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Abstract

Background and Objectives: Irrigation water delivery systems are part of the development
and management of water to suit demand. However, there are no clear guidelines on the
type of irrigation water delivery system that would mostly benefit an area. Moreover, the
consideration should be relevant to the area considered. The present study explored various
factors and alternatives of the systems and compared the open-water delivery system with
the closed-water delivery system for the Eastern Economic Corridor (EEC) projects.
Methodology: The study applied FAHP methodology as a decision tool and analyzed the
factors from previous research. We obtained five primary factors and fifteen secondary factors.
The qualified experts of the Department of Irrigation with experience in water construction
and management gave weights to the type of irrigation water supply system. The model
and actual results of weighing values of 8 actual water supply projects were compared.
Main Results: The significant factors affecting the selection were noted to be the number
of project areas per household, area slope, economic yield and irrigation system orientation.
In the EEC region, the study suggested that the closed-water irrigation system is more
suitable than the open-water irrigation system, with significant values of 0.511 and 0.489,
respectively. Comparing the types of the water system between the model and the real
construction cases, it was found that the predicted suitable types are consistent in all the
eight actual construction cases.

Conclusions: In the EEC area, the closed-water irrigation system is more suitable than the
open-water irrigation system.

Practical Application: The results of the present study suggest significant factors and their

weightings for evaluating the type of irrigation water delivery system. This can facilitate future

Kaewyai and Wichiensin (2025). “Selecting the Type of...,” Science and Engineering Connect 48 (2), pp. 144-164



146

selection of a proper type of water delivery system for other construction projects in the

EEC area of the Royal Irrigation Department.

Keywords: Types of Irrigation Systems, Open System Delivery System, Close Water Delivery

System, Fuzzy Analytic Hierarchy Process
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Figure 1 Open system irrigation system and closed-water irrigation system
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Proplem : Water supply is not

efficient and adequate for demand.

¢ Study the factors from
Study the type of imrigation system: other research and the
Open water and Closed water Department of Irrigation.
Test, design, ask experts to assess Determine the factors used to
the suitability of the factors. select and design the query.

4| Study the solution to select the appropriate.
v

> Select an expert to comment.

i——‘ Experts commented on the factors.

Check the reliability of the data

from each expert using the

consistency ratio (C.R.)

No

Calculate the weighting of the decision

factors using the FAHP method.

|

Obtain the priority weight of each type of

irrigation water supply system.

'

Review the results of the selection of the

simulated water supply system (open and

closed) with the actual construction work.

Figure 2 Methodology of the present research
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Table 1 Comparison of advantages/disadvantages as classified by methods for different
Multiple Criteria Decision Making

Method Advantage Disadvantage

Reliability of information depends on

Delphi Get expert opinions effectivel the expert. If the expert in the field
. . X ini ively.
(Delphi Technique) P P 4 is not selected, the answer may be
affected.
AHP If there are multiple options (>15),

The results are quantified, making it

(Analytical Hierarchy it is complicated and complex. Only

easy to compare and prioritize.

Process) quantitative criteria are applicable.
FAHP i
. Similar to AHP bias, qualitative It takes a lot of time to analyze and
(Fuzzy Analytic L . has more complicated procedures
. criteria can be judged.
Hierarchy Process) than the AHP method.
ANP Reflects current problems well in The structure must be non-linear and
(Analytic Network | cases where criteria influence each | the structure must be ordered before
Process) other. and after.
VAHP Ideal for many criteria, coordinating | The assessor shall have expertise in
(Voting Analytic | the concept between AHP and Data | the same areas as the evaluation
Hierarchy Process) | Envelopment Analysis (DEA). criteria.
TOPSIS
(Technique for It is suitable for quantitative criteria, | If there are many alternatives, there
Order Preference by | based on both positive and negative | May be an error in determining the
Similarity to Ideal | criteria. best or worst-value alternatives.
Solution)
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Table 2 Main criteria and sub-criteria from other relevant research papers

Factor Meaning Unit Source
1. Economic (E1) The economic
worthiness of the
project
1.1 Internal Rate of The internal rate of Percent Department of Irigation
Return (IRR) return [10-11, 13-14]
1.2 Net Present Value | The net benefit Department of Irrigation
(NPV) received over the Baht [10-14]
duration of the project
1.3 Benefit Cost Ratio | The present value of Department of Irrigation
(B/C ratio) the total benefit (10, 12-14]
divided by the present
value of the total cost
2. Construction (C2) Process used in
construction
2.1 Construction The face of earth that is Department of Irrigation
difficulty used in construction [10, 12-13]
2.2 Efficiency in The amount of distance Percent
construction work that can be constructed
in a month.
2.3 Repair and Repair methods and Baht Prinsak [15],
Maintenance maintenance costs. Phan Ni Ka [16]
3. Topography (T3) The condition of the
area used for
construction
3.1 Slope The ratio of the level Percent Pongpich [17]
between the upstream
and downstream
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Table 2 Main criteria and sub-criteria from other relevant research papers (continued)

