental downstream effect from new upstream abstractions, from dam construction or intercatchment water transfers. For example, at risk from any significant modification of the mainstream flood
regime would be Cambodia’s inland fishery, one of the world’s largest and most diverse.

The Angkorian Hydraulic System, Siem Reap province, Cambodia
The Khmer mastery of water engineering in ancient times is shown in a range of Angkor’s hydraulic structures
such as barays (constructed reservoirs), moats, laterite weirs, bridges, ponds, canals and dykes.
Due to the increasing number of tourists every year and the rapidly growing population of the whole region,
the demand for water is increasing dramatically, making water management for the Siem Reap/Angkor area
the most critical issue for safeguarding the monuments and for sustainable development. The challenge is to
satisfy the needs of water for daily use while assuring the stability of Angkor temples standing on the sand
layer and linked to the groundwater.

Ancient hydraulic system of Angkor

A. Research trend

-

To analyse the flow from the upstream limit of the watershed outlet from the Kulen plateau right through
until the water spills in to the Tonle Sap (Great Lake) via three watersheds (The Pourk River in the West,
The Siem Reap River in the Center and the Roluos River in the East),

-

To rehabilitate the ancient Angkorian hydraulic system in other to permit the restored cultural landscape
and general environment to recover their essential role of safeguarding the monuments.

B. Result of research
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-

No inscription from the Khmer Empire mentions either flood or drought in the Angkor region and neither
do the Khmer people have a memory of disaster transferred from one generation to another through
legends.

-

The challenge of water in the hydraulic system around each temple is to secure water for daily use, while
assuring the stability of temple standing on the sand layer and linked to the groundwater.

-

In 2004, the researcher team encountered drought in the Angkor Wat moats and Srah Srang drying up and
this was followed by floods in 2009, 2010 and 2011 (also this year 2013).

-

In 2012, the main part of this system was rehabilitated, allowing Angkor and Siem Reap city to avoid
flooding during the rainy season of 2012. Without this work Siem Reap city would have faced at least four
successive flood waves. The ancient Angkorian hydraulic systemcan not only optimise water resource
management but also achieve flood control. The era of Angkor’s prosperity, this imperial capital had
efficient, coherent and systematic hydraulic engineering.

-

In the present days, West Baray (56 million m3), North Baray (5 million m3), Angkor Thommoat (nearly 2
million m3) and Angkor Wat moat (more than 1 million m3) can store more than 65 million m3. During
the flood of 2012, they played a very important role in absorbing water temporarily, facilitating flood
management. APSARA plans to rehabilitate East Baray (more than 36 million m3) and Lolei Baray (10
million m3)– which are now both completely dry – to gain a total storage of 111 million m3 and ensure
overall water management and flood prevention as in the era of Angkor.

-

An understanding of the Angkorian hydraulic system has been able to authenticate many elements in the
field. Further work is required to restore this system fully and ensure its continued maintenance. This
programme is a model of conservation/rehabilitation. Updating the Angkorian hydraulic system appears to
be the most efficient and cost-effective way to contribute to the development of the Angkor/Siem Reap
region in a sustainable way, and to reduce poverty.

Phnom Kulen’s three watersheds: Pourk, Siem Reap and Roluos Rivers (L to R)

No inscription from the Khmer Empire mentions either flood or drought in the Angkor region, and neither do
the Khmer people have a memory of disaster transferred from one generation to another through legends. It
would seem therefore that these problems did not occur in the past, indicating that the water management
system in ancient times was capable of optimising water resources. But because the ancient system had not
functioned for such a long time, in 2004 we encountered drought with the Angkor Wat moats and Srah Srang
drying up, and this was followed by floods in 2009, 2010 and 2011.
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An understanding of the overall organisation of the Angkorian hydraulic system – rivers, barays, moats, canals,
ponds and dykes – can be drawn from field identification of water flow, highlighting channels and their
connections. Such field research has revealed that the north-east section of the North Baray has dykes running
east–west and an ancient laterite bridge of multiple arc form on the Siem Reap River, which could be used to
control the flow and discharge. Utilising this distribution node, and the articulating channels, we managed to
distribute water to the west (North Baray, West Baray and Stung River), to the east (Roluos River) and to the
south (moats of Angkor Thom and Angkor Wat and Siem Reap River).
In 2012, the main part of this system was rehabilitated, allowing Angkor and Siem Reap city to avoid flooding
during the rainy season of 2012. Without this work Siem Reap city would have faced at least four successive
flood waves. This result confirms that the ancient Angkorian hydraulic system can not only optimise water
resource management but also achieve flood control.
The Hydraulic System of PreahVihear, Preah Vihear province, Cambodia
Preah Vihear was built directly on the rock layer, unlike the other Khmer temples in the Angkor region or
elsewhere on the plains which were built on the sand layer, making them very sensitive to changes in the level
of groundwater or the degree of saturation of the sand. Nevertheless, the issue of water is still a major
challenge for the management of this site, as it is indeed elsewhere in the world. In this article we focus on the
water management system, including water use and drainage. How did the Khmers in ancient times consider
water in relation to heritage, and how did they manage it? Two main hydraulic systems were established for
the site in ancient times, one on top of the hill (around the temple), and the other at the foot of the hill (on the
plain).

A. Research trend

-

Focus on the water management system, including water use and drainage. How did the Khmers in ancient
times consider water in relation to heritage, and how did they manage it?

B. Result of research

-

Changes in climate and land use make imperative the development of integrated water resources
management for the Preah Vihear Temple site, taking into consideration some general recommendations:
o Meteorological stations should be installed on the site.
o Surveys of discharge and inlet of all basins and barays should be made in the rainy season.
o To ensure water sources to fill the barays, it is necessary to protect the forest and reforest the whole
region. The forest can play the role of not only restoring water sources for the region but also
contribute to the sustainable development of ecotourism.
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-

This examination of the hydraulic system of Preah Vihear Temple shows that the Khmer ancestors knew
very well the importance of water and how to manage it. The basins and barays were designed neither for
landscaping and decorating the temple, nor were for temple stabilisation as in Angkor or elsewhere on the
plain. They were built to ensure the daily needs of people living at the site (managers and visitors) and can
hopefully be restored to play such a role once again in this World Heritage site that is starting to attract
increasing numbers of visitors.

Typical cross‐section
PreahVihear

of

the

ancient

basins

of

PreahVihear Temple does not need water for stabilisation or decoration, but for site management and visitors.
As this temple was built on the highest point of the mountain, no spring or other water sources could supply
water for daily use.
To solve this issue, six basins were built to collect water during the rainy season, named following the
direction of water flow from higher (south) to lower (north). All the basins have the same typology: the lowest
part is cut directly into the rock, the walls are constructed from compacted soil, and the basins are lined with
sandstone blocks to protect them from soil erosion and also to help users to assess the water level in the basin
and to reach the surface at any point to take water for use. Vertical infiltration can be considered as null
because these basins were built directly on the rock. Loss of water from the basin is mainly through horizontal
infiltration because the walls have not been maintained for many years due to wars over the centuries and the
drainage system has never been restored and/or maintained.
In addition to
meeting the daily
need for water, these
basins serve to reduce
runoff water from the
temple in order to
prevent erosion
impacting on its
stability. However,
due to the collapsed
drainage system, the
runoff water flows
uncontrollably, with
the result that some
parts of the temple
have already
collapsed, and other
parts have tilted and
will eventually also
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collapse if the problem is not urgently addressed.
Soil Mechanics
Understanding variability in texture and acidity among sandy soils in Cambodia
This research aims to understand variability in texture and acidity among sandy soils from different parts of
Cambodia. The underlying hypothesis is that parent materials have a strong influence on the key physical and
chemical properties of sandy soils in Cambodia.
Materials and methods
The research was conducted
in 4 study areas: Coastal
zone in Kampot District of
Kampot Province; Tramkak
District of Takeo Province;
Ponhea Krek District of
Kampong Cham Province;
and Kampong Chhnang
Province (This figure). Soil
samples were collected from
8 sites in the study areas.
Two contrasting sites in each
study area were selected
with one at an upland location and another in a low lying part of the area. At each site, a pit was excavated to
1.50 m depth. From the bottom of the pit, the soil was augured until reaching approximately 2 m depth. Pits
and cores were sectioned according to variation of texture, colour, size and amount of stones. Approximately 1
kg soil was collected from each layer at each site. Soil samples were air-dried and ground to pass through a 2mm sieve.
Conclusion
Variations in particle size distribution and acidity of sandy soils from different parts of Cambodia might be
related to the influence of different parent materials of these soils. Proximity to granite and the coast was
associated with mostly coarse sand fractions while sandstone and quartzite geologies were associated with an
abundance of fine sand. Clay contents were similar at most sites as they were low in top layers and they
generally increased at > 1 m depth. Soil pH values were generally.
Remote sensing (RS) and information system application
Introduction
In Cambodia the satellite information, remote sensing and GIS have become a useful and important tool in
hydrology and to hydrologists in the scientific study and management of water resources. Climate change and
greater demands on water resources require a more knowledgeable disposition of arguably one of our most
vital resources. As every hydrologist knows, water is constantly in motion. Because water in its occurrence
varies spatially and temporally throughout the hydrologic cycle, its study using GIS is especially practical. GIS
systems previously were mostly static in their geospatial representation of hydrologic features. Today, GIS
platforms have become increasingly dynamic, narrowing the gap between historical data and current
hydrologic reality.
The elementary water cycle has inputs equal to outputs plus or minus change in storage. Hydrologists make
use of a hydrologic budget when they study a watershed. A watershed is a spatial area, and the occurrence of
water throughout its space varies by time. In the hydrologic budget are inputs such as precipitation, surface
inflows, and groundwater inflows. Outputs are evapotranspiration, infiltration, surface runoff, and
surface/ground water outflows. All of these quantities, including storage, can be measured or estimated, and
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their
characteristics
can
be
graphically
displayed
in
GIS
and
studied.
http://www.crisp.nus.edu.sg/~research/tutorial/em.htm
We perceive the surrounding world through our five senses. Some senses (touch and taste) require contact of
our sensing organs with the objects. However, we acquire much information about our surrounding through the
senses of sight and hearing which do not require close contact between the sensing organs and the external
objects. In other words, we are performing Remote Sensing all the time.


Using Aster DEMS to produce IkonosOrthophotos

In many areas of the world, it is difficult to obtain or create an accurate digital elevation model (DEM). In
other areas, obtaining an accurate DEM is prohibitively expensive. Lack of an accurate or affordable DEM
over certain areas of the earth means that producing accurate orthophotos over these areas is difficult, costineffective, or even impossible. ASTER, a sensor aboard NASA's Terra satellite, provides low-priced Visual
and Near-Infrared (VNIR), Thermal Infrared (TIR), and Short Wave Infrared (SWIR) data. The VNIR
segment of the data contains stereo bands that can be used to produce DEMs. The DEMs derived from ASTER
data using control points extracted from IKONOS imagery are of sufficient accuracy to allow the production
of Reference Product (25m CE90) orthophotos from IKONOS imagery anywhere in the world where ASTER
data is available. This paper outlines the process for creating DEMs from ASTER data, including obtaining the
data, necessary software, and an overview of the actual production steps. Included are case study accuracy
assessments in which DEMs produced from ASTER data were used to orthorectify IKONOS imagery, and the
resulting orthophotos compared to those produced using DEMs of known accuracy derived from IKONOS
stereo data.
ASTER is a sensor aboard the Terra satellite, which was launched in December of 1999. ASTER has two
telescopes, one nadir-looking and one back-looking, which collect stereo data at 15-meter resolution.
Space Imaging’s IKONOS satellite was launched in September of 1999. IKONOS is the world’s first
commercial satellite to collect panchromatic imagery at 1-meter resolution and mult-spectral imagery at 4meter resolution.
To achieve good accuracy using the PCI Ortho Engine ASTER sensor model, accurate control points must be
positioned at specific locations on the ASTER imagery. As noted in previous studies, ASTER DEM accuracy
will deteriorate in steeper terrain. However, in many instances, it is not unreasonable to expect ASTER DEM
accuracies to be comparable to USGS 1-arc second DEM accuracies.
Geographic information system (GIS)
A geographic information system (GIS) is a system designed to capture, store, manipulate, analyse, manage,
and present all types of geographical data. The acronym GIS is sometimes used for geographical information
science or geospatial information studies to refer to the academic discipline or career of working with
geographic information systems and is a large domain within the broader academic discipline of Geoinformatics. In the simplest terms, GIS is the merging of cartography, statistical analysis, and computer science
technology.
Application of remote sensing and geographic information system
In recent years, the remote sensing and geographic information system play the important role for some studies
and works.
Some examples of study and work related to remote sensing and GIS are shown as follow:
- In September 2011 and October 2013, Cambodia were affected by natural disaster (serious flood) in flood
plain areas around Tonle Sap Lake and Mekong River, we
used the COSMO-SkyMed and RADARSAT-2 to detect
the flood extents.
- Studying on Prey Lang Evergreen Forest Core
Zone -2009 in Kampong Thom and Preah Vihear
provinces
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-

Studying on Land Use and Land Cover across Stung Chrey Bak Catchment area at Kampong Chhang
province –study period 1989-2008
For Irrigated works for Northwest Irrigation Sector Project of Cambodia (Punley Irrigation sub-project
is located in BanteayMeanchey province) 20062010, the engineers used some instruments to
detect some works as follows:

-

Using data from DGPS and topographical map
for defining levees and location of canals layout,
land ownership and land parcel of farmers in
irrigated command area and forming Farmer
Water User Groups (FWUC).

Case Study Area at Prek Thnot (Lower Mekong
River Basin)
Agriculture is the backbone of the Cambodian economy. In
order to produce food for an increasing population the land and
water resources have to be used more sustainably. Soil and
water are the two main components of the agricultural system
and they are undergoing degradation in many aspects. Soils are
being degraded due to erosion, water logging, salinity etc.
Hence, knowledge about the soils is important for any project
planning in order to satisfy the environmental conditions. Soil
data is spatial in nature and they can be easily handled and
analysed using GIS. Sharing and dissemination of information
is easier when the information is stored in digital form. Also
the data in GIS can be analysed with other type of data to get
the desired information.
 Digital Elevation Model (DEM) analysis: DEM plays a significant role in the grid-base distributed
hydrological model. The aim of DEM analysis was to delineate watershed parameters. There are three kinds of
DEM such as Contour Base Networks, Triagular Irregular
Networks (TINs) and Regular Grid Networks (RGNs). The
most common RGNs is the square grid due to their ease of
computer implementation and computation efficiency. In this
study the RGNs were selected. By using digital contour lines,
which have 100m interval at the low land areas and 20m
interval at mountainous area with scaling 1/100,000, land
surface was created by 3D Spatial analysis TINs. The DEM
was done by converting TINs to grid by use ArcView GIS 3.2
software. After converting to grid, a 500m by 500m grid cell
of DEM was obtained. In ArcView, ANSWERS Extension
was used to process the DEM and generate the hydrological
parameters.
 Land use analysis: Digital land use data given by the
Ministry of Public Work and Transportation of Cambodia
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was used to analyse the vegetative types in the watershed. The scale of this GIS land use data is 1/100,000.
There are seven major land use classifications such as forest land, agricultural land, grass land, shrub land,
water feature, barren land and built-up areas. These land-uses were reclassified into two vegetative types. The
first is a group of forest and shrub and the second is a group of paddy field conditions including agricultural
land, grass land, barren land, water feature and built-up areas. This was done so that they could be applied in
Evapotranspiration (ET) sub-model. Codes of these vegetative types were edited in the attribution by adding a
new field. After coding them, the vector GIS coverage of land use codes was converted into 500m grid using
ArcView GIS 3.2. The grid layer with land use codes was exported to raster file so that land use code in the
grid cell can used in simulation process. These data were not
only useful for ET sub-model but also for overland flow over
the plan that is strongly affected by roughness coefficient.
 Soil type analysis: The aim of the analysis was to convert
GIS vector layer of soil textures into grid. The digital soil type
map provided by the Ministry of Agriculture, Forestry and
Fisheries was used to analyse in the study. The soil investigation
test was funded by Japanese Society of Irrigation, Drainage and
Reclamation Engineering. The soil investigation was conducted
on March 2004 in dry season. According to the results of soil
investigation, the seven soil types were converted into four soil
textures such as sandy loam, loam and clay. The soil textures
were coded so that the GIS coverage of the soil textures could be converted into grid. A grid cell was done
with 500m by 500m.
-

Cropland monitoring in area around Mekong River (including Tonle Sap):
We used satellite land-use and land-cover datasets to guide us in determining how much land was cropland.
These datasets sometimes misclassify large amounts of land because they misinterpret the image data. For
example, flood plain in the dry season looks a lot like low-intensity cropland, seasonally flooded areas look
like water, and fallowed areas often resemble secondary forest or bush. To avoid misclassification, we use
three different satellite datasets:
 GLC2000
 MODIS MCD12Q1 Land Cover 2008 L3 Global 500m and
 GlobCover 2009. GLC2000
GLC2000 - the oldest of the three, but still reliable—has 1-kilometer resolution, while MODIS Land
Cover data are at 500-meter resolution (we used the 2008 version for land cover), and GlobCover 2009 is at
300-meter resolution.
In Cambodia the geographic information system (GIS) has
Hydrography
important roles and been used in many sectors such as:
Remote Sensing & GIS in Hydrology and Water
Resources
 River Hydrology & Geomorphology
 Water Resources Assessment and Development
 Watershed Analysis & Planning
 Water Resources Management
Elevation
In the irrigation sector we used some software such as: Google
Earth, AutoCAD, ArcGIS, and MapInfo, ArcHydro within the
Arcview or ArcMap
Remote Sensing and GIS in Agriculture & Forestry
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Soils and Landscapes
Land Use & Soil Resources Assessment
Landscape Ecology and Forest Mapping
Satellite Agro meteorology
Forest Ecosystem Analysis
Agri-informatics
Environmental Soil Science
Forest Inventory and Forest Informatics
Forest Bio mass Estimation
Land Use

Soil

Aerial and satellite images are valuable source of spatial data in GIS!

Water Resources management in Cambodia
Nowadays the Ministry of Water Resources and Meteorology is managing monitoring and forecasting of
weather, water levels in rivers, rainfall, marine forecasting by using satellite and Radar data for modelling
calculation.
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Constructed the Radar building and installed the Weather Doppler Radar (Operationality tested in early 2012)

Relationship between on-farm water management and crop production
The Royal Government of Cambodia has prioritised agriculture in all its major development strategies, as the
main sector to alleviate poverty in the country. Rice is the dominant crop in Cambodian agriculture and a ricebased farming system has existed in the country for more than 2,000 years. In order to increase the rice yield,
irrigation development has been seen as a key for rice development, and investment in irrigation including
improvement in current irrigation system and management, is among the top priorities of public investment in
Cambodia. The share of public investment in the irrigation system over the government’s total development
investment has increased significantly in recent years.
To support the above rice yield increased, the management and planning of water distributing, it is convenient
to fix the starting date of operations (Main irrigation calendar: table 1). This makes it easier for people in
charge of operating the scheme to plan and start preparations.
Table 1 - The Main Irrigation Calendar
Crop

Nurseries

Transplantin
g
Seedlings
at First
transplanting (days)

Start
Rice

Latest

Latest
Irrigation
Application

Earliest

Latest

EWS

15/4

1/5

21

7/5

21/5

21/8

MWS

1/6

15/7

42

15/7

7/9

15/12

LWS

15/8

7/9

21

7/9

28/9

15/12
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DS
Upland crops

15/12

1/1

21

7/1

21/1

14/4

7/11

30/11

21 to 45

15/12

1/1

14/4

EWS= Early Wet Season, MWS= Medium Wet Season, LWS= Late Wet Season, DS= Dry season

This calendar is very important as it fixes the periods when the water would be supplied.

The duration of the crop cycle
The successive stages in the rice crop cycle are as shown in Table 2. Crop stages are listed while at the
beginning, and end time is allowed for land soaking and harvesting respectively. The total time indicated is
the time the land will be occupied for this crop. This duration is slightly in excess of the actual duration of the
crop itself.
Table 2 ‐ Indicative duration of the crop cycle of main rice crops
Stage
Duration in days

Land soaking and preparation of the nursery

Short duration rice
varieties(*)

Local Variety

6

10

Seedling stage in nursery and preparation
fields
Vegetative development

21

35

28

60

Reproductive stage and ripening

42

45

Drying (drainage)

28

15

Total crop duration

125

155

Harvest

14

15

Total

145

180

(*) e.g. IR 66

It is impossible to satisfy the contradicting requirements of crops that are at a very different stage of maturity at
the end of the season because some plots still require deep flooding while other crops where the rice would be
ripe would require drainage and dry conditions for harvesting. It is for this reason that the crops should be
synchronised as much as possible and farmers should be made aware of this.

Staggering of the starting date of crops
The plots will not be planted exactly at the same time but there will be a certain staggering of the planting date.
In practice often a spread of almost 2 months can be observed.
The staggering of the starting date of rice crops is usually determined by the farming system strategy of the
farmers. Usually such considerations as: ‘best plots first’, ‘closest plot to home first’, availability of labour
and ploughing capacity will determine how long it takes to establish the crop on every plot of an area.
Irrespective of these factors, the minimum required time for establishing a crop is set by the capacity of the
irrigation system to supply water during land preparation.
In order to flood the fields 200 to 300 mm is needed, for transplanting another 100 mm is needed.
The system is capable of delivering 2 l/s/ha, at 100% capacity.
During land preparation/planting it can be used at 120 % capacity and thus deliver:
2 l/s/ha x 120% x 86.400 s/day x 7 days/10 mm/m3 = 145 mm per week, rounded down to 140 mm.
Thus land preparation and transplanting can’t proceed faster than (200…300 mm +100 mm)/140 mm/week = 3
weeks.
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Farmers customarily will plant their traditional wet season rice varieties as soon as this is possible but will
often start a few weeks later if they cannot mobilise the resources to do this earlier. They will plant the
photosensitive varieties until the first week of September.
It is however to be expected that farmers will try to get enough water for land preparation on their field in the
first two weeks of the irrigation season and transplant during the third week or fourth week.
To manage water more efficiently the Royal Government of Cambodia has announced in 1999 to the relevant
institutions a policy to set up the Farmer Water User Communities (FWUC). This is a community self-help
approach to ensure the sustainability of dam systems; manage water for dry season cropping, and intensify
cropping and crop yield through effective water management.
The main task of the FWUC is to operate and maintain the system in order to provide the farmers with water to
grow their rice crops especially for dry season rice. In order to achieve this, the FWUC will have to work with
the farmers, local authorities and Provincial Department of Water Resources and Meteorology, and the farmers
must support the FWUC.
An example of case studies is on-farm water management in Northwest Irrigation Sector Project of Cambodia
(Punley Irrigation sub-project in BanteayMeanchey province):
As an easy way to manage the irrigation system and irrigation requirement of each FWUC, in the case study of
Punley, reservoir plays an important role in water storage for irrigating some crops at the late of the wet season
and especially for dry season crops. Upon the hydrological calculation, the storage capacity of Punley reservoir
is approximately estimated as 3.1 MCM at the design Full Supply Water Level FSWL = 1.85m. The flooded
area is around 327ha. Graphic below illustrates the relationship between the storage capacity and the water
level in the reservoir.

The FWUC operator can estimate the volume of water in the reservoir, he just observes the water elevation on
a gauge at the wall of the spillway, then the operator can read a graphic of reservoir routing curve (Water
elevation = 1.85m it means the water storage capacity = 3.1 million cubic meters.
System Operator can estimate the flow capacity of Head Regulators, Check Structures and Open Flume when
the gate is opened (how high a gate is opened, how much of discharge he can get (m^3/C).He just observes the
graphic curve of each structure then he can know how high he should open the gate of each structure according
to his water requirement for each plot.
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A staff gauge at Punley Reservoir

Graphic curve and staff gauge at each structures

Relationship between farming practice and water distribution cycle
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A practical method to measure the water requirements in the field and to determine whether there is a need to
apply irrigation water or to drain in the short-term is described
below. The method applies only to rice.
The method consists of using a ‘reference station for in field
water management’ to determine the irrigation requirements
week by week as the season progresses. It consists essentially of
measuring and comparing water levels respectively in an
infiltrometer, an evaporation pan and in the rice field in which
they are installed, in combination with rainfall records obtained
from a rain gauge. This allows determining the balance of
evaporation and rainfall, infiltration, and the combined leakage
and ineffective rainfall. Measurements can be made every few
days to weekly. The measurements for that reference station are
then considered valid for the whole area. The irrigation
applications to be given can be decided on basis of the measurements made on station. In the initial phase of
the operation, it has to be verified that the observation made at the station is really valid for the whole
irrigation area by finding the wettest and driest plot of each block.
The original method is composed of determination of evapotranspiration, percolation and ineffective rainfall of
a rice crop. A simplified version is used here in which the ineffective rainfall is not determined but the water
level in the field is used as a third measurement. The water level in the field will reflect the combined effect of
losses through leaking bunds and outlets and ineffective (drained) rain.
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1. Background
Agriculture is the mainstay of the national economy. The productivity of the sector providing threefifth of output on which about 90% of the national population rely on, is still low due to the lack of
rural and agricultural infrastructure and agricultural production technology. Most of the villagers in
project areas suffer from poverty and continue to practice slash and burn shifting cultivation with low
yield. The Government Agricultural Sector Strategy focuses on achieving self-sufficiency in food
production, reducing the degradation of forests, promoting crop diversification, proving rural
infrastructure following and integrated area development approach and as part of area development,
expanding irrigation development.
Irrigated agriculture is a sub-sector with a large potential to contribute to the economic growth. The
country’s opening to trade over recent years introduced a new market demand for agricultural
commodities, and has attracted investment interest in downstream agro-processing industries, thus
offering economic growth opportunities. Among the 13 measures of the Ministry of Agriculture and
Forestry, the most directly related to irrigation is “Irrigation and Prevention of Droughts and Floods”.
It includes “allocation of irrigated areas in integrated agriculture development zones”, and
improvement and expansion of reservoir systems which will also mitigate drought and floods;
maintaining the irrigation pumps and promoting the use of economical energy pumps.” MAF’s new
direction is to adopt a more holistic perspective of irrigation; equal to “irrigated agriculture”, “rather
than as irrigation infrastructure development.”
2. Irrigation development
Irrigation Development in Lao PDR started a few hundred years ago in the northern part of the
country. There were a lot of traditional irrigation schemes in which the water level was raised by
small dams made of logs, earth and stones, thus enabling the irrigation of about 30 ha, during the
wet season.
In 1960, with foreign assistance, the improvement of irrigation accelerated. Small concrete dams and
water distribution systems were built in several provinces. However, these were inadequate to
provide both the necessary irrigation and water supply for the villagers. But the major irrigation
development began in 1987. The department of irrigation now provides central planning and
coordination of irrigation development throughout the country. It also offers advice to provincial
administration on matters concerning irrigation services. The irrigation schemes are classified in 3
scales such as: small-scale scheme, ranging from 1 to 100 ha, medium scale scheme, from 101 to
500 ha, and large scale scheme, above 500 ha. There are many types of irrigation schemes:
traditional weirs, gabion weirs, concrete weirs, sluice gate, reservoirs and pumping stations.
In 1996, inundation and drought occurred, the government of Lao PDR made a decision to
rehabilitate the existing irrigation projects and to construct some new irrigation projects to provide
water for agriculture. Pumping for irrigation is one of several types of irrigation used. The irrigated
area in the dry season increased from 16,000 ha in 1996 to almost 200,000 ha in 2000, but since
2000 to now the area of irrigation increase has been quite low.
3. Irrigation Technical Review
In the field of irrigation engineering of Lao PDR, we have used the following technical guidelines to
conduct survey, design, and construction supervision:
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1) Technical for Irrigation Topography Survey, Printed by Irrigation Technical Division, Year 1999.
2) Technical for Irrigation Geology Investigation, Printed by Irrigation Technical Division, Year 1999.
3) Technical for Irrigation Planning and Design, Printed by Irrigation Technical Division, Year 1999.
4) Technical for Irrigation Construction Suppervision , Printed by Irrigation Technical Division, Year
1999.
5) Technical for Planning, Design and Opereation and Maintenance.
Printed by: Department of Irrigation, Year 1999.
6) Technical for Irrigation Construction Suppervision , Printed by Irrigation Technical Division, Year
1999.
7) Technical for Irrigation Survey, Design and Construction of each Project, Prepared by: Irrigation
Survey and Design Center.
Note:
1. There are no research papers for irrigation work, only technical guidelines and methology to
introduce how to conduct each work.
2. The Department of Irrigation has just established the Irrigation Science Research Center in
2013 and tries to research to improve irrigation efficiency and related work.

