
EVALUATION OF RATING CURVES FOR SOME GAUGING STATIONS 
IN SARAWAK 

Zuhailah Taib 

This project is submitted in partial of fulfillment of the requirements for the 
Degree of Bachelor of Engineering with Honours 

(Civil Engineering) 

Faculty of Engineering 
UNIVERSITI MALAYSIA SARAWAK 

2005 



Specially dedicated to : 
Mum, Dad 

to all who had guided, helped, taught, 
advised and motivated me along the way 

11 



ACKNOWLEDGEMENT 

There are many people who have kindly helped me directly or indirectly in the 

preparation of this project. I am particularly grateful to Prof. Salim Said, project 

supervisor, for his guidance, advice and comments and also encouragement 

throughout this project. 

To the Drainage and Irrigation Department of Sarawak I am thankful for giving 

me their co-operation to provide me with the needed data. 

Grateful acknowledgement is also made to all the technicians of Civil Engineering 

Programme for preparing the laboratory facilities and materials. 

Lastly I appreciate the support and encouragement given to me by my colleagues. 

I11 



ABSTRACT 

Commonly, the rating curve equation is known as stage-discharge relationship 
curve as the stage versus discharge are plotted to form the rating curve. In many 
cases, the obtained rating curve is approximately parabolic. The purpose of this 
project is to evaluate rating curve equation for some gauging stations in Sarawak. 
In order to carry out this project, four gauging stations have been selected; Asa 
Jaya (Samarahan basin), Bedup (Sadong basin), Entebar (Lupar basin) and Samu 
(Saribas basin). The logarithmic method is used to evaluate the rating curve 
equation. As to fulfill the project, the rating curve equation is evaluated using the 
selected method. Subsequently, a comparison is made to make out either similar 
equation could be obtained from the method applied. As the results, four similar 
rating curve equations are developed for them. The rating curve equation for Asa 
Jaya station is Q=1.96 (h-0.64 )0 97. The next equation is Q=7.31 (h - 0.00 
)I. 80 for Bedup station. As for Entebar and Samu station their equations 
respectively Q=7.09 (h-0.47 ) I'2 1 and Q= 14.86 (h - 0.15 )l 40. The laboratory 
experiment also conducted to develop the rating curve equation for the open 
channel. The laboratory session is carried out at hydraulic laboratory in the Civil 
Engineering Laboratory. The same method is applied to develop the rating curve 
equation for the open channel. From the laboratory ex? eriment, the rating curve 
equation have been obtained is Q=2.8 x 103 (h+0.197) . 
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ABSTRAK 

Lazimnya, persamaan lengkung kadaran juga dikenali sebagai persamaan 
lengkung paras air-kadar aliran air. Apabila data kadar aliran air diplotkan 
melawan data paras air, satu lengkung kadaran akan terhasil. Dalam kebanyakan 
kes, lengkung yang terhasil adalah mempunyai bentuk yang menghampiri bentuk 
parabolik. Projek ini dijalankan adalah bertujuan untuk membuat penilaian 
terhadap persamaan lengkung kadaran untuk beberapa buah stesen tolokan di 
Sarawak. Justeru, untuk melaksanakan projek ini, empat buah stesen tolokan telah 
dipilih. Stesen tolokan yang dipilih ialah Asa Jaya (lembangan Samarahan), 
Bedup (lembangan Sadong), Entebar (lembangan Lupar) dan Samu (lembangan 
Saribas). Kaedah yang digunakan untuk projek ini ialah kaedah logaritma. 
Seterusnya, satu perbandingan akan dilakukan untuk melihat sama ada persamaan 
yang dibangunkan serupa dengan persamaan yang sedia ada dengan menggunakan 
kaedah logaritma. Akhirnya, empat buah persamaan lengkung kadaran telah 
diperolehi untuk keempat-empat buah stesen tolokan tersebut. Persamaan 
lengkung kadaran untuk stesen Asa Jaya ialah Q=1.96 (h-0.64 ) 0.97 manakala 
stesen Bedup pula ialah Q=7.31 (h-0.00 )1.80. Dua buah stesen seterusnya ialah 
Entebar dan Samu masing-masing mempunyai persamaan Q=7.09 (h-0.47 ) 1.21 
dan Q= 14.86(h-0.15 )1'40. Selain itu, eksperimen makmal juga telah dijalankan 
dengan menggunakan saliran terbuka bagi membangunkan persamaan lengkung 
kadaran untuk saliran tersebut. Eksperimen ini telah dijalankan di makmal 
hidraulik di dalam Makmal Kejuruteraan Sivil. Kaedah yang sama telah 
digunakan untuk membangunkan persamaan tersebut. Daripada eksperimen yang 
dijalankan, persamaan kadaran lengkung yang diperolehi untuk saliran terbuka 

