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FOREWORD 

 

One of the Department of Energy (DOE) tasks is to develop Fiji’s energy sector through 

the use of indigenous renewable energy resources.  Hydro resource has been one of the 

renewable energy resources that have been fully researched and is viable to be a rural 

electrification option under the Rural Electrification Policy 2003. 

 

The document “Fiji’s Hydro Potential Report 2007” has been prepared by the Department 

and its intention is to provide the results of hydro preliminary surveys undertaken in 

various rural communities undertaken by DOE from 1995 to 2005.  The preliminary 

survey reports of sites investigated consist of basic information about the site that can 

further determine whether the site is feasible for developments.  

 

Parameters such as flowrate, catchment area, gross head, gross power and power 

available to each household are some of the information that this report will highlight for 

each site. 

 

The report has been compiled according to the fourteen provinces in Fiji and in an 

alphabetical order.  A comprehensive exercise needs to be undertaken again in order to 

confirm the potential for development for each site that are highlighted in this report. 

 

Compiling a comprehensive and systematic list hydro sites already been investigated by 

DOE in previous years is a daunting task.  The compilation of this report would not have 

been possible without the professional assistance of the Japanese International 

Cooperation Agency (JICA) volunteers who have, in the last ten years shared their 

expertise, collected hydro data and also transferred their expertise to local staff to 

undertake hydro preliminary surveys.  We are indebted to the JICA Programme and the 

Government of Japan for assisting DOE in the Hydro Programme. 

 



 8 

The effort of other previous and current DOE staff who has directly and indirectly 

contributed to the development of the Hydro Resource Programme and the compilation of 

this report is also acknowledged.  

 

 

 

 

 

 

Ms Makereta Sauturaga 

Director of Energy 

 



 9 

 

 

 

 

 

 

 

 

WATER MEASUREMENT MANUAL 

BY 

Paula Katirewa 



 10 

CHAPTER 1 - INTRODUCTION 

1. Need  

Public concepts of how to share and manage the finite supplies of water are changing. 

Increasing competition exists between power, irrigation, municipal, industrial, recreation, 

aesthetic, and fish and wildlife uses. Water districts will need to seek ways to extend the 

use of their shares of water by the best available technologies. Best management 

measures and practices without exception depend upon conservation of water. The key to 

conservation is good water measurement practices. 

 

As district needs for water increase, plans will be formulated to extend the use of water. 

Rather than finding and developing new sources, water often can be less expensively 

provided by conservation and equitable distribution of existing water supplies. Every 

cubic foot of water recovered as a result of improving water measurement produces more 

revenue than the same amount obtained from a new source. Better measurement 

procedures extend the use of water because poor operation and deterioration usually 

result in the delivery of excess water to users or lose it through waste. Beyond the district 

or supply delivery point, attention to measurement, management, and maintenance will 

also extend the farmer's water use and help prevent reduced yields and other crop damage 

caused by over-watering. 

 

2. Benefits of Better Water Measurement  

Besides proper billing for water usage, many benefits are derived by upgrading water 

measurement programs and systems. Although some of the benefits are intangible, they 

should be considered during system design or when planning water measurement 

upgrade. Good water management requires accurate water measurement. Some benefits 

of water measurement are: 

 Accurate accounting and good records help allocate equitable shares of water 

between competitive uses both on and off the farm.  

 Good water measurement practices facilitate accurate and equitable distribution of 

water within district or farm, resulting in fewer problems and easier operation.  

 Accurate water measurement provides the on-farm irrigation decision-maker with 

the information needed to achieve the best use of the irrigation water applied 

while typically minimizing negative environmental impacts.  

 Installing canal flow measuring structures reduces the need for time-consuming 

current metering. Without these structures, current metering is frequently needed 

after making changes of delivery and to make seasonal corrections for changes of 

boundary resistance caused by weed growths or changes of sectional shape by 

bank slumping and sediment deposits.  

 Instituting accurate and convenient water measurement methods improves the 

evaluation of seepage losses in unlined channels. Thus, better determinations of 

the cost benefits of proposed canal and ditch improvements are possible.  
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 Permanent water measurement devices can also form the basis for future 

improvements, such as remote flow monitoring and canal operation automation.  

 Good water measurement and management practice prevents excess runoff and 

deep percolation, which can damage crops, pollute ground water with chemicals 

and pesticides, and result in project farm drainage flows containing contaminants.  

 Accounting for individual water use combined with pricing policies that penalize 

excessive use.  

3. Scope  

This revised manual has three principal purposes. The first is to provide water users and 

districts guidance in selecting, managing, inspecting, and maintaining their water 

measurement devices. The second is to describe the standard methods and devices 

commonly used to measure irrigation water. The third is to acquaint irrigation system 

operators with a variety of other established but less common methods and with new or 

special techniques. 

4. Bibliography 

American Society of Mechanical Engineers, "Fluid Meters, Their Theory and 

Application," H.S. Bean, ed., Research Committee on Fluid Meters, sixth edition revised, 

New York, 1983.  

American Society of Mechanical Engineers, "Performance Test Codes-Hydraulic 

Turbines and Turbine Mode of Pump/Turbines," revision, Performance Test Code 

Committee No. 18, New York, 1992.  

Bos, M.G. (ed.), Discharge Measurement Structures, 3rd edition, International Institute 

for Land Reclamation and Improvement, Publication 20, Wageningen, The Netherlands, 

1989.  

Bos, M.G., J.A. Replogle, and A.J. Clemmens, 1991, Flow Measuring Flumes for Open 

Channel Systems, John Wiley & Sons, 1984, and American Society of Agricultural 

Engineers, New York, 1991. 

Brakensiek, D.L., H.B. Osborn, and W.R. Rawls (coordinators/editors), Field Manual for 

Research in Agricultural Hydrology, Agricultural Handbook 224, U.S. Department of 

Agriculture, U.S. Government Printing Office, Washington, DC, 1979. 

Clemmens, A.J., M.G. Bos, and J.A. Replogle, "FLUME: Design and Calibration of 

Long-Throated Measuring Flumes," version 3.0, International Institute for Land 

Reclamation and Improvement, Publication 54 (with software), The Netherlands, 1993. 

International Organization for Standardization, "Liquid Flow Measurement in Open 

Channels - Using Weirs and Flumes," ISO 1438, Geneva, Switzerland, 1975. 
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International Organization for Standardization, "Measurement of Liquid Flow in Open 

Channels," Handbook No. 15, Geneva, Switzerland, 1983. 

International Organization for Standardization, "Measurement of Flow by Means of 

Pressure Differential Devices," ISO 5167-1, Geneva, Switzerland, 1991. 

U.S. Geological Survey, National Handbook of Recommended Methods of Water-Data 

Acquisition," prepared cooperatively by U.S. Government agencies, Government Printing 

Office, Washington, DC, 1980.  
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CHAPTER 2 - BASIC CONCEPTS RELATED TO FLOWING WATER 

AND MEASUREMENT 

1. Kinds of Flow  

Flow is classified into open channel flow and closed conduit flow. Open channel flow 

conditions occur whenever the flowing stream has a free or unconstrained surface that is 

open to the atmosphere. Flows in canals or in vented pipelines which are not flowing full 

are typical examples. The presence of the free water surface prevents transmission of 

pressure from one end of the conveyance channel to another as in fully flowing pipelines. 

Thus, in open channels, the only force that can cause flow is the force of gravity on the 

fluid. As a result, with steady uniform flow under free discharge conditions, a progressive 

fall or decrease in the water surface elevation always occurs as the flow moves 

downstream.  