4. Hydro-Meteorological studies in irrigation engineering
4.1 Historical development
During 1980-1990, there was a scientific team from Russia (Soviet Union) who studied meteorology
and hydrology, especially hydrological research for the development of agriculture and irrigation. The
objectives of these studies were to find out the potential of water resources for agriculture
development in the whole country by using the Sokolov method to calculate inflow.
During 1990-2000, many methologies changed when many irrigation engineers who were educated
from many countries such as Russia, Viet Nam, Japan, and Thailand brought different knowledge
and participated in developing technical processes especially in hydrology.
During 2000-2010, the methodology changed when the Mekong River Commission brought new
techniques for hydrology anlalysis by using Modelling such as: HEC, SWAT, IQQM, and ISIS. All of
these Models are useful for irrigation engineers. Many people from provincial irrigation departments
participated in training courses, but still sought experts in Irrigation Department. Nowadays many
senior engineers in the Irrigation Survey and Design Centre and survey and design companies are
still using manual methods to calculate and analyse hydrology.
Hydrological and meteorological data collection and method for computation of rainfall and
runoff.
4.2 Run-off estimation (for drainage systems)
This shall be calculated using collected data. However, if run-off data are unavailable, the design
peak flood can be estimated on the basis of various formulas. These include Rational Formula, Unit
Hydrograph Method, Log Pearson Type III, Gumbel, ASIA and other standard methods. As for
author’s experience it is strongly recommended to use the Sokolov Method. The Sokolov Method is
an empirical method composed of formulae calibrated to Lao PDR watershed conditions.
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Topographic maps of the watershed shall be no smaller than 1:50,000. Smaller scale maps shall not
be used because they will produce meaningless results. Unit hydrographs can then be calculated.
The peak design flow shall be the 25-year flood or more to the Maximum Probable Flood. The
criteria for selecting which value will be used in a particular system are: remoteness of the system,
the resources available to inspect and maintain the system, and the variability of annual rainfall.
4.3 Irrigation Water Requirement
Rice cropping in each scheme is that of lowland rice culture and rice is grown in flooded fields. The
land is prepared for transplanting of the seedlings in thoroughly wet, completely saturated conditions
to obtain the muddy conditions that favour good growth of the crop.
The critical period for irrigated rice production generally occurs from land soaking through
transplanting, which is the period of peak irrigation requirement. The required amount of water at this
period will depend on the following four factors:
(a)
Water for saturation of the soil; usually the depth of the soil to be saturated will be about 300 mm.
(b)
Water for establishing a water layer in the field, or the standing water, for which the depth will
be about 50 mm.
(c)
Water for percolation; this amount of water is an unavoidable water loss that depends on the
permeability of the soil layers and relative water levels in the field and under the ground. The
soils in the Project area are considered to be medium to light heavy. The maximum
percolation of soil that is suitable for rice should not exceed 2 mm/days.
(d)
Water for evapo-transpiration, which should be about 6.63 mm/days.
The amount of water for items (a) and (b) is called the depth of water required for field preparation,
while the depth of water required for items (c) and (d) is called the maintenance water, which usually
is also the depth of water requirement after transplanting the field.
Actually, during the land preparation period, the performances of land soaking, plowing, harrowing,
aerobic decomposition of crop residue, pudding and transplanting are individual, sequential activities
within farms in the irrigation system. From the point of view of system management for the whole
service area, these activities will be systematically performed at the same time. They can be logically
divided into three major activities: land soaking, land preparation and transplanting. For this reason,
certain assumptions are made here for the purpose of estimating water requirements during the land
preparation period. These are:
(a)
The water required for land soaking until saturation (dls) will be at 40 per cent by volume of
soil to be saturated, or dls
= 0.4 x 300 = 120 mm.
(b)
The standing water requirement (dsw) is 50 mm.
(c)
The water requirement for evapo-transpiration (ETp) is 6.63 mm/day.
(d)
The water percolation loss (P) is 2 mm/day
Thus, the water requirement for field preparation will be equal to
Ds = dls + dsw + P = 120 + 50 + 60 = 230 mm.
The maintenance water requirement will be
Dt = ETp + P

= 6.63 + 2

= 8.63 mm/day

The determination of the water requirement for rice in dry season merits careful review, in particular
the assumptions on deep percolation and the water need for land preparation and saturation being
dispersed over several months. The percolation rate is established with a point test under a
condition completely different from the actual situation under irrigation, leading to gross over
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estimation in deep percolation. From general experience worldwide, the highest water requirement in
rice irrigation occurs during early growth season when most farmers are preparing and saturating
their fields.
Adoption of percolation rate in the dry season of 70 mm per month, which is about 50 percent higher
than the wet season percolation rate, appears adequate under the circumstances. Also the
assumption that in January virtually the whole command area will require the pudding requirement in
addition to evapo-transpiration requirement will give an instantaneous gross water requirement,
assuming 65 per cent irrigation efficiency, of about 2.2 litres per second per hectare. This peak water
requirement is considered more than adequate for the medium to heavy soil prevailing in the
scheme.
The consultant will review the method of determination of the crop water requirements such as data
collection of evaporation, wind speed, sun shine, percolation etc. which relate to the method of
computation. It is strongly recommended that the consultant uses the latest version of UN FAO
CROPWAT and comparison with above mentioned method to calculate crop water requirements.
4.4 Drainage Modulus
Drainage canals are required to drain excess water from irrigated fields and to dispose it to outside
the service area. Drainage canals are also required to route the run-off from rainfall outside the
service area either through or round the irrigated field with minimum disruption to the farm activities.
In general, the drainage modulus to be used is that of 5 year return period with allowance for onfield storage. In the project area of each scheme, most of the floods were caused by relatively short
and intense rainfalls that concentrated in 3 to 5 days. The design modulus was then determined so
as to drain the probable 3-day consecutive rainfall on the irrigated field within 3 days
Assumption and procedures taken in determining the design modulus are as follows:
(a)
3-day consecutive rainfall of 5-year return period shall be selected.
(b)
Losses due to evaporation and percolation to be disregarded for safety reasons.
(c)
For rice cultivation, water is to be drained within 3 days; consequently the design modulus
will be equal to 3-day consecutive rainfall divided by 3 days. (1 mm/day = 0.1157
liter/sec/hectare)

4.5 Hydraulics Design
4.5.1 Canal Design
Discharge computation:
Q = A.V
Q - Flow in the canal in (m3/sec)
A - Canal cross section area in (m2)
V - Flow velocity in (m/sec)
Canal design:
A - (b+mh) h in (m2)
b - Canal bed width in (m)
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m - Canal side slope and is determined as in the below table:
No.

1
2
3
4
5
6

Canal characteristics

Bed width size
(0.2 – 0.6 m)

Bed width size >0.8 m

1.5
1-1.5
1
1
0-1
0.5-0.7

2
1.5
1-1.5
1
0-1
0.75-1

Medium Sandy Clay Soil
Sandy + heavy clay soil
Medium clay soil
Clay + laterite soil
Rock
Concrete
Remarks: For canal of sandy soil, m = 2.5 to 3
- Wetted perimeter computation

P  b  2h 1  m 2 (m)
-

Hydraulic Radius:

R
-

A
P

(m)

Flow velocity formula:

1
V  .R1 / 3 S 1/ 2
n
(m/sec)
S = Canal slope

S

h
z

(m)

Table: Freeboard in the canal Fr
No.
1

Canal
Main canal MC

2

Secondary canal SC

3

Tertiary canal TC

Discharge (m3/sec)
Q≤0.500
0.500≤Q≤1.000
Q>1.000
Q≤0.3000
0.300≤Q≤0.500
Q≤0.100
0.100≤Q≤0.200
Q≤0.300

Free board Fr (m)
0.30
0.30
≥0.50
0.30
0.30-0.35

Remarks

0.20
0.25
0.30
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4

Quaternary
ditch

canal

5

Drainage canal

or Q≤0.050

0.15

Drainage is usually on a natural line, there is no control on
the free board. Exception is the newly designed canals, for
which Fr will be determined.

h = difference in head of the canal upstream and downstream in (m)
L
n

= Canal length in (m)
= Roughness coefficient of the canal materials
Table Roughness coefficient

No.
1
2
3
4
5

Canal materials
Earth canal
Earth canal
Drainage canal(Earth)
Drainage canal(Earth)
Concrete canal

n
0.025
0.030
0.033
0.035
0.010-0.015

Water depth in the
canal (m)
d>0.60
d>0.60
d<0.60
d<0.60
d>0.60

Table: Flow velocity limitation
No.

Canal materials

1

Minimum
allowable
velocity for earth canal
Minimum
allowable
velocity for earth canal
Minimum
allowable
velocity for Drain(Earth)
Minimum
allowable
velocity for Drain(Earth)
Velocity
in
Concrete
canal

2
3
4
5

MC or
DMC
0.35

SC or DSC
(m/sec)
0.30

Tertiary
(m/sec)
0.25

Ditch
(m/sec)
0.20

>0.50

0.50

0.35

0.30

0.50

0.40

0.30

-

>0.60

0.60

0.35

-

>0.80

0.80

0.50

-

4.5.2 Canal structures design:
Pipe inlet
Pipe without pressure: The design formula is similar to the formula used for canal design, but
only subjected to the pipe shapes and characteristics.
Pipe under pressure:

Q  M . A 2 gz
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Q=
Flow through the pipe in (m3/sec)
M=
Loss coefficient in pipe
- For Round pipe M = 0.63
- For Square pipe M = 0.65
- For triangle pipe M = 0.60
A = wet cross section area of pipe in (m2)
g = Specific gravity g = 9.81 m/sec2
Z = Difference in head of water upstream and downstream in (m).
Canal water depth: Will be determined fixed.
The ditch water depth shall be h = 0.15-0.20m. If smaller than this, the ditch will be silted up.
The water depth will be subject to the flow discharge in the canal.
Drop structure:
For drop structure, the formula will be the same for spillway design.
- At inlet side:

Qmax  C.B.H o3.2
Where:

-

Qmax – Maximum flood discharge in (m3/sec)
C - Spillway coefficient C = 1/1.8 based on the spillway shape
B - Spillway width in (m)
H - Spillway height in (m)

At pipe:
Q = A.V
A = B.H
P = B+2H

A
P
1 2 / 3 1/ 2
V  R S
n
R

n = 0.014
S = 1/100
Where: A – Wet cross section area in (m2)
P – Wet perimeter in (m)
R – Hydraulic radius in (m)
V - Flow velocity in (m/sec)
S – Pipe Slope
N – Roughness coefficient
Or by using drop formula

q

Q
b

hk  3

q2
g
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 q 

Ho  
 m 2g 



2/3

, m = 0.36

To  H o  P
Where: Q = Flow discharge of canal in (m3/sec)
b = Bed width of canal in (m)
hk = Critical depth water
P = Difference in head of water upstream and down stream
g = Specific gravity
g = 9.81 m/sec2

To
hC "
h
h
Choose: k ; determine  = 0.90 from graphic k and meet hc”
1  1.74 H o ( P  0.24 H o )  0.70 x6hC
d  hC " h  1.05hC "h
Tail structure: by using formula
Q = 1.5 x L x H3/2 ; (m3/sec)
L – Width of canal in (m)
H – Water depth in (m)

5. Soil mechanics
Geology survey is a preliminary survey on founding engineering characteristics and material sources
in order to provide data for efficient design estimation and ensure sustainability of the activity.
5.1 Investigation tasks and requirements
A. Field data collection
1. Conduct in field survey in order to study land topography in terms of its geology, underground
water in the project area, location of the head work site, overflow water discharge facility, canals,
irrigated area, raw material supplies. The survey helps determine soil and water structures and their
characteristics.
2. Survey digging, drilling in order to determine soil depth which will help in setting earth head
station, water discharge by overflow, water reservoir and farm land through which the irrigation
canals will be constructed, constructions along the irrigation canals.
3. Material, water and soil sample collections for analysing soils suitable for engineering works, crop
production land, irrigation water and underground water volume.
4. Field testing for water drainage of the soils around the water reservoir, paddy field and canals.
Test for weight capacity, Cone Penetration Test (CPT), Standard Penetration Test (SPT),
unconfined, vane test and so forth.
5. Provide detailed records of digging, drilling, experiments, setting drilling hole location.
6. Sample storage and handling to prevent from sample losses.
7. Taking photos on geology and soil activities.
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B. Laboratory
Samples obtained in the field have to be analysed according to ASTM.
C. Report
1. Prepare technical reports
2. Results of analysis
3. Drilling log, test pit log
4. Soil layer cross section at the head station, weirs and facilities
5. Pictures to be used as a part of the report.
5.2 Equipment for soil Investigation
a. Equipment for drilling
1. Tripod drilling machine model PAT-DRILL 201 of a rotary type with a vertical shaft of 5
horse power, drilling capacity of 30-4- m, made in Thailand.
2. Pit size is Φ3 inches, used in protecting carbide bits, diamond bits of Φ3, Φ2 inches,
double tube core barrel assembly with a diameter of 56mm, Model: APAGEO SEGELM made
in France.
3. Hand Auger PXD 16331. Test Pit.
4. Undisturbed block and disturbed sample 103D503.
b. Field experiment equipment
1. Standard Penetration Test ( SPT) or KUNZELSTAB Penetrometer.
ASTM D1586-OE67.
2. Equipment double ring sized:50cm / d:25cm for soil infiltration test.
3. Vane test.
4. Humboldt Unconfined test.
5.3 Investigation techniques method
a. Specification for foundation of soil investigation
Following investigation works was carried out:
1.Cone penetration test (CPT) or KURZELSTAB penetrometer used for determining water holding
capacity of the soils by applying abrupt force of a 10 Kg ball dropping from a height of 50 cm,
pressed by a cone with Φ of 25mm in an angle of 30-60º relative to a 1m long steel rod with a
diameter of 22mm. Each downward force should move the material 20cm into the soil, and the
tapping rate is about 15-30 taps per minute. The resulted figure obtained from resistance force can
be read as cone penetration resistance (qc). The outcome can be compared with the result of SPT.
ASTM D1586-67.
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2 . Auger boring with a diameter of 3 inches has been made. Steel casing is used in loss soil to
prevent collapse of the bore hole during boring. Standard Penetration Tests (SPT) are performed at
every 1 meter depth to determine the bearing capacity of sub-soils and disturbed soil samples are
collected concurrently. Based on the ASTM.D 1586-67 specification the standard penetration test is
undertaken into the ground by means of a 140 Lbs. drop hammer falling a free height of 30 inches.
Number of blows is recorded every 6 inches (15 cm) of penetration until either 18 inches have been
penetrated or 65 blows have been into account as the standard penetration resistance No.(Number
of blows per foot) Disturbed soil sample derived from the standard penetration test is collected in
sealed plastic bags to prevent loss of natural moisture content.
Undisturbed samples have been collected in soft to medium cohesive soil at various depths ( at least
one per every 5 feet depth). With 3 inch diameter open thin-walled shell tube according to the ASTM
D1587-67 specification the tubes had been pushed hydraulically into the sub-soil strata about 50 cm
deep to obtain soil sample. Finally both ends of the tube are sealed with paraffin wax to prevent a
loss a natural moisture content , the depth of ground water level in the bore holes from the existing
ground surface is recorded 24 hours after completion of boring.
3. Test Pit BS 5930:1981 method, 1.5x2.0m in size, maximum depth of 5 m which can observe
changes from one soil layer to another for every 1 m deep.
4. Drilling holes by a rotary drilling equipment which can be used for holes with a diameter from
65mm up and can drill holes quickly and recording in the drilled holes changes in soil layers. Drilling
speed is about 0.5m per minute. Collect the disturbed soil sample in the drilled hole at every 1m
deep and undisturbed soil sample using ASTM D1587-74 method.
5.Rotary power Auger drilling equipment. The vertical shaft of 1.5HP, Capacity deep max 20m,
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made in Japan.
6.Hand Auger method ASTM D 420.69, ASTM D 25736.71, drilling using human force by turning the
drilling shaft and drilling head with a diameter of 3 inches connected with a drilling shaft of 1m long
and a diameter of 25mm. This method can drill down to 10m. In light to medium sticky soils and
underground water is not abundant, in every 30cm, the drill must be light up in order to remove the
soil. Disturbed soil sample should be collected in every 1m.
7.Wash boring method ASTM D 2573-67T,ASTM D2133-70(1976). This drilling method depends on
water pressure for loosen or break the soils. Typical setup for water boring method is derrick, power
unit ,winch and Water pump .
8.Vane shear test . ASTM D 2573.72 method. The vane method of testing to determine the inplace
shear resisting of soil has been found advantageous in foundation investigations .This test is
applicable primarily in soft saturated clay soil in which the penetration resistance??. Size D: 50 mm,
depth H:30 mm, by moment ( torque ) speed 1r / sec.
9. Soil sampling disturbed, undisturbed sample ASTM D 1587.74 method.
10.Soil infiltration test ‘’ BENDEMAN “ method and Falling head BS- 5930.81 method and Constant
head. by ( Double ring D:50 / d:25 cm) . Time used for test is maximum 6-8 hr.
11. Log borehole and Test pit reports.
12. Moisture and pH equipment.
13. Azimuth alternative for dipping azimuth/dip angle rock.
14. Hummer geological.

5.4 Laboratory testing.
Methods to study mechanical properties of soil in the site location are as follows: the following soil
mechanical tests were executed at the material testing Laboratory of Irrigation Survey and Design
Center, Vientiane Lao PDR. According to the ASTM standard for laboratory testing soil, the selected
representative samples are tested for:
1. Unit fine soil classification system, ASTM D- 2487-.
2. Direct shear (Granular soil) ,ASTM D-3080.
3. Unconfined compression, ASTM D-2166.
4. Natural Unit weight.
5. Permeability constant head and falling head test ASTM D- 2434.
6. Standard proctor compaction. ASTM DOE 698.
7. Consolidation, ASTM D-2435.
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8. Atterbeg’s limit ASTM D- 4318.
9. Sieve analysis,ASTM D- 421.
10. Hydrometer analysis, ASTM D- 422.
11. Specific gravity, ASTM D-854.
12. Water content, ASTM D- 2216.
Standard test procedures of American Society for Testing and Material ( ASTM ).
6. Concrete structure
6.1 Structural Design criteria
6.1.1 General
After dimensioning the structure so as to achieve the hydraulic requirements, the structure will be
designed to sustain the imposed maximum dead, live and hydrostatic loads. Hydrodynamic,
earthquake, wind and temperature loads will be considered only in the design of the structures in
which these loads have significant effects.
In order to minimise leakage, control of cracks in the concrete will be carried out for the structures
involved in water conveyance and distribution.
Consideration will be given to temporary loading conditions during the construction phase. Moreover
the structural design will be carried out to ensure the stability and durability of the structures. The
main factors to be taken into consideration during this phase of the computations will be the
followings:

Safety against piping (understructure seepage with piping effects)

Safety against local uplift pressure

Safety against overall instability
The design will be based on standard international engineering practices and generally the Design
Standard of the United States Department of Interior-Bureau of Reclamation and ACI (American
Concrete Institute) Standard.
6.1.2 Loadings
General information about the dead and live loads are given hereafter.
2.4-3 Dead loads
The specific weights of various materials will generally be taken as follows:
Reinforced concrete
2,400
kg/m3
Water
1,000
kg/m3
Dry soil
1,600
kg/m3
Compacted soil
1,900
kg/m3
Saturated soil
2,150
kg/m3
6.1.3 Live loads
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For the canal structures, the gate operating platforms will be designed for a live load of 300 kg/m2.
For the headwork structure the operating platforms will be designed with the self-weight of related
elements and equipment specifically determined for the case under consideration.
Where gates are used, the design will be carried out taking into consideration the self-weight of
gates, friction loads related to equipment.
6.1.4 Vertical wall loads
Design for vertical walls placed against un-compacted backfill. Load must include the maximum
internal water load in canal and this load is reduced by active dry-earth backfill load. For vertical
walls placed against compacted backfill the internal water-load can be neglected. If the wall is not
backfilled, the design internal load of water is based on the depth of water to the top of the wall. If
the backfill becomes saturated, the additional load must be used for design.
6.1.5 Sloped wall loads
Sloped walls are usually designed to be supported by the foundation on which they are placed,
canals and related structures for determining the maximum loads from both sides of the wall to be
considered when determining how the walls be supported.
6.1.6 Allowable Stresses
Concrete Strength
The standard cylinder test age 28 days compressive strength of
structures is as follows:
a) Concrete strength for small typical structures
b) Concrete strength for special structures
c) Concrete strength for village bridges

concrete for various types of
=
=
=

140
175
210

kg/cm2
kg/cm2
kg/cm2

Reinforcing Steel
Ultimate tensile stress of reinforcing steel, conform to the requirement of International Standard
designations SR 24 (fy = 2,400 kg/cm2) for structural grade plain round bar and designations SD30
(fy = 3,000 kg/cm2) for intermediate grade deformed bar.
The structural grade plain round bars should be used with an allowable tensile stress of 1,200
kg/cm2 or intermediate grade deformed bars with an allowable tensile stress of 1,400 kg/cm2 will be
used if essential and will be noted in the drawings.

Spacing Limit for Reinforcement
(1)
The minimum clear distance between parallel bar in a layer shall not be less than nominal
diameter of bar, or 1_ nominal maximum size of coarse aggregate, or less than 2.5 cm. Nominal
maximum size of coarse aggregate shall not be larger than the narrowest dimension between sides
of forms or the depth of the slab.
(2)
Where parallel reinforcement is placed in two or more layers, bars in upper layers shall be
placed directly above bars in the bottom layer with clear distance between layers not less than 2.5
cm.
(3)
In tied reinforced compression members, clear distance between longitudinal bars shall not
be less than 1.5 nominal diameters of bars, nor less than 1.5 nominal maximum size of coarse
aggregate, nor less than 4 cm.
(4)
Clear distance limitation between bars shall also apply to the clear distance between a
contact lap splice and adjacent splices or bars.
(5)
In walls and slabs other than in concrete joist construction, primary flexural reinforcement
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shall not be spaced further apart than 3 times the wall or slab thickness, nor further apart than 30
cm.
Concrete Protection for Reinforcement
The following concrete cover shall be provided for reinforcement:
(1)
All stair slabs and landings use 2.5 cm clear covers;
(2)
At the underside of bridge slabs exposed to weather, use a 2.5 cm clear covers;
(3)
Structures exposed to weather or backfill or submerged for bars having diameter 25 mm. and
less, use 5 cm. clear cover;
(4)
Face of concrete exposed to scour, use 6 cm for fresh water and 8 cm for salt water, clear
cover;
(5)
Concrete placed directly against earth or rock or surfaces subjected to corrosive liquid, use 8
cm clear covers;
Minimum or Temperature Reinforcement
Except for very small structures, the following criteria shall be used to determine the minimum or
temperature reinforcement required in canal structures. The percentages indicated are based on the
gross cross-sectional area, not including fillets, of the concrete to be reinforced. Where the thickness
of the section exceeds 40 cm, a thickness of 40 cm should be used in determining the temperature
or minimum reinforcement.
(1)The minimum reinforcement for canal structures shall be 12 mm at 30 cm in all exposed faces
and where reinforcement is placed in a single layer, and 12 mm at 45 cm in unexposed faces with
two-layer reinforcement.
(2)Single-layer reinforcement with joints not exceeding 9.00 meters.
a)
Slab and linings not exposed to direct sun
0.25 percent
b)
Slab and linings exposed to direct sun
0.30 percent
c)
Slab and linings exceed 9.00 meters between joints, and
- not exposed to direct sun
0.35 percent
- exposed direct sun
0.40 percent
d)
Wall and other structural members, total percentage of horizontal reinforcement to be
equal to the sun to those required for both faces as determined below.
(3)Double-layer reinforcement, with joints not exceeding 9.00 meters
a)
Face adjacent to earth
0.10 percent
b)
Face not adjacent to earth or exposed to direct sun
0.15 percent
c)
Face adjacent to earth but exposed to direct sun
0.20 percent
d)
If members exceed 9.00 meters in any direction parallel to reinforcement, add to the
reinforcement in that direction because of the increased length
0.05 percent
e)
If a slab is fixed along any line, double the dimension from the line of fixity to free end to
determine whether reinforcement is within the less than 9.00 meters or more than 9.00 meters
percentages shown under sections (a) to (b) above.
Minimum Wall Thickness
Cantilever walls have a minimum thickness at the base equal to 8.5 cm per meter of height (12.5 cm
minimum) up to 240 cm, above 240 cm the minimum thickness at the base shall be 20 cm plus 6.25
cm for each meter in height above 240 cm. In general, vertical walls over 240 cm high shall have two
layers reinforcement. Transition buttresses normally have the following thicknesses and
reinforcement;
Height of

Thickness No.

of Size

of Spacing

Location
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Buttress

of
Buttress

(m)

(cm)

0 to 3.0
20
3.0 to 4.5 25
4.5 to 6.0 30

Layers
of Bars

1
1
1

Bars

of Bars

(mm)

(cm)

12
15
15

30
30
30

of Bars

Center
Center
Center

Cut-off Walls
Cut-off Walls are provided to reduce percolation around structures, to prevent movement of
structures, and to make transitions more rigid. Cut-offs are required at the ends of structure
transitions in concrete-lined canals as well as in other lines or earth canals. Cut-off walls should, in
general, have minimum dimensions related to depth of water shown in the table below.
Depth of Water
(m)
0 to 1.00
1.01 to 2.00
2.01 to 3.00
3.01 to 4.00

Depth of Cutoff from Thickness of Cutoff
Floor El.
(m)
(m)
0.60
0.15
0.75
0.20
1.50
0.40
2.00 (min.)
0.50