3ialah Q=2.8 x 10(h+0.197)11. 
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CHAPTER 1 

INTRODUCTION 

1.1 General 

The streamflow is generated by precipitation during storm events and by 

groundwater entering surface channels. Veissman & Lewis (1996) have defined 

that the streamflows are sustained by groundwater discharges during the dry 

periods where groundwater reservoirs are below stream channels. 

Since the relation between precipitation and streamflow are quite 

complicated, it is necessary to get a complete insight into the hydrologic cycle. As 

a result, many approaches to relating these important hydrologic variables have 

been developed (Veissman & Lewis, 1996). Field measurements of streamflow 

are based on the use of flow measuring devices such as weirs and on the 

measurement of channel cross sections along with streamflow velocities. 

An awareness of the quantity and quality of streamflows is a requisite for 

many purposes such as municipal, industrial, flood control, reservoir design and 

control, drainage and the management of natural systems as the wetlands. 



1.2 Background of the project 

The streamflow and stage data are required as to evaluate the rating curve 

for the specified streams in Sarawak. 

Since some of the gauging stations in Sarawak are still without rating 

curves, it is necessary to develop the rating curve as to ensure the functioning of 

the channel control. The major problem in this study is the discharge data for the 

specified streams are not recorded regarding the tidal condition. 

The data are accessibility from the Hydrological Year Book (HYB) which 

is published by the Drainage and Irrigation Department of Sarawak. There are 

sixteen gauging stations still without the rating curve equations according to HYB 

1998. For this project, only four gauging stations have been chosen. The gauging 

stations are Asa Jaya, Bedup, Entebar and Samu. 

However, the rating curve equation cannot be established due to the need 

of discharge data. Due to this problem, the previous year data are used. Thus, next 

problem is encountered as those stations already have the rating curve equation. 

As to fulfill this project, the rating curve equations are developed by using the 

logarithmic method which is the preferred method and the prior data. 

Furthermore, there is a comparison is made on the results after applying the 

logarithmic method. As a result, four similar equations are developed for those 

gauging stations. 

As a practice, some experimental works have been conducted in the 

hydraulic laboratory. The procedures of the experiment are discussed in the 

foregoing chapters. 
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1.3 Objectives of the project 

The main objective of this project is to evaluate the rating curve for some 

gauging stations in Sarawak by using the selected method which is known as the 

logarithmic method. 

As for the experimental laboratory session, the objective is to develop the 

rating equation for the open channel by using the same method which is applied 

for the gauging stations. 
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CHAPTER 2 

LITERATURE REVIEW 

2.1 Introduction to hydrology 

Hydrology is the science of water and, is defined as the science that deals 

with the origin, distribution and properties of water on the earth including the 

atmosphere in the form of water vapour, on the surface as water, snow or ice and 

beneath the surface as ground water (Mutreja, 1986). The study of the hydrology 

is consists of three vital phases of hydrologic cycle. Rainfall, runoff and 

evaporation are the phases in the hydrologic cycle. 

2.2 The hydrologic cycle 

Mutreja (1986) has defined the hydrologic cycle is a continuous process by 

which water transported from the ocean to the atmosphere to the land and back to 

the sea. Thus the hydrologic cycle undergoes various complicated processes of 

evaporation, precipitation, interception, infiltration, percolation, storage and 

runoff. 

Furthermore, the hydrologic cycle may be said to be determined by three 

types of condition: 



  The nature and application of the energy which keeps up the circulation; 

the sun 

  The inherent property of water under circulation 

  The structure of the natural reservoirs and conduits, as example the 

atmosphere, land surface and soil rocks which hold water or conduct it in 

its course. 

