
AUTOMATION OF CONSTANT HEAD ORIFICE OFF-TAKE STRUCTURE  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

By 

 

HAPIDA BT. GHAZALI 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Thesis Submitted to the School of Graduate Studies, Universiti Putra Malaysia, in 

Fulfilment of the Requirements for the Degree of Master of Science  

  

 

March 2005  



 ii 

 

Abstract of thesis submitted to the Senate of Universiti Putra Malaysia in fulfilment of 

the requirements for the degree of Master of Science 

 

AUTOMATION OF CONSTANT HEAD ORIFICE OFF-TAKE STRUCTURE  

 

By 

 

HAPIDA BT. GHAZALI 

 

March 2005 

 

 

Chairman: Professor Wan Ishak Wan Ismail, PhD 

 

Faculty: Engineering 

 

 

 

The efficiency of irrigation for paddy cultivation depends very much on water supply and 

demand to be provided during the growing season. Due to complexity in operating water 

intake structure, the Constant Head Orifice (CHO) was developed to overcome the 

problems which required intensive labour. A CHO off-take structure is an important 

structure in the irrigation scheme to facilitate measurement and provide constant 

irrigation water supply. 

 

Presently, all CHO off-take structures in Malaysia are manually operated. Target 

discharges are seldom met due to upstream water level fluctuations, and the operators are 

unable to cope with the opening and closing of the many orifice gates and the turnout 

gates. CHO’s are not automated due to the large number of gates involved in an irrigation 

scheme and there are many water level sensors required for the automation system. 
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Automation is potentially one piece of the puzzle in trying to modernize and improve 

overall irrigation project performance. 

 

 

A CHO automation system was developed in this study in order to make improvement on 

the operational system of existing CHO structures by automating the gate operation 

through interfacing with Supervisory Control and Data Acquisition (SCADA) system. A 

double barrel CHO structure at Block M2 at secondary canal TB (Taliair B) in the Sg. 

Muda Irrigation Scheme, Seberang Perai Utara, Penang was chosen for the installation 

and testing of the automation system. 

 

The developed CHO automation system included mechanization of the intake and off-

take gates, Programmable Logic Control (PLC), water level sensors, communication 

media and master control server. The system allowed the operator to automatically route 

scheduled changes in demand through their canal system utilizing water levels at the 

main canal and at the CHO stilling chamber, and time delay calculation. The “Kinetic 

Automation” controller unit can automatically maintain constant differential head at 100 

mm. The master controller used the standard personal computer and customized SCADA 

package. Each gate is operated with Rotork IQ35F16A actuators which are controlled by 

the “Kinetic Automation” controller unit at site. Control is based on water level from 

MJK ultrasonic sensors and gate position sensor which was incorporated in the Rotork 

IQ35F16A actuator. Public Switch Telephone Network (PSTN) was used as a media of 
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communication between the master controller and “Kinetic Automation” controller unit 

and MODBUS communication protocol. 

 

The study found that, there is a linear relationship between discharge and the gate 

opening. At a constant differential head, the discharge increased with increase in orifice 

and turnout gates opening.  

 

It was observed that there is a general increase in orifice gate opening for manual 

measurement compared to the automatic control. T-test comparison shows that the mean 

orifice gate openings for automatic control and manual measurement are not significantly 

different from one another. There was an overall increase in average discharge values 

between automation supply and manual gauging. Generally, the manual gauging 

discharges were higher than automation discharges for most flow settings. T-test 

comparison indicates that the average difference in discharge values from the automated 

supply and manual gauging is not significantly different from zero. In another words, the 

discharges from the two methods are not different from one another. 

 

The time required to open the gate by the automated CHO system increases with increase 

in orifice gate opening. A similar trend is observed for the manually-operated CHO. For 

any particular orifice gate opening, the time requirement for the automated CHO is 

always less than that required by the manually-operated CHO by as much as 1/11 to 1/5 

of the time. 
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There are huge benefits from the automation of the CHO; fast response in water supply, 

computerized control of water supply, easy and efficient operation, and well regulated 

irrigation water supplied remotely, easy maintenance and web enabled. The success of 

the project has eliminated the human problem and simplifies operational procedures. The 

CHO can be economically operated, with ease of discharge measurement and minimized 

cost of maintenance. Besides, DID needs to popularize the importance of Information 

Communication Technology (ICT) and automation of CHO in irrigation to its own staff 

as well as the general public. However this will require commitment from all those 

involved among all levels of government and private sectors. 
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Kecekapan penanaman padi adalah amat bergantung kepada sistem pengairan dan 

keperluan air semasa musim tanaman. Lanjutan dari kerumitan untuk menyalurkan air ke 

bendang, satu struktur Orifis Turus Malar (CHO) telah dibangunkan. Struktur ini 

memerlukan tenaga kerja yang lebih. Struktur ini merupakan satu struktur yang penting 

bagi menyalurkan air ke kawasan pengairan dengan kadar ukuran luahan air yang tetap. 