Factor

Meaning

Unit

Source

3.2 lrrigation system

Water supply orientation

Score 0-4

Pongpich [17]

process of considering
the project of the Royal

Irrigation Department

project origin.

orientation and orientation depends on slope
classes

3.3 The characteristics | The low altitude of an Meter Department of

of the area used for area Inigation [12]

construction

4. Society: 54 The effect on the public
in case of a project

4.1 Beneficial effect Number of irrigation areas Percent Muanmas and
per number of benefited Kasidet [18]
households

4.2 Characteristics of Priorities for water use Score 1-9 National Water

water demand purposes depends on the Resources

purpose Commission

4.3 Effect that has Construction loss area Percent Department of

been gained per number of affected Imigation [10, 12-14]
households

5. Water management: | Water management

M5 information

5.1 Project origin The origin of the project Score 1-4 Pongpich [17]
before entering the depends on

5.2 Water supply

efficiency

The amount of water
that cultivated land
receives per the amount
of water that is supplied
to the water supply
system

Percent

Department of
Imigation [10-13]

5.3 The amount of rain

used

The portion of rainfall
that falls on the
cultivated land that

plants can use

Millimeter

Department of
Imigation [10-14]
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Table 3 Questionnaire respondents

Professional Position

1 Director of the Planning Division

Director of the Project Management Office

Director of the Bureau of Engineering and Geology Survey

Director of the Bureau of Design and Architecture

Director of the Bureau of Hydrology and Water Management

Director of the Bureau of Large Water Resources Development

Director of the Medium Water Resources Development Division

0 | N[Oy BV N

Director of the Regional Irrigation Office 9
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Table 4 Pairwise comparison matrix using triangular fuzzy numbers (7,m,u)

Economic | Construction Topography Society Water
Factor
management
Economic (1,1,1) (0.250,1,1.750) | (0.174,0.200,0.235) | (0.250,1,1.750) | (0.174,0.200,0.235)
Construction (0.571,1,4) (1,1,1) (0.174,0.200,0.235) | (0.250,1,1.750) (0.250,1,1.750)
Topography (4.250,5,5.750) | (4.250,5,5.750) (1,1,1) (6.250,7,7.750) (0.250,1,1.750)
Society (0.571,1,4) (0.571,1,4) (0.129,0.143,0.160) (1,1,1) (0.267,0.333,0.444)
Water
(4.250,5,5.750) (0.571,1,4) (0.571,1,4) (2.250,3,3.750) (1,1,1)
nmanagement
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Table 5 Probability level and weight values

Degree of possibility wy Normalized
V(S;>S,) 1.000
_ V(S;>S5) 0.572
Economic: E1 minVS; 0.572 0.202
(S1>S4) 0.918
V(S1>Ss) 1.000
V(S,>S1) 0.501
V(S,>S5) 0.115 ‘
Construction: C2 minVs, 0.115 0.041
V(S,>Ss) 0.414
V(S,>Ss) 0.794
V(S5>S4) 1.000
V(S5>S,) 1.000 )
Topography: T3 minVSs 1.000 0.353
V(S5>Sq) 1.000
V(S5>Ss) 1.000
V(Sqa>Sy) 1.000
, V(S4>S)) 1.000 )
Society: S4 minVS, 0.675 0.238
V(S4>S3) 0.675
V(S4>Ss) 1.000
V(S5>S:) 0.771
Water V(S5>S,) 1.000 )
mMinVSs 0.470 0.166
management: M5 V(S5>S5) 0.470
V(S5>Sq) 0.709
sum 2.832 1.000

AsIdaUNansAnEenszuLdnn (Uavsaln) nuuusIassiunuiinesdnease
nsSsuisunanisinelassnsneatisszuudaninvalseniu edndenlasinsilaneadns
iz‘UU?iﬁjﬂi‘ULL5’3LLagﬁj“laJ/EJiquaLﬁﬂﬂW@@?uﬂ%%ﬁﬁﬁﬂH’] Fau 8 Tasenns Inethamnauddaydils
NngdmalFruuTiE S FAHP nfnamenimtusaslassnsneldtadendnuas
HadesesauldaiiminuesUssnnavideln diovUsznnnisasi mnuuusiaoshuiussuiio
fuUsEANIINIUneadanss Wesanmssadulafituuvesnsusalssmuludiuvesnisieadn
WiaNIeNLUUSEULATvaUsEm Ui dlaifnsivaninasivieiansimaulafuddamilou
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I
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Figure 3 Priority weighting of the main factors
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Table 6 Prioritization results of primary and secondary factors

Main Criteria Weight Sup-Criteria Weight
Internal Rate of Return (E1-1) 0.126
Economic: E1 0.202 Net Present Value (E1-2) 0.055
Benefit Cost Ratio (E1-3) 0.021
Construction difficulty (C2-1) 0.012
Construction: 0.041 Efficiency in construction work (C2-2) 0.016
2
Repair and Maintenance (C2-3) 0.013
Slope (T3-1) 0.137
Topography: 0.353% Irrigation system orientation (T3-1) 0.121
T3
The characteristics of the area used 0.095
for construction (T3-3)
Beneficial effect (54-1) 0.147*
Society: 54 0.238 Characteristics of water demand 0.078
(S4-2)
Effect that has been gained (54-3) 0.013
Project origin (M5-1) 0.073
Water
management: 0.166 Water supply efficiency (M5-2) 0.044
M5
The amount of rain used (M5-3) 0.049
SUM 1.000 1.000