In hydraulics, a pipe is any closed conduit that carries water under pressure. The filled 

conduit may be square, rectangular, or any other shape, but is usually round. If flow is 

occurring in a conduit but does not completely fill it, the flow is not considered pipe or 

closed conduit flow, but is classified as open channel flow. 

Flow occurs in a pipeline when a pressure or head difference exists between ends. The 

rate or discharge that occurs depends mainly upon (1) the amount of pressure or head 

difference that exists from the inlet to the outlet; (2) the friction or resistance to flow 

caused by pipe length, pipe roughness, bends, restrictions, changes in conduit shape and 

size, and the nature of the fluid flowing; and (3) the cross-sectional area of the pipe. 

2. Basic Principles of Water Measurement  

Most devices measure flow indirectly. Flow measuring devices are commonly classified 

into those that sense or measure velocity and those that measure pressure or head. The 

head or velocity is measured, and then charts, tables, or equations are used to obtain the 

discharge.  

Some water measuring devices that use measurement of head, h, or pressure, p, to 

determine discharge, Q, are: 

(1) Weirs  

(2) Flumes  

(3) Orifices  

(4) Venturi meters  

(5) Runup measurement on a flat "weir stick"  

Head, h, or depth commonly is used for the open channel devices such as flumes and 

weirs. Either pressure, p, or head, h, is used with tube-type flow meters such as a venturi. 

Pressure, p, is the force per unit area as shown on figure 2-1 that acts in every direction 

normal to containing or submerged object boundaries. If an open vertical tube is inserted 

through and flush with the wall of a pipe under pressure, water will rise to a height, h, 

until the weight, W, of water in the tube balances the pressure force, Fp, on the wall 

opening area, a, at the wall connection. These tubes are called piezometers. The volume 
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of water in the piezometer tube is designated ha. The volume times the unit weight of 

water, ha, is the weight, W. The pressure force, Fp, on the tap connection area is 

designated pa. The weight and pressure force are equal, and dividing both by the area, a, 

gives the unit pressure on the wall of the pipe in terms of head, h, written as: 

(2-1) 

or:  

 

(2-2) 

Thus, head is pressure, p, divided by unit weight of water, , or 62.4 pounds per cubic 

foot (lb/ft3). Pressure is often expressed in psi or pounds per square inch (lb/in2), which 

may be converted to feet of water by multiplying the (lb/in2) value by 2.31. For example, 

30 lb/in2 is produced by 69.3 feet of water. 

 
Figure 2-1 -- Pressure definition 

When the head principle is used, the discharge, Q, is computed from an equation such as 

the one used for a sharp-crested rectangular weir of length, L: 

(2-3) 

A coefficient, C, is included that accounts for simplifying assumptions and other 

deficiencies in deriving the equation. The coefficient can vary widely in nonstandard 

installations, but is well defined for standard installations or is constant over a specified 

range of discharge.  

 

The flow cross-sectional area, A, does not appear directly in the equation, but an area can 

be extracted by rewriting this equation: 

(2-4) 
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in which:  

(2-5) 

In this form, C also contains a hidden square root of 2g, which, when multiplied by 

(h)1/2, is the theoretical velocity. This velocity does not need to be directly measured or 

sensed. Because the weir equation computes velocity from a measuring head, a weir is 

classified as a head measuring device.  

 

Some devices that actually sample or sense velocities, v, are:  

(1) Float and stopwatch  

(2) Current and propeller meters  

(3) Vane deflection meters 

These devices generally do not measure the average velocity, V, for an entire flow cross 

section. Thus, the relationship between sampled velocities, v, and the mean velocity, V, 

must be known as well as the flow section area, A, to which the mean velocity applies. 

Then, the discharge, Q, sometimes called the flow rate, is the product, AV. 

 

Discharge or rate of flow has units of volume divided by unit time. Thus, discharge can 

be accurately determined by measuring the time, t, to fill a known volume, Vo:  

(2-6) 

Water measurement devices can be calibrated using very accurate volumetric tanks and 

clocks. More commonly, weight of water in the tanks is used by converting the weight of 

water per unit volume. The weight of water per cubic foot, called unit weight or specific 

weight, , is 62.4 lb/ft3 at standard atmospheric conditions.  

3. Discharge-Area-Velocity Relationships  

Flow rate or discharge, Q, is the volume of water in cubic feet passing a flow section per 

unit time, usually measured in cubic feet per second (ft3/s). The distance, dv, in feet that 

water will travel at a given velocity in a pipe of constant diameter is velocity, V, in feet 

per second (ft/s) multiplied by time, t, in seconds, or: 

(2-7) 

The volume, Vo, in cubic feet passing from the upstream to the downstream ends of this 

distance is the distance, dv, in feet times area, A, in square feet of the flow section. Thus: 

(2-8) 
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To get the time rate of flow or discharge, Q, in cubic feet per second, divide the right and 

left sides of equation 2-8 by time, t, in seconds, resulting in: 

(2-9) 

Flow in open channels of rectangular cross section is often expressed in terms of unit 

discharge, q, in cubic feet per second per foot of width which is discharge, Q, in cubic 

feet per second divided by cross-sectional width, Lb, in feet or:  

(2-10) 

The area, A, is LbD, where D is the depth of flow. The continuity concept is an important 

extension of equation 2-9. On the basis that water is incompressible and none is lost from 

a flowing system, then as the cross-sectional area changes, the velocity must adjust itself 

such that the values of Q or VA are constant: 

(2-11) 

where the subscript denotes any number of arbitrarily selected positions along the 

flowing system. This principle, known as continuity, is especially useful in the analysis of 

tube flow measurement devices such as the venturi meter. 

4. Flow Totalization  

Water is sold and measured in terms of total volume consumed; say cubic feet, over some 

convenient time period, perhaps for billing each month. Many flow meters have built in 

capability to sum or totalize volume continually. Thus, the volume consumed is obtained 

by taking the difference of two sequential monthly readings. To aid irrigation operation 

and management, most meters provide instantaneous rate of flow or discharge displayed 

in units such as cubic feet per second. These flow rates are used to set flow and predict 

the volume of water that will be consumed for intervals of time after flow setting. 

5. Other Examples of Velocity Flow Measurement Devices  

Measuring devices not previously mentioned are dilution in the concentration of tracers, 

such as salts and dyes; acoustic or magnetic meters; pitot tubes; rotameters, which are 

tapered tubes with suspended flow indicators; and many others that are not commonly 

used. In the dilution method, discharge is calculated by determining the quantity of water 

necessary to dilute a known quantity of concentrated chemical or dye solution. Chemical 

analysis or color comparison is used to determine the degree of dilution of the injected or 

mixed samples. In transit time acoustic meters, the velocity of sound pulses in the 

direction of flow is compared to the velocity of sound pulses opposite to the direction of 

flow to determine the mean velocity and, thus, discharge. With Doppler acoustic meters, 
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sound pulses are reflected from moving particles within the water mass, similar to radar. 

In the magnetic meter, the flowing water acts like a moving electrical conductor passing 

through a magnetic field to produce a voltage that is proportional to discharge. Pitot tubes 

relate velocity head, V2/2g, to discharge. 

6. Velocity Head Concept  

A dropped rock or other object will gain speed rapidly as it falls. Measurements show 

that an object dropping 1 foot (ft) will reach a velocity of 8.02 feet per second (ft/s). 