For some small structures, 45 cm in depth of cut-off will be satisfactory. In soils that are unusually
susceptible to piping, the cut-off should be extended horizontally or vertically, or both, to provide
adequate protection against percolation. If minimum cut-off are specified, a note should be added
requiring cut-off extension with un-reinforced concrete as directed. This will permit deeper and wider
cut-offs to be used where excavation discloses poor soils without complicating reinforcement cutting
and bending.
The vertical reinforcement in the cut-off is usually the same as the longitudinal reinforcement in the
transitional floor. If only one layer of reinforcement is used in a cut-off, the vertical reinforcement
should be placed in the centre of the cut-off wall.
Joints in Structures
Canal Structures
Construction and contraction joints will be used when necessary in concrete canal structures.
Rubber water-stops with centre bulb should be placed across joints where it is necessary to
prevent water from passing through the joint. Plastic water-stops may be used in lieu of
rubber water-stops for low-head structures. Sponge rubber elastic filler should be provided at
the joint if expansion is expected.
Fillets
Fillets are often used to provide increased strength or relieve stress concentrations at points
of maximum stress and to facilitate the placement of concrete. The size of fillets usually
provided at the inside corners of box sections and at the bases of vertical cantilever walls are
as follows:
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Size of Fillet

Size of Box

(cm)
5 by 5
7.5 by 7.5
10 by 10
15 by 15

(m)
0 to 1.20
1.20 to 2.00
2.00 to 2.50
Over 2.50

Vertical Clear Height
of Cantilever Walf
(m)
0 to 2.50
2.50 to 3.00
Over 3.00

The fillets may be omitted where objectionable in the design of certain structures.
Concrete Pipe
Precast-concrete culvert pipe and irrigation pipe designs shall be in accordance with current
specifications. Precast-concrete pressure pipe and cast-in-place concrete pipe designs shall
conform to current standards. Minimum cover over pipe culverts will be not less than 60 cm.
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ABSTRACT
In irrigation, contribution of this knowledge plays strongly a significant role for rural development in
undeveloped and developing countries especially in Southeast Asia. Many interests are aimed at increasing
agriculture productivity and securing and increasing water resources potential. Because of its nature of being
applied for local and rural setting, the planning and implementation process of irrigation projects is variable
from place to place. The soundness and feasibility of an irrigation project must be assessed in terms of water
resources availability, soundness in hydraulics and dynamics, economic and agronomic rationality, readiness
for OM&M, its engineering properties as well as social and environment impacts. Such activities need rational
decision, soundness of planning, design, construction and operations managed by who takes care of the
scheme. Engineers have to handle broad tasks and more paper works for new design, renovation, and
rehabilitation of irrigation project. Knowledge regards to the area of civil work, environmental engineering
and biological system engineering related to irrigation projects would be a key solid foundation in
engineering knowledge for irrigation development.
The past and the current technical research describe the development of irrigation for each country.
Clarification of such information will identify the state of capacity and capacity gaps in each Member Country.
Review the historical evolvement in the area of civil and environmental engineering and biological system
related to irrigation including research works on field level irrigation and drainage system is essential
information to learn priority research needs for irrigation engineering in different regions. It is expected that
capacity needs in both organisation and personnel can be identified and that rationales in technical practices
will be better understood through this document.
To understand the circumstances of technical capacity building for irrigation engineers for the case of
Thailand, this document was prepared for the Mekong River Commission (MRC) by joint contribution of the
Royal Irrigation Department (RID), Ministry of Agriculture and Cooperatives and the Department of Water
Recourses (DWR), Ministry of Natural Resources and Environment and the Thai National Mekong Committee
Secretariat (TNMCS) under the project title “AIP 2.1.3 Assess the needs and impact of technical
harmonisation in irrigation planning, designing, quality controlling and performance evaluation.”
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I. Introduction
Historical information on civil and environmental engineering and biological system related to irrigation
including research works on field level irrigation and drainage system is valuable information for learning irrigation
development timeline. This session covers the broad range of topics reflecting not only the wide areas of interests and
research experiences in the area of irrigation but also the problems associated with irrigation works. Research works
collected from different researchers provide a brief historical review and some elementary theoretical review
background that at least is an essential prerequisite for understanding the contribution of research. Research discussed
here provides worthwhile substantial information after tackling the serious problems by different groups of researchers.
For instance, efforts are emphasised on hydrology and meteorology, which aim at handling rainfall‐runoff estimation
and flood analysis. By coupling the advances in instrumentation and development in remote sensing, missing data and
time consumption in the process of rainfall information collection could be reduced. In the context of hydraulic, river
flow behaviour effects characteristic of river and some water environments and the study of river hydraulic provide
some specific important information of unexpected flow type for irrigation structure and irrigation systems. As proper
irrigation system should function with the right demand, study of flowing state of water in the canal and its relation to
flow arrival time provide worthy empirical information for operation of irrigation structures in the irrigation canal. Study
on concrete structure also provides useful research results to understand and to receive new alternative technologies
using other materials instead of traditional materials as it still yields acceptable concrete properties or better. The soil‐
plant relation is significant regarding yield development, in the context of on‐farm soil and water management, major
research on soil environments, viz. soil chemical properties and soil physical properties, that examines measures for soil
treatment provides significant benefit to agricultural productivity development; this accounts the interesting
contribution of research on water regime experiments accompanied by by‐products incorporation to soil for crop yield
improvement. Soil mechanical properties play important roles in irrigation design and its construction; requirement and
improvement of soil to withstand different critical failure types are usually expected for civil and irrigation engineering
works. Research also provides useful information of soil engineering problems and some acceptable techniques used to
handle it. Moreover, some interests on the biology and environment context brought about unforeseen aqua lives that
affected water quality as water is demanded for irrigation and consumption. Nevertheless, some research on water
supply, wastewater and drainage, parks, recreation facilities, and public open spaces, which are characterised by field of
construction and infrastructure system management, provides past lesson about planning and development of new
infrastructures in a cost‐effective manner, and in maintaining and operating mature infrastructures for sustainability.
The desire for such an interchange of information is the impetus and will be a driving force for many such future
activities for each member country in the Region.