 

Pada masa ini, kesemua struktur CHO di semua kawasan pengairan di Malaysia 

beroperasi secara manual. Jumlah sukatan luah sukar menepati sasaran disebabkan oleh 

perubahan aras air di saluran utama dan kerja-kerja membuka dan menutup pintu air yang 

banyak memakan masa yang panjang dan meletihkan. Struktur CHO tidak diautomasikan 

memandangkan jumlah  penderia aras air yang banyak perlu digunakan dan tidak 

berekonomi bagi pemasangan sistem automasi. 
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Pengautomatan untuk CHO yang telah dibangunkan dalam kajian ini adalah untuk 

penambahbaikan sistem operasi CHO yang sedia ada. Sistem automasi yang dibangunkan 

ini digabungkan kepada sistem Supervisory Control and Data Acquisition (SCADA). Satu 

CHO berkembar di Blok M2 , Taliair B (TB) di Skim Pengairan Sungai Muda, Seberang 

Perai Utara, Pulau Pinang telah dipilih bagi pemasangan dan pengujian sistem automasi 

yang dibangunkan. 

 

Pengautomatan ini termasuklah menjenterakan pintu air masuk dan pintu air keluar, 

kawalan Programmable Logic Control (PLC), penderia aras air, kemudahan perhubungan 

dan server kawalan utama. Sistem ini membenarkan pihak operator membuat pertukaran 

jadual mengikut keperluan berdasarkan aras air di taliair utama dan aras air di dalam 

takungan penenang CHO secara automatik dengan selisih kiraan jangka masa. Perisian 

“Kinetic Automation” yang digunakan boleh menstabilkan selisih turus (differential 

head) di antara sungai utama dan takungan penenang secara automatik sebanyak 100mm. 

Stesen Kendalian Utama menggunakan komputer dan perisian SCADA yang direka khas 

bagi projek ini. Setiap pintu air dipasangkan dengan Rotork IQ35F16A actuator dan 

dikawal oleh “Kinetic Automation” controller di tapak. Penderia aras air yang digunakan 

adalah jenis MJK Ultrasonic sensor yang memberi bacaan aras. Talian telefon digunakan 

bagi menghubungkan di antara stesen kendalian utama dan “Kinetic Automation” 

controller dengan menggunakan protokol komunikasi MODBUS. 
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Hasil daripada kajian ini, dapat diperhatikan bahawa hubungan diantara luahan dan 

bukaan pintu air adalah sekata . Pada keadaan perbezaan aras yang tetap, didapati kadar 

luahan bertambah dengan pertambahan bukaan pintu masuk dan pintu keluar. 

 

Dapat diperhatikan juga, terdapat peningkatan yang hampir sama pada bukaan pintu 

masuk yang diukur secara manual berbanding ukuran yang diberikan daripada sistem 

outomasi. Perbandingan statistik menunjukkan bahawa purata bukaan pintu masuk untuk 

ukuran manual dan automatik adalah tiada kesan terhadap kedua-duanya. Selain itu, 

dapat diperhatikan juga, terdapat semua peningkatan pada luahan diantara luahan yang 

diberikan daripada sistem automasi dan sukat luah secara manual. Secara rambang, sukat 

luah secara manual memberikan luahan yang lebih tinggi berbanding luahan yang 

diberikan oleh sistem automasi pada kebanyakan setting. Perbandingan statistik 

menunjukkan bahawa terdapat purata perubahan pada sukat luah secara manual dan 

luahan automasi adalah tidak memberi kesan terhadap kedua-duanya. 

 

Masa yang diperlukan untuk membuka pintu air secara kawalan automatik adalah 

bertambah dengan pertambahan kadar bukaan pintu air. Keadaan yang sama juga dapat 

diperhatikan pada CHO yang dikendalikan secara manual. Dapat dilihat, perbezaan masa 

bukaan pintu air, manual dan automatik adalah ketara dengan jarak diantara 1/11 hingga 

1/5 daripada jumlah masa. 

 

Faedah yang ketara dapat diperolehi daripada sistem automasi CHO ini adalah 

kepantasan tindakbalas dalam penyaluran air, dengan kawalan komputer, kendalian yang 
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mudah dan tepat, kawalan air dapat dilakukan daripada jauh. Selenggaraan yang mudah 

dan ianya juga boleh dipamerkan melalui web. Kejayaan sistem automasi juga dapat 

mengurangkan tenaga manusia dalam kendalian CHO dan memudahkan kendalian CHO. 

CHO yang berekonomi dikendali dapat memudahkan sukatan luahan dan kos 

penyenggaraan dapat dikurangkan. Pihak Jabatan Pengairan dan Saliran Malaysia perlu 

memupuk kesedaran orang ramai tentang kepentingan sistem otomasi CHO di kawasan 

pengairan. Ianya memerlukan komitmen di semua peringkat kerajaan, swasta dan orang 

ramai. 
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