An object dropping 4 ft will reach a velocity of 16.04 ft/s. After an 8ft drop, the velocity 

attained is 22.70 ft/s. This gain in speed or acceleration is caused by the force of gravity, 

which is equal to 32.2 feet per second per second (ft/s2). This acceleration caused by 

gravity is referred to as g. 

 

If water is stored in a tank and a small opening is made in the tank wall 1 ft below the 

water surface, the water will spout from the opening with a velocity of 8.02 ft/s. This 

velocity has the same magnitude that a freely falling rock attains after falling 1 ft. 

Similarly, at openings 4 ft and 8 ft below the water surface, the velocity of the spouting 

water will be 16.04 and 22.68 ft/s, respectively. Thus, the velocity of water leaving an 

opening under a given head, h, is the same as the velocity that would be attained by a 

body falling that same distance. The equation that shows how velocity changes with h 

and defines velocity head is: 

(2-12) 

which may also be written in velocity head form as:  

(2-13) 

8. Orifice Relationships  

Equations 2-9 and 2-13 can be used to develop a equation for flow through an orifice, 

which is a sharp-edged hole in the side or bottom of a container of water (figure 2-2a). To 

find the velocity of flow in the orifice, use equation 2-13, then multiply by area to get 

AV, or discharge, Q, resulting in:  

(2-14) 

The subscript t denotes theoretical discharge through an orifice. This equation assumes 

that the water is frictionless and is an ideal fluid. A correction must be made because 

water is not an ideal fluid. Most of the approaching flow has to curve toward the orifice 

opening. The water, after passing through the orifice, continues to contract or curve from 
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the sharp orifice edge. If the orifice edges are sharp, the jet will appear as shown on 

figure 2-2. The maximum jet contraction occurs at a distance of one-half the orifice 

diameter (d/2) downstream from the sharp edge. The cross-sectional area of the jet is 

about six-tenths of the area of the orifice. Thus, equation 2-14 must be corrected using a 

contraction coefficient, Cc, to produce the actual discharge of water being delivered. 

Thus, the actual discharge equation is written as: 

(2-15) 

For a sharp-edged rectangular slot orifice where full contraction occurs, the contraction 

coefficient is about 0.61, and the equation becomes: 

(2-16) 

A nonstandard installation will require further calibration tests to establish the proper 

contraction coefficient because the coefficient actually varies with the proximity to the 

orifice edge with respect to the approach and exit boundaries and approach velocity. 

 
Figure 2-2a -- Orifice flow. 
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Figure 2-2b -- Contraction at an orifice. 

9. Thin Plate Weir Relationships  

Most investigators derive the equation for sharp-crested rectangular weirs by 

mathematical integration of elemental orifice strips over the nappe (Bos, 1989). Each 

strip is considered an orifice with a different head on it. The resulting rectangular weir 

equation for theoretical discharge is:  

(2-17) 

A correction factor is needed to account for simplifications and assumptions. Thus, a 

discharge coefficient, Cd, is added to obtain actual discharge, expressed as: 

(2-18) 

This relationship is the basic weir equation and can be modified to account for weir blade 

shape and approach velocity. However, Cd must be determined by analysis and 

calibration tests. For standard weirs, Cd is well defined or constant for measuring within 

specified head ranges. 

10. Energy Balance Flow Relationships  

Hydraulic problems concerning fluid flow are generally handled by accounting in terms 

of energy per pound of flowing water. Energy measured in this form has units of feet of 
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water. The total amount of energy is that caused by motion, or velocity head, V2/2g, 

which has units of feet, plus the potential energy head, Z, in feet, caused by elevation 

referenced to an arbitrary datum selected as reference zero elevation, plus the pressure 

energy head, h, in feet. The head, h, is depth of flow for the open channel flow case and 

p/  defined by equation 2-2 for the closed conduit case. This summation of energy is 

shown for three cases on figure 2-3. 

 
Figure 2-3a -- Energy balance in pipe flow. 

 
Figure 2-3b -- Energy balance in open channel flow. 

 
Figure 2-3c -- Specific energy balance. 

Figures 2-3a and 2-3b show the total energy head, H1; for example, at point 1, in a pipe 

and an open channel, which can be written as: 

(2-19) 

At another downstream location, point 2: 

(2-20) 
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Energy has been lost because of friction between points 1 and 2, so the downstream point 

2 has less energy than point 1. The energy balance is retained by adding a head loss, hf(1-

2). The total energy balance is written as: 

(2-21) 

The upper sloping line drawn between the total head elevations is the energy gradeline, 

egl. The next lower sloping solid line for both the pipe and open channel cases shown on 

figure 2-3 is the hydraulic grade line, hgl, which is also the water surface for open 

channel flow, or the height to which water would rise in piezometer taps for pipe flow.  

 

A special energy form is commonly used in hydraulics in which the channel invert is 

selected as the reference Z elevation (figure 2-3c). Thus, Z drops out, and energy is the 

sum of depth, h, and velocity head only. Energy above the invert expressed this way is 

called specific energy, E. This simplified form of energy equation is written as:  

(2-22) 

Equations 2-21 and 2-11 lead to several interesting conclusions. In a fairly short pipe that 

has little or insignificant friction loss, total energy at one point is essentially equal to the 

total energy at another point. If the size of the pipeline decreases from the first point to 

the second, the velocity of flow must increase from the first point to the second. This 

increase occurs because with steady flow, the quantity of flow passing any point in the 

completely filled pipeline remains the same. From the continuity equation (equation 2-

11), when the flow area decreases, the flow velocity must increase. 

 

The second interesting point is that when the velocity increases in the smaller section of 

the pipeline, the pressure head, h, decreases. At first, this decrease may seem strange, but 

equation 2-21 shows that when V2/2g increases, h must decrease proportionately because 

the total energy from one point to another in the system remains constant, neglecting 

friction loss. The fact that the pressure does decrease when the velocity in a given system 

increases is the basis for tube-type flow measuring devices.  

In open channel flow where the flow accelerates, more of its supply of energy becomes 

velocity head, and depth must decrease. On the other hand, when the flow slows down, 

the depth must increase. 

 

An example of accelerating flow with corresponding decreasing depth is found at the 

approach to weirs. The drop in the water surface is called drawdown. Another example 

occurs at the entrance to inverted siphons or conduits where the flow accelerates as it 

passes from the canal, through a contracting transition, and into the siphon barrel. An 

example of decelerating flow with a rising water surface is found at the outlet of an 
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inverted siphon, where the water loses velocity as it expands in a transition back into 

canal flow. 

Flumes are excellent examples of measuring devices that take advantage of the fact that 

changes in depth occur with changes in velocity. When water enters a flume, it 

accelerates in a converging section. The acceleration of the flow causes the water surface 

to drop a significant amount. This change in depth is directly related to the rate of flow.  

11. Hydraulic Mean Depth and Hydraulic Radius  

Figure 2-4 shows an irregular flow cross section with different methods for defining 

depth of flow. In terms of frictional head losses, the perimeter is important. Hydraulic 

radius, Rh, is defined as the area of the flow section divided by the wetted perimeter, Pw, 

which is shown on figure 2-4 and is written as: 

(2-23) 

Thus, wetted perimeter times the hydraulic radius is equal to the area of irregular section 

flow as shown on figures 2-4a and 2-4c. 
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Figure 2-4 -- Definitions of hydraulic radius and hydraulic 

mean depth (area is the same for all three cases). 