II. Historical evolvement and recent topics of research work related to irrigation projects
1. Hydrology
Hydrology is the first focus that shall be taken into consideration at the planning process during feasibility study.
Hydrology focuses on water balance for the study area; it also analyses the water movement (e.g. surface water, sub
surface, interflow, and groundwater). Usually meteorological data is needed for hydrological analysis; this includes
weather and rainfall data. An important outcome of analysed meteo‐hydrology information is river discharge/flood at
the outlet of watershed, which usually is set for irrigation headwork. The common method used for analysis is varied by
the data available for analysis. For example, regional formula, envelope curve, storm design, probable maximum flood,
probable maximum precipitation and unit hydrograph are applied for evolution of probability of discharge occurrence.
Frequency analysis for return period plays important roles for water resources development and management
for both before and after project construction. It is required for the initial feasibility study of the construction project,
the design process until the water management process. For instance, it appears in an analysis of rainfall return period
of watershed area, analysis of maximum flood/flow in the river under different return period in order to process the
judgment of appropriate irrigation control structures. Regarding these merits, HG (2009) developed the frequency
analysis software development project; the research purpose is emphasised in the study of different distribution
functions for fitting curve of discharge time series data, namely Normal, Log‐Normal, Extreme Value Type I, and Log‐
Pearson Type III distribution functions. The Kolmogorov‐Smirnov test is applied for goodness of fit test for the
distribution functions; all distributions will not be acceptable unless each distribution function provides its error value
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less than the Kolmogorov‐Smirnov critical value. The distribution which provides the minimum acceptable error value
will be ranked as the most fitting distribution. The FORTRAN interpreter programme was applied to develop the
frequency analysis software. The discharge and the maximum water level time series data from eight automatic gauging
stations of Chao Phraya River were used for the study of frequency analysis for a return period in the range 2‐1,000
years. The researchers reported an impressive result that Log‐Pearson Type III distribution function shows the highest
performance. However, this is just the test as long sequence of time series data is still required for further study.
RDI (2009a) proposed the development of multiple remote sensing of hydraulic and hydrological data for
irrigation and water management. This research is the part of technology and innovation development project for
irrigation and water management. Rainfall amount is basic important required information for analysing water situation
of each area, which can indicate water ample, drought, and flood. A comprehensive water management plan required
this set of information for flood warning. As import of automatic rain gage from abroad is costly, whereas distribution of
rain gages in flood risky and agricultural areas is still deficient. This triggers a research to develop an automatic rain
gauge for using in Thailand itself as its main purposes are to develop an automatic syphoning rain gauge for using in the
irrigation projects of Thailand and to reduce rain gauge import. The syphoning rain gauge comprises two main
components, namely (1) rainfall interception tank as well as tripod, (2) Data recorder and transmission. For rainfall
interception tank, rainfall is received by cone, bore dia. 20 cm., which is connected to PVC cylinder, dia. 18 mm.x12 cm.
height. Nevertheless, there is a blast siphon, dia. 5 mm.x100 cm. long, for pumping water every 1 mm. of rainfall coming
to the cone. The data recorder and transmission applies solar cell to generate electricity from the solar energy and store
it to the battery. Every 1 mm. of rainfall will be converted to an electricity signal and numeric values (time and amount
of rainfall); data will be further recorded in the data logger, while this information will be transferred to a computer by
online via GPRS modem. This information will also be converted to rainfall intensity later for efficient use in hydrology
and hydraulic analysis, flood warning and water management as well. This prototype has a merit that there are no
moveable and wear parts, consequently, its useful life is long and its maintenance cost is low.
2. Pump and pipeline systems
As energy shortage becomes the critical issue in the present, water energy, which is alternative renewable
energy, is an intelligent choice instead of fossil fuel. Because water can be converted from kinetic energy to potential
energy, a prototype stream‐flow‐driven water pump is thus developed to use the powerful kinetic energy of water for
lifting water to a pipeline system without other energy support. RDI (2009b) proposed the study on stream‐flow‐driven
water pump. This research aims to develop a prototype pump that uses water energy to drive pump for pumping water
without other external energy, especially fossil fuel. Water flow energy is utilised as the source power for pumping using
an idea of coil pump combined with a spiral pump. This pump operation is characterised by the rotation of two fin
wheels mounted at both sides of pontoons; both fin wheels are winded with rubber tube coils. During its operation, as
fin wheels are rotated with water flow and rubber tube coils mouth are rotated up to touch the air surface, air will enter
to the rubber tube coils followed by water as either of them are rotated down. This alternation will be processed by fin
wheel rotation as water will travel to the hollow axle, which is connected with fin wheels, by rubber tube coils, and flow
out from the open hole on the top of axle to the pipeline system. This prototype pump was tested in Ladpho canal,
Amphor Phra Pradaeng, Samutprakarn province, Thailand. The findings show pumping performance with its capacity 8‐
10 cubic meter per day as surface velocity of water underneath the pump is around 0.8‐1.0 m/s.
3. Hydraulics
Hydraulic engineering plays an important role in studying the static and dynamic behaviours of river flow or
flow in the irrigation system, including irrigation infrastructures. Discharge, velocity and water level are the main factors
that an engineer expects to simulate as close as the natural behaviour using theories and equations, which are derived
from natural law and empirical formula. For example, Saint‐Venant’s principle is useful for studying unsteady flow in the
river or canal system. A Manning and Bernoulli's principles are commonly used for studying both steady uniform flow
and non‐uniform flow in the irrigation system.
Water is a natural resource, which changes by environment variation as water demand is increasing
dramatically. Thus, there is the need of water management strategies to handle this situation. One of the strategies is
the development and improvement of control structure for efficient control water in the river. Wicket gate is somewhat
useful for study and application, an application of wicket gates is for control discharge, drainage as well as water
diversion. The special characteristic of wicket gate that differs from a general gate is capability to fold and rest at a gate
seat as there are no piers requirement between wicket gates; this enable water flow freely without any flow barrier in a
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channel. HG (2003) reported three purposes that expected to achieve the goals for this study, namely (1) application of
wicket gate as a diversion weir to increase river storage, whose crest can be adjustable, (2) application of wicket gate to
protect embankment from river flood by installation of wicket gates along the both sides of river embankment instead
of using sand bag, which is a temporally overflow protection structure. Furthermore, study on mechanism of gate
controlling compared to a hydraulic system and a stand system is also performed. In fact, wicket gates are operated as a
mobile dam, usually is applied in USA, it is therefore needed to perform laboratory test for studying its hydraulic
behaviour using physical models. The test is categorised to different models, namely (1) the wicket gate model, which
will be installed at a river or a spillway, (2) the wicket gate model, which will be installed along both sides of the
embankment. The findings show that wicket gate with the stand system shows higher performance installation at the
bridge and along the embankment (better control, easy maintenance and cheaper cost), whereas wicket gate with the
hydraulic system is suitable for installation in the river and river mouth or along the top of spillway crest because of
more maintenance requirement and high cost. There are several benefits of wicket gate, which are summarised as
follows; it is useful for flood protection; with its adjustable gate crest an increase of storage capacity in the river is
possible as the wicket gate can be adjusted to 0‐90 degree position. Moreover, it’s a prefabricated part that is easy for
installation and repair and it can save costs and construction time. Overflow at the crest of wicket gate provide an
aeration, which may improve water quality. Nevertheless, wicket gate can be folded down parallel to the river bed
during a flood and because there isn’t a pier structure, it doesn’t obstruct the river flow, and the sediment along the
river bed can be flushed.
Different irrigation structures have different control gates, which are mounted on to piers. The long side of
piers is usually set in the parallel direction of the river flow; however there is still flow obstruction behaviour leading to a
vortex around the pier. If the pier is long and the pier slab slope is steep, there would be jump and cross wave at the
streamline intersection. These directly affect the pier structure because of down‐stream turbulent flow, which
generates impact force, erosion, and negative pressure leading to deterioration of the pier’s useful life. It is considered
that the magnitude of pier deterioration can be varied by pier shapes and by the slope of the river bed. Regarding this
issue, HG (2000a) did an experiment on an analysis of pier shape effects to the flow on steep slope. The purpose of this
study therefore is to emphasise the pier shape effects to flow on a steep slope. Physical models with the change of
chute slopes to 1:0.72, 1:1.5, and 1:3 and different shapes of the pier were developed and categorised. Shapes of the
pier consist of upstream (U/S) and down‐stream (D/S) of pier heads with rectangular, half circle (Radius (R)=B/2 when B
is a pier width), R=1.5B, oval shape with R=3B, and sharp shape, respectively. The U/S of pier is oval shaped with R=B as
D/S pier shapes are rectangular, and the rounded head piers with tail length 5, 20, 25, 30 cm, respectively. As the
expected outcome of an appropriate shape is to reduce unexpected effects of D/S as mentioned, the findings show that
an appropriate shape is the pier having U/S pier head with R=B as the D/S of pier is a rounded head with tail length of 30
cm.
In general, water for agriculture is distributed from natural river or reservoir; the distance from water resources
varies from not far to very far (>100 km.). To uniformly distribute water supply to all agriculture farm plots, there must
be an irrigation system, irrigation control structure, irrigation measurement structure through a certain water supply
system rule. A irrigation system is usually divided into two main types, namely (1) an open cannel system and (2) a
closed conduit system (pipeline system). Usually, the open cannel system is much cheaper as compared to the close
conduit system. Researchers reported that the general problems in irrigation can be divided into: engineering and non‐
engineering problems. Engineering problems can be numerically defined as follows:
1. Losses exceed the standard rate in an irrigation canal system and a distribution system (seepage losses, head loss
by check or other irrigation structures, friction loss by sediment or water weed, etc.).
2. Size of an irrigation canal is not enough, which usually changes after construction or use, for supplying water
corresponding to the irrigation demand.
3. Agricultural areas along an irrigation canal don’t receive water by specific time and the right demand. For instance,
areas at the upstream of a canal usually receive water over the specified time and demand because the
downstream areas often lack water.
4. Water control structures, its monitoring as well as investigation schedule are not sufficient.
5. Water distribution is not sufficient.
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6. Data and information for consideration in water management decision and water supply scheduling and planning
is deficient.
Among non‐engineering problems, a mass problem and a political problem cause farmers misunderstand
irrigation activities; therefore, water control operation by farmers is still not appropriate. These problems attract
researchers to investigate irrigation efficiency and its performance as they hypothesise that there are many losses that
affect flow hydraulic of water in the canal. HG (1996) thus emphasised in‐situ investigation of irrigation canal and its
water control structures including the analysis of the effects of water weed and sedimentation in the canal in terms of
the velocity distribution of water, head loss, and effects to Manning’s n. The study is performed by collecting in‐situ
information (i.e. general physical characteristic of a canal, its bed level), measurement and calibration of discharge and
water level including calculation and analysis of flow in the canal using the present physical characteristic of a canal.
Generally, adjusting gate of irrigation control structure considers flowing state of water in the main canal,
namely water level and discharge requirement. The gate adjustment usually will be processed simultaneously.
Researchers found that water in the canal usually consumes time to travel to each irrigation control structure. The
problem is that diversion of water at the upstream (U/S) control structure is more than what is required while the
discharge from the downstream (D/S) control structure is lower than the requirement because the water level in
downstream has not reached the steady state. This happens because calculation of gate opening assumes steady flow
though real situation of flow in the canal is unsteady. This implies that water requires time to travel to the D/S irrigation
control structures; the adjustment should therefore be operated after water flow arrives the D/S irrigation control
structure. The question of what time to adjust gate is appropriate has been brought to light to researchers for studying
flow – arrival time of water considering unsteady flow in the irrigation canal. HG (1993a) worked on the experimental
test and determined the flow‐arrival time of water in the canal. The analysis of flow arrival time needs St. Venant’s
partial‐differential equations, viz. motion equation and continuity equation. To estimate flow‐arrival time of water, a
canal physical model was developed. Different discharge rates were specified and recording of water level data and
water velocity was performed for further analysis. Recorded data and information was used to analyse the relation of
flow‐arrival time, the differentiate discharge (Q), and the differentiate storage volume in the span that was specified.
This relation will then be applied further as a simple formula to estimate flow‐arrival time of water in the canal.
HEC‐RAS is a computer programme that was developed by the US Army Corps of Engineer. It is a 1‐D
dimensional unsteady flow model. Its capability is characterised by the ability to simulate flow in a single river and
different river networks that are linked together, flow along irrigation control structures as well as flow over levee. This
computer programme is accepted for worldwide use; however, many researchers still need to develop their own
application for a specific problem or to learn the unsteady flow theory. Instead of only applying the HEC‐RAS for river
modelling, HG (2007) was interested in the study of unsteady flow calculation in HEC‐RAS model. Their research purpose
thus expects to develop a computer programme for calculating unsteady flow in open channels as HEC‐RAS programme
was applied to study and validate the output (i.e. water surface profile) from the developed programme. The findings
have shown good results, which are consistent with the HEC‐RAS results. However, the developed programme still has
capability limitations, which handle only a single river with rectangular channel shape and no control structure in the
river can be modelled.
For land topography such as a mountain, its land slope is very steep; its top soil surface is usually eroded by
surface runoff during rainfall followed by flushing of its sediment and runoff with high velocity to a river and a river at
down‐stream leading to flood along both sides of the river embankment. Another issue is the poor potential to conserve
water in the river because its bed slope is steep. These situations damage agricultural areas and destroy the province’s
economy. Although, weir and reservoir construction in a river like this may retard a rapid flow to the downstream; soil
sediment from erosion effects usually is trapped in front of the upstream face of the weir and reservoir in the short‐
term. Therefore, there are the needs to study an amount of sediment, amount of runoff, and the appropriate pattern of
weir and reservoir.
One possible concept is an idea of designing the step weir and reservoir as irrigation structure along the river.
The upstream structure could trap the sediment as the down‐stream structure responds to store the runoff form the
upstream side. This fascinated SSG and HG (2005a) to contribute their research study on formation and sediment
management process of step‐pool in mountain rivers. The case of Bang Saphan Basin, Prachuap Khiri Khan province,
Thailand that faces high erosion and flood every three years, is raised as a pilot case study. The main purposes of the
research are: (1) study of factor affecting top soil erosion, source of eroded sediment and silt (suspended load and bed
load), which is flushed into the river of the Bang Saphan basin, (2) to find an appropriate way to prevent and reduce the
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amount of sediment, which is trapped in the upstream face of the diversion weir and the reservoir in the river, (3) study
on suitable pattern of the diversion weir and the reservoir for efficient flushing of sediment in the river, and (4) to
increase the capital water in Bang Saphan by constructing diversion weir and reservoir.
This research aims to get many benefits which can be defined as follows; (1) to become aware of resource and
be able to estimate the amount of annual sediment in the Bang Saphan Basin because this information is useful for
water management in this area, (2) an information of appropriate patterns of weir and reservoir can be used for
evaluation of construction cost, maintenance cost, and economic return. The physical model of Bang Saphan Basin is
constructed and conducted in the laboratory; the study on the relationships of sediment samples from the pilot area to
the sediment was estimated by a Unified Soil Loss Equation (USLE).
4. Concrete structure
For all concrete construction, field engineer shall control a compressive strength of concrete to be higher than
the design value. As there shall be in‐situ collection of mixed concrete for the compressive strength test in a laboratory,
most of mixed concrete batches different from specified quality are rejected and demolished. These experiences are
complex, time consuming and generate construction costs. An injured party thus requested to compare in‐situ concrete
test result with the laboratory test results. With this effort, CMG (2001) carried out the research study on the
comparative analysis on the compressive strength of the in‐situ drilled concrete cylinder 3”diameter x6” height
specimens and the concrete with standard curing in the laboratory test at 28 day moist curing.
For the concrete with standard curing, the test was processed by first designing the strength of concrete mix at
28 day moist curing to 140, 175, 210 and 280 ksc, respectively before performing compressive strength test using
standard concrete cylinder dia. 6”x12” height. For the in‐situ concrete test, concrete was mixed with size 6”x6”x6” and
cured in the water for 14 days outside the shed. Core sampling of concrete was processed using drilling machine dia 3”
to obtain in‐situ core sample dia3”x6” height at 28, 60, 90,120,150, and 180 days moist curing. The findings reveal that
the compressive strength of the in‐situ core samples have an increase trend as its average compressive strength values
for each day of moist curing are higher than the concrete with standard curing (i.e. around 107%, 115%, 117%, 118%,
and 119%).
In the present, concrete is popularly used for most construction and buildings as well as irrigation structures.
Concrete is a composite material composed of a mixture of cement (fine crushed limestone), coarse aggregate and river
sand. More than 65% of concrete is a coarse aggregate because around 50% is crushed stone. It is unavoidable to say
that every cubic meter of concrete comes from the explosion of a stone mountain. To reduce a stone mountain
demolition rate, the use of steel furnace slag is an interesting choice to decrease natural resources disruption. The steel
furnace slag is the by‐product of steel production using furnace process. It is estimated that steel furnace slag around
700,000 ton/year can be obtained from “Borwin” industrial estate, Chonburi province, Thailand. Since its use is still less
(i.e. it is digested to small particles for pond fill or small road), the amount of this by‐product is increasing and leading to
environment problems because garbage land is limited. For the similar reason mentioned, fly ash, which is a by‐product
obtained by electricity production using coal burning, is also popularly applied as a concrete composition. These by‐
products are attracting researchers to study its feasibility to compensate the native coarse aggregate. CMG (2003a)
therefore contributed a research study of using steel furnace slag as coarse aggregate in fly ash concrete. The purposes
of the study thus are emphasised on a study of using steel furnace slag as coarse aggregate in concrete, and a study of
the long‐term effects of concrete curing time, its compressive strength, flexural strength, and also tensile strength of fly
ash concrete as steel furnace slag is used instead of coarse aggregate. For the study, laboratory test was arranged by
testing the compressive strength of concrete at 7, 28, 63, 91 and 126 days moist curing, the tensile strength was tested
at 28 days moist curing. Water cement (W/C) ratio of concrete is also varied by 0.5, 0.6, 0.7, and 0.8, respectively as
slump was controlled in the range 5‐10 cm. The fly ash by‐product with the rate of 20% was applied instead of Portland
cement Type I.
The findings reveal that the obtained steel furnace slag is a porous aggregate, which is constituted by aeration
during steel production; it also provides Calcium Oxide (CaO2) less than Portland cement, whereas Silica and Alumina
Oxide substances are similar to Portland cement as these substances are less than fly ash. With these reasons the steel
furnace slag thus is not suitable for use as a bonding agent. Based on the same W/C ratio, as compared to the concrete
mixed with coarse aggregate, the use of steel furnace slag instead of coarse aggregate reduces the compressive strength,
the flexural strength, and the tensile strength of concrete. However, all percentages of strength development at 28 days
moist curing of both are similar. The findings indicate that fly ash application contributes an increasing trend of curing
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time proportional to W/C increasing. Fly ash application increase pour ability (workability) and slump value of fresh
concrete while it can continuously develop the compressive strength of concrete in the long term. Moreover, the
proportion of the flexural strength and tensile strength to the compressive strength of both were similar.
The researcher also summarised that the application of these products is feasible; there is a suggestion in the
report that concrete weight increase be taken into consideration.
The perfection of concrete structure shall be considered as dense and uniform mass thorough a structure; as its
skin surface shall be flat and smooth. These properties are commonly affected by energy of concrete vibrator,
appropriate workability and concrete slump. For the slump of concrete point of view, there is no strict rule to specify its
value, usually, the slump value ranges 1 ½”‐2” for a buildings slab as 6”‐7” is for a beam and for a column. The past
experiences have shown that less energy of concrete vibration led to concrete segregation, which contributed to porous
inside structure and the reduction of its strength; these could be arisen especially in the irrigation structure that is
inundated. Its effect could be reduced by increasing of slump value. However, less slump value may be better than high
slump. For instance, during a construction work, there is some problem with poor quality of a ready concrete, whose
concrete slump value is rather less and workability is low; thus, that ready fresh concrete batch shall be left. To solve the
problem an application of admixture is therefore studied to define its optimal amount to increase the slump value of
fresh concrete having low slump (CMG, 2000).
This research aims to study the amount of adding admixture, named as “Superplasticizer (Type F)”, to control
the workability of fresh concrete. For experimental design the laboratory test was performed by mixing concrete
compressive strength at 28 days moist curing to 175, 210, and 280 ksc, respectively. In the research process, water to
cement ratio is varied by 0.75, 0.68, and 0.57, respectively. Crushed stone, maximum size of 3/4”, is used as coarse
aggregate. After concrete is mixed in the mixing machine 1‐1.5 hrs., and slump value ranges 0.5”‐4” (i.e. 0.5”, 1”, 1 ½”,
2”, 2 ½”, 3”, 3 ½” and 4”, respectively), the first slump value will be recorded as the second slump value will be recorded
after adding admixture. The findings reveal strong results of good significant relationships (=0.01?) among the first
slump, the second slump, and the amount of adding admixture.
A present concrete construction starts applying less amount of fly ash instead of Portland cement in order to
save cost of cement and to reduce waste, which is a product from power plant. An important concrete property that has
been used for construction controlling and designing of concrete structure is a compressive strength at a specified age.
Strength of concrete mixing with fly ash not only depends on the quality of fly ash but also an appropriate amount of fly
ash, a curing method, and a curing age. Strength of general concrete is based on hydration reaction of cement and
water, whereas concrete mixed with fly ash is a combination of hydration and pozzolanic reactions; thepozzolanic
reaction requires Silicon Oxide (SiO2) and Alumina Oxide (Al2O3) in fly ash and Calcium Hydroxide (Ca(OH2)) from the
products of hydration reaction and water. Hydration reaction is fast while pozzolanic reaction is slow. Thus, it was
hypothesized by CMG (2003b) that curing time of concrete mixing with fly ash could affect its compressive strength.
However, optimal curing time of the concrete is not clear. The research by CMG (2003b) is aimed to study the influence
of the age of curing on compressive strength of fly ash mortar. Fly ash for this research was obtained from Mae Moh
power plant, Lampang province, Thailand. The scanning electronic microscopy (SEM) is useful for observing the physical
properties of fly ash. For experimental design of this, research laboratory test was arranged by testing the compressive
strength of fly ash mortar cute size 5x5x5 cm. at 7, 14, 28, 63, 91 and 186 days moist curing, the compressive strength
was tested at 28 days moist curing. Water cement (W/C) ratio of concrete was designed to 0.55. The fly ash by‐product
with the rate of 0, 15, 30, 50, and 70% was applied instead of Portland cement Type I. Samples were cured in the water
at 3, 7, 14, 28, 182 days, and no curing (zero day).
The findings reveal that keeping of curing process of mortar in the water is the method to increase its
compressive strength development. Mortar mixed with fly ash at 182‐day curing has higher strength by age; moreover,
mixing with lower fly ash amount promotes its higher strength as compared with mixing of higher fly ash amount at the
same test age. However, all mortar samples mixed with fly ash provide lower compressive strength as compared with
the control mortar (none fly ash mixing) for all test age. In the same fly ash amount point of view, longer curing age
shows higher compressive strength. It could be summarized that an increase of fly ash amount needs longer curing age
to develop compressive strength than the fly ash mortar that is cured in water all the time.
In Thailand, severity problem due to concrete structure corrosion by sulfate‐affected environment causes
premature degradation of concrete properties in a short‐time. This is the problem found most often in the concrete
structures that are constructed at seashore. Effects of application of fly ash to the concrete that is facing with sulfate
environment are still not been seriously studied. CMG (2005) carried out the research and reported the study of sulfate
resistance of Portland cement Type I with fly ash, Portland cement Type I and Portland cement Type V. For the
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experimental design, laboratory test was performed by grouping concrete samples to two groups (i.e. soaking in normal
water and soaking in sulfate solution of 5% concentration). Sulfate solution of 5% concentration was simulated based on
natural concrete corrosion by sulfate. An application of fly ash at rate 30% and 15% instead of cement was specified. The
compressive strength was tested at 7, 28, 60, 120, 240, 300, 360 days moist curing. For the comparative analysis for all
Portland cement types, researchers point out the significant difference between the situation of soaking in the water
and the sulfate solution. With this assumption concrete is thus designed to have the compressive strength rate 250 and
400 ksc at 28‐day curing age; concrete is controlled with slump value range 2”‐4”, the mortar cute size 4” will be used to
test the compressive strength of samples.
The findings show interesting results for Portland cement Type V, which provides the highest compressive
strength for the case of soaking with sulfate solution of 5% concentration. This value is similar to Portland cement Type I
with fly ash 30%, while Portland cement Type I with fly ash 15% shows lesser strength. Moreover, sulfate resistance of
Portland cement Type I with fly ash 30% is higher than Portland cement Type V, whereas Portland cement Type I with fly
ash 15% shows lower resistance than Portland cement Type I with no fly ash. However, it is to be noted that before
using fly ash, there is the need of study on optimal amount of fly ash.
5. On‐farm soil and water management
Soil environment also plays a significant role in crop production. Soil acidity is the major problem affecting crop
yields in Nakorn Nayok province, Thailand. The past literature has shown that an application of lime together with better
drainage system is found to be applicable to reduce soil acidity, whereas application of lime two times per annum was
not a sustainable way. RDG (2011b) is interested in this technique as their research purposes are to experiment, follow‐
up, and evaluate the effectiveness of soil reclamation and water management technique for reducing soil acidity.
For their study, in‐field experimental design was undertaken by dividing a plot. Effects of water management
were investigated in a main plot; a ditch was excavated around the plots for drainage. Sub‐plot was prepared for
studying the effects of soil reclamation materials such as manure, rice husk, and rice straw compost; all materials were
applied with the rate one tone per 0.16 hectare. The control plot is the plot with no application of soil reclamation
materials. The experiment period is two years. Test plot size of 16x30 m2 was also prepared for the first year and was
enlarged to 0.16 hectare in the second year. In the drainage system point of view, as compared to the plots that do not
have the drainage system, the findings reveal that the plots having drainage system shows a significant reduction in soil
acidity (pH is higher), whereas the amounts of Iron and Manganese are higher in the second year. In addition, there is a
reduction in Aluminum. In the application of soil reclamation materials point of view, there is no significant difference
on yields in the first year; the application of rice straw compost shows the highest yield around 3.2 tons/hectare. In the
second year, the plots having drainage system shows higher yields for all application of soil reclamation materials for
both control plot and the plots that don’t have drainage system. However, the interaction between drainage and soil
reclamation materials, which shows higher iron and manganese, should take into consideration the effects of its amount
to crop yield before providing the suggestion on soil improvement to farmers.
Historical droughts in Thailand were recorded from 1992‐2009. Their damage value was 0.25 billion US$ (rate at
30 Thai baht/US$) to agricultural area in 2005, the most severe year. The damage covers the context of extending of
agricultural area, its uncertain production cycle as well as an irrigation water management as the amount of water in
reservoir is limited. Under the limited water resource and its uncertainty, soil and water relationship on irrigation
project’s area is therefore needed to be studied.
The research aims thus, to concentrate on the test and the collection of soil seepage, soil moisture available for crop,
soil field capacity and soil permanent wilting points. Its expectation is based on the use of this information for
calculation of crop water demand, time of water delivery for field crop and irrigated‐rice, especially for dry season. This
also expects to increase an efficiency of irrigation water management and to mitigate the critical drought issue affected
to agricultural production. The Chaojet Bang Yi Hon Operation Maintenance Project is selected for the study as one test
point is specified to cover an area of four km2 (RDG, 2011c). Laboratory analysis was done for defining soil texture,
moisture retention, saturation percentage, and primary dispersive soil using emersion crumb test, whereas, deep
percolation rate is performed in the field. Deep percolation rate is record at 0‐30, 0‐60, and 0‐90 cm. deep from ground
surface. More than 150 test points are accounted for each project, which depended on its irrigated‐area coverage.
Similar researches for different projects have also been carried out by RDG (2011d), RDG (2011e), RDG (2011f), RDG
(2011g), RDG (2011h) and RDG (2011i).
6. Soil mechanics
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In the structural design, most important factors affecting shape, type and dimensions of civil and irrigation
infrastructures would be soil texture, soil type, soil physical and soil engineering properties as well as concrete
properties. An engineer shall be careful in considering the use of those factors to recheck the structure and soil
foundation safety and its stability. Usually, soil information shall be collected from in‐situ and engineers shall perform
testing its physical and engineering properties in disturb/undisturbed laboratory. For concrete properties, its strength,
optimal portion of a water‐cement ratio shall be testes in the laboratory. All tests shall be passed all acceptable standard
tests being used in the country (e.g. American Standard Testing of Materials, Thai Industry Standard, Japanese Institute
Standard). Soil science (e.g. soil chemical properties) and plant physiology play an important role in efficient irrigation.
The physiology of water in plants (water quality and water stress) and plant photosynthesis activity are the exciting
approaches to be researched because these affect water needs in both quantity and quality. Furthermore, these affect
the method of irrigation (e.g. sprinkler, border, furrow, water‐saving method under deficiency water supply after
planting scheme) associated with the selection of discharge for minimisation of deep percolation and tail water losses
according to soil properties as plant water stress is also minimized observing its root system, stem and leaves. To
understand the physiological and molecular bases of plant water deficits is therefore of utmost importance to modulate
the appropriate balance between vegetative and reproductive development, to improve crop irrigation water use (Blum,
2009) as soil salinity and soil acidity directly affect plant growth. Salt in soil attracts water competing with plants; it
reduces plants' capability to extract water from saline water as this soil contents soluble salt (e.g. sodium, chloride and
borates) which may be toxic to crops. Acidity can also induce deficiencies of micronutrients.
An irrigation project such as a small reservoir or a large reservoir is constructed to restore and to distribute
water to water users. This includes a small pond that farmers have excavated by themselves/supported by Thai
government. Such irrigation projects have the same basic selection of soil materials, which are low permeability. In
some case, a problem on finding the required materials is a barrier causing the project cannot be operated perfectly. For
instance, the required materials source is very far from the construction site and poor soil moisture capacity is found in
the construction site (e.g., loamy soil). One of the solutions to solve the problems like this is the treatment of soil that
has poor moisture capacity using high cohesive clay or bentonite. SSG (2008a) contributed an improvement of loam soil
with high permeability to appropriate strength and permeability for earth dam construction. This research purpose
focuses on the use of bentonite for treating loamy soil. The findings show very interesting results: the optimum mixing
rate of 4% of bentonite can provide the treated soil with permeability of less than 10‐6 cm/s. While the permeability
goal is achieved, higher rates of bentonite mixing can also improve the treated soil cohesion and its strength, whereas
the angle of internal friction is reduced. This is common because the relationship of soil cohesion and its angle of
internal friction is a trade‐off.
Roads require an acceptable strength to withstand dynamic load and static load during its operation. To
evaluate the strength of soil for ways and roads,the California Bearing Ratio (CBR) test for compacted soil and sub grade
is required. Higher CBR value indicates higher structural strength and lower consolidation. For a construction control,
usually, soak CBR is applied for testing a selected material that will be used to compact roads or ways. The unsoaked
CBR can also be applied for the test and can be used for the construction control. However, there is no comparative
analysis study about the test result between soaked CBR and unsoaked CBR under the same selected test materials. SEG
(2001) performed a study of relationship between soak and unsoak CBR of cohesive soil. The research purpose thus
aims to study the relationship between soaked CBR test and unsoaked CBR test as cohesive soil compacted to 95%
maximum dry density is the material for study.
The findings found some significant difference of the test. It shows that soaked CBR test provides CBR value
lower than unsoaked CBR test around 10‐30% because water affect to swelling of soil volume as there is a reduction in
soil bulk density leading to a reduction in soil strength.
Various methods can be used to test soil engineering properties (i.e. soil cohesion (C) and angle of internal
friction ()) of clay (CL). Mostly, two methods have been applied, namely a triaxial test (consolidated undrained, CU) and
a direct shear test. The direct shear test is a quick test with low cost and acceptable reliability as the triaxial test requires
intensive laboratory analysis, which provides high precision, near realistic of natural condition, time consuming, and
expensive cost of test. The concept of the direct shear test is based on an allowance of horizontal failure plane for soil
sample, whereas freely failure plane like natural failure can be tested by the triaxial test. The question is that, Is the
direct shear test suitable in terms of cost and reliability?. SEG (1999) carried out a research on comparative study on
cohesion and angle of internal friction of soil group “CL” by triaxial test and direct shear test. The research has a purpose
to test the results of soil cohesion and angle of internal friction of soil as its results are compared to the triaxial test
results. Samples (80 samples each) of 2.5” dia.x 1” height are compacted to 95% maximum dry density at 2% optimum
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moisture content (O.M.C.) for the test. The finding reveals that direct shear test provides higher values of the interested
soil engineering properties. This confirms that design parameters provided by direct shear test receives lower safety as
compared with those given by tri‐axial test.
Similar research is also conducted by SEG (1995) and SEG (2000); their report is based on the study of
relationship of CU test at the different sizes of samples. The CU test result information, usually is applied for dam design
and dam stability check. Size of the samples for this method is an important factor that influences the reliability and
precision of the test. Usually, the sample size is a cylinder shape with 1.5” diameter; however, the reliability and
precision of the test is varied by an increase of sample size, time and cost of the test. For their research the sizes of CU‐
triaxial samples of 1.5” and 3” diameter with around 30 samples each were tested and compared.
One of the problems in a construction process is an expansive soil. The expansive soil is characterised by the
specific behaviours: soil will expand/swell when receives moisture as it also shrinks when soil is dry. These behaviours
generate a void and hole in soil mass leading to structure failure near the area affected by expansive soil. By observation,
there are expansive soil problems along canal, dam, and abutment of concrete bridge. In general, expansive soil is 2:1
type montmorillonite clay mineral, which is composed of two silica sheets and one alumina sheet inserts between silica
sheets. Montmorillonite crystals may have 2‐21 angstrom spacing, which has no hydrogen bond; only thin bond of
oxygen‐oxygen linkage links montmorillonite crystals together to make its structure more stable. If there is cation as
sodium (Na+) in the exchange site, high expansion of soil will generate high pressure leading to cracks in concrete
adjacent to this soil. Moreover, slope failures and sudden collapses occur whenever this soil type receives moisture or
rain. These problems result in much more repair costs for maintenance of the premature structures affected by this soil
type. SSG (2003d) thus designed the research experiment to treat the properties of this soil type to be suitable for
construction. The research thus emphasises the use of chemicals and lignite fly ash, which obtained from power plant, is
considered for this purposes.
On the soil science property point of view, dispersive soils, which are composed of montmorillonite and illite,
have clay with high exchangeable sodium (Na+) percentage more than 60%. Na+ can attract molecular of water and
generate thick water shell; this causes in clay particles dispersion in water and susceptibility to erosion when soil surface
touches rain or water. SSG (2003d) performed research study on the comparison of soil science and soil engineering
properties of lime treated soil and alum solution treated soil for dispersive soil improvement of earth dam construction.
There are different ways to treat this soil type. However, this research emphasises on the use of alum solution
(Al2(SO4)3) and lime (Ca(OH)2) for treatment. The effort of this research is to study the effects of using both alum
solution and lime for treatment of dispersive soil. The experiment was done using physical model by construction of
small scale earth dam models having watershed area 4 m2 (i.e. original soil, treated with alum solution 0.35%, and
treated with lime 3%).
Five test methods for dispersive soil test (i.e. pinhole test, degree of dispersion by double hydrometer test,
dilution‐turbidity ratio, and chemical test) were applied to measure the degree of dispersion after appling both
materials to treat the soil. Other treated soil properties such as liquid limit (LL), plastic limit (PL), plastic index (PI) and
maximum dry density were also tested. The findings of this research reveal that LL and PI range from high to low in the
order of lime treated‐soil, alum solution treated‐soil, and dispersive soil, respectively, whereas their order is in opposite
direction for PI and maximum dry density. The findings also provide valuable results for the merit use of lime treatment
over alum solution, which provides the lowest dam surface erosion around 48 kg/m2/year. Researchers also suggest that
providing top soil with glass cover, riprap, hand‐placed riprap together with lime treatment are also the appropriate
techniques for the reduction of soil surface erosion.
Chumphon province has a coverage area of sand around 26,834 hectares. Sandy soil is low fertile and low
moisture capacity. Available moisture of this soil type for plants is also low. To improve soil properties and increase
fertility of soil for plantation, SSG (2003a) thus concentrated on the integrated use of paddy husk ash and clinoptilolite
to treat sandy soil. Experimental design of this research was done by varying the mix rate of 1:1 for paddy husk ash and
clinoptilolite. Its rates of 0, 1, 2, 4, 16, and 32% by mass, respectively were incorporated to two groups of sandy soils (i.e.
Lang Suan and Rayong soil groups). The amended sandy soil properties were also tested for percentage saturation, field
moisture content, available moisture content, pH, soil electrical conductivity (EC), orgnic carbon, cation‐exchange
capacity, exchangeable of cations (Na, Ca, Mg, K), useful phosphorus as well as carbon and nitrogen (C/N) ratio. For both
soil groups, the findings reveal that all tested properties have a slight increase by an increasing percentage of paddy
husk ash and clinoptilolite incorporation. EC of both is less than 2 dS/m. This means that there is low soil salinity. The
rates of paddy husk ash and clinoptilolite incorporation at 0, 2, 4, 8 and 16% by mass, respectively of both soil types
were designed for application in agricultural field experiments. Mustard green (Brassica juncea) and peanut
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(Arachishypogaea L.) variety Thainan 9 were planted for obtaining relation of their dry mass yield production and
appropriate rate of amended soil.
The results of this research show an interesting clinoptilolite incorporation rate of which 8% provides the
highest dry mass yield of mustard green and peanut for Rayong soil group, whereas Lang Suan soil group receives
optimum rate at 4% for mustard green as optimum rate is 8% for peanut.
The construction of water storages, such as retention dam or reservoir needs a proper soil texture with high
moisture capacity. Usually, impervious clay soil type is the most appropriate; however, the specified soil type may not
be available in the local area as the cost and investment value on the project construction is increased by the distance
from available material source. One problem found in the construction of water storages is the sand coverage, which is
high permeability, spreads over the construction area. This may be as thin layer as less than 1.0 m. or as thick as 4‐5 m.
Therefore, improvement of sand texture is required, and the use of soil‐amended bentonite (its property is like cement)
plays an important role for this problem. SSG (2004) performed experiment in laboratory and report their achievement.
For research, coarse sand and fine sand were used for this study by mixing bentonite with different rates, namely 2, 4, 6,
8%. For the findings, researchers reported the optimal rate of 4% bentonite mixing can reduce permeability for the both
sand types to be less than 10‐6 cm/s.
Cost‐effective management on the design and construction must be based on low cost and effective use for
real condition. One problem found is the over‐design of roads with low traffic, which comes from improper design. For
road design with low traffic, local materials should be considered as the first priority use for application and it can still
provide an acceptable CBR, which should be more than 80%, of road structure. SSG (2008b) carried out a research study
on the mechanical properties in strength, permeability and CBR of lateritic soil with cement for road construction. This
research mainly focuses on the use of a quantity of cement mixed with lateritic soil in the place of crushed aggregate for
base layer of road. Different rates of cement mixing were prepared for the test and from the findings researchers
suggest that a cement quantity of around 2% upwards can provide acceptable CBR and higher unconfined compressive
strength as permeability of the improved base layer decreases.
7. Materials engineering and science
Thailand is one of the world’s top rice exporters. Each year, more than 7.5 million tonnes of rice husk is
produced for no use. Burning the rice husk leads to waste pollution of so‐called “black rice husk ash.” This is found in
biopower plants. SSG (2003b) found the merit of black rice husk ash for soil stabilisation because hydrated lime
(Ca(OH))2 is also useful for this regime. This interested researchers in conducting a research on the appropriate rate of
mixing black rice husk ash and lime for dispersive soil improvement and stabilisation. Researchers reported its optimal
rates (black rice husk ash 10% and lime 4% with incubation around 4 day), which can reduce soil dispersion level to be
less than 15%.
Usually, the earth canal is the soil‐based irrigation structure (filled‐canal), and a selective soil with low
permeability for canal compaction is preferred. However, to prevent earth canal failure by erosion, the earth canal with
concrete paving is popular. The protective pavement technique like this has several merits; however, this paved canal
would face a problem of leakage, external and internal erosion and soil settlement leading to the cracking of concrete
paving. For solving the problem, SSG (2007) considered the flexible material (i.e. old tires) mixed with asphalts and
natural materials to compensate the concrete paving. The results show that developed properties in asphalts with
crumb rubber in irrigation canal and community farm pond provides higher shear resistance and more flexibility as
compared to concrete paving. Researchers also reported that the quality of water in a canal paved with asphalt tire
mixture is not harmful by contaminant.
Generally, the construction of weirs uses wood or materials that are easy to find and available in nature as
concrete material is costly. However, it is quite easy to get damages because of incorrect technical construction. One
choice is to use a soil‐contained rubber box, which is made of such natural resources as Para rubber filled with soil, for
building a movable Broad‐Crested weir. Thailand is an agricultural country as cultivation of rubber trees is widely
practiced for generating income for the country. SSG (2009) thus applied the Para rubber material for the construction
of movable broad‐crested weir or small dam, made by soil‐contained rubber box of 20x40x10 cm in size and wall
thickness of 4 mm. It was applied at Thongphabhum district, Kanchanaburi province.
8. Biology and environment
Weeds are a major problem in water resource management. The rapid growth of weeds causes shallow
reservoir, reduction in the drainage capability of channel as well as water pollution. Therefore, there is a need to find
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the way to process weeds (e.g. productions of fertiliser, basketwork and fuel using weeds) to control and eliminate them.
WCG (2003) contributed an interesting report on the use of floating plant for the improvement of water quality. Their
research expects to improve water quality using five types of floating plants, namely water hyacinth, water
lettuce, floating moss, periwinkle and duckweed. Such floating plants are useful for decreasing organic matter,
absorbing the suspended solid and adding oxygen to the water.
The findings show impressive results in terms of water quality improvement. The following are the rates of
“effective treatment,” which are the percentage of the treated water samples, or water samples that show the
acceptable water quality level after application of floating plants. The results show that floating moss presents a
maximum of 99.63% of effective treatment of dissolved oxygen (DO) (period of 15 days). Periwinkle shows a great
reduction in total dissolved solids (TDS) by 26.82% (period of 60 days). Water hyacinth provides 84.93% of effective
treatment for ammonium (NH4+) (period of 15 days). Water lettuce and duckweed provide the maximum effective
treatment of total Kjeldahl nitrogen (TKN) 73.49% and 73.18%, respectively. Periwinkle provides effective treatment of
total phosphorus (TP) up to 98.95% (period of 60 days).
Water plays an important role for human, crops and animal life. Water provides food e.g. via aquaculture.
Water turbidity is a crisis issue to be taken into consideration for solving water quality problems. The problem of water
turbidity generates a big barrier for water management and for food safety. For instance, water turbidity obstructs sun
radiation to the bottom of farm ponds so that the amount of oxygen emitted by the Photosynthesis process of
Phytoplankton in the water is reduced; this crucial event leads to Phytoplankton deaths and increasing of carbonic acid
in the water (pH is lower) as aquatic animals cannot survive; in many cases, the growing rate of aquatic animals slows
down causing its dry weight yield production reduction. This problem is found in the Northeast of Thailand, especially in
the irrigation water resources (farm ponds) in Srakaew Province. Different sources of water turbidity are possible;
however, there are convincing evidences that the major water turbidity problem comes from clay and silt sediment from
pond slope and soil surface erosion as well as dispersive soil. Water turbidity value is usually measured in “NTU”
(Nephelmetric Turbidity Unit) SSG (2005) emphasised on the application of lime and water alum to the soil. It includes
the study of appropriate salt type and salt amount for the mitigation of water turbidity. Farm ponds in the agricultural
area of Srakaew Province are the problem project case study; these farm ponds have NTU in the range of 280‐1217 NTU.
Their findings show that optimal amounts of aluminum sulfate (Al2(SO4)3) and hydrated lime (Ca(OH)2) to mix
with soil in farm ponds are 0.2‐0.3% and 1.8‐2.9%, respectively. For dispersive soil problem, dissolving of Al2(SO4)3 129
ppm, Sodium Chloride (NaCl) 720 ppm, and Calcium chloride (CaCl2) 152 ppm can reduce water turbidity to be 20 NTU.
Researchers suggest that Al2(SO4)3 shows the highest performance for practical use in actual field. The clear water after
this treatment provides the water quality level in the standard level for consumption, of which pH, the amount of
Sulphate, and Alkalinity (CaCO3) values were <6.5, < 250 ppm, and > 100 ppm, respectively as others are not perfect.
A dam is built to store water for use. However, after the construction of dam, the number of problems on
water quality could be generated because the water prior to construction of the dam is in the condition of flow, whereas
after operation it becomes in a standing condition (storage period). This reduces oxygen in the water and leads to a
decrease of water quality especially in the dry season, in which concentrated bio mass in less water raises Biochemical
Oxygen Demand (BOD). The evaluation of water quality is then needed to be taken into consideration. Therefore, the
researcher aims is to study water quality before‐after finishing the construction of the dam. The Klongtadan Dam,
Nakhon Nayok province is the case study (CG, 2005). During the construction time, for laboratory analysis, water
samples were collected to determine chemical qualities and spreading of inhabiting algae in the reservoir.
The results show that the condition of water quality after construction of The Klongtadan Dam is good although
chemical and physical properties (BOD, Chlorophyll‐a, electrical conductivity (EC), pH and turbidity) including cation,
anions and heavy metal are higher than before construction of the dam. For the analysis results of phytoplankton, there
are three divisions, five classes, nine orders, sixteen families, thirty‐one genus and thirty‐nine species. Nevertheless,
there is an increase in the number of phytoplankton species of around 20‐36 types. It is interesting to note that its
amount is estimated as 729‐4,910 unit/liter of water (the number of cells/filaments/clusters), and the algae
diversification ranges 2.55‐3.15.
Pakpanang river mount, Nakhon Si Thammarat province, often faces seawater intrusion during the dry season
leading to soil salinity problem. The solution has been the construction of a water gate to prevent seawater and dilute
salinity of the affected area. Although the soil salinity problem is mitigated, this water gate causes the problem of water
quality degradation because of the standing water in lentic state when the gate is close. In this regard, the levels of
water quality around Pakpanang river mount are categorised in four major groups, namely (1) good fresh water, (2)
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coastal seawater, (3) good brackish water, and (4) bad brackish water. Water quality level is both suitable and not
suitable for crops and water animals. Understanding of the related parameters in accordance with these four major
groups of water quality is a useful task for water quality control and its management.
CG (2007) therefore contributed a research study on biochemical oxygen demand (BOD), chemical oxygen
demand (COD), dissolved oxygen (DO), alkaline (ALK), and nitrate levels for different mentioned water quality groups
around Pakpanang River. Researchers reported the valuable information of level and rate of these water quality
parameters, which are in accordance with the behaviour of fisheries, people and industrial activity. Moreover,
researchers summariwed that its main effect was the routing of runoff (fresh water) in the river to push the seawater
out of Pakpanang river mount.
The Lamkhanchu reservoir, Chaiyapoom province, serves as a water resource for an agricultural area of around
7,000 hectares and for domestic consumption. One problem is the spread of Algae‐bloom as its rotten/decayed carcass
lowers water quality causing stinking water and cannot be used for such purposes. Therefore, a study on the factors
influencing Algae‐bloom spreading and Algae‐bloom amount plays an important role in controlling and evaluating water
quality for not only the Lamkhanchu reservoir, but also other reservoirs having Algae‐bloom problems. WCG (2009a)
studied algae‐bloom and aquatic weed infestation problems for maintenance of the ecosystem in Lamkhanchu reservoir.
The findings of this research reveal 111 types and 74 varieties of Algae‐bloom, the largest quantity is
Microcystisaeruginosa and chroococcusminutus; increasing of NO2‐N and PO4‐P is significantly related to the spreading
of Algae‐bloom. Similar research on this effort can also be found by the study of WCG (2009b).
The Bang Pakong River is an important economic river for the life and one part of the Eastern Seaboard
Development Project, Thailand. The Bang Pakong diversion dam is constructed under this project; it is far from Bang
Pakong river mount, around 74 km. The Bang Pakong diversion dam was constructed in the shortcut channel located in
parallel direction with the Bang Pakong River; the drainage system from the upstream of the dam is controlled by two
river outlets of 1.0m dia. The objectives of building Bang Pakong diversion dam are prevention of seawater intrusion
into the Bang Pakong River and storing of water for use in dry season. However, after construction and operation of the
project, there is a water quality problem at the upstream and downstream of the diversion dam.
With RID efforts, a regulating gate with 100 cms water drainage capacity was installed at the Bang Pakong
diversion dam in order to improve water quality. However, the report on the water quality improvement should be
evaluated to prevent water quality problems and to correct information about water quality of the Bang Pakong River
near the dam site. Therefore, CG (2009a) contributed a research study for this purpose. The research study is focused on
the comparative analysis of water quality (EC, pH, BOD, DO, Nitrate Nitrogen (NO3‐N), Ammonia nitrogen (NH3‐N)
Copper (Cu), Manganese (Mn), Zinc (Zn), Cadmium (Cd), lead (Pb)) at the localized area surrounding Bang Pakong
diversion dam (both in shortcut channel and main river) for both before and after construction of the regulating gate.
The findings reveal that all water quality measures are in the acceptable range under each standard water quality level.
Toxic algae‐bloom at Huai song Sai reservoir causes stinking water which cannot be used. There are different
ways of solving this water quality problem; however, CG (2009b) focused on the use of chemical and integrated
treatment of the polyaluminium chloride (PAC) powder with liquid alum, which is an efficient method. The findings
reveal that this method can reduce waste water by toxic algae‐bloom. Also, increase of hazardous metal in the treated
water by the use of integrated lime with liquid alum was not found. Researchers also suggest that planting of floating
aquatic plant (e.g. morning glory and water minosa) as well as breeding of herbivore fish (e.g. Nile tilapia, Carp and
Giant Gourami) can also be effective in increasing water quality and reducing the spread of algae‐bloom.
Water plays important roles as a resource for human, animal life and plants. It is used for growing of crops,
which is the beginning of the food chain leading to ecosystem diversification. However, the problem of water quality is
also a major problem that directly impacts on organisms and the environment. The aim of this research is to assess the
physical and chemical water quality of Kraseaw Water Operation and Maintenance Project by processing an analysis of
29 water quality indices (SG, 2011). The results show that water quality parameters (pH, EC, DO, BOD) of Kraseaw
Reservoir are 7.6, 246 µS/cm, 5.07 mg/L, and 2.35 mg/L, respectively. At Kraseaw’s irrigation canal, it is found that water
quality parameters (pH, EC, DO, BOD) are 7.6, 284 µS/cm, 4.64 mg/L, 2.62 mg/L, respectively. These parameters are
within the recommended limits except potassium and suspended solid values, which are higher than the standard limits.
Researchers reported that high potassium level caused by the influence of fertilisers having potassium
compounds as high suspended solid level caused by the soil erosion; moreover, soil erosion leaded to accumulation of
soil sediment, organic matter and inorganic matter to water, especially in the rainy season.
9. Construction and infrastructure system management
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HG (1993b) published a report on the hydraulic model study of river entrance and near shore areas for Golok
river mouth improvement project. The Golok river mouth improvement project is being carried out in cooperation
between Thailand and Malaysia, aided by the Australian International Development Assistance Bureau (AIDAB) through
the snowy Mountains Engineering Corporation Cooperation. The Royal Irrigation Department (RID), Thailand, and Royal
Irrigation and Drainage Department, Malaysia, have responsibility for this project. It is expected to improve the stability
of the Golok river mouth, in Narathivat province, Thailand in order to preserve the Thailand‐Malaysia boundary and
mitigate flood damage along both sides of the Golok river embankment; this is because the sea around the river mouth
is shallow and drainage is poor. The study is also expected to allow Thail and Malaysian vessels to fluently navigate
through their territorial waters. This project is divided into two phases; the first phase is a physical study of the Golok
river mouth, the second phrase is a detail design for construction bidding, which is processed in Malaysia. The first
phase performed a study on analysis of hydraulic, hydrology, meteorology, environment, economic, and social effects
affected by the project as well as an analysis of the project’s economic return. The laboratory test was conducted in
Thailand.
Construction of a breakwater model around the river mouth was conducted; its characteristic physical terrain
like the claws of a crab at the estuary is opened to allow water in the river to flow to sea. The breakwater model consists
of a left side breakwater and a right side breakwater of the Golok River as an equidistant line because a Thailand‐
Malaysia continental shelf boundary agreements is specified by Transit Point B. The right side breakwater extends from
Malaysia’s seashore as the left side breakwater extends from Thailand seashore to the sea. The physical model
simulates discharge flow in the Golok River 500‐2,000 m/s as sea wave (Hs) = 2.5 m. height and peak wave period (T) =
8.5 s is generated by wave generator.
The research findings of the first phrase were submitted to the Thailand‐Malaysia Joint Steering Committee on
the Development of the Golok River; the results reveal three alternative choices that are appropriate in engineering,
economic and social contexts (i.e. the case of extending the right side breakwater from Malaysia seashore into the sea
at the sea bed level ‐2, ‐3, and ‐4 m.(M.S.L.), respectively). The first choice provides construction cost around US$7
million with an economic return rate of 15%, however its engineering aspect is not good (may have sedimentation at the
river mouth, which is not good for maintenance in long term). The second choice provides construction costs of around
US$13 million with an economic return rate of 10% because its engineering aspect is good (wave run‐up is less, which
implies the sediment prevention in the future). The last choice provides construction costs of US$10 million with an
economic return rate of 12% because its engineering aspect is as good as the second choice. However, the Thailand
committee suggests that the last choice is appropriate. The findings also show that the appropriate choice characterised
by the right side breakwater extends from Malaysia’s seashore to the sea 800 m. as the left side breakwater extends
from Thailand seashore to the sea 350 m., river mouth width is around 200 m. Both breakwaters have its side slope
1:1.5, its crest level is 5 m. (M.S.L.) as its bottom is 3 m. deep into the seabed.
Sedimentation in the upstream side of weirs is a problem which affects irrigation water supply and irrigation
efficiency. For critical issue, the water supply cannot be operated because it prevents water from entering into a head
regulator as sand sediment enters in the canal and reduces the canal capacity. This issue leads to spending more amount
of the fiscal budget for excavation of sand sediment for each year. HG (2000b) contributed a very useful research study
on an improvement of overflow weir for sand flushing. The major objective of the improvement of the weir is to find the
method to disperse sand sediment in the water and let it flow past the weir’s crest applying fluidisation technique,
which usually is applied for flushing sand sediment along the river mouth. This technique aligns pipe along the upstream
face of weir and sand sediment will cover the pipe. Water will be supplied to the pipe with high pressure to disperse
sand sediment to suspend in the water during flushing process. The difficult task is to determine the best and practical
pipe alignment style. This research aims to improve the capability of sand sediment flushing in the upstream face of the
weir and to increase the potential of sand sediment flushing of the old sand sluice. The physical model was conducted in
a laboratory of RID, Thailand. The finding reveals the appropriate alignment of the pipe, that is the pipe alignment
parallel to the river channel as the pipe’s tail is extended towards the tail head regulator gate.
Since a flood disaster damaged all natural reefs, life and structures, the multipurpose Khwae Noi Dam, a royal‐
project in Pitsanulok Province, was therefore constructed to respond to this situation. Many of the old natural reefs,
which are useful for life creation along Kwae Noi River, are damaged by floods (Kaeng Jed‐kwae National Park). An
artificial reef is therefore an interesting choice worth studying to recover the old natural reefs. An artificial reef is a
human‐made underwater structure; typically it is built to promote marine life in the area, to control erosion, and to
improve aquaculture. HG (2006) thus received responsibility for RID on this effort and performed the research study on
an artificial reef project, which is called “Kaeng Kao‐kwae”. The Kaeng Kao‐kwae is an artificial reef that is expected to
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be located in the Kwae Noi River at the downstream of the Khwae Noi Dam river outlet and divides the river channel
into nine channels. With this characteristic, there may be some risks for tourists who swim and chances to deteriorate
the downstream river embankment and river bed. The research purposes are therefore emphasized on the design of
Kaeng Kao‐kwae physical model and study of its flow behaviour, depth and velocity of flow before real construction.
There are three physical models of Kaeng Kao‐kwae; the comparisons of the three models are based on the effects as
mentioned for both before and after construction. Researchers reported that the 3rd model was the most appropriate as
its construction cost of the real project was estimated around US$96,667 (at 30 Thai baht rate). The researchers suggest
that during performing water management at the downstream of river outlet, authorised staff should consider the
optimal discharge, the water level and the depth at Kaeng Kao‐kwae during tourist swimming and cruising time to avoid
dangers.
Design of filter materials in an irrigation work plays a significant role in preventing structure failure due to
seepage force and uplift pressure when upstream and downstream water levels of an irrigation structure are different.
In the present, three references are usually applied for the design, namely Tezaghi & Peck (1948), USBR (1963), and
Design of small dams (1987). These references are similar; however, which one is suitable for application is the matter
that a designer should be taken into consideration. CMG (2008) performed the research on filter materials design for
irrigation work. Since, rule and condition for the design is complicated, this research aims to develop a computer
programme for filter materials design applying these references in order to reduce time and mistakes in the design of
filter materials for irrigation work. The programme was developed in excel spreadsheet, which can illustrate graph and
curve. Data inputs are required for this programme, namely sieve analysis, hydrometer analysis, and Atterberge’s limit.
Canal systems are typical for distribution of irrigation water to agricultural areas. However, the past
experiences have shown that during its malfunction and damage (e.g. hole along canal bank due to erosion and using
dispersive soil for rolling compacted canal embankment, canal bank failure, and sedimentation in the canal, cracking of
concrete slab along canal side slope), continuous irrigation water supply cannot be stopped as repair and fixing of the
problems is expected as fast as possible. RDG (2011a) carried out a study of irrigation canal embankment maintenance.
This research aims to study the cause and pattern of the damage and the way to repair the irrigation canal embankment
that is damaged by water erosion. Damage is in the form of a hole along the embankment and shoulder of the irrigation
canal. Laboratory tests of replacing the hole with alternative embankment fill materials were conducted using local
materials. Another task of the research was the development of tools and implements for drilling and expanding the
hole.