Remarks * = Maximum value of primary and secondary factors
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Sup-Criteria
Slope: T3-1 0.137

Intemal Rate of Retum: E1-1 0.126

0.121

Irigation system orientation: T3-2

The characteristics of the area used for... 0.095

Characteristics of water demand: 54-2

0.078

Project origin: M5-1 0.073

Net Present Value: E1-2 0.055

The amount of rain used: M5-3 0.049

Water supply efficiency: M5-2 0.044

Benefit Cost Ratio: E1-3 0.021

Efficiency in construction work: C2-2 - 0.016
Effect that has been gained: S4-3 - 0.013
Repair and Maintenance: C2-3 - 0.013

Construction difficulty: C2-1 . 0.012

o

002 004 006 008 0.1 012 014 016 Weight

Figure 4 Weighting of the importance of secondary factors under the primary factors
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Table 7 Comparison of irrigation water delivery system types between the model types and
the actual construction types

Factor | Economic | Construction | Topography | Society | Water Priority
manage | weighting

Type ment

Weight 0.202 0.041 0.353 0.238 0.166
Open system 0.433 0.128 0.842 0.227 0.269 0.489
Closed system 0.567 0.872 0.158 0.773 0.731 0.511

Type
Closed System 0.511
Open System 0.489

0.000 0.100 0.200 0.300 0.400 0.500 0.600 Weight

Figure 5 Priority weighting of the system types

970 Table 7 wag Figure 5 Wyl Ussnnvessruvaninvaussmunelaiadesiig 9 STUU
derhwaUsymunuumaie f\]zﬁmﬁmﬁﬂmmﬁwﬁm 0.511 AIUSLUUANTYAUSETNULUUNNTA
adlethminauddy 0.489 FwilinsuinssuudaiwalssmunuumaUadanummnye
wnmsvuvahwaUsEusuumeindelueiuiinsdine Ae luwswannfiewnians fusen
(EEQ)
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types of irrigation water delivery systems

El c2 T3 S4 M5
E1-1 | E1-2 | E1-3]C2-1 |C2-2 |C2-3 | T3-1 |T3-2 |T3-3|S4-1 |S4-2 |S4-3 | M5-1 | M5-2 | M5-3
P1 10.466|0.433 0.433 |0.43310.433 |0.433| 0.433 |0.433 |0.433| 0.433 |0.433 (0.433 | 0.433|0.433 |0.433
P2 10.575]0.8050.805 |0.805 |0.805 |0.805| 0.805 |0.805 |0.805|0.805 |0.805 [0.805 | 0.805 |0.805 |0.805
P3 11.000 |0.642 |0.642 |0.642 |0.642 |0.642| 0.642 |0.642 |0.642|0.642 |0.642 |0.642 | 0.642 |0.642 0.642
P4 10.400 |0.326 |10.326 |0.326 |0.326 {0.326 | 0.326 |0.326 |0.326|0.326 |0.326 [0.326 | 0.326 |0.326 |0.326
P5 10.571]0.556 |0.556 |0.556 |0.556 {0.556| 0.556 |0.556 |0.556|0.556 |0.556 [0.556 | 0.556 |0.556 |0.556
P6 10.836|1.000 |1.000 |1.000 |1.000 |1.000| 1.000 |1.000 |1.000|1.000 |1.000 |1.000 | 1.000 |1.000 |1.000
P7 10.381]0.1430.143 10.1430.143|0.143| 0.143 |0.143 |0.143]0.143 |0.143 |0.143|0.143|0.143 |0.143
P8 10.59810.243 |0.243 |0.24310.243 |0.243| 0.243 |0.243 |0.243|0.243 |0.243 [0.243 | 0.243 |0.243 |0.243
Table 9 Results of weighting analysis
Priority Value
Project Closed Model type Actual type
Open system
system
1. Khlong Phra Sathueng
Reservoir Water Supply 0.0469 0.0317 Open system Open system
System (P1)
2. Khlong Prasae Reservoir 0.0516 0.0376 Open system Open system
Water Supply System (P2)
3. Khlong Si Yat Reservoir
0.0561 0.0417 Open system Open system
Water Supply System (P3)
4. Khlong Phra Phut
Reservoir Water Supply 0.0527 0.0318 Open system Open system
System (P4)
5. Khlong Phraket Reservoir Closed svst Closed svst
Water Supply System (P5) 0.0291 0.0297 osea system osea system
6. ump station water supply
system Klong Yai - Fai 0.0308 0.0310 Closed system Closed system
Ban Khai (P6)
7. Khlong Pava Yai Reservoir 0.0195 0.0262 Closed system Closed system
Water Supply System (P7)
8. Khlong Luang Reservoir 0.0283 0.1370 Closed system Closed system
Water Supply System (P8)
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