For use in Froude number and energy relationships in open channel flow hydraulics, 

mean depth, hm, is defined as the depth which, when multiplied by the top water surface 

width, T, is equal to the irregular section area, A, shown on figures 2-4a and 2-4b, of the 

flow section and is commonly used for critical flow relationships. The equation for 

hydraulic mean depth, hm, is: 

(2-24) 

In rectangular channels, hydraulic radius, Rh, does not equal depth, but approaches depth 

as the channel becomes very wide. However, the hydraulic mean depth, hm, is the same 

as the depth of the rectangular flow section.  

12. Froude Number, Critical Flow Relationships  

In open channel hydraulics, the Froude number is a very important non-dimensional 

parameter. The Froude number, , is the ratio of inertia force to gravity force, which 

simplifies to: 
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(2-25) 

where the subscript m denotes hydraulic mean depth as defined previously in section 11 

of this chapter. 

For open channel modeling, the Froude number of a model is made equal to the Froude 

number of the actual full size device. The length ratio is set and the scale ratios for 

velocity and discharge are determined from the equality. However, the modeler must 

make sure that differences in friction loss between the model and the actual device are 

insignificant or accounted for in some way. 

 

Open channel flow water measurement generally requires that the Froude number, , of 

the approach flow be less than 0.5 to prevent wave action that would hinder or possibly 

prevent an accurate head reading. 

When the Froude number is 1, the velocity is equal to the velocity of wave propagation, 

or celerity. When this condition is attained, downstream wave or pressure disturbances 

cannot travel upstream. A Froude number of 1 also defines a very special hydraulic 

condition. This flow condition is called critical and defines the critical mean depth and 

critical velocity relationship as: 

(2-26) 

The subscript c denotes critical flow condition. The critical hydraulic mean depth, hcm, is 

the depth at which total specific energy is minimum for a given discharge. Conversely, 

hcm is the depth at which the discharge is maximum for a given total specific energy. 

When depth is greater than critical, the resulting velocity is considered streaming or 

tranquil and is called sub-critical velocity. Conversely, when the depth is less than 

critical, the flow is rapid or shooting and is called super-critical velocity. 

 

Water measurement flumes function best by forcing flow to pass through critical depth; 

then discharge can be measured using one head measurement station upstream. Also, for 

weirs and flumes, one unique head value exists for each discharge, simplifying 

calibration. This flow condition is called free flow. However, if the downstream depth 

submerges critical depth, then separate calibrations at many levels of submergence are 

required, and two head measurements are needed to measure flow. 

Designing flumes for submerged flow will always decrease accuracy of flow 

measurement. Flumes and weirs can be submerged unintentionally by poor design, 

construction errors, structural settling, attempts to supply increased delivery needs by 

increasing downstream heads, accumulated sediment deposits, or weed growths.  

Important critical flow relationships can be derived using equation 2-26 and rewriting in 

the form: 
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(2-27) 

Solving for head in equation 2-27 results in: 

(2-28) 

Dividing both sides of this equation by 2 gives critical velocity head in terms of critical 

mean depth written as: 

(2-29) 

The total energy head with Z equal to zero for critical flow using equation 2-19 is: 

(2-30) 

Squaring both sides of equation 2-27 and replacing velocity with Q/A and hcm with A/T 

according to equation 2-24 and rearranging results in: 

(2-31) 

This equation and the specific energy equation 2-22 are the basic critical flow 

relationships for any channel shape.  

13. Discharge Equation for Broad-Crested Rectangular Weirs  

The discharge equation for the rectangular broad-crested weir will now be derived similar 

to Bos (1989). The width, Lb, of a rectangular flow section is the same as T, the top water 

surface width. Also, hc is the same as hcm, and using equation 2-29 for velocity head, 

equation 2-30 can be rewritten as: 

(2-32) 

or: 
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(2-33) 

Conversely: 

(2-34) 

Multiplying both sides of equation 2-27 by the area, Ac, of the flow section, which is Lbhc, 

results in discharge expressed as: 

(2-35) 

To get unit discharge, q, this equation is divided by the width of flow, Lb, resulting in: 

(2-36) 

Solving for hc: 

(2-37) 

Using equation 2-34 to replace hc with Hc in equation 2-35 results in theoretical 

discharge, Qt: 

(2-38) 

Discharges in equations 2-35 through 2-38 are usually considered actual, assuming 

uniform velocity throughout the critical depth cross section and assuming that no 

correction of velocity distribution is needed.  

 

Because specific energy is constant in a fairly short measuring structure with insignificant 

friction losses, specific energy, Hc, at the critical location can be replaced with specific 

energy, H1, at a head measuring station a short distance upstream. However, some 

friction loss, possible flow curvature, and non-uniform velocity distribution occur. Thus, 

a coefficient of Cd must be added to correct for these effects, resulting in an expression 

for actual discharge: 
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(2-39) 

For measurement convenience, the total head, H1, is replaced with the depth, h1. To 

correct for neglecting the velocity head at the measuring station, a velocity coefficient, 

Cv, must be added, resulting in:  

(2-40) 

This equation applies to both long-throated flumes and broad-crested weirs and can be 

modified for any shape by analyses using the energy balance with equation 2-31.  

 

These equations differ only in numerical constants that are derived from assumptions and 

selection of basic relationships used in their derivation. However, experimental 

determination of the coefficient values for C and Cv would compensate, making each 

equation produce the same discharge for the same measuring head. Either equation could 

be used. 

 

The examples given above show that traditional discharge equations are often a mixture 

of rational analysis and experimental coefficient evaluation. However, recent 

development of computer modeling of long-throated flumes (Clemmens et al. [1991]) 

precludes the need for experimental determination of coefficients. These long-throated 

flumes are covered in chapter 8.  

14. Application of Energy Principle to Tube-Type Flow meters  

The energy equation can be used to derive the venturi meter (figure 2-5) equation by 

assuming that the centerline of the meter is horizontal (Z1 = Z2); and due to its short 

length, there is no head loss, hf = 0. Although these assumptions were made to simplify 

the derivation, the final results will be identical for any orientation of the venturi meter. 

 

 
Figure 2-5 -- Venturi meter. 

Thus: 
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(2-41) 

By the continuity equation for the approach and throat sections: 

(2-42) 

Either V1 or V2 can be solved for in terms of the other; for example: 

(2-43) 

Substituting this result into the energy equation results in: 

(2-44) 

Solving for the head difference gives: 

(2-45) 

Solving for V1
2: 

(2-46) 

Taking the square root of both sides and multiplying both sides by A1 results in the 

theoretical discharge equation: 

(2-47) 
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To obtain actual discharge, a coefficient, Cd, added to compensate for velocity 

distribution and for minor losses not accounted for in the energy equation yields: 

(2-48a) 

Some investigators solve for discharge using throat area and velocity, resulting in: 

(2-48b) 

However, equations 2-48a and 2-48b are identical and can be converted to: 

(2-49) 

Equations 2-48b and 2-49 also apply to nozzles and orifices in pipes. On figure 2-5, the 

hydraulic grade line, hgl, represents the pressure that acts on the walls of the venturi 

meter. An appreciable drop will be noticed at the narrow throat, and a gradual pressure 

rise is seen as the flow leaves the throat and smoothly spreads and slows in the expanding 

portion of the meter. 