III. Discussion with honorary researchers on priority needs in research and engineering capacity
in the present age
1. Research prioritisation based on the Thailand National Research Policy and Strategy
For the discussion of the present research priority needs with different researchers, researchers were invited
for expressing their valuable mass of thought, opinion, and experience about the research framework of the Eighth
National Research Policy and Strategy for 2012‐2016 (8th NRPS). As the 8th NRPS sets a core research pathway, its
appropriateness, agreement, disagreement, additional research needs, importance, and priority assignment as well as
future research trend were discussed.
Before going to the discussion report, we would like to introduce information of the 8th NRPS (2012‐2016). The
Office of the National Research Council of Thailand (NRCT) has formulated 8th NRPS (2012‐2016) as a research
implementation guideline which emphasised an integrative research policy that comply with the direction of the current
Thai National Economic and Social Development Plan (TNESDP) while promoting academic excellence and achieving a
balanced and sustainable national development through participation of all parties (i.e. government sector, private
sector, people sector) in the country as a whole. Research projects are filtered and categorised by their significance and
necessity to the course of the national development based on the principles of the economic sufficiency philosophy and
on the country’s projected economic, social and environmental changes and risks. There is an expectation that
collaboration between the central and regional research agencies will eventually lead to an establishment of research
and development networks, specialised research centres, and joint research personnel development. Furthermore, the
8th NRPS (2012‐2016) aims to create a unity and efficiency of research implementation under a systematic and constant
monitoring and evaluation process. It will also provide a policy basis that corresponds with the national research system
reform and the long‐term National Research Policy (2010‐2029).
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There are five research strategies and thirteen research categories which are contained in the 8th NRPS (2012‐
2016). Some details of research strategies are as follows (NRCT, n.d.):
‐ Research strategy 1:Development of social development potential and capability
The objective of this research strategy is to promote the body of knowledge that will provide a strong basis for
national security through social empowerment, development and advancement of the quality of life and happiness of
the Thai people.
The emphasis is on research related to the development of educational quality, self‐directed learning, culture,
health and hygiene, quality of life, welfare for life security, good governance, social and regional empowerment and
protection, promotion of community potential through community participation as well as promotion of potentials of
youth, the disadvantaged, the disabled and the elderly, and promotion of national security.
‐ Research strategy 2: Development of economic development potential and capability
The objective of this research strategy is to promote the body of knowledge that will provide a strong basis for
the development of potential and capability for a balanced and sustainable economic development based on the
philosophy of economic sufficiency.
The emphasis is on research related to the development of efficient agricultural production that includes value‐
added creation for agricultural, forest and fishery products, including researches on the development and management
of local knowledge and wisdom to provide foundations for a sustainable development of community economy and
creative economy, other focuses are on researches for efficient development of industrial products and the service
industry which includes tourism, energy development, logistics, information technology and communications. Also taken
into consideration for this research strategy are: Thailand’s competitive edge within the contexts of national and
international changes, relations with neighbouring countries, and development of relevant body of knowledge to
support transition into the ASEAN Economic Communities (AEC) on the basis of sufficiency economy philosophy and
development toward commercial and public utilisation of research findings.
‐ Research strategy 3: Conservation, promotion, and development of natural resources and environmental capital
The objective of this research strategy is to promote the body of knowledge and database for efficient and
systematic management and development of the natural resource and environmental capitals through local and
community participation.
The emphasis is on research related to the management of natural resources and the environment, biodiversity,
conservation and sustainable utilisation of natural resources through people and society participation, development of
the body of knowledge on soil resources, mineral resources, water resources, forest resources, aquatic animal resources
as well as research on sustainable sharing of resource utilisation particularly through meaningful public participation,
research on post natural/disaster support and rehabilitation potentials at regional and local levels.
‐ Research strategy 4: Development of innovation and research personnel potential and capability
The objective of this research strategy is to promote the country’s competitive edge and self‐reliance through
the utilisation of science, technology and other forms of knowledge on a balanced and sustainable basis.
The emphasis is on research related to the development of the body of knowledge and expansion of national
and public wisdom as well as the promotion of the country’s research potentials.
‐ Research strategy 5: Reform of the national research system for the management of knowledge, research findings,
innovations, inventions, resources, and national wisdom towards their commercial and public utilization through
suitable strategies that will make them extensively available to the public and civil society
The objective of this research strategy is to develop the national research reform systems and mechanisms for
unity and efficiency of the country’s knowledge management.
The emphasis is on research related to the increase of the country’s research management efficiency and
efficacy.
NRCT has taken into consideration all five of the above research strategies together with the current crises and
essential research/knowledge needed for their immediate solutions and rapid national development. NRCT had also
divided its research focuses into 13 categories as follows:
1 Application of sufficiency economy,
2) National stability and promotion of good governance,
3) Educational reform and learning creation,
4) Water resources,
5) Global warming and alternative energy,
6) Sustainable Agriculture,
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7) Promotion of health, disease prevention, treatment and health rehabilitation,
8) Environmental management and development of natural resources diversity,
9) Innovative and major industrial technology,
10) Tourism management,
11) The elderly society,
12) Logistic systems, and
13) Reform of the national research system.
As mentioned, research frameworks are filtered and categorised by their significance and necessity to the
course of the national development. Five major research strategies and thirteen research categories are systematically
categorised as it is expected that idealised holistic linkages among them will become true. Although such arrangements
may need to be done and expect to help the country’s development simultaneously, due to limitations of government
budget management/donor, the level of problem needs to be prioritised. From such reasons, there may be various
opinions on priority needs and their importance that should be analyzed.
The analysis was performed by interviewing researchers using designed questionnaires. Research priority needs
are analysed by consideration of the research contexts in the areas of civil engineer and environment, science, biology
engineering related to water management and irrigation for the case of Thailand. For analysis of priority needs, Analytic
Hierarchy Process was applied to obtain significant prioritisation.
Please be noted that with an analysis of priority needs using Analytic Hierarchy Process, final results of
eigenvalues for different research topics are obtained. Higher eigenvalue provides better significant rank compared with
other research strategies. All eigenvalues are summed to be one; difference between two compared eigenvalues may
imply the difference of the degree of importance between them.
1.1 Strategic research priority
As shown in Fig.1, research strategy five receives attention at the highest priority followed by research strategy
four, research strategy one, research strategy three, respectively as research strategy two receives the lowest priority
need. Why does strategy five receive the highest rank as compared with other strategies? This is because all researchers
firstly expect the research to contribute to development of country management. The strategy accounts for research
policy, budgets support and financial aid system, fundamental structure of research work, standard of research,
research measurement and evaluation system. Also, the researchers expected that benefits from research on
knowledge management, innovation, and resources development in the country would be transferred to local society.
The public sector may increase the market value of research and extend the research for commercial purpose. Data
networking also plays an important role for utilization of primary and secondary data for researches that have related
process and need data aid system for supporting their data needs. Research on database development for country
research management is therefore un‐missing topic to be taken into consideration for all management procedures of
country. In this case research on research network development is very important, it plays significant role in jointing
missing links of research value chain.
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Figure 1 Eigenvalues for priority ranking under research strategies
Research strategy four receives the second rank because its actual useful core is the extension of the research
and seriously applied to the public sector. Researchers pointed out that the research on the development of science,
technology, and innovation shall be seriously and rapidly promoted. Such areas as biotechnology, materials science,
information and communication technology, nanotechnology, medical science and public health are among this
category. Encouragement of research need on “creative economy3” to increase value‐added in production and
economic sectors shall also be emphasized. Researchers also expected that research on energy (i.e. clean,
environmentally friendly and green technologies) shall be mobilized to compensate energy being rapidly burned without
efficient uses during this energy crisis era. Researchers suggested that research on capacity building of such people as
technology user, researcher, director and manger, etc. shall also be launched in parallel with the development of
technology.
Researchers provided some opinion on the previous two strategies that their significance is they aim to
strengthen research on research management system and technologies. The emphasis of research strategy three
encourages researches on conservation of natural resources and environment, forest rehabilitation and development of
biodiversity, efficient utilization of soil as well as its conservation and treatment. Researchers suggested that although
research on such contexts is also important; resolving these research problems may take long time to observe its
improvement and achievement. These may be reasons why researchers provided lower degree of importance to
strategy three than strategy five and strategy four with less than half of eigenvalue. In short‐term, linkage between
strategy four and strategy three may appear in the area todeal with natural disaster (e.g. flood, drought, Tsunami).
Research are needed on monitoring and warning system, disaster occurrence risk by climate change including
rehabilitation processes of damaged structure and building.
Research strategy two receives the fourth priority. This is not strange because once the research on technology
and innovation are expected to be developed first as continuous research on the development of production efficiency
(e.g. local rice, crops and livestock productions and harvesting), packaging standard, management of irrigation water
and ground water, goods qualities and standard control as well as food safety should be launched by sequence. These
also includes research development on service and tourism systems, logistics, energy, communication and information
technology, as networking with neighbour countries are also expected.
The dimension of research strategy one illustrates that improvement of society and people’s livelihood needs
capacity building processes. Society shall cover rural and urban sectors; however, rural sector is weighted with higher
importance. This is because self‐sufficiency concept is applied in order for raising talents, skills and experiences of
people in local areas as well as transferring of knowledge and technology to them. Moreover, research on conflict
resolution in the use of resources among sectors should be emphasised.
Although prioritisation of strategic research illustrates obvious difference among them, the degrees of
importance assigned by researchers show that most of them receive high importance (i.e. importance weight score are
above 3.5).
1.2 Prioritisation of research category
For research category point of view, we asked a question on whether we should follow the 8th NRPS or not. All
researchers agreed to the pathway of this research strategic development. As mentioned earlier, there are thirteen
research categories that reflect the coverage of five strategies which have been provided. We requested the researchers
to evaluate the importance and priority of these research categories. As shown in Fig.2 and Table 1, water resources
management receives the first priority need followed by the reform of education paradigms and creative learning, the
reform of country research system, sustainable agriculture, environment management and the development of water
resource value. The researches on global warming and alternative energy and logistics system are in the same rank. The
3

Creative Economy Development Approaches under the National Economic and Social Development Plan:
Throughout the Eighth to the current (the Tenth) National Economic and Social Development Plans, attempts have been made to
support the value creation of goods and services based on knowledge and innovation to continuously increase gross output of
goods and services. In 2007, a study was conducted and initiatives were executed to create economic value from cultural capital,
utilizing the strengths and advantages of the culture through economic value creation. For the economic sector, the Tenth
Development Plan focuses on adjusting the manufacturing structure, aiming at value creation of goods and services and
supporting connection between different fields of manufacturing.
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researches on self‐sufficiency economics, encouragement of self‐care, disease protection, health treatment and
regeneration, new technology and important technology for industry are agreed to consolidate into the same group of
priority as such research categories are out rank as compared to public security and good corporate governance.
Furthermore, the group of researches on business administration in tourism management and aging society are ranked
at the last priority.

Figure 2 Eigenvalues for priority ranking under research categories

Table 1: Priority needs under research categories
Rank
1
2
3
4
5
6
6
7
7
7
8
9
9

Research Category
Water Resources Management
The Reform of Education Paradigms and Creative Learning
The Reform of Country Research System
Sustainable Agriculture
Environment Management and the Development of Water Resource Value
Global Warming and Alternative Energy
Logistics System
Self‐Sufficiency Economic
Encouragement of Self‐care, Disease Protection, Health Treatment and Regeneration
New Technology and Important Technology for Industry
Public Security and Good Corporate Governance
Business Administration in Tourism Management
Aging Society

For overall figures under research category, most of such research receive nearly high to high importance. To
understand why researchers provided three or higher score (i.e. medium and up) of importance to each research
category, we made a request: “if the priority need score is three or higher please provide a brief reason why you think
that way.” The followings are some opinions of researchers:
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In the present, problems on natural resources and environment should receive most attention since it is in a
critical level. It was estimated that in the near future food shortage crisis may be arisen related to an increase
of world population. Water is a major factor affecting agricultural production. Therefore, paying attention to
research on increasing water source potential would be an essential task for solving food security problem; this
should account the research on water resource management, global warming and alternative energy,
environment management and the development of water resource value, new technology and important
technology for industry.
Research on the development of capacity building of staff/researcher for serving human resource development
in Thai country.
It was expected that the research on the reform of education paradigms and creative learning will improve Thai
research level because it is a foundation of different fields of research.
Global warming and alternative energy research will provide substantial knowledge on weather prediction and
choices of alternative energy technologies instead of fossil fuel energy.
Encouragement of self‐care and disease protection will make citizen healthy.
For self‐sufficiency economic, sustainable agriculture and logistic system points of view, because Thailand is
agriculture country; most people are poor, application of self‐sufficiency theory plays an important role in Thai
country development. This shall account the logistic system development in agriculture sector to reduce its cost
of transportation.
The research on encouragement of public security and good governance would lead to a fair society. This
should account an encouragement of the research on the development of capacity building of staff/researcher
in parallel fashion. In this regard,it is believed that Thailand will receive actual benefits from research
performed in the right sequence.
Regarding the Asean Economics] Community, of which Thailand is a member, research on business
administration in tourism management should be encouraged to increase potential in terms of restoration
service and tourism industry and communication.
, Thailand is stepping into an aging society with sharp increase of elderly rate which is estimated to be around
13 million in the next decade while the present number of elderly population is around nine million.
Encouragement of self‐care, disease protection, health treatment and regeneration is therefore highly
important especially in the aging society.

1.3 Prioritization of research needs under challenging research groups
Five strategies and their ten research categories are systematically set up by NRCT as their priority needs have
already been assigned. Let’s narrow down from research needs under research categories level to research group level.
Challenging research groups were discussed by many researchers from the Irrigation Development Institute (IDI) and
researchers from different organisations who are concerned with irrigation and water management. However, we
hypothesised that its sequential needs may be different by the rule of problem concentration and budget allocation.
Prioritisation of research needs under challenging research groups are shown in Fig.3 and Table 2.
Public participation in water management was identified as the first rank research need. Including the first rank,
the top‐ten of high rank provides insight for holistic research needs on management strategy and capacity building
contexts. These can be classified into research topic categories on the authorised local association for self‐management
(i.e. farmer), public participation in water and resources management, development of irrigation and technology,
hydrology and river hydraulic for water management, as well as capacity building of people and organization who are
concerned with irrigation and water management.
Considering the research group from the 8th rank to the 13th rank as the next rank after the priority needs
mentioned before, the second priority goes to research on the efficiency and performance upgrade by efficient
irrigation monitoring and maintenance scheme, extending and conservation of irrigated area potentials. Such efficiency
and performance upgrade need to consider the research on climate change and weed impacts on irrigation. Integrated
technology and alternative energy for irrigation are expected as free input to increase irrigation and water management
potentials.
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Figure 3 Eigenvalues for priority ranking under research groups
Table 2: Priority needs under research groups
Rank
1
2
3
4
4
4
5
6
7
8
8
8
9
10
11
12
12
12
13
14
14
15
16