The sun is the principal source of energy for operating this enormous natural 

system of waterworks. This solar energy raises the temperature of air, soil and 

water; as a consequence the water is evaporated and its transportation as water 

vapour to land surfaces at higher altitudes. 

Nevertheless, the hydrologic continuously keeps a balance between the 

water of the earth and the moisture in the atmosphere. The precipitation is the fall 

of moisture from the atmosphere to the earth surface in any form. Mutreja (1986) 

has given for the land areas 

Precipitation = Runoff + Losses 

Therefore the significance of an in-depth study of the hydrologic lies in 

making use of long term available precipitation data for planning engineering 

projects through this relationship between precipitation and runoff of the 

hydrologic cycle which will later exploited to build rainfall-runoff model. 
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2.2.1 Precipitation 

Generally, precipitation replenishes the surface water bodies, renews soil 

moisture for plant and recharges aquifers. Its forms are rain, snow and hail and 

variations of these such as drizzle and sleet. 

Precipitation is the primary input vector of the hydrologic cycle and 

derived from atmospheric water, its form and quantity thus being influenced by 

the action of other climatic factors such as wind, temperature and atmospheric 

pressure (Veissman & Lewis, 1996). 

There are two processes well thought-out in the formation of precipitation. 

Those processes are considered to be capable of supporting the growth of droplets 

of sufficient mass (droplets from about 500 to 4000 µm in diameter) to overcome 

air resistance and consequently fall to the earth as precipitation. These are known 

as the ice crystal process and the coalescence process. 

Gauges for measuring rainfall and snowfall may be recording or non- 

recording. Recording gauges continuously sense the rate of rainfall and its time of 

occurrence. 

2.2.2 Streamflow 

Generally, the streamflow can be defined as the amount of water flowing 

in surface water courses at any instant of time. Even its amount is small in terms 

of the earth's total water budget but it is of considerable importance to those 

concerned with water resources development, supply ad management. 
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The field measurements of streamflow are based on the use of flowing- 

measuring devices such as weirs and flumes and on the measurement of channel 

cross-sections along with streamflow velocities (Veissman & Lewis, 1996). Thus, 

Herschy (1995) has concluded that good water management is founded on reliable 

streamflow information and the final reliability of the information depends on the 

initial field measurements. 

2.3 Streamflow measurement 

Streamflow is usually measured in units of discharge where the discharge 

rate of flow of a specified stream is the quantity of water per unit time (m3/s or 

cfs). The streamflow measurements are obtained with two important steps. First, 

using the series of careful measurements, the discharge of a specified stream is 

related to the stage or water surface elevation and a stage - discharge relationship 

(rating curve) is established for that stream. Second, the water stage is observed 

routinely and from the rating curve the corresponding discharge can be obtained. 

Hence, the measurement of the stage is easier and the cost to carry out the 

procedures inexpensive (Singh, 1992). 

The measurement of streamflow can be continuous or intermittent. 

Intermittent measurements are commonly for the gauges that are manually read on 

some periodic time basis and might consist of recording only crest flows over 

some specified period of time. Essentially, the continuous records are most useful 

but the intermittent records can be very essential value when they are the only data 

available. 
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There are different methods used for measuring the streamflow discharge. 

Some of the methods are area-velocity method, discharge-measuring structures, 

area-slope method and radio-tracer method (Mutreja, 1986). 

2.4 Measurement of stage 

The stage of a stream is the height of the water surface above an 

established datum line and the gauge height is the water surface elevation which is 

refers to some arbitrary or predetermined gauge datum. Gauge height is often used 

interchangeably with the more general term `stage' although gauge height is more 

appropriate when used to point out a reading on a gauge. Stage or gauge height is 

generally expressed in meters and hundredths or thousandths of a meter depending 

on the accuracy required (Herschy, 1995). 

2.4.1 Non-recording stream gauges 

A common non-recording stream gages are staff gauges and wires gauges 

which are operated manually. Staff gauge is either inclined or vertical and it is the 

simplest way measure the river stage (Singh, 1992). 

Regarding to Herschy (1995), the gauge is located near the edge of the 

stream thus a direct reading of the water level may be made. A staff gauge is 

seldom a stable construction and is always exposed to movement or damage 

especially during floods. In order to be able to reset the gauge to its correct datum, 

one and preferably two bench marks are required at a gauging station constructed 
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entirely detached from the staff gauge or its support and secure against movement 

or destruction. 