 

Figure 2-6 shows the conditions that occur in a pipe orifice meter. As the flow 

approaches the orifice plate, the water near the pipe walls is slowed and stopped in the 

corners formed by the plate and the pipe walls. As a result, the pressure just ahead of the 

orifice at point B is a little greater than in the pipeline farther upstream at A. As the flow 

accelerates and passes through the orifice, the pressure drops and is lowest just 

downstream from the plate where the jet is smallest, and the velocity is highest at point C. 

Farther down-stream, the flow begins to spread out and slow down, and a rise in pressure 

occurs at points D and E. 

 

 
Figure 2-6 -- Pipe orifice meter. 
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In both venturi meters and orifice meters, the pressure difference between the inlet tap 

and the throat or minimum pressure tap is related to discharge tables or curves using the 

suitable coefficients with the proper equation. An example discharge curve is shown for 

an 8-inch (in) venturi meter on figure 2-7. Thus, the meters may serve as reliable flow 

measuring devices. 

 

 
Figure 2-7 -- Typical calibration curve for an 8-in venturi 

meter. 

15. Equation Coefficients  

The previous examples show that coefficients are used in water measurement to correct 

for factors which are not fully accounted for using simplifying assumptions during 

derivations of equations. For the convenience of using a measured water head, h1, instead 

of the more complex total head, H1, Cv is used because velocity head is often ignored in 

equations. 

 

Orifices require an area correction to account for jet contraction in an orifice; the flow is 

forced to curve around and spring from the sharp edge, forming a contracted jet or vena 

contracta. Thus, the contracted area of flow, Ac, should be used in hydraulic 

relationships. Thus, the area, Ao, of the orifice must be corrected by a coefficient of 

contraction defined as:  

(2-50) 

Properly designed venturi meters and nozzles have no contraction, which makes Cc unity 

because of the smooth transitions that allow the water to flow parallel to the meter 

boundary surfaces. Ultimately, the actual discharge must be measured experimentally by 

calibration tests, and the theoretical discharge must be corrected. A common 

misconception is that coefficients are constant. They may indeed be constant for a range 

of discharge, which is the case for many standard measuring devices. Complying with 

structural and operational limits for standard devices will prevent measurement error 

caused by using coefficients outside of the proper ranges. Some water measuring devices 

cover wider ranges using variable coefficients of discharge by means of plots and tables 

of values with respect to head and geometry parameters. 
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Coefficients also vary with measuring station head or pressure tap location. Therefore, 

users should make sure that the coefficients used match pressure or head measurement 

locations. Water measurement equations generally require use of some to all of these 

coefficients to produce accurate results. 

 

Often, composite numerical coefficients are given that are product combinations of area 

or a dimension factored from the area, acceleration of gravity, integration constants, and 

the correction coefficients. However, geometry dimensions and physical constants, such 

as acceleration of gravity, are better kept separate from the non-dimensional coefficients 

that account for the difference between theoretical and actual conditions. Otherwise, 

converting equations from English to metric units is more difficult.  

 

Equation 2-49 also applies to orifices and nozzles. The coefficient of discharge for 

venturi meters ranges from 0.9 to about unity in the turbulent flow range and varies with 

the diameter ratio of throat to pipe. The coefficient of discharge for orifices in pipes 

varies from 0.60 to 0.80 and varies with the diameter ratio. For flow nozzles in pipelines, 

the coefficient varies from 0.96 to 1.2 for turbulent flow and varies with the diameter 

ratio. ASME (1983) and ISO (1991) have a detailed treatment of pipeline meter theory, 

coefficients, and instruction in their use.  

16. Normal Flow Equations and Friction Head Loss  

Many measuring devices, such as flumes, weirs, and submerged orifices, are sensitive to 

exit flow conditions. Flumes and weirs can be drowned out by too much downstream 

submergence depth, and submerged orifices can have too little downstream water above 

the top orifice edge. Therefore, reliable knowledge of exit depth conditions is needed to 

properly set the elevation of crests and orifices so as to not compromise accuracy. 

Inaccurate assessment of downstream depth has even made some measuring device 

installations useless. Good operation and flow depth forecasts are needed to ensure the 

design effectiveness of new irrigation measurement systems. Designing for the insertion 

of a new device into an existing system provides a good opportunity to obtain actual field 

measurements for investigating possible submergence problems. 

 

The use of actual discharge water surface measurements is recommended. In the absence 

of actual measurements, normal flow equations are often used to predict flow depths. 

 

Normal flow occurs when the water surface slope, Sws, is the same as the invert or 

bottom slope, So. When normal flow is approached, the velocity equations of Chezy, 

Manning, and Darcy-Weisbach are used to compute depth of flow. However, these 

equations are in terms of hydraulic radius, Rh, and depth must be determined on the basis 

of the definition of Rh, which is the cross-sectional area, A, divided by its wetted 

perimeter, Pw. 
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Chezy developed the earliest velocity equation, expressed as: 

(2-51) 

Manning's equation is more frequently used and is expressed as: 

(2-52) 

The Darcy-Weisbach equation is a more rigorous relationship, written as:  

(2-53) 

The coefficients C, n, and f are friction factors. The Darcy-Weisbach friction factor, f, is 

non-dimensional and is a function of Reynolds number, 4RhV/L, and relative roughness, 

k/4Rh, in which L is kinematic viscosity, and k is a linear measure of boundary 

roughness size. The Reynolds number accounts for variation of viscosity. This function is 

given in the form of plots in any fluid mechanics textbook; for example, Streeter (1951), 

Rouse (1950), and Chow (1959). These plots are generally in terms of pipe diameter, D, 

which should be replaced with 4Rh for open channel flow. Values of k have been 

determined empirically and are constant for a given flow boundary material as long as the 

roughness can be considered a homogenous texture rather than large roughness elements 

relative to the depth.  

Solving equations 2-51, 2-52, and 2-53 for V/(RhS)1/2 results in a combined flow equation 

and relationship between the three friction factors, C, n, and f, written as: 

(2-54) 

Solving for velocity using equation 2-54 and multiplying by area produces a discharge 

equation and can be used in the slope area method of determining discharge as discussed 

in chapter 13.  

 

All three of these friction factors have been determined empirically, computed from 

measurement of equation variables. The Chezy factor, C, varies with hydraulic radius, 

slope, and physical boundary roughness. The Chezy factor varies from 22 to 220. 

Manning's friction factor, n, varies from 0.02 for fine earth lined channels to 0.035 for 

gravel. If the channel beds are strewn with rocks or are 1/3 full of vegetation, the n value 

can be as much as 0.06. The n values for concrete vary from 0.011 to 0.016 as finish gets 
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rougher. Values of k can be found in hydraulic and fluid mechanics textbooks such as 

Streeter (1951), Rouse (1950), and Chow (1959). The value of k for concrete varies from 

0.01 to 0.0001 ft depending on condition and quality of finishing. Because Chezy and 

Manning equations and their friction factors have been determined for ordinary channel 

flows, they do not accurately apply to shallow flow, nor can these two equations be 

corrected for temperature viscosity effects. Values of k are constant for given material 

surfaces for k/4Rh equal or less than 1/10 and when 4RhV/  is greater than 200,000. 

 

Flow depths downstream are more likely the result of intentional structural restriction or 

water delivery head requirements downstream. Therefore, in designing and setting the 

elevation of flumes and weirs, the flow conditions just downstream need to be carefully 

assessed or specified in terms of required downstream operations and limits of measuring 

devices. More advanced hydraulic analyses are needed where normal flow is not 

established. For gradually varied flow, the friction equations can be used as trial and error 

computations applied to average end section hydraulic variables for relatively short reach 

lengths. The design and setting of crest elevations in an existing system permit the 

establishment of operation needs and downstream depths by actual field measurement.  