Research Group
Public Participation in Water Management
New Technology Development for Water Management.
Development of Irritation Area Potential
Database Development and Data linkage
Water Distribution Management Equity
Researches on Hydrology and Hydraulics for Water Management
Capacity Building of Personal and Organization Development in Water Management
Development of Implements and Technology for Water Management
Development of Irrigation Water User Association
Watershed Model
Agriculture and irrigation
Performance and Efficiency Evaluation of Irrigation Project
Prevention and Solving Irrigation Structure Failure
Irrigation System Repair and Maintenance
Conservation of Agricultural Irrigated Land
Climate Change Impacts on irrigation
Alternative Energy for Irrigation
Development of Communication in the Transfer of Irrigation Learning
Solving of Weeds Problem in Source of Irrigation Water
Irrigation Water Productivity
Encouragement of Working Capital for Irrigation Strategy
River Sedimentation
Irrigation Service Fees
The least priority group includes irrigation water productivity, encouragement of working capital for irrigation
strategy, river sedimentation, and irrigation service fees. There is inquisitiveness to know about why irrigation water
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productivity is ranked at almost the last as its ratio of the crop yield or the benefit and the crop value per cubic meter of
water is also reflecting irrigation efficiency and its management performance upgrade. This is most likely because
irrigation projects that have more capital and water do not need research on irrigation water productivity development.
For overall figures, more than half of such research receive high importance as the rest receives degree of
importance in the range of medium to nearly high. To understand the reason why researchers provided importance
score three onwards (i.e. medium onwards) to each important research group, we asked “if the priority need score is
three onwards please provides brief reason why you think that.” The following are the opinions of the researchers:
 People’s participation as WUA is an important process leading to the acceptance and achievement in water
executive management. Capacity building of authorised officers in organisations for understanding the present
working procedures plays an important role for an increase of organisation performance. Because achievement
of research in the area of the efficient and equitable water use strategy is still poor, intensive attention on this
research shall be encouraged with high priority. This should account the research on performance and
efficiency evaluation of irrigation projects as well as the development of implements and technology for water
management. In addition, irrigation water should be controllable and manageable for both flood and drought.
 The research on the development of implements and technology for water management should be undertaken
by a researcher in parallel manner to overcome the changes in the present environment, social behaviour and
energy constraints.
 The research on the development of irrigated area potential will increase agricultural productions.
 The Research on the database development will lead to development of technology and accessibility of
information and knowledge. The database system will provide substantial valuable information for different
kinds of researches.
 Research shall be focused on the development of an existing system in the maintenance and management
points of view. For examples, research groups on the sediment flushing along upstream of irrigation structure,
an aquatic weed problem in irrigation canal and river, irrigation infrastructure and appurtenance structure
maintenance, physical model study of hydraulic and hydrology in water management as well as study on
strategic model for protection and solving of conflict problem in water management.
 Shortage in a number of staffs and labor would become obstacles in the development of irrigation
management. There are the needs of capacity building of personal and organisation development in water
management, transferring of technology and knowledge to farmers by public participation in water
management strategy in the right direction.
 Research on climate change impacts will increase capability in prediction of effects of global warming to find
appropriate mitigation strategy.
 Research on the irrigation service fees will create involvement of farmer for efficient use of water, whilst this
may constitute the problem. Hence, the research on these regards should be emphasised.
2. Challenging research related to irrigation and water management
In irrigation and water management, there are many research attempts to develop its efficiency through
technologies and strategic management. However, by researchers’ opinions we have concluded on the challenging
research needs. Some suggestions provided by researchers as follows:
 For reservoir operation rule curve point of view, various reservoirs in Thailand shall have an appropriate rule
curve for operation; the development of reservoir operation rule curve thus is required. Probability‐based
operation rule curve may be a simple method which can be practical for use and easy to understand for training
users in irrigation supply and maintenance project. The perfect reservoir operation rule curve shall carefully
consider water uses in different sectors as well as accounting of losses and inflow.
 There is the challenging research related on the study of physical hydrologic watershed characteristics affecting
the change of reservoir storage. An evaluation processes can be modeled using field survey data of reservoir
sediment volume and its sediment rate. The model would reflect the capital water of each reservoir. The simple
backward stepwise multiple linear regression can be applied which incorporates various independent variables
that comprise of inflow entry to reservoir, rainfall amount at the upstream of reservoir, watershed area of
reservoir, reservoir capacity, water surface area chart of reservoir, watershed level differentiate rate,
compactness coefficient, river‐bend curvature. The expected finding will provide the realistic last updated
storage of an existing reservoir which indicates the capital water of Thailand reservoir projects. The method
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may be efficient and may provide cost saving for rapid estimation of capital water in reservoir. Moreover, it
also saves time consuming for further field survey and for virtual simulation of water situation of reservoir for
irrigation water management.
There are challenging research studies on the drainage of river at the river mouth that has high influence of
very complex river tidal water phenomenon. The flow characteristic at this location is all‐time unsteady
condition. There is irreducible of complexity for launching research operation in terms of field survey and
measurement of field data along the river. If collected data is not enough, physical model and mathematical
model calibration acceptance will then be poor (i.e. low quality). Hence, continuous data correction shall be
performed to cover all cycles of tidal water. Water management shall also consider tidal water phenomena as
well.
The study of pattern of irrigation control structure and systems which shall have capability to function as flood
mitigation during rainy season and a water diversion structure to store water an increase water level which has
high enough effective head for releasing water to an irrigated area. There is some specific importance of
irrigation system in terms of capability to function as irrigation canal and intercept drainage canal; these
systems can provide efficient operation to decrease side flow in flood zone by bypassing its flow direction and
release to the drainage area.
The research study on the patterns of dike system and structure which can potentially mitigate flood problems
in detention basins especially in the areas of Khong‐Chi‐Mun watershed. This shall account the alternatives of
flood mitigation in the Lower‐Mun river basin. These challenges shall consider an application of precise
hydraulic modelling for analysis of unsteady flow in the river network.
The research area on physical model study is very useful and it challenges researchers to apply their wide
knowledge on the analysis of irrigation structural shape and appurtenances (i.e. head regulator, diversion weir,
spillway, concrete dam and embankment dam), erosion effects at upstream and down‐stream end of irrigation
structure, effects of water surface level at the up‐stream and down‐stream end of irrigation structure,
sedimentation and sediment flushing in front of diversion weir. There are major research interests on the study
of physical model of spillway of Kwai Noi Bamrung Daen Dam, spillway of Pasak Chonlasit Dam, Nong Saleak
Weir, Khlong Lad Pho Flood Alleviating Regulator and a crooked channel in Chao Phraya River. A crooked
channel in Khlong Lad Pho is the most challenging research that interviewees have ever performed because it is
a distorted physical model which is hard for analysis as compared to undistorted model. The distorted physical
model is characterized by asymmetric in horizontal axis and vertical axis due to the reduction scale of the
crooked channel in Khlong Lad Pho around 18 km to 15‐20 m by estimation. Moreover, interviewees are
interested in the research about head regulator operation which is influenced by tidal water effects.
Interviewees suggested that controlling of Khlong Lad Pho Flood Alleviating Regulator shall consider tidal water
effect of water surface level at upstream and down‐stream end of regulator as well as vessel navigation
pathways and erosion effects at the downstream of Khlong Lad Pho at junction point of Khlong Lad Pho and
Chao Phraya River.
Tackle on of the problem of aquatic weeds in irrigation system. There are different methods to tackle aqua
weeds; however, each method has its limitation. For instance, chemical control scheme of aquatic weeds may
impact water quality by contamination of chemical residue, elimination of aquatic weeds using human power is
still not efficient, and development of large aquatic weed harvester may not serve all area especially in narrow
canal and is not worth. Development of aquatic weeds needs different research fields in the areas of biology,
mechanical engineering and hydraulic.
Research on Robogate and canal automation system. Since the behaviour of flow and canal operation is
complex, there are many canal perturbations leading to imprecision on gate operation in the irrigation canal.
Because flow in the irrigation canal is unsteady condition, it therefore requires the arriving time for
approaching to the gate as appearance in the change of water level in the irrigation canal during different gate
operation leading imprecision of discharge control. Such perturbations shall be accounted in Robogate and
canal automation system as it challenges researcher to apply systematic knowledge on electronics,
mechatronics, hydraulics and stochastics in irrigation canal.
For the needs of irrigation management point of view, there is a need to address the prospect of research on
Integrated Water Resources Management (IWRM)in resolving the current water crisis to achieve a sustainable
development. Conducting of research on water conflicts between upstream farmer and down‐stream farmer
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should be launched, whilst technical involvement aspects between them shall be characterized by compromise
solution among conflicting organisations/personals. The conflicts can be found both fresh water and agriculture
water sources which appear in natural and international levels. Water conflicts arise for many reasons, namely
territorial disputes as well as fighting for resources and privacy strategy advantages.
Research should be emphasized on water management. The water management plays important role for
different activities in country, namely consumption agriculture and industry. The results of water management
study have capability to mitigate damage level due to flood devastator, drought crisis whose occurrences
appear with higher frequency rate per annum. Present research related to irrigation and water resources
engineering shall have the capability to tackle with water management for both normal and critical situations.
In addition, it shall be considered in different water shed levels, project level, and on‐farm level.
Authorised staffs/researchers who concern Thailand research development shall concentrate on the researches
that evolve the methodologies of soil, water, plants followed by analyses of agriculture soil, soil engineering,
concrete structure and science and engineering materials, water use, hydrology and hydraulic in irrigation by
sequence.
In some case solving of water crisis may need to divert water to the area that is indicated as a potential
detention water zone; the research on this regard shall account the benefits and losses of assets and traditional
social livelihood of people in the affected area for an appropriate compensation.
For methodology in hydrology, there should be the research works on weather data missing and data
correction analysis. Towards the state‐of‐the‐art of weather generator science, this is a very useful procedure
before performing Sequential research operations in the contexts of flood frequency and climate change
impact on irrigation and uncertainty in climate data.
Conflicts among various water use sectors shall be launched based on water balance budgets to observe actual
water need, sink water, Blue/Green/Grey available water and its recycle, water quality and losses couple with
economic assessment.
For soil‐plant relationships, importance of soil losses can effect crop growth and yield production. Soil losses
cause low soil fertility as soil water losses through percolation and seepage losses leads to soil moisture
deficiency and crop moisture stress. The study on reduction of percolation and seepage losses of farm pond in
on‐farm irrigation system using Bentonite products is an example research that should be studied in depth for
its practical application. Furthermore, the development of soil moisture measurement instrument, automatic
water supply system for crop is needed to perform a research operation. The key importance of automatic
water supply system is set points which control start and stop processes of automatic water supply system. In
addition, measuring system for water qualities monitoring which includes data transferring using remote GPRS
and web application fascinates researchers to achieve its development because it can save costs for monitoring
and investigation of water quality at different points in the same time.
“Right recycling of wastes or by-product from power plants can reduce environment issues.” There should be an
activation of researchers’ inspiration in the research on compensatory materials science. Research on the
application of fly ash for construction and steel furnace slag for concrete mixing are examples.
More expectation on the development of testing tools, quality and qualification measure tools for engineering
materials instead of import expensive tools from abroad is required because there may have been some limitation
in irrigation works.
In irrigation water supply water quality has high influence to crop yield potential, research on solving of water
turbidity problem caused by dispersive soil is one example. Dispersive soil characteristic causes permanent
turbidity with no sedimentation. Mostly, this problem appears in Northeast Thailand. It rather highly affects
farm ponds which farmers utilize it for storing water for serving as supplementary irrigation to their farm plots.
This problem needs different knowledge in soil structure, dispersive soil behaviour, and water quality test. The
challenge is the finding of efficient method for permanent treatment of water turbidity without contamination
effects as a proper method shall not affect the aquatic live in water source that being treated and human
consumption.
Failure in irrigation canal structure leads to inefficient irrigation water management as uplift pressure at the
bottom of irrigation structures and side pressure at the side wall are the issues losing irrigation structure
stability, research on mechanical uplift pressure meter for irrigation works shall be developed. Uplift pressure is
the pressure below structure. Normally, it is determined by hydrostatic pressure. The uplift pressure meter

244 | P a g e

shall have capability for real time measurement. Its data is very useful for application in side slope stability
analysis of canal/retaining wall structures.
3. Problems facing, obstacles and overlooked parameters in research works
Various problems facing, obstacles and overlooked parameters in research works may be found in research
operation. Experiences of researches are enumerated as follows:
 In meteorology and hydrology analysis, an identified problem is the shortage of runoff time series data over
expectation. This may be because of the limitation of budget and the deterioration or prematurity of runoff
measuring station. New generation researchers shall consider the effective method for estimation of missing
data; otherwise, careful selection of data uses and research focus on the problem area having completed data
should be an alternative strategy that all researchers shall plan.
 In some research project, modern measurement instruments which are imported from abroad may have some
limitations for operation. Development of simple tools by researchers themselves can provide more workable
and more reliable. The discussion to researcher who has high experiences in the use of implements imported
from abroad would be practical sense to receive the precise information about its limitation and idea for new
alternative tools development.
 Research shall be a simple technology and is practical for further application by users/other researchers who
can improve and correct problems of using technology themselves. This will allow easy extension of further
research from the past research need and its recommendation. Expectation of research finding shall be
practicable in real situation; some barriers shall be predicted in advance to avoid research operation stuck.
Research shall be clearly described through theory and literature as the formation of interdisciplinary research
team by efficient colleagues is very important.
 Poor budgets support and development of an idea for a research are major problems which have been
identified as critical issues that researcher shall be planned.
 Researcher shall read the past literatures related to problem which he/she is focusing on; researchers shall
know and understand the motivation and driving force to do research for each problem. Hypothesis behind the
solution is essential to prove that logic thinking and proved results are reasonable and acceptable.
 For flood and surface flow analysis, one of the factors affecting flow behaviour is appropriate roughness
coefficient (Manning’s coefficient) of channels in flood plain area. The difficult task is calibration for this
coefficient as various factors shall be assigned for its validation (e.g. water surface level). An appropriate cross
sectional distance should be identified to cover flood plain area (e.g. at intersection point of river, abrupt
change of channel shape, inflection point of river).
 The previous researches had been performed for particular field area and experience of researcher expertise.
Its usefulness and objectives are therefore focused on a narrow goal as global issues are still not solved
simultaneously especially in the research contexts on irrigation and water management in different levels. In
worst case, it may damage other objectives which are overlooked. Hence, the new generation researches
should cover multi‐dimensional objectives (i.e. engineering constraint, agricultural benefits, economic worth,
social acceptance and environment conservation) which shall be in accordance with the real situation, whilst
they shall be acceptable and practicable for application.
 Physical model is appropriate for particular points of interest such as irrigation headwork, diversion weir,
drainage dam, barrage, and head regulator. This model is not proper to study or model the large system like
river modelling, watershed model, and water management model due to scaling effects (i.e. distorted and
undistorted model). Boundary of physical model such as selection of area modelling shall cover the results
expectation. Modelling of parameters and different kinds of factors in the model shall be similar to an actual
topography (prototype). For instance, Manning’s n, flow velocity, water level, and discharge. Selection of model
scale is very important. If it is too small, analysis will be impacted by scale effect problem, if it is too large
discharge control will be difficult. Factors influencing the model precision such as bridge and barrier in the
actual canal shall be included in the physical model. Data for construction of physical model, calibration and
validation processes shall be updated by present field survey instead of using previous data or secondary data.
 The last, some important statements provided by the interviewees to remind the new generation researchers
are as follows:
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a)

Researcher shall bear in mind that the calibration and validation process plays important role in the
study of physical model.
b) Researcher should consider reliability of the research using physical model coupled with mathematical
model.
c) Researcher shall build self‐confidence related to his/her experiment result if setting up of research
operation is in the right way, and does not believe experimental results information from internet
without proving its reliability and precision.
d) For the problem in completeness of data and its reliability points of view, the major problem in
research operation is unable to collect field data which controls an environment and characteristic of
problem (e.g. heavy rain and flood). Moreover, uncertainty of data and information play a significant
role in research results. Therefore uncertainty shall be considered in the research operation and
analysis.
e) Paid attention to consistency of experiments in laboratory and real field condition should be made.
Engineers should be careful in application of experiment results because the conditions of the
experiment in laboratory and the real field condition are different, the results of both are also
difference. Short time experiment for an analysis of only short‐term effects should be avoid as long‐
term experiment shall be also performed because in the long‐term, real condition may yield worst
results. Moreover, repeating of experiments by increasing of replications would increase reliability of
research results.
f) For field survey and field experiment, problem is a working without providing an understanding and
knowledge to farmers before entering to the affected area especially in the public areas (e.g. temple,
school); this point of view is very important because experiment needs complete field survey data
which usually shall require the corporation of farmers in the local area.
g) Teamwork is the major problem affecting research quality. Missing plan with overload works/time
delay/research barriers could generate much more mistakes and poor quality of the research due to
its launching process in rush, whereas many important factors are left behind or have not been
identified yet.
4. Opinions on the national research policy and strategy
We put the question by the statement of “In your opinion, do the present research need to be in accordance
with the Thai National Research Policy and Strategy? If yes why do you agree? If not what direction should the present
research be focused?” to the researchers. This aims at to understand whether there may have some conflicts or
incompleteness on the Thai NRPS or not, what is the appropriate direction of the present researches, and what research
should be focused on in addition to the research that have been specified in the Thai NRPS. We have concluded
researcher opinions as follows;
For Thai research, all researchers agree that following the Thai NRPS direction researcher would receive
support on fund, implements, and attention in the application of the research results. There is the fact that all research
needs and strategies are filtered by demand of problem solving. Data of information for each research finding would be
useful for linkage of information for continuing other researches as global problem of country will be slightly relaxed in a
sustainable manner.
In the past, different previous researches lack of continuity, whilst they are not a holistic research. Because
researchers often focus on their own idealisation to overcome problems as continuation of research framework from
the past research lesson is left behind. Based on the Thai NRPS, the continuing of research from the past research works
would provide substantial information, overlooked factors, missed process that should be avoid, and recommendation.
Furthermore, by a holistic research concept, linkage of continuous research development according to the Thai NRPS
would become more practical to tackle problems for Thailand in a real sustainable manner.
5. Inurgent present research needs
As described in the previous sections, all researches agree that present research direction should be in
accordance with the Thai NRPS for several reasons. However, what research really need to be studied to resolve the
urgent problems is still the question. We then put some questions on “With your opinion, is there any challenging
research you thing that it should be emphasised in rush? Are there the needs to do researches/technologies competing
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with other countries?” to extract valuable crystallized opinions from expertise researchers. The conclusion on this
regards is as follows:
















Research challenge on water management for both normal and crisis situation.These shall be launched in rush
due to multiplicative increasing rate of damage by flood and drought in the present as these situation
generates much more economic drop, peoples’ livelihood decay and lost assets.
The research study on logistic system, because Thailand outranks surrounding countries in agricultural
production and basic business administration on tourism. Development of the research on such activities
should be encouraged in rush if Thailand needs to be a central Asian network.
There are different intensive works of the research on global warming issues, engagement of science center
network to focus on global warming, communication with environmental protection, sustainable development
of water resources, nanotechnology in science, impacts of climate change, and biotechnology for serve as an
alternative energy.
The research on database development and data linkage, the research on development of irrigation area
potential, the research on the development of irrigation water user association, the research on climate change
impacts on irrigation, the research on the development of communication in the transfer of irrigation learning.
Research expectation on disaster, risk of crop failure and an increase of agricultural productivity and the
decrease of capital investment in agriculture production process in order to compete with other country in the
global agricultural market.
To compete with neighbor country there are the needs of researches, namely (1) development of irrigation
area potential using less area as its expectation is an increasing of crop productivity, (2) an increasing of
irrigation efficiency using less water as irrigation area potential can be increased, (3) a development of
economic crops.
Research being concerned with operations, administration and management. Fair management of water
distribution model is the idealised and is expected to cope with the conflicting problem in the use of water and
withdrawal of water from water source forest in watershed. There is the need of tools or implements
development which should be capable to handle pubic water management in an equitable and sustainable
manner.
Focus on research work related to an increase of irrigation water use efficiency as well as an appropriate
strategy in water supply. Water supply strategy should support irrigated area instead of traditional strategy on
an increase of reservoir watershed which would affect environment conservation. Urgent research should focus
on the prediction of flood and drought to specify water demand, water supply in major and minor watersheds
especially on conflicting areas of water use. This should include the consideration of an appropriate crop in the
agricultural area.
Participatory irrigation management (PIM) for sustainable water management. The PIM shall be cooperation of
people in the grass root levels which should directly receive benefit from their involvement. However, its
achievement should be studied in depth and in parallel fashion which usually is decayed by an inducement of
populism policy or political policy which permits politician or influential person to withdraw benefit from their
unfair policy coming with hidden agenda.
Research on sufficiency economy should be emphasised in rush. Sufficiency economy has much more details,
for instance, smart use of technology and recycling use of by‐products from the end process of various
production would be sustain at least household economic and imports.

6. Influence factors for research achievement
Previous sections provide various information about research needs, its priority needs, its importance, its challenges,
agreement on research strategy. This session provides factors researchers consider in the present research work
achievement. With the results analysis and results assimilation, the following is an enumeration of the
recommendations for the present and future researches:
 Understanding of research motivation will be a driving force to launch the research to achieve the goal
 Technology, tools, and information available. There shall be source of data, database for basic data,
experimental data and field survey data. Scientific input.
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 Accessibility to research or knowledge sharing.
 Experience of researchers, research management, and responsibility of researcher.
 Present research focus shall be identified the right objective according to the problem requirement and society;
therefore, it would be acceptable for further application.
 National and government policies shall have appropriate pathway for present research as well as research fund.
 Constraints in terms of the politics, government policies, political environment affect an achievement of
research.
 Researcher shall have enough knowledge, experience and expertise for his/her particular research field.
 Data used shall have high quality.
 Cooperation and coordination among colleagues and organizations
 Research shall be focused on its proper time management and appropriate plan. Moreover, researcher shall
think about barriers of research operation in advance and try to handle it
 Research budget allocation plays a significant role in research achievement. Encouragement of research shall
be supported by enough research fund and enough reward for an achievement. Budgets shall be supported
enough by organization or donor. Research operation shall be scoped in accordance with budget allowance.
 Vision of high level chief executive, he shall seriously support official staff for research operation and receiving
research precedence by high level chief executive.
 Research application and practicability
7. Future research trends
The previous section provides valuable information of factors influencing research achievement. This session
provides some opinions of researchers in the contexts of expectation and prediction of future research trends for the
next decades in the case of Thailand. With the results analysis and results assimilation, the following is an enumeration
of the broad recommendations:











Because Thai technologies lagged behind European countries, USA, England or Japan around more than five
years by estimation. Therefore, trend of the research for the next decades may be an extension of researches
of these countries. One reason is an expensive cost of initial development/research operation and cost of
resources
The research shall respond the Thai NRPS in both short‐term and long‐term of the National Economic and Social
Development Plan (NESDP). Research focus shall be considered in the context of integration of social, economic,
and technical development. More specific research needs may be biotechnology, water resource management,
biodiversity, alternative energy.
The future research for the next decades should be planned in accordance with the past identified problems
that have not been previously solved yet. The research should be a holistic research which accounts social,
environment, engineering, and economic constraints
Thailand should emphasise the innovation development towards commercial, economic and public utilisation
because the previous research quite rare to reach this point. Benefit of research like this will be utilised to
support researches in the other sectors such as social science, public health for further development of country
for all problem topics.
The research on climate change will be popular. Climate change heavily influences global weather, animal and
human being, environment, water resources, irrigation.
The research needs in the area of food security will be paid attention due to an increase of world population as
reduction in agricultural area is sharply decreased. Research on new technology or strategy for potential use of
agriculture area is expected
For the next decades environmental effects impact research achievement. Researchers shall also consider
environmental damage and improvement for their research. Single solution and multiple solutions without
accounting environmental issues may not be acceptable anymore. Look back project also play a significant role
in the past research follow‐up and evaluation in order to increase its efficiency and performance of existing
system. This may account capacity building of tools, technology and officer in irrigation and water management
as well.
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The research needs for the next decades would be the problem resolving using alternative energy, natural
disaster warning system for Tsunami and earthquake, and precise weather prediction. Moreover, research on
environment in terms of hazardous waste and toxic may be popular because waste is increasing all time. Water
deficiency problem still threat Thai people until the next 2‐3 decades, research on development of water
resources and water use efficiency would be popular to respond the problem of sharp increase in world
population and intensive extension of different water user sectors.

IV. Conclusion
Information on the overview of the historical evolvement and recent topics of relevant research works related to
irrigation as well as water management has been described in details. Such past and present immense researches tell
story about their initial problem and some technical development evolution. We also paid attention on sharing
discussion with different researchers who are concerned with irrigation and water management. The Thai NRPS raised
discussion of its appropriate, additional needs, its consistency, research prioritization and research importance. All
researchers rather have agreement on legitimate Thai NRPS. Moreover, valuable lessons and experiences of researchers
as well as opinions on the national research policy and strategy especially about urgent research needs, influencing
factors for research achievement, and future research trends clarified systematic research needs, its overlooked factors,
some suggestions and recommendations.
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1. Hydro‐Meteorologicalstudies in irrigation engineering
Historical development
Over the past 20 years, there have been many scientific studies on meteorology and hydrology, especially
hydrological research for the development of agriculture and irrigation. The objectives of these studies have
changed for each development stage of agriculture and irrigation.
In the early 90s, agriculture was strongly developed with intensive farming for many places over the country.
In many regions of both rain‐fed and/or irrigated agriculture, annual crop patterns have changed from 1‐2
crops to 2‐3 crops per year. These changes of crop patterns result in changes in the moisture balance. As a
result, to redefine agricultural meteorological parameters in the scientific references for irrigation planning
and agricultural production becomes necessary to adjust planning and production practices to these changes.
Some notable studies in this development stage are listed below:
- Huynh Nguyen Lan (1989),Hydrological and meteorological conditions in agriculture and crop patterns
of some major crops in the South Vietnam, Studies in 1989, Volume XII, Sub‐Institute of Hydro‐Meteorology
and Environment of South Vietnam.
- Vu Minh Cat (1996), Potential evapotranspiration and crop water demand calculation from
meteological data in theBac Bo Delta, Scientific and Technical Hydrogen‐Meteorological Journal, No. 10
(430),page 21.
- Le Van Quang (1998), Study on humidity balance in the Mekong delta (phase II the eastern coastal
zone), Scientific and Technical Hydrogen‐Meteorological Journal, No. 6 (450), page 5.
- Le Thi My Ngoc (2001), Effects of temperature and humidity on the development of winter‐spring rice
crop (2000‐2001) in Can Tho, Sub‐Institute of Hydro‐Meteorology and Environment of South Vietnam.
- Luong Van Viet(2004), Analysis rainfall Spectral of the meteorological stations on Deltas in the South
Vietnam and forecast of long‐term rainfall for each period (2001‐2003), Scientific and Technical Hydrogen‐
Meteorological Journal, Sub‐Institute of Hydro‐Meteorology and Environment of South Vietnam.
- Luong Dinh Tuyen(2004), Synthesis of meteorological conditions in agriculture for rice crops in the
hydro‐meteorological experimental station in TraNoc, Scientific and Technical Hydrogen‐Meteorological
Journal, Sub‐Institute of Hydro‐Meteorology and Environment of South Vietnam.
- Nguyen TrongHieu, Pham Thi Thanh Huong (2007), Calculating periods of rainfall in the typical region in
the period of 1961‐2005, Collection of scientific and technological results, science and technology publishing
house
As a requirement of development in agriculture, many irrigation systems also received investment. The
benefits from these systems are multifold like flood control, and soil reclamation, and sufficient water supply.
However, these systems also impact significantly on regional hydrological regimes, both with surface water
and groundwater.
- Truong Van Hieu (2001), In‐field hydrological Characteristics after Tam Phuong Irrigation system was
constructed, Collection of scientific and technological results, science and technology publishing house.
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- Pham Van Manh (2010), evaluating impacts of large reservoirs (built on basaltic soils) on groundwater
resources in the DakLak province, Southern institute for water resources planning.
Recently, climate change has become a global concern, and Viet Nam is located in a region which is
remarkably impacted by climate change. Consequently,many studies in this period have taken into account
the impacts of climate change on hydrological regimes, water resources and agriculture.
- Nguyen Thi Phuong (2009), Management and useof water resources inthe Song Be delta under the
impactsof climate change, Collection of scientific and technological results, page 215, Science and Technology
Publishing House.
- Nguyen Thi Phuong (2011), Assessment of the impacts of climate change on rice production in the
Mekong Delta, Scientific and Technical Hydrogen‐Meteorological Journal, No. 7 (570).
Some notable studies on hydrology in irrigation engineering

Study on humidity balance in the Mekong delta
-

Research objectives
o To analyse the humidity balance in the cultivated areas of vegetables and rice;
o To evaluate the effects of the humidity balance on the potential two‐crop areas and the cropping
patterns.

-

Results of research

The study showed that the measured values of evaporation by the mini‐lysimeter were higher than the actual
values. Therefore, to improve the precision of measurement, the area of lysimeter tank should be increased
and the water level on the experiment field should be about 5 – 10cm.
In the north of the studied area, there is little rainfall and it is difficult to irrigate. As a result, two‐crop rice
production in this area has a low and unstable yield. However, the combination of 1‐crop rice and 1‐crop
vegetable could be also applied. On the contrary, in the Southern Area, the abundant rainfall and the longer
period of growth enable the development of two‐crop patterns.
Besides, the balance of moisture may be deficient in some periods for both summer‐autumn crops and
season crops because of little rainfall and its uneven distribution in the studied area. To regulate water, rice
fields need to be covered by the embankment with a height of about 10‐15 cm for summer‐autumn crops
and 15‐20 cm for season crops.
-

Future research recommendations
o To increase the number of crops in the dry season;
o To require specific studies for smaller areas;
o To do further studies to meet the requirements of agricultural production.

Effect of temperature and humidity on the development of winter‐spring rice crop in 2000‐
2001
-

Research objectives
o To study the relationship between the weather factors and pests in rice fields
o To propose the suitable methods and timing to prevent pests.
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-

Results of research

The research determined relationships between climate factors and diseases, ecological and biological
characteristics of the diseases, and the ways pests damage crops. The results showed that the pests are
affected by many factors, especially meteorological factors. The meteorological factors of the growth of some
pests are presented as follows:
o Nilaparvatalugens will grow quickly in the environment of high temperature, low humidity (80%),
low rainfall, and high sunshine hours (790.1 hours) for 3 months.
o Stenchaetathripsooryzae will grow quickly in the environment of high humidity (84%), low rainfall
(393.7mm) or no rainfall, and the water shortage on the fields.
o Rice blast will grow quickly in the environment of low rainfall. If the temperature is too high or
humidity is low, rice blast cannot develop.
-

Future research recommendation

Intensive farming increases damages due to pests, especially in winter‐spring and summer‐autumn crops.
Although pesticides have been used quite effectively, they cannot fully stop the diseases in some cases
because they are applied with incorrect methods and timing. On the other hand, there are not full
considerations for important factors in the development of diseases, such as temperature and humidity.
Therefore, the effects of temperature and humidity on diseases need to be studied.