['1g. 1. S(U//gU[(gL' 

2.4.1.1 Vertical staff 

According to Herschy (1995), the vertical gauges usually consist of 

standard porcelain enameled iron plated sections each about 150mm wide and Im 

long and graduated in units of 10mm units. As for the gauge secure, the sections 

are screwed to a backing board for a suitable support. Slotted holes in he plates are 

provided for final adjustment in setting the gauge. 

A suitable backing for a vertical staff gauge is provided by a board fixed to 

a wall having a vertical face parallel to the direction of flow. The board is securely 

attached to the surface of the wall so as to present a vertical face to receive the 

graduated gauge plates (Herschy, 1995). 
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He added that, the additional sections are installed on the line of the cross- 

section normal to the direction of flow when the range of water levels exceeds the 

capacity of a single vertical gauge section. 

2.4.1.2 Inclined gauge 

An inclined staff gauge is consist of a heavy timber securely attached to a 

permanent foundation and its graduations are either marked directly on the surface 

of the timber or carried on manufactured gauge plates designed to be set to 

specific slope. The installation of this type of gauge is following the contours of 

the bank in several sections each with a different slope. It is usually convenient to 

construct a flight of steps alongside the inclined gauge to facilitate both 

installation and reading (Herschy, 1995). 

2.4.1.3 Wire-weight gauge 

Generally a wire gauge measures the water surface elevation from above 

such as from a bridge or other overhead structure (Singh, 1992). In addition of his 

literature, a weight is lowered from the structure until it reaches the water surface. 

The gauge has a drum with a circumference equal to 1 ft or 1m wire. The number 

of revolutions of drum is measured by a mechanical counter, which, in turns, 

measures the length of the wire transmitted to reach the water surface. The 

operating range of a wire-weight gauge is about 25m (75ft). 
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According to Herschy (1995), the wire-weight gauge is used as an outside 

reference gauge mounted normally on a bridge parapet, wall or pier. 

2.4.2 Crest-stage gauge 

A crest stage gauge is an instrument that is designed to obtain the 

measurement of the peak discharge in a channel during a flood event. It is 

therefore the special application of a staff gage installation. It is widely use 

because its reliability, simplicity and inexpensive (Singh, 1992). 

Formally, a crest gauge consists of an ordinary staff gage of sufficient 

width and selected length to fit into a 2-inch galvanized pipe. This pipe is fitted 

with threaded pipe caps on either end in which are drilled several holes of 

approximately 0.25 inch in diameter. The pipe is set vertically in the stream 

channel and its bottom at the stream datum. The staff gauge is inserted at the top 

of the pipe and the pipe is contains a small amount of ground cork. 

During the flood event, water enters the lower cap perforations and the 

ground cork is floats on the surface of the water as the water rises in the pipe. As 

the water level is recedes, some of the cork adheres to the wetter staff at the 

highest water level reached inside the pipe. A visual record of the highest stage is 

indicated by the cork adhering to the staff. Additional ground cork is necessary be 

added to replace that which is lost. 
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2.4.3 Recording stream gauges 

Recording stream gauges are instrument that continuously record the water 

stage at a given location along the stream. Generally, there are two types of 

gauges that used to record the water level. They are the float type and the bubble 

gauge or manometer-servo water level sensor (Singh, 1992). 

2.4.3.1 Float-type recorder 

Commonly, the recorder is located in a stilling well that consists of 

vertically mounted culvert or other similar structure that may be from 1 to 3 ft in 

diameter. The culvert is installed on the bank of channel with a depth at least 

equal to the lowest level of the channel bottom (Singh, 1992). 

The purpose of the stilling well is to dampen the water surface fluctuations 

and as a result the float records changes in water elevation but does not reflect 

wave action or any interference. The water level changes are recorded on punched 

tape at selected time interval usually every 15 minutes. 

2.4.3.2 Bubble gauge 

The bubble gauge is requires battery power and a 116ft3 cylinder of 

compressed gas of dry nitrogen for operating up to 6 months. Pressure of water 

head in the channel is imparted to the recorder through a tube in the bottom of the 

channel. The tube is supplied with nitrogen gas pressure equal to the water head 
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