17. Approach Flow Conditions  

Water measurement devices are generally calibrated with certain approach flow 

conditions. The same approach conditions must be attained in field applications of 

measuring devices.  

 

Poor flow conditions in the area just upstream from the measuring device can cause large 

discharge indication errors. In general, the approaching flow should be sub-critical. The 

flow should be fully developed, mild in slope, and free of curves, projections, and waves. 

Pipeline meters commonly require 10 diameters of straight pipe approach. Fittings and 

combinations of fittings, such as valves and bends, located upstream from a flow meter 

can increase the number of required approach diameters. Fluid Meters (American Society 

of Mechanical Engineers, 1983) and International Organization for Standardization 

(1991) give requirements for many pipeline configurations. By analogy and using a 

minimum of 10 pipe diameters of straight approach, open channel flow would require 

40 hydraulic radii of straight, unobstructed, unaltered approach. 

A typical example approach criteria as specified by Bos (1989) follows: 

 If the control width is greater than 50 percent of the approach channel width, then 

10 average approach flow widths of straight, unobstructed approach are required.  

 If the control width is less than 50 percent of the approach width, then 20 control 

widths of straight, unobstructed approach are required.  

 If upstream flow is below critical depth, a jump should be forced to occur. In this 

case, 30 measuring heads of straight, unobstructed approach after the jump should 

be provided.  

 If baffles are used to correct and smooth out approach flow, then 10 measuring 

heads (10h1) should be placed between the baffles and the measuring station.  
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Approach flow conditions should be continually checked for deviation from these 

conditions as described in chapter 8 of this manual.  
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CHAPTER 3 - MEASUREMENT ACCURACY 

1. Introduction  

Accurate application of water measuring devices generally depends upon standard 

designs or careful selection of devices, care of fabrication and installation, good 

calibration data and analyses, and proper user operation with sufficiently frequent 

inspection and maintenance procedures. In operations, accuracy requires continual 

verification that the measuring system, including the operators, is functioning properly. 

Thus, good training and supervision is required to attain measurements within prescribed 

accuracy bounds. Accuracy is the degree of conformance of a measurement to a standard 

or true value. The standards are set by users, providers, governments, or compacts 

between these entities. Accuracy is usually stated in terms of deviation of discharge 

discussed subsequently. All parts of a measuring system, including the user, need to be 

considered in accessing the system's total accuracy.  

 

A measurement system usually consists of a primary element, which is that part of the 

system that creates what is sensed, and is measured by a secondary element. For example, 

weirs and flumes are primary elements. A staff gauge is the secondary element. 

 

Purchasers and users of water measurement devices generally depend upon standard 

designs and manufacturers to provide calibrations and assurances of accuracy. A few 

irrigation water users or providers have the facilities to check the condition and accuracy 

of flow measuring devices. These facilities have comparison flow meters and/or 

volumetric tanks for checking their flow meters. These test systems are used to check 

devices for compliance with specification and to determine maintenance needs. However, 

maintaining facilities such as these is not generally practical. 

 

One purpose of this chapter is to define terms used by manufacturers and sales 

representatives related to measuring device specifications, calibration, and error analyses. 

Various disciplines and organizations do not fully agree on some of these definitions. 

Therefore, one should ask for clarification of these definitions when others use these 

terms. Another purpose is to provide example analyses which can help in managing the 

accuracy of irrigation water delivery.  

2. Definitions of Terms Related to Accuracy  

Precision is the ability to produce the same value within given accuracy bounds when 

successive readings of a specific quantity are measured. Precision represents the 

maximum departure of all readings from the mean value of the readings. Thus, a 

measurement cannot be more accurate than the inherent precision of the combined 

primary and secondary precision. Error is the deviation of a measurement, observation, or 

calculation from the truth. The deviation can be small and inherent in the structure and 

functioning of the system and be within the bounds or limits specified. Lack of care and 

mistakes during fabrication, installation, and use can often cause large errors well outside 

expected performance bounds. Since the true value is seldom known, some investigators 
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prefer to use the term Uncertainty. Uncertainty describes the possible error or range of 

error which may exist. Investigators often classify errors and uncertainties into spurious, 

systematic, and random types.  

 

Spurious errors are commonly caused by accident, resulting in false data. Misreading 

and intermittent mechanical malfunction can cause discharge readings well outside of 

expected random statistical distribution about the mean. A hurried operator might 

incorrectly estimate discharge. Spurious errors can be minimized by good supervision, 

maintenance, inspection, and training. Experienced, well-trained operators are more 

likely to recognize readings that are significantly out of the expected range of deviation. 

Unexpected spiral flow and blockages of flow in the approach or in the device itself can 

cause spurious errors. Repeating measurements does not provide any information on 

spurious error unless repetitions occur before and after the introduction of the error. On a 

statistical basis, spurious errors confound evaluation of accuracy performance.  

 

Systematic errors are errors that persist and cannot be considered entirely random. 

Systematic errors are caused by deviations from standard device dimensions. Systematic 

errors cannot be detected by repeated measurements. They usually cause persistent error 

on one side of the true value. For example, error in determining the crest elevation for 

setting staff or recorder chart gauge zeros relative to actual elevation of a weir crest 

causes systematic error. The error for this case can be corrected when discovered by 

adjusting to accurate dimensional measurements. Worn, broken, and defective flow meter 

parts, such as a permanently deformed, over-stretched spring, can cause systematic 

errors. This kind of systematic error is corrected by maintenance or replacement of parts 

or the entire meter. Fabrication error comes from dimensional deviation of fabrication or 

construction allowed because of limited ability to exactly reproduce important standard 

dimensions that govern pressure or heads in measuring devices. Allowable tolerances 

produce small systematic errors which should be specified. 

 

Calibration equations can have systematic errors, depending on the quality of their 

derivation and selection of form. Equation errors are introduced by selection of equation 

forms that usually only approximate calibration data. These errors can be reduced by 

finding better equations or by using more than one equation to cover specific ranges of 

measurement. In some cases, tables and plotted curves are the only way to present 

calibration data. 

 

Random errors are caused by such things as the estimating required between the 

smallest division on a head measurement device and water surface waves at a head 

measuring device. Loose linkages between parts of flow meters provide room for random 

movement of parts relative to each other, causing subsequent random output errors. 

Repeating readings decreases average random error by a factor of the square root of the 

number of readings. 

 

Total error of a measurement is the result of systematic and random errors caused by 

component parts and factors related to the entire system. Sometimes, error limits of all 

component factors are well known. In this case, total limits of simpler systems can be 
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determined by computation (Bos et al., 1991). In more complicated cases, different 

investigators may not agree on how to combine the limits. In this case, only a thorough 

calibration of the entire system as a unit will resolve the difference. In any case, it is 

better to do error analysis with data where entire system parts are operating 

simultaneously and compare discharge measurement against an adequate discharge 

comparison standard.  

 

Calibration is the process used to check or adjust the output of a measuring device in 

convenient units of gradations. During calibration, manufacturers also determine 

robustness of equation forms and coefficients and collect sufficient data to statistically 

define accuracy performance limits. In the case of long-throated flumes and weirs, 

calibration can be done by computers using hydraulic theory. Users often do less rigorous 

calibration of devices in the field to check and help correct for problems of incorrect use 

and installation of devices or structural settlement. A calibration is no better than the 

comparison standards used during calibration.  