Hydrological characteristics after Tam Phuong irrigation system was constructed
-

Research objectives
o To assess the change in efficiency of agricultural production due to the changes of in‐field
hydrological characteristics and water quality thanks to the completion of this irrigation system.
o To draw experiences for the similar projects in the Mekong Delta.

-

Methodology

This research is based on field surveys, statistics, Kriging distribution of GIS, and the overlap of GIS maps.

Figure 5 Locations of hydrological stations in the project area

-

Results of research
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In the stage of construction, the Tam Phuong irrigation system had low efficiency. For example, the impacts
of tide and saline intrusion in the project area were almost unchanged. Also, water levels on the large rivers
were quite stable. There was no water supply to the project area. Moreover, the in‐field hydrological
characteristics were influenced by natural conditions.
After the Tam Phuong irrigation system was constructed, the project area was almost drained because tidal
valley (the lowest point) is always less than +0.3 m. As a result, the project area enables intensive cultivation
of autumn‐winter rice with the high yield and the shorter period of cultivation (being reduced from 6 months
to 4 months). On the other hand, the gravity irrigation capacity increases when tidal peak (the highest point)
is over +0.7m. However, rice production still depends on natural conditions.

Figure 6.The impacts of hydrological characteristics onrice production before and after Tam Phuong
irrigation system was constructed.

Research on evaluating impacts of large reservoirs (built on basaltic soils) to the
groundwater resources in the Dak Lak province
As global climate change is increasing droughts and depleting water resources, studies to evaluate the water
supply capacity of reservoirs and groundwater reserves around them need attention. The impacts of the
reservoirs on groundwater resources have been mentioned in some previous studies, but they are primarily
based on the theory or generalsations. Therefore, research on impacts of large reservoirs on the
groundwater resources is necessary.
-

Researchobjectives
o To assess the impacts of large reservoirs in the basaltic soils on groundwater resources.
o To preliminarily evaluate the volume and quality of groundwater as the reservoirs are filled up.
o To assess the reservoir capacity to ensure the stable irrigation.
o To make the scientific basis for stable production layout, as well as propose solutions to control
and use water in the basin rationally

-

Research methodology and techniques
o To analyse and assess water resources based on application of statistical methods.
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o To apply hydrological flow model (NAM), water balance model (MIKE Basin), groundwater flow
model (Visual MODFLOW) for the simulation models.
o To use Aquifer Test software to calculate parameters and present the results of experiments for
pumping the aquifer
o To use MapInfo to analyse the space properties and present the maps.
-

Results of research
o The results of the research showed that in the simulation of the period of 32 years (1978‐2000),
there are about 19 years in which the flow did not meet to irrigation demands.
o The water level of the reservoir is lower than the groundwater level and the two have correlation
in between; thus, it may be concluded that the groundwater supplied water to the reservoir. On
the other hand, it also has the effect of rising the groundwater level.
o According to the perpendicular direction to the dam, the groundwater level increases with the
terrain as it goes far from the reservoir; while in the parallel direction to the dam, the water levels
in wells are relatively similar. This demonstrates the interaction between the reservoir and the
groundwater.
o The study results can be applied to the basin with the similar hydro‐geological conditions.

Assessment of the impacts of climate change on rice production in the Mekong Delta
-

Research objectives
o To apply the hydraulic models and DSSAT model to simulate and evaluate the impacts of climate
change on rice yields in the Mekong Delta.
o To analyse the impacts of saline intrusion, drought and sea level rise for the selected scenarios in
the Mekong Delta.

-

Research methodology and techniques
o To use DSSAT model to simulate rice yield.
o To use Mike models to simulate the level of saline intrusion and the inundated area.
o To use GIS.

-

Results of research

The results of the research showed that under the impacts of climate change, saline intrusion, sea level rise
and drought may reduce the agricultural area in the Mekong Delta resulting in the decrease of rice
productivity. In detail, rice yield might decrease 6% in 2020, 15% in 2050 and 30% in 2100. Similarly, the area
of rice production might remain about 60%, 50% and 20%, respectively by 2020, 2050 and 2100.
In summary, this research is considered as a reference to establish the strategies of agricultural development
in general and rice production in particular. Moreover, the results of the research also contribute to national
food security.
2. Construction and infrastructure system management
2.1. Review of historical development
In recent decades, agricultural production has increased significantly. One of the main contributions for
that is the development of irrigation systems. These systems not only supply freshwater, but also contribute
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to land reclamation, flood control and salinity. The irrigation works after completion will be separated into
many levels of management, from provincial managers to water users. However, the current hierarchical
system has still some weaknesses. Management and operation of the irrigation systems are necessary to
improve their efficiency.
There were few concerns for implementing studies and transferring of scientific and technical advances into
the management and operation of irrigation systems. Investment for equipment and scientific technologies
on management and exploitation of irrigation works was negligible. Consequently, the suitable solutions for
the management and operation of the irrigation systems need to be studied for the sustainable development
of water resources.
Recently, the roles of irrigation systems are more and more important to meet the increasing need of water
uses for agriculture, aquaculture, domestic users, industry, and transportation. Operation and management
of the irrigation systems is becoming more complex. Thus, it is required to use the modern tools such as the
procedures of O&M, devices to support the effective management and operation. Especially, it is necessary
to have good procedure for the irrigation system O&M that involves provinces because it will help irrigation
management companies cooperate tightly.
Moreover, as mentioned above, Viet Nam has been increasingly impacted by climate change and sea level
rise. Therefore, irrigation systems need to be efficiently managed and operated under climate change and
sea level rise.
Some relevant studies for management of irrigation systems are listed as follows:
‐ Vo Khac Tri (2005), Step‐by‐step modernization for management of irrigation systems in Go Cong,
Tien Giang, Collection of scientific research results and technology, Agriculture publishing house.
‐ Tang Duc Thang (2003), Solutions to ensure safety for the medium and large reservoir systems in
South‐East regions and Highlands of Vietnam, Collection of scientific research results and technology,
Agriculture publishing house.
‐ Vo Khac Tri, Nguyen Thai Hoa (2005), Study meeting on the management and operation of large scale
surface irrigation system for better conservation and use of water resources in the Mekong delta,
Vietnam, Collection of scientific research results and technology, Agriculture publishing house
‐ Tang Duc Thang (2005), Improving and upgrading culvers with automatic hydraulic valve gates in the
regions affected by tides in the South Vietnam, Collection of scientific research results and technology,
Agriculture publishing house.
‐ Le Sam, Nguyen Van Lan, and Nguyen Dinh Vuong(2005), Technology and techniques of water‐saving
irrigation for the water‐scarce regions in Vietnam, Collection of scientific research results and technology,
Agriculture publishing house.
‐ Vo Khac Tri, Le Van Kiem, and Nguyen Minh Trung (2007), Application of GIS technology for
management and operation of irrigation systems, Collection of scientific research results and technology,
Agriculture publishing house.
‐ Vo Khac Tri, Duc Nghia Pham, and Nguyen Minh Trung (2008), Management and operation of the
irrigation system in the South MangThit ‐ A case study for the large‐scale irrigation systems in the Mekong
Delta, Collection of scientific research results and technology, Agriculture publishing house.
‐ Nguyen DuyKhang, Akihiko Kotera, Masayuki Yokozawa (2009), Variations in water resources in the
Cuu Long Delta in response to climate change and their impacts on rice production, Collection of scientific
research results and technology, Agriculture publishing house.
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‐ Le Manh Hung (2010), Scientific basis of the sustainable management and development of DauTieng
irrigation systems for socio‐economic development of the key economic regions in the South of Vietnam,
Collection of scientific research results and technology, Agriculture publishing house.
2.2. Some studies on construction and infrastructure system management

2.2.1. Step‐by‐step modernization for management of irrigation systems
-

Research objectives
o To apply scientific and technical advances for management and operation of the irrigation
systems;
o To improve the capacity of the irrigation systems by step‐by‐step modernisation for the
management and operation;
o To ensure the long‐term effectiveness of the irrigation systems;
o To enable the sustainable development of the ecological environment in agriculture.

-

Methodology

In the literature, some technological tools have been applied in the management of irrigation systems, such
as SCADA model (supervisory control and data acquisition), management modelof irrigation systems using
GIS, and the model of water quality and quantity for irrigation systems (MIKE 11). In this study, these three
models were combined into a general framework to improve the efficiency of the models. The relationship
between them is shown in the below figure.
-

Future research recommendation

The development of irrigation systems has strongly contributed to the socio‐economic development, but
there are still many limitations in these systems. For example, although operation and management of the
systems play an important role, there is a little concern on this. Also, the systems could not effectively
operate to meet the increasing need of water supply due to the lack of the supporting tools and the efficient
processes of operation. Furthermore, there is a lack of training and higher education for human resources of
the management and operation. Therefore, modernisation for the management of irrigation systems is
indispensable.
MANAGEMENT MODEL USING GIS

SCADA MODEL

• To provide and update information for
irrigation works on the system.

• To transfer information of water quality
and quantity, and the number of the active
gates for hydraulic modelling and
forecasting.

• To linkto SCADA model at the points which
control water quantity and quality (called the
controlled points).
• To link to the hydraulic model for the
operation schedules.
•To set up operation schedules and calculate
irrigation charges transportation charges

• To provide data to the management model
of irrigation systems at the controlled points.
• To receive information about
requirements of operation systems.

FORECASTING AND HYDRAULIC MODEL
• To receive information from the management
model using GIS and SCADA model.
• To process information and propose decisions for
system operations.
• To provide information for the management
model using GIS and SCADA model to decide
whether the irrigation works are opened or closed.

the
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Figure 3. The combination of three models using SCADA, GIS, and MIKE 11
in the management and operation of irrigation systems
-

Results of research

This study built an operation procedure of irrigation systems and the network for controlling water quality
and quantity. It not only provides the information of irrigation systems, but also makes plans of exploitation,
operation and maintenance of these systems with the lowest cost. Besides, it also helps managers link the
information to the monitoring network and hydraulic models to make decisions for operating the works on
the systems.
-

Applications of research

Research results were applied for some irrigation systems in South Viet Nam:
‐ The irrigation works for freshening water in Go Cong, Tien Giang Province;
‐ The network of hydro‐meteorological measurement in Tien Giang province;
‐ The irrigation system of Dong canal in Cu Chi District, Ho Chi Minh City;
‐ Irrigation system inHoc Mon‐ North BinhChanh District, Ho Chi Minh City;
‐ Irrigation system of Tan Hung fromDauTieng reservoir,Tay Ninh Province;
‐ Irrigation system of South Mang Thit in Vinh Long and Tra Vinh Province.
In addition, many staff of management of irrigation systems in the local provinces such as TienGiang, TraVinh,
Tay Ninh and Ho Chi Minh City attended the training courses about the application of this research.

Figure 4. Training courses

2.2.2. Some issues on using sluice gate type in tidal hydraulic system
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The operation of gates plays an important role for the sluices constructed in the tidal regions. In addition to
the effectiveness, there have been some shortcomings in the operation of these gates, such as intake of
freshwater or saline control. Therefore, there is a need of solutions for these problems.
- Research objectives
o Toanalyse the advantages and disadvantages of the tidal gates
o To propose some solutions for the disadvantages.
-

Results of research

It is said that the sluice gates used popularly in the coastal sluice systems in the Mekong Delta are the types
of flap sluice gates which can open/close in two sides automatically. These gates are capable of intake,
prevention of saline intrusion, and decrease of effects of alkaline soils. However, they cannot manually
open/close when there is the imbalance of water levels in two sides. Thus, these gates cannot stop saline
intrusion in the irrigation systems when they are opening.

Figure 5. Two-side flap sluice gates

Some proposed solutions to overcome the disadvantages of these sluice gates:
o Use the gates which can open/close quickly and manually, such as horizontally radial sluice gates
operated by electric winches or hydraulic pistons (Figure 6), and vertically radial sluice gates
operated by pressure tunnel (Figure 7).

Figure 6. Horizontally radial sluice gates

Figure 7. Vertically radial sluice gates

o Combine the types of sluice gates in the irrigation system; for example, two‐side flap sluice gates
and horizontally radial sluice gates, or two‐side flap sluice gates and vertically radial sluice gates.
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This is considered as one of the feasible solutions to solve the difficulties of saline control and
freshwater intake.

2.2.3. Variations in water resources in the Cuu Long Delta in response to climate change
and their impacts on rice production
-

Research objectives
o To study the potential impacts of sea‐level rise combined with the changes of upstream flow on
hydraulic and hydrological regimes, and water quality in the Mekong Delta.
o To estimate the potential periods of rice production
o To assess the risks due to the change of the periods of rice production

-

Results of research

In this research, hydraulic and hydrological models were applied to investigate the spread of salinity intrusion
and the propagation of flooding in the Mekong Delta for two proposed scenarios, “baseline” (2000s) and
“future” (2090s). The outputs from these models were used to estimate the potential periods for rice
production. The results showed that the impacts on these periods are mainly caused by flooding with a
greater peak, higher intensity, larger inundated area, and longer inundated duration. The potential area of 3‐
crop rice decreased from 31% to 5% of the total area of the Delta, whereas the potential area of single‐crop
rice increased from 21% to 62%. Using GIS, the Mekong Delta may be divided into three regions with
different vulnerable levels of rice crops. The regions of high and medium vulnerable levels covered
approximately 31% and 36% of the total area of the Delta, respectively.

Figure 8. The flooding depth at the period of the largest inundated area for two scenarios
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Figure 9. The periods of irrigation for two scenarios

Figure 10. The risks for rice production in terms of saline intrusion and flooding
in the Mekong Delta under climate change

-

Research findings

Study has shown that the number of floods with the high frequency and intensity will increase in the Mekong
Delta. In addition, sea level rise could also make saltwater intrusion more severely. On the other hand, rice
production not only depends on water resources, but is also impacted by floods in rainy seasons and
saltwater intrusion in dry seasons. Therefore, the impacts of climate change and sea level rise on rice
production need to be studied.
3. Applied hydraulics calculation in irrigation engineering
3.1. Review of historical evolvement
The one‐dimensional hydraulic modelling for network of river channels are setup based on the Saint‐Venant
one‐dimensional equations for flow and the one‐dimensional propagation equations for salt propagation or
propagation of the key elements of water quality (eg BOD, DO, total nitrogen, total phosphorus, ... ).
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Although these models are derived from physical (or mechanical) principles, due to the algorithm, the
organisation of various computer programmes, and/or different models, calculated results do not describe
the physical (or mechanical) phenomena. Traditional methods are using the finite differential implicit method
with 4 or 6 point or finite differential explicit method with alternating points to simulate water level and flow.
If only the flow in the river channel system without structures or field is simulated, the results calculated
from the model and reality are not much different. However, if simulation involves the hydraulic structure
system like dams and culverts (including culverts, dams with operation) as well as the flow fields, and from
results from calculated model and reality are normally not easy to fit, be depending on the algorithms being
used and numerical methods.
System of two differential equations with the partial derivatives Saint‐Venant




Continuity equation:

Q A

q
x t

Momentum equation:

(1)

Q2 

 

Q  A 
h

 gA  g
t

x

x

QQ
 0 (2)
C 2 AR

The precise data about hydraulic structure (size, operate scheme) are important points for accuracy results of
model, especially for large river systems and complex channel network.
As mentioned above, IWRP uses hydraulic models extensively for planning. The following models are listed in
the order of historical evolvement:

Model VRSAP
This hydraulic model is considered as the beginning of the process of applying mathematical models to solve
the problem of open channel hydraulics in Viet Nam on the main frame. The model first comes only with the
flow element, and former Assoc. Prof. Nguyen Nhu Khue imported it from the Netherlands in 1978 through
the process of learning and work. During the application process, VRSAP was improved and continuously
developed and the salt element was added in 1988 based on a central difference algorithm similar to the
algorithm MEKSAL. VRSAP was continuously developed with added utilities and switched to Visual Basic by
the SIWRP modelling team to take advantage of the expanded memory of computers as well as the
development of information technology.
VRSAP used the 4 points implicit scheme of Dronker. River or channel is divided into sections and is
characterised by an average cross‐section selected by the user. Presume that at node of confluence or
bifurcation, the cross‐section of the river tributaries is defined nearby that node, moreover, there is no
horizontal water surface slope in a cross‐section. The field is divided into cells by natural boundaries or
assumptions. The cells are divided into 2 types open cell and closed cell:
‐ Open cells are linked with the river channel cross sections and change only water level with the change of
water level in that cross‐section. It could be considered simply like an extended river banks.
‐ Closed cells are independent, exchange water with adjacent cells via culvert or dam, these structures can
work 1‐way or 2‐way (just take in or off the water) .
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A downside of the scheme is, when the drainage structures are between cells and specially are right on the
river, it changes flow regime (freedom to flooding and vice versa) in some periods of calculation, which
makes the results unsteady even in the iteration. Another disadvantage is the need for introducing dummy
channel to solve the flood problem. With the dry problem, in the tidal area at low tide there are shallow
areas where VRSAP stops. So VRSAP runs hardly when using a diagram for both flood and dry problems.
There are issues about how to organise the data. VRSAP uses average cross‐section for each passage so it is
difficult to control between real data and processed data. Also, the velocity is average velocity in passages,
not in cross‐sections. VRSAP used 13 water levels (0.5 m step) to describe the cross‐river terrain fluctuation,
which is equivalent to 6.0 m of water depth. With more than 6.0 m range, VRSAP must perform extrapolation
or users have to add storage cells, which leads to inaccurate results especially when calculating the plans.
VRSAP Software has been extensively used for solving flood and dry problem, especially in flood planning
calculations for Mekong Delta Viet Nam and the entire Lower Mekong, as well as in the planning calculation
for water resources projects, and it also delivers reliable results.
As stated above VRSAP is also able to solve salt problems. However, solving a salt problem based on the
central difference diagram is difficult in calibration due to the diffusion phenomenon.

Model SAL and VRSAP‐SAL
SAL (or SALBOD) by Prof Nguyen Tat Dac was built from 1980s (with the different versions through the
complete process).
SAL is a model built mathematically closely, based on the weighted 4‐point implicit difference scheme of
Preissmanwitha weight value of 2/3 to minimise errors in difference. The solution is divided into two steps
(after linearisation system of algebraic equations) as follows:
‐ Step 1: Set up the chase formula to calculate the water level and discharge at cross‐sections. Use this
formula to establish the system of equations (called nodes system) in which unknowns is only the water level
at the confluence. This system of equations contains much smaller unknowns from other systems in which
unknowns are the water levels at all the cross‐sections, so the faster and less memory.
‐ Step 2: After solving nodes system, it will show the water levels at the heads of two branches, and then
solve each branch separately using the original chase formula.
The fact that the speed of calculation depends on the complexity of the river and channel system being
simulated, the number of confluences determines how much time is needed to calculate. Moreover, the
iterative algorithm is used to increase calculation time according to the number of iterations. Although it is
implicit diagram, large time step also affects the accuracy of results. Typically 30 minute time step is sufficient
to ensure for calculation of flow and salinity. If the calculation is only for flow, 1 hour time step can ensure
accuracy enough.
It can be said that by dividing into 2 steps, the model is creative and involves considerable academic
development. The model SAL divided the cell in the scheme MEK01 of SOGREAH as only a preliminary
procedure.
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The calculation of spreading substances in the SAL is based on decomposition algorithm. When solving
equations for pure transmission by using hidden characteristic line method with cubic spline interpolation to
ensure maximum reduction of diffuse, the calculation speed of the SAL is very fast.
VRSAP‐SAL is an improved scheme to coordinate a number of advantages of VRSAP with SAL. In terms of
algorithms, data structures and the calculation spreading substances remain as SAL.

Model MIKE by DHI
MIKE by DHI is currently used in most of the research and projects in IWRP, especially MIKE 11, MIKE 21,
MIKE SHE and MIKE Basin.
In Viet Nam, about the year 1993‐1994 DHI also deployed the application MIKE SHE modelling system to
groundwater, surface water, and irrigation constructions for Ban Me Thuot basalt plateau, Central Highlands.
In early 2001, IWRP was one of four Institutes funded by the Danish Government through the project
"Strengthening of the Institute for Water Sector ‐ WRSI 2001‐2005" (Institute of Water Resources Planning
(IWRP), Southern Institute for Water Resources Planning (SIWRP), Vietnam Academy for Water Resources
Research (VAWR), Southern Institute of Water Resources Research(SIWRR)). One of the main contents of the
project was training of many technical staff to be able to use the model MIKE, (especially MIKE 11 and MIKE
21).
MIKE Toolkit includes the following modules:
 Hydrodynamic Module (HD)
 Spectral Wave Module (SW)
 Sand and Mud Transport Module (ST, MT)
 Oil Spill and Ecology Module (ELOS, ECO Lab)
 Advection Dispersion Module (AD)
Typical MIKE 11 applications:
Flood analysis and flood alleviation design studies
Real time flood forecasting
Dam break analysis
Optimisation of reservoir and canal gate / structure operations
Ecological and water quality assessments in rivers and wetlands
Sediment transport and river morphology studies
Salinity intrusion in rivers and estuaries
Wetland restoration studies
Typical MIKE 21 applications:
Design data assessment for coastal and offshore structures
Optimisation of port layout and coastal protection measures
Cooling water, desalination and recirculation analysis
Optimisation of coastal outfalls
Environmental impact assessment of marine infrastructures
Ecological modelling including optimisation of aquaculture systems
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Optimisation of renewable energy systems
Water forecast for safe marine operations and navigation
Coastal flooding and storm surge warnings
Inland flooding and overland flow modelling
Typical MIKE SHE applications:
Integrated catchment hydrology
Conjunctive use of surface water and groundwater
Irrigation and drought management
Wetland management and restoration
Environmental river flows
Floodplain management
Groundwater induced flooding
Land use and climate change
Nutrient fate and management
Groundwater remediation

Model HEC
The Hydrologic Engineering Center (HEC), an organisation within the Institute for Water Resources, is the
designated Center of Expertise for the U.S. Army Corps of Engineers in the technical areas of surface and
groundwater hydrology, river hydraulics and sediment transport, hydrologic statistics and risk analysis,
reservoir system analysis, planning analysis, real‐time water control management and a number of other
closely associated technical subjects. The products developed from these activities are primarily for the Corps
but are available to the public and may be freely downloaded from web site.
The HEC model is widely used in the training and education environment, as well as research in VAWR and
Water Resources University (WRU), especially the model HEC‐RAS and HEC‐RESSIM.
HEC‐RAS is designed to perform one‐dimensional hydraulic calculations for a full network of natural and
constructed channels.
HEC‐ResSim has been developed to aid engineers and planners performing water resources studies in
predicting the behaviour of reservoirs and to help reservoir operators plan releases in real‐time during day‐
to‐day and emergency operations.

Model ISIS
This is the model of Halcrow and Walingford, England, which is applied to the Mekong Delta in framework of
water use project (WUP) of the Mekong River Commission. Like model MIKE, ISIS is the commercial model,
with better interface and usability, especially with the database support. Different from model MIKE, the
algorithm that ISIS uses is Preissmann four‐point linear implicit difference scheme. Disadvantages are the
longer time for calculation that the simulation for field cells is limited compared to Mike 11, particularly poor
in accuracy with substance spread problems, and having the hardware lock (dongle).

Storm Water Management Model (SWMM)
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Besides developing master plans for large river basins, IWRP also applied SWMM to solve urban problems,
specially, drainage problem for urban development in Viet Nam.
SWMM is used for planning, analysis and design related to: Storm water runoff, combined sewers, sanitary
sewers, and other drainage systems in urban areas with many applications in non‐urban areas as well.
This general purpose urban hydrology and conveyance system hydraulics software is a dynamic rainfall‐runoff
simulation model used for single event or long‐term (continuous) simulation of runoff quantity and quality
from primarily urban areas. The runoff component of SWMM operates on a collection of sub‐catchment
areas that receive precipitation and generate runoff and pollutant loads.
The routing portion of SWMM transports this run off through: a system of pipes, channels, storage/treatment
devices, pumps, and regulators.

3.2. Recent topics of relevant research works in the area of hydraulic modelling

3.2.1. Planning on flood prevention and dykes in the system of Red – Thai Binh river
Hydraulic thematic report by Bui Quang Tuan (2012‐2013)
Purposes and requirements for hydraulic calculation
The purpose of hydraulic calculations is to determine the maximum flood level as well as the evolution of the
water level and flood discharge for flood prevention in the system of Red River ‐ Thai Binh. Requirements are
calculated to quantify designed discharge and flood level along the routes of the plan to determine the
drainage boundary line for each river, identify construction and non‐construction solutions to prevent and
combat flood as a basis for planning dikes, land use planning, construction planning and other planning
related sectors and localities. Hydraulic calculations will be described in the hydraulic regime of the river
network in the flood season to determine the largest water level and discharge along river according to the
standards for flood prevention of the rivers in the Red – Thai Binh River Basin, in the normal state as well as
flood prevention schemes.
Method of calculating
The flow of the entire river network depends on the calculation of impact: water from the upper and middle
catchment areas and tide level. The input discharges in the upper and middle catchment areas as well as the
sea level will change slowly over time. The type of long wavelengths changes during flowing time, too. Flood
discharge in river networks also changes receiving discharges from distributaries and tributaries along the
river route. Therefore, the flow regime in the river network is unsteady. The flow regime slowly changes in
both space and time, and flooding water flows mainly along the river. Hydraulic regime of the river flow in
the network computing system is described by two differential equations of partial Saint‐Venant.
Solution of the aforementioned system of equations cannot be calculated by a direct integration method. We
must use approximate methods. Finite implicit difference method is applied to one‐dimensional
hydrodynamic model MIKE 11 built by the Danish Hydraulic Institute to solve the hydraulic problem for this
project. The results are water‐level process at cross‐sections, in which discharge process over time in the
river section during the calculation period are taken into account.
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The hydraulic calculation by MIKE11 model shows flood waters in the entire river network are inside the river
bed being bound by dikes on both sides of the river. It flows mainly in one direction along the river.
Hyraulic model of river system
Based on the topographical measurement in the whole network of the Red – Thai Binh River, the document
was updated in 2012 to build the hydraulic calculation scheme for about 320 rivers and main canals with a
total length of about 4,200 km. Of these, 37 main tributaries have a total length of about 2,000 km, and
nearly 300 small rivers and tributaries in the 11 irrigation systems in the Red – Thai Binh River delta have a
total length of about 2,200 km.
The large reservoirs for serving water supply
and flood prevention including:
Hoa Binh reservoir:
Capacity flood reduction for downstream:
3.0 billion cubic meters.
Thac Ba reservoir:
Capacity flood reduction for downstream:
0.45 billion cubic meters.
Tuyen Quang reservoir
Capacity flood reduction for downstream: 1.0
billion cubic meters.
Son La reservoir
Capacity flood reduction for downstream: 4.0
billion cubic meters.
Red‐ Thai Binh River
network
Un t it l e d
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Purposes and requirements for using MIKE 21FM
There are many one‐dimensional and two‐dimensional software to be used in hydrodynamic calculations. As
software VRSAP, MIKE11 ... hydraulic calculations for one‐dimensional flow deliver hydraulic average results
in each section. But no detailed description of the overflow on the beach is available and very limited is
variation study in morphological river. The 2D software such as MIKE 21, MIKE 21C, SOBEK which use
structured mesh overcomes the limitations of one‐dimensional models. However, it is difficult to describe the
terrain by using structured meshes as terrain change transitions between river‐bed and river banks. To
describe such a terrain, it is necessary to divide the mesh with smaller sizes, so computation time will be
greatly increased.
MIKE 21FM software tool is the most advanced mathematical models of the world in hydraulic calculations
and river morphology analysis.
The advantages and application capabilities of model MIKE 21FM
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The figure of Mike 21 FM (" FM " stands for Flexible Mesh) highlights the differences with the other two‐
dimensional models of mesh computing that are often curved or quadrangular mesh.
The model based on a quadrangular mesh gives solutions with sufficient accuracy in simulating river banks.
However, the complex topography of the river, especially in the curved section of the river and the existing
river that flows suddenly expanded or narrowed, requires accurate simulation of the border, and so requires
the use of flexible mesh. And this is the strong point of the study on hydrodynamic regimes of the river using
MIKE 21 FM.