 

Comparison standards for water measurement are systems or devices capable of 

measuring discharge to within limits at least equal to the desired limits for the device 

being calibrated. Outside of the functioning capability of the primary and secondary 

elements, the quality of the comparison standard governs the quality of calibration.  

 

Discrepancy is simply the difference of two measurements of the same quantity. Even if 

measured in two different ways, discrepancy does not indicate error with any confidence 

unless the accuracy capability of one of the measurement techniques is fully known and 

can be considered a working standard or better. Statistical deviation is the difference or 

departure of a set of measured values from the arithmetic mean. 

  

Standard Deviation Estimate is the measure of dispersion of a set of data in its 

distribution about the mean of the set. Arithmetically, it is the square root of the mean of 

the square of deviations, but sometimes it is called the root mean square deviation. In 

equation form, the estimate of standard deviation is:  

(3-1) 

where: 

S = the estimate of standard deviation  

XAvg = the mean of a set of values  

XInd = each individual value from the set  

N = the number of values in a set  
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= summation 

The variable X can be replaced with data related to water measurement such as discharge 

coefficients, measuring heads, and forms of differences of discharge. 

 

The sample number, N, is used to calculate the mean of all the individual deviations, and 

(N - 1) is used to calculate the estimate of standard deviation. This is done because when 

you know the mean of the set of N values and any subset of (N - 1) values, the one 

excluded value can be calculated. Using (N-1) in the calculation is important for a small 

number of readings.  

 

For the sample size that is large enough, and if the mean of the individual deviations is 

close to zero and the maximum deviation is less than +3S, the sample distribution can be 

considered normally distributed. With normal distribution, it is expected that any 

additional measured value would be within +3S with a 99.7 percent chance, +2S with a 

95.4 percent chance, and +S with a 68.3 percent chance. 

 

Measurement device specifications often state accuracy capability as plus or minus some 

percentage of discharge, meaning without actually stating, +2S, two times the standard 

deviation of discharge comparisons from a calibration. However, the user should expect 

an infrequent deviation of +3S.  

Error in water measurement is commonly expressed in percent of comparison standard 

discharge as follows:  

(3-2) 

where: 

QInd = indicated discharge from device output 

QCs = comparison standard discharge concurrently measured in a much more precise way  

E%QCS= error in percent comparison standard discharge  

Comparison standard discharge is sometimes called actual discharge, but it is an ideal 

value that can only be approached by using a much more precise and accurate method 

than the device being checked. 

Water providers might encounter other terms used by instrument and electronic 

manufacturers. Some of these terms will be described. However, no universal agreement 

exists for the definition of these terms. Therefore, water providers and users should not 

hesitate to ask manufacturers' salespeople exactly what they mean or how they define 
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terms used in their performance and accuracy claims. Cooper (1978) is one of the many 

good references on electronic instrumentation. 

Error in percent full scale, commonly used in electronics and instrumentation 

specifications, is defined as: 

(3-3) 

where: 

QInd = indicated discharge 

QCs = comparison standard discharge concurrently measured 

QFS = full scale or maximum discharge 

E%QFS = error in percent full-scale discharge  

To simply state that a meter is "3 percent accurate" is incomplete. Inspection of equations 

3-2 and 3-3 shows that a percentage error statement requires an accompanying definition 

of terms used in both the numerator and denominator of the equations.  

For example, a flow meter having a full scale of 10 cubic feet per second (ft3/s) and a full 

scale accuracy of 1 percent would be accurate to +0.1 ft3/s for all discharges in the flow 

meter measurement range. Some manufacturers state accuracy as 1 percent of measured 

value. In this case, the same example flow meter would be accurate to within +0.1 ft3/s at 

full scale; and correspondingly, a reading of 5 ft3/s would be accurate to within +0.05 

ft3/s for the same flow meter at that measurement.  

3. Capability Terms  

The term linearity usually means the maximum deviation in tracking a linearly varying 

quantity, such as measuring head, and is generally expressed as percent of full scale. 

Discrimination is the number of decimals to which the measuring system can be read. 

Repeatability is the ability to reproduce the same reading for the same quantities. 

Sensitivity is the ratio of the change of measuring head to the corresponding change of 

discharge. Range is fully defined by the lowest and highest value that the device can 

measure without damage and comply with a specified accuracy. The upper and lower 

range bounds may be the result of mechanical limitations, such as friction at the lower 

end of the range and possible overdriving damage at the higher end of the range. Range 

can be designated in other ways: (1) as a simple difference between maximum discharge 

(Qmax) and minimum discharge (Qmin), (2) as the ratio (Qmax/Qmin), called rangeability, 

and (3) as a ratio expressed as 1:(Qmin/Qmax). Neither the difference nor the ratios fully 

define range without knowledge of either the minimum or maximum discharge.  
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Additional terms are related more to dynamic variability and might be important when 

continuous records are needed or if the measurements are being sensed for automatic 

control of canals and irrigation. Hysteresis is the maximum difference between 

measurement readings of a quantity established by the same mechanical set point when 

set from a value above and reset from a value below. Hysteresis can continually get 

worse as wear of parts increases friction or as linkage freedom increases. Response has 

several definitions in the instrumentation and measurement fields. For water 

measurement, one definition for response is the smallest change that can be sensed and 

displayed as a significant measurement. Lag is the time difference of an output reading 

when tracking a continuously changing quantity. Rise time is often expressed in the form 

of the time constant, defined as the time for an output of the secondary element to 

achieve 63 percent of a step change of the input quantity of the primary element. 

4. Comparison Standards  

Water providers may want or be required to have well developed measurement programs 

that are highly managed and standardized. If so, irrigation managers may wish to consult 

International Organization for Standardization (1983), American Society for Testing 

Materials standards (1988), American Society of Mechanical Engineers Test Codes 

(1992), and the National Handbook of Recommended Methods for Water Data 

Acquisition (1980).  

Research laboratories, organizations, and manufacturers that certify measurement devices 

may need to trace accuracy of measurement through the entire hierarchy of increasingly 

rigid standards.  

The lowest standards in the entire hierarchy of physical comparison standards are called 

working standards, which are shop or field standards used to control quality of 

production and measurement. These standards might be gauge blocks or rules used to 

assure proper dimensions of flumes during manufacture or devices carried by water 

providers and users to check the condition of water measurement devices and the quality 

of their output. Other possible working standards are weights, volume containers, and 

stop watches. More complicated devices are used, such as surveyor's levels, to check weir 

staff gauge zeros. Dead weight testers and electronic standards are needed to check and 

maintain more sophisticated and complicated measuring devices, such as acoustic flow-

meters and devices that use pressure cells to measure head.  

For further measurement assurance and periodic checking, water users and organizations 

may keep secondary standards. Secondary standards are used to maintain integrity and 

performance of working standards. These secondary standards can be sent to government 

laboratories, one of which is the National Bureau of Standards in Washington, DC, to be 

periodically certified after calibration or comparison with very accurate replicas of 

primary standards. Primary standards are defined by international agreement and 

maintained at the International Bureau of Weights and Measurements, Paris, France. 
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Depending upon accuracy needs, each organization should trace their measurement 

performance up to and through the appropriate level of standards. For example, turbine 

acceptance testing combined with severe contractual performance penalties might require 

tracing to the primary standards level. 

5. Examples of Calibration Approaches and Accuracy Calculations  

The following examples show different approaches to calibration and demonstrate other 

simple calculations and analyses that can be done concerning accuracy. These 

calculations can be used to investigate how well a water provider or user is measuring 

flow. Also, some of the example analyses will help select secondary head measuring 

equipment and will help determine when maintenance or replacement is needed.  