MIKE 21 flexible mesh
Mike 21 flexible mesh (FM) is used to generate mesh for a simulation. The use of flexible mesh reduces the
number of mesh comparing to the use of a quadrangular mesh because it can change the size of mesh
according to computing terrain. As simulation of boundary is better, and thus results are calculated with
higher accuracy. In the FM model, longer time steps can be used and the resolution of the flow improves
significantly because the mesh always closely follows the flow. And finally, when running FM model, because
less points are defined and stored, it requires less storage capacity.
With the advantages of the flexible mesh and the scientific basis of Mike 21FM presented above, the model
can be applied for all the following studies:
a) The study on overall hydraulic regime across the river and more details at each point, which include
characteristics of water level, discharge, flow velocity and its horizontal distribution: its ability to
calculate the flow in the largely diverted river is an important component in research on erosion and
sedimentation of river bank.
b) Calculation of the river bed changes (erosion and sedimentation of river bed) and riverbank erosion in
its natural as well as planned segments for the exploitation of the river in the future.
4. Remote sensing and information system application
4.1. Introduction
Today, the use of satellite information and remote sensing in the study of monitoring the Earth has become
an essential need in many countries, including Viet Nam. Regardless of the type of satellites, military
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satellites, navigation satellites, telecommunication satellites, the reconnaissance satellite system (or
observing Earth) operating in orbits are diverse of types and features. The exploitation of Information
Technology satellite is actually serving the people, bringing efficiency in many fields of science and
technology, serving life, production and control of resources ‐ environment. One of modern technologies to
assist in the integrated management of natural resources and environment is now remote sensing and
geographic information system (GIS). In the framework of this report, we would like to address the need and
the possibility of using remote sensing techniques (RS) and GIS in study for integrated management of
natural resources for irrigation projects.
4.2. Review of historical evolvement
The research and surveys in coastal plains and estuaries is difficult when the weather is uncertain, as in the
case of storms, cyclones, hurricanes or thunderstorms when heavy flooding and season wind blowing are
expected. To overcome this difficulty, one very effective method in the present study of coastal plains and
estuaries is conjunctive use of Remote Sensing (RS) and Geographic Information System (GIS).

Remote sensing
RS materials are diverse in type and spatial resolution, including the type of aerial photographs and
observational satellite images obtained in the different time, of which kind of Multispectral Image is now
widely used. Multispectral images are collected by optical devices (so called optical image) in a wide range of
electromagnetic waves, from visible spectrum (Visible) to infrared spectrum (Infra‐Red) and the source
information is very important for research on different topics. In recent years the introduction of radar
images marked a huge step forward in remote sensing technology. Radar RS technology allows imaging the
ground during both day and night, and it overcomes the drawback of the type of optical devices when they
encounter bad weathers. So, now in addition to the type of aerial photographs, Earth RS satellite capabilities
can provide quick information about changes on the ground.

Multispectral Image
Multispectral images were obtained not only in the visible spectrum, which is the majority of information
obtained in the infrared spectrum, but also beyond the ability of naked eyes. The optical receiver on the
satellite (Sensor) is designed to receive separate spectral regions reflected from the ground, depending on
the type of the object to be observed. The current RS satellite images acquired in different channels. For
example, Landsat satellite that brings receiver MSS, TM and ETM (U.S.) offers from 4 to 8 channel images.
The SPOT Satellite (France) provides 3‐4 channels of multispectral images and one panchromatic channel.
Aster images (from Japan) have 14 channels. Satellites Terra and Aqua that bring MODIS device (U.S.) can
collect 36 channels of photos for serving thematic studies for the various objects on the ground, in the ocean
and in the atmosphere.
The objects of the study are not likely to reflect the same range of spectral, depending on the chemical‐
physical properties, such as material composition, colour, temperature, humidity. Because of this various
ability of reflections, we can distinguish different objects in each image channel in the photographs of colour
combinations. Each channel image is used in a certain major study group: for example, groups of plants were
studied mainly in the near‐infrared channel (Near IR), a group of water in the blue region of the spectrum
(Blue), land‐stone on the green spectral region (green) and near‐infrared spectrum (Near IR), etc.
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Radar Image
Because Viet Nam is located in the humid tropical climate with monsoon, the amount of cloud cover is high in
average throughout the year. Therefore, the use of optical satellite imagery is always difficult. Except the
status picture of the cloud value for meteorologists, it causes a major obstacle to study other objects on the
ground. In addition, there is a downside of the satellite that carries optical receiver. The repeat cycle often
takes quite a long time: such as 26‐daysfor SPOT, 18 days for Landsat MSS, and 16 days for Landsat TM. So it
will be very difficult to track the rapid changes happening on the ground such as hurricane disasters, floods,
landslides, forest fires, pollution from oil spills, etc. by updating satellite images. In order to overcome the
disadvantages of the optical receiver, in the late 1970s, active RS radar technology was developed with such
receivers as Side Looking Radar and Synthetic Apecture Radar (SAR) to be equipped on aircraft and satellites.
The radar device uses microwave wavelengths from centimetres to meters. These satellites that carry a radar
receiver operated on the orbits near the Earth have been continuously providing information on land and sea
day and night, as a single system: Seasat (United States), Almaz (Russian Federation), ERS (European
Community), Radarsat (Canada), JERS (Japan) ...
Currently radar image materials are widely used in studies on the environment on the ground and in the
ocean. The downside of radar image is a channel images (black and white) and more complicated processing
technology than those for optical images. During processing, radar images are often used in combination
with other types of optical imaging to enhance the volume of information and improve spatial resolution.

(A1)

(A2)

Multispectral images (A1)and Radar image (A2)Tam Giang lagoon, taken before and during the historic
flood in Thua Thien‐Hue, 11/1999.
GIS
Geographic Information System (GIS) was formed in 1960 and is widely developed in the last 10 years. The
application of information technology in the field of spatial data has made great strides: from mapping
support (CAD mapping) to geographic information systems (GIS).
Viet Nam is entering a new phase of the application of geographic information systems (GIS), and many
localities have been successful in integrating GIS application in many fields, including the water sector.
At the International Conference on GIS, dated 21/10 in Ho Chi Minh, deputy director of the National
University of Ho Chi Minh City, Le Quang Minh said the GIS research has overcome the narrow phase of
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mapping application, and switched to multi‐disciplinary applied research, which has important implications
for planning and urban management.
GIS is used to provide information faster and more effectively to policy makers. The government agencies use
GIS in the management of natural resources, the activities of planning, modelling and monitoring.
Geographic information is important to make decisions quickly. The GIS analysis depends on the quality,
value and compatibility of digital geographic data. The shared data will stimulate the growth of demand for
GIS products and services. The additional data sources through a combination of GIS with GPS (global
positioning system) and remote sensing technologies have provided the tools to collect data more efficiently.
GIS has been recognised as a system with many benefits not only in the collection of measurements, but also
in the investigation of natural resources, analysis of the current situation, and trend forecast of natural
resources ‐ environment.
In Viet Nam GIS technology was also piloted quite early, and has been applied in many sectors such as
agriculture, forestry planning, forest management, document storage geology, geodesy and cartography,
cadastre, urban management. However, effective applications were limited in the areas of storage, printing
the document maps with GIS technology. GIS applications in the fields of management, administration,
decision support stand at trial, and they require time and investment to become the official application.
We can include some of the GIS software used in the irrigation sector:
 AutoCAD
 MicroStation
 MapInfo
 ArcGIS
 Google Earth
Vietnam satellite
VNREDSat‐1 (short for Viet Nam Natural Resources, Environment and Disaster Monitoring Satellite) will be
the first optical Earth Observing satellite of Viet Nam. Its primary mission will be to monitor and study the
effects of climate change, predict and take measures to prevent natural disasters, and optimise the
management of Viet Nam's natural resources.
The 120 kg satellite will create images at 2.5 m in panchromatic mode and 10 m in multi‐spectral mode (four
bands) with a 17.5 km swath, and will orbit at 600–700 km in a sun synchronous orbit. The satellite was
launched from ELV at Guiana Space Centre on 7 May 2013.
4.3. Application of remote sensing and GIS in the recent study
 Domestic study
In recent years, a series of natural disasters occurred in the coastal plain: flooding, storm surge, coastal
storms. As natural disasters cause serious consequences to the life and in many local products, they have
been concerned by many research and management agencies.
‐ Research on shore erosion and landslides in the river in Viet Nam Central (2000);
‐ Research on flooding plains Hue ‐ Quang Tri from Radarsat satellite imagery and GIS (2001);
‐ Research on erosion and sedimentation of river bed of Red River (2001);
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‐ Study on fluctuations of river mouths in Viet Nam Central and drainage problems of flooding water in the
coastal zone (2002);
‐ Study on erosion and sedimentation hazard in coastal province of Quang Ngai and propose solutions to
handle, prevent (2002);
‐ Study on fluctuations of coastal estuaries Red River Delta and Mekong Delta through remote sensing
information, high resolution (2006‐2008), etc. ...
The results obtained from the above studies have contributed significantly to the development of the
scientific basis and methodology for the application of Remote Sensing and GIS in research, monitoring and
early warning of a number of natural disasters in the plains, and coastal estuaries such as river bank and
beach erosion, pollution of coastal marine environments, pollution caused by oil spills in the sea.
International cooperation study

International Prototype Activity with Space Applications for Environment (SAFE), Japan Aerospace
Exploration Agency (JAXA)
Space Applications for Environment (SAFE) is a voluntary‐based initiative. It aims to encourage the
environmental monitoring in long‐term to grasp the environmental changes that may be useful to bring in
risk reduction and adaptation programs for disasters risk related activities to other climate change associated
problems using space applications, especially satellite remote sensing technology. SAFE considers continuous
data provision with sensor data that could provide environment sensitive information with varying spectral
and spatial resolution for better understanding the status of the environment and its changes. Some of the
changing environment parameters in water resources, river water level, land cover, deforestation,
agricultural production, and ecosystem could be provided through satellite remote sensing.

Integrated water resource management (2008‐2010)
Estimation of rainfall happened in Viet Nam is of great practical importance for the operational monitoring
and forecasting of flood. River, dyke and dam system improvements are not sufficient and an active
evacuation is very important to reduce damage caused by flood, flash flood, and tropical cyclone.
Development of a dam manipulation and hydroelectric system for optimised water management is very
important due to sparseness of rain gauge network, especially in the remote areas and to contribute to
mitigation of flood damages. The Vietnamese National Hydro‐Meteorological Service (NHMS), Ministry of
Natural Resources and Environment (MONRE), is responsible for flood management and meteorological
services in Viet Nam. The objective of this prototype is to strengthen precipitation monitoring and reservoir
management at the Hong River and Red River by using satellite data and model calculation.

Rice Crop Monitoring in the Mekong Delta, Viet Nam (2013‐ongoing)
Viet Nam is one of the leading rice producers and exporters in the world. Recent years, remote sensing‐based
technology has been studied and applied broadly in agricultural area to remedy such drawbacks of traditional
ground‐based survey methods as time‐consumption, expensiveness, lack of precision, and less reliability.
The purpose of the prototype is to monitor rice cropping area and rice growth and to estimate rice yield and
production. Specific outputs will be:
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‐ Rice distribution maps of the Viet Nam's Mekong Delta using ScanSAR data (ALOS PALSAR, ALOS‐2, etc.) and
optical data (MODIS, etc.);
‐ Rice yield estimation maps of An Giang province for one district using SAR data (ALOS PALSAR, ALOS‐2 etc.);
‐ GIS database of rice for the study area;
‐ Summary report of the project.
5. Soil mechanics
5.1. Review of historical development
In Viet Nam, Soil Mechanics Research started in 1956. So far, the team of researchers on Soil Mechanics has
grown both in quality and in quantity, enough to solve diverse and complex problems. However, due to
limited economic and social conditions, so specialised equipment investment needs and insufficient
synchronisation, the development of knowledge and technology for Soil Mechanics requires greater efforts.
- The field experiment: Standard Penetration Test (SPT), Cone Penetration Test (CPT, CPTu), Pressure
Meter Test (PMT), Van Shear Test (VST)...
- The laboratory experiments: 3‐axis compression, compression cohesion, unconfined compression, CBR,
compaction ... → widely used.
- Modern equipment comes with advanced system standards: ASTM & AASHTO (American), BSI (UK), NF
(France) & JIS (Japan)
The big problem includes strengthening land (and material), ground handling to be improved by sand piles,
cement piles + soil, soil + lime, vacuum, geotextile. The powerful software solution to the soil mechanics
problem is Geoslope and Plaxis.
Several studies on soil mechanics typical of the past 10 years in Viet Nam are as follows:
- Assoc. Prof Tran Thi Thanh – MSc. Nguyen Viet Tuan, Using chart method for estimating compacting
quality in earth fill dam having many coarse grains, laterite breccia, Collection results of Scientific and
Technology 2004, Agricultural Publishing.
- MSc. Vo Ngoc Ha, Determination the un drained shear strength of soft clay for stability analyzing of
embankment, Collection results of Scientific and Technology 2004, Agricultural Publishing.
- Dr. Vo Phan – Msc. Hoang The Thao – Eng. Do Thanh Hai, Relation of deformation modulus between
penetration and laboratory test result in Ho Chi Minh City, Collection results of Scientific and Technology 2005,
Agricultural Publishing.
- Assoc. Prof. Tran Thi Thanh – MSc. Nguyen Viet Tuan, The shearing resistance of acid sulphate soil
having natural structure in different water environment, Collection results of Scientific and Technology 2005,
Agricultural Publishing.
- Dr. Tran Xuan Tho – Eng. Doan Van Det, Study of changing the soil properties and behaviors of flooded
soils in time domain in the Mekong Delta, Collection results of Scientific and Technology 2006‐2007,
Agricultural Publishing.
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- Dr. Bui Truong Son, Distribution of initial pore water pressure in consolidation, Collection results of
Scientific and Technology 2006‐2007, Agricultural Publishing.
- Assoc. Prof. Tran Thi Thanh – MSc. Truong Quang Thanh, Researching the shearing resistance and
permeability of earth‐fill dam after construction time in the Central of Vietnam, Collection results of Scientific
and Technology 2008, Agricultural Publishing.
- Dr. Bui Truong Son, Influence of strain rate on strength and deformation characteristics of soil –
cement‐mixing sample, Collection results of Scientific and Technology 2009, Agricultural Publishing.
- Dr. Vo Phan – MSc. Hoang The Thao – MSc. Nguyen Thanh Thoang, Establishing the correlation
between the SPT index and dynamics young modulus of soil, Collection results of Scientific and Technology
2009, Agricultural Publishing.
- Dr. Bui Truong Son, Influence of capillary stress on shear strength in direct shear test, Collection results
of Scientific and Technology 2010, Agricultural Publishing.
- Dr. Le Ba Vinh – MSc. Le Thanh Loan, Study on the mixing of soils, cement and additive to reinforce the
weak soil foundation, Collection results of Scientific and Technology 2010, Agricultural Publishing.
- Assoc. Prof. Chau Ngoc An – Assoc. Prof. Vo Phan – Eng. Nguyen Tuan Phuong, Analyses behavior of
geo synthetic reinforced pile supported embankments in the workshop’s weak foundation soils under uniform
load, Collection results of Scientific and Technology 2011, Agricultural Publishing.
- Assoc. Prof. Vo Phan – MSc. Phan Quang Chieu, Analyzing for mainly influential factors to modulus of
soils, Collection results of Scientific and Technology 2011, Agricultural Publishing.
- Dr. Tran Xuan Tho – Dr. Do Thanh Hai – MSc. Nguyen Le Du, Deformation modulus of sandy clay from
the results of the laboratory and in‐situ tests, Collection results of Scientific and Technology 2012, Agricultural
Publishing.
5.2. Some studies on soil mechanics

5.2.1. Landslide Susceptibility Mapping Using Bayesian Conditional Probability Model at
An Linh Commune, Tuy An District, Phu Yen Province, Viet Nam
Landslide phenomenon at An Linh commune, Tuy An district, Phu Yen province becomes more and more
severe year after year. The prediction of a highly landslide susceptible zone will support the government and
local residents to save their properties. The authors carried out the landslide susceptibility mapping at An
Linh commune using the deterministic approach with knowledge‐driven methods and a stochastic approach
with data‐driven methods. The deterministic approach used traditional survey, field investigation, and
geophysical survey to evaluate not only geotechnical properties of rock and soil materials but also the
mechanism of landslide phenomenon in the studied area. The stochastic approach with probability methods
were chosen to evaluate the weights of influence factors such as elevation aspect, slope angle, distance to
roads and distance to drainages, geology and topographical wetness index of the materials. Landslide
susceptibility zoning was developed using the model of Bayesian conditional probability with different criteria
for weighting factor calculation integrated with GIS analytical tools. Landslide susceptibility maps from
279 | P a g e

different models validated with the current landslide inventory were used to select the most reasonable
model for the study area.
- Research objectives
o Geographic characteristics
o Geological characteristics
o Landslide causes
o Theoretical Background
o Landslide susceptibility mapping
-

Results of research
o The landslide susceptibility map shows that most of landslide occurrences concentrate at the
areas of low elevation (100~200m), gentle slopes (slope angles vary from 5° to 20°), high TWI
values (high water accumulation).
o Landslides also triggered due to the road construction. The roadway cuts into the slope faces and
reduces the stability of slopes. Landslides occur near the road construction sites (approximate
100m far from roads).
o Landslides also distribute along the east‐west direction, which coincides with the direction of
narrow valleys of steep slopes in the study area.
o The results of Bayesian conditional probability model and the fieldwork survey show that
landslides occur usually in soil layers with high proportion of clay and diatomite clayey soils, which
are heavily weathered.
o The Bayesian conditional probability model gives the reliable result of landslide susceptibility for
the study area. The validation conducted for 39 heavy landslide positions, which show that there
are 31 positions (80% accuracy) located in the high landslide susceptibility zone.
o The reliability of this model could improve year after year when new landslide occurrences
updated annually in the landslide inventory.

-

Applications of research
o Using this method landslide risks can be calculated in areas with high erosion risk, whichprovides
early warning to reduce damage.
o Established maps in landslide risk areas.

5.2.2. Determination of consolidation active depths with changing follow times under
embankment loads and applications
-

Research objectives
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o Determination of active consolidation depths with changing follow times under embankment
loads of trapezoid shape.
o Application for active depth regions over time of a practical problem
-

Results of research
o Calculation of subsidence consolidation over time.
o Calculation of increased shear strength of the soft soil.
o Calculation for deciding the layout of pore pressure measurement.
o Determination of cohesive Cv through observation results of pore pressure.

-

Applications of research
o By proving the depth of active consolidation over time, it is able to calculate permeability. It will
more accurately describe work of soft soil under the embankment loads and the results will be
more reliable. Especially with the calculated consolidation settlement in a short time be able to
check foundation stability, which includes an increase in shear strength of soft soil over time.

6. Concrete structure
6.1. Review of historical evolvement
Reinforced concrete (RC) was invented and applied from the mid‐19th century. In Viet Nam, reinforced
concrete has been in use since the late 19th century. After more than a century of use, durability of the
actual reinforced concrete works in the world nations are summarized as follows:
- In the environment without erosion, reinforced concrete structure can work sustained over 100 years.
- In the erosive environments under water, erosion, cracking and destruction of reinforced concrete
structures can occur after 10 to 30 years of use. Real durability of structural concrete depends on the
degree of erosion of the environment and quality of materials used (concrete strength, water tightness,
resistance to corrosion, types of cement, additives, type reinforcement, quality design, construction
and management measures...)
Concrete structures are protected against corrosion and reinforced. In Vietnam, the studies of problem and
corrosion protection works have been carried out since 1970. Currently, besides the building that sustained
after 40 to 50 years, many concrete projects in Vietnam under the use of only 10 to 15 years has been eroded
and severely damaged, requiring about 40 to 70% of new construction cost for repairs to protect them.
- Eng. Doan Van Cu, The concrete degeneration in the Mekong Delta, Collection results of Scientific and
Technology 2003, Agricultural Publishing.
- MSc. Khuong Van Huan, Some issues about the permeability of concrete, Collection results of Scientific
and Technology 2004, Agricultural Publishing.
- MSc. Vo Thi Thanh Nga, Effect of fineness modulus to concrete quality, Collection results of Scientific
and Technology 2005, Agricultural Publishing.
- MSc. Khuong Van Huan, The technology shot concrete, Collection results of Scientific and Technology
2005, Agricultural Publishing.
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- MSc. Khuong Van Huan, Some main agents caused reinforced concrete deterioration in the acid sulfate
soil areas in the Mekong Delta, Collection results of Scientific and Technology 2006‐2007, Agricultural
Publishing.
- MSc. Khuong Van Huan, Some initial results research corrosion of reinforced concrete in the Mekong
Delta, Collection results of Scientific and Technology 2008, Agricultural Publishing.
- MSc. Doan Van Cu, Study on the selection of the suitable mix ratio between natural sand and ground
stone for small material aggregate of concrete, Collection results of Scientific and Technology 2009,
Agricultural Publishing.
- MSc. Khuong Van Huan, Use range water‐reducing concrete admixture to decrease corrosion of
reinforced concrete in the Mekong Delta, Collection results of Scientific and Technology 2009, Agricultural
Publishing.
- MSc. Khuong Van Huan, The changes of concrete quality of hydraulic structures in acid environment in
the Mekong Delta, Collection results of Scientific and Technology 2010, Agricultural Publishing.
- MSc. Khuong Van Huan, The development of strength and permeability of concrete in acid environment
in the Mekong Delta, Collection results of Scientific and Technology 2010, Agricultural Publishing.
- MSc. Khuong Van Huan, Research using sand salinity for making concrete, Collection results of
Scientific and Technology 2011, Agricultural Publishing.
6.2. Some studies on concrete structure

6.2.1. Study using fine sand to coarse sand replacement to produce self‐compacting high
strength concrete
Abundance, availability and low cost are the features of fine sand. Therefore, the use of this sand as a
replacement for regular sand in concrete has practical sense and produces considerable economic benefit.
When used as fine aggregate in concrete, fine sand with large specific surface area could have high water
demand for the same consistency resulting in larger cement content. Depending on the fineness modulus,
the use of fine sand may increase the cement content approximately by 5% to 15%. In Vietnam, the use of
fine sand in concrete is generally limited due to the higher cement content than specified for coarse sand
concrete. This paper presents some results from an experimental study investigating the use of fine sand in
combination with the blend of mineral mixtures consisting of ground blast furnace slag and rice husk ash to
produce self‐compacting high strength concrete of more than 60 MPa.
- Research objectives
o Materials used
o Design components of self‐compacting concrete
o Methods designed self‐compacting concrete components of Prof. Hajime Okamuraat Ouchi
University, Japan
o Component materials for 1m3 self‐compacting concrete
o Some technical requirements for self‐compacting concrete
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o Some properties of self‐compacting concrete
-

Results of research
o It is possible to use fine sand to coarse sand replacement combined with the blend of mineral
mixtures consisting of ground blast furnace slag and rice husk ash to produce self‐compacting
concrete with high strength that has similar features of self‐compacting concrete using coarse
sand.
o From raw materials available in Viet Nam (blast furnace slag particles of Thai Nguyen, rice husk ash,
admixture, sand, gravel, water) self‐compacting concrete with self‐high, good consistency, and
over 60N/mm² of compressive strength at 28 days was completely fabricated.
o Coordinated use of blast furnace slag and rice husk ash particles allows up to 50% replacement of
cement (by volume) in a mixture of self‐compacting concrete with fine sand. Mixed concrete have
the ability of good self‐compacting and high strength and durability after being solid.

-

Applications of research
o Survey of reserves and evaluation of the quality of fine sand at different locations, and specific
studies of the use of sand in each locality.
o Continued study on the role of fine sand with commercial concrete like normal concrete grade,
and concrete pump high‐grade.

6.2.2. Design of Roller compacted concrete (RCC) components
Roller compacted concrete (RCC) differs from conventional concrete principally in its consistency that
supports a vibratory roller holding an aggregate grading and paste content suitable for compaction by the
roller or other external methods. Roller compacted concrete of no‐slump consistency in its hardened state
are transported, placed and compacted by using soil and rock construction machines. For the time being, use
of RCC is growing very rapidly in Viet Nam. The proper selection of RCC mix proportion is an important step in
obtaining an economic and durable concrete. This paper presents an optimal design method for
proportioning RCC by application of experimental optimal plan.
- Research objectives
o Some main methods designed roller compacted concrete components.
o Optimal design roller compacted concrete components.
-

Results of research
o RCC designs by experimental planning method have become highly accurate with fewer
experiments.
o RCC requires about ¾ of the amount of adhesives and about 1/3 of the amount of cement used by
regular concrete of the same intensity.

-

Applications of research
o The research and application of mixture concrete with small quantities of cement and simple
construction method has created remarkable advantages in gravity dam such as faster speed,
lower cost, and higher stability over the earth dam. Due to these advantages, roller compacted
concrete has been investigated and successfully used in many countries around the world,
especially in the U.S., Japan, China, and Canada.
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6.2.3. Method to determine the proportion of concrete using both mineral and chemical
admixture
Based on the current circumstance, most types of concrete use admixture including mineral and chemical
admixture in order to improve the properties of concrete to meet various purposes. This paper presents the
method for determining the proportion of concrete, which uses both mineral and chemical admixture. The
steps based on the conventional method are applied in Viet Nam, but the issue examined here is the
formulas to calculate the properties and the content of admixtures as well as to adjust other components in
concrete.
- Research objectives
o Identify specific requirements that mixed concrete and concrete should achieve.
o Identify requirements for construction conditions and the characteristics of the materials to be
used to make concrete.
o Calculate and design admixture concrete, conduct laboratory experiments and grade reasonable
adjustments to achieve the technical requirements.
o Test the concrete aggregate adjusted to actual conditions in the field.
-

Results of research
o Determination of the composition of concrete materials such as cement, water, sand or rocks, and
additives to ensure satisfactory characteristics of the mix concrete and concrete that are
consistent with the construction conditions as well as working conditions.

-

Applications of research
o The concrete mix design to determine the ratio between the constituent materials (cement,
mineral additives, small aggregate, coarse aggregate, water and chemical additives), then
establish a reasonable aggregate for concrete. Construction achieves the specifications of
concrete mix and concrete, while ensuring economies of concrete structures later.
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