(a) Number of Significant Figures in Computations  

Although accuracy is necessary in computing discharges from data gathered in the field, 

the computations should not be carried out to a greater number of significant figures than 

the quality of the data justifies. Doing so would imply an accuracy which does not exist 

and may give misleading results. For example, suppose it is desired to compute the 

discharge over a standard contracted rectangular weir using the formula: 

(3-4) 

where: 

Q = the discharge in ft3/s  

C = 3.33, a constant for the weir  

L = the length of the weir in feet (ft)  

h1 = the observed head on the weir (ft) 

If the length of the weir is 1.50 ft and the observed head is 0.41 ft, the significant 

equation output is 1.24 ft3/s.  

As a rule, in any computation involving multiplication or division in which one or more 

of the numbers is the result of observation, the answer should contain the same number of 

significant figures as is contained in the observed quantity having the fewest significant 

figures. In applying this rule, it should be understood that the last significant figure in the 

answer is not necessarily correct, but represents merely the most probable value. 
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(b) Calibration of an Orifice  

The calibration of a submerged rectangular orifice requires measuring head for a series of 

discharges, covering the full range of operation, with another more precise and accurate 

system sometimes called a standard control. Based on hydraulic principles, discharge 

varies as the square root of the head differential, and the equation for discharge through a 

submerged orifice can be written as:  

(3-5) 

where: 

Q = discharge 

g = acceleration caused by gravity 

h = upstream head minus the head on the downstream side of the orifice  

A = the area of the orifice  

Cd = coefficient of discharge 

Also, the coefficient of discharge, Cd, must be determined experimentally for any 

combination of orifice shape, measuring head locations, and the location of orifice 

relative to the flow boundaries. The coefficient has been found to be constant if the 

orifice perimeter is located away from the approach channel boundary at least a distance 

equal to twice the minimum orifice opening dimensions. Values of the discharge 

coefficient calculated by putting the measured calibration data into equation 3-5 may be 

constant within experimental error if the orifice geometry complies with all the 

requirements for standard orifices throughout the calibration range. 

An example set of discharge data is shown in table 3-1. The theoretical hydraulic 

equation 3-5 was used to compute values of the coefficient of discharge, Cd. The mean of 

the values (0.61) is the most probable equation coefficient based on 15 readings. The 

deviation or spread of individual coefficient values from the mean value would be the 

measure of the uncertainty of the measuring system as used during the calibration. The 

deviation of coefficient values is an indication of how well the calibration was done. 

Therefore, accuracy statements should also include statements concerning the head 

reading technique capability and the accuracy of the standard device used to measure 

discharge. If several orifices of the same size were calibrated together, then the accuracy 

statements can be made concerning limits of fabrication and installation of the orifices. 

The histogram of the same data as shown on figure 3-1 was developed by splitting the 

range of discharge values into five 0.005-ft3/s intervals. Then the data were tallied as they 

occurred in each interval. The plotted values of occurrence approach a symmetrical bell 
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shape curve centered around the mean of 0.61, indicating that the data are random or 

normally distributed and that enough data were obtained to determine a meaningful 

average value for the discharge coefficient. 

 

Table 3-1. An example of discharge data  

 

 

Discharge  

(ft3/s)  

 

Head difference  

(ft)  

 

 

Discharge coefficient  

3.702  0.253  0.611  

3.613  0.245  0.606  

3.545  0.232  0.608  

3.361  0.209  0.611  

3.267  0.197  0.616  

3.172  0.189  0.606  

3.005  0.163  0.618  

2.924  0.161  0.605  

2.842  0.154  0.602  

2.565  0.127  0.598  

2.450  0.109  0.616  

2.323  0.100  0.610  

1.986  0.073  0.611  

1.813  0.060  0.615  

1.640  0.050  0.609  

Standard deviation =  

E Cd = 9.142  

Cd Avg = 0.610  

S = 0.006  
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Figure 3-1 -- Histogram of discharge coefficients. 

The measure of the spread of repeated measurements such as the discharge coefficient is 

the estimated standard deviation, which when using the form of equation 3-1 is written 

as:  

(3-6) 

where denotes summation, and N is the number of Cd values. The value of S is the 

estimate of standard deviation, , which is approached more closely as the number of 

samples, N, becomes larger. Formal, small sample statistical methods can be used to 

evaluate confidence bounds around S based on sample size. After N has become large 

enough and normal distribution is verified, all previous and subsequent data are expected 

to fall within the bounds of +S, +2S, and +3S for about 68.3, 95.4, and 99.7 percent 

confidence levels, respectively.  

(c) Error Analysis of Calibration Equation  

Often, structural compromise, in Parshall flumes for example, is such that hydraulic 

theory and analysis cannot determine the exponents or the coefficients. These devices 

must be calibrated by measuring head for a series of discharges well distributed over the 

flow range and measured with another, more accurate device. The data can be plotted as a 

best fit curve on graph paper. However, determination of equations for table generation 

would be preferable. 

Parshall flumes and many other water measuring devices have close approximating 

equations of the form: 
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(3-7) 

If the data plot as a straight line on log-log graph paper, then equation 3-7 can be used as 

the calibration form, and a more rigorous statistical approach to calibration is possible. 

This equation can be linearized for regression analysis by taking the log of both sides, 

resulting in: 

(3-8)  

Although a regression analysis can produce correlation coefficients greater than 0.99, 

with 1.0 being perfect, large deviations in discharge can exist. These deviations include 

error of estimating head between scale divisions for both the test and comparison 

standard devices, known errors of the comparison standard, and possible offset from 

linearity of the measuring device. For example, a laboratory calibration check of a 9-inch 

Parshall flume in a poor approach situation, using a venturi meter as the comparison 

standard, resulted in a correlation coefficient of 0.99924, an equation coefficient, C, of 

3.041, and an exponent of 1.561 using 15 values of discharge versus measuring head 

pairs. For the properly set flume in tranquil flow, C is 3.07 and n is 1.56.  

To overcome the defect of using correlation coefficients that are based on log units, the 

flume measuring capability should be investigated in terms of percent discharge 

deviations, Q, or expressed as: 

(3-9) 

where: 

Q% = percent deviation of discharge 

QCs = measured comparison standard discharge 

QEq = discharge computed using measured heads and the regression equation 

Then, calculate the estimate of standard deviation, S, and substitute Q% for Cd in 

equation 3-6 from the previous example. For the Parshall flume example, S was about 3.0 

percent. The maximum deviation for the example flume was about -10 percent, and the 

average deviation was about 0.08 percent discharge, which is a small bias from the 

expected zero. Because of this small bias combined with a maximum absolute deviation 

of about 3S, the error was considered normally distributed, and the sample size, N, was 

considered adequate. Examples will be used to describe the next four sections. 
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(d) Error Analysis of Head Measurement  

A water project was able to maintain a constant discharge long enough to obtain ten 

readings of head, h1. These readings are listed in the first column of table 3-2.  

This example process provides information on repetitions of hook gauge readings but 

does not tell the whole story about system accuracy. Good repeatability combined with 

poor accuracy can be likened to shooting a tight, low scoring group on the outer margin 

of a target. Repetition is a necessary aspect of accuracy but is not sufficient by itself. 

 

Table 3-2. Determining sample standard deviation  

 

Head  

(h1)  

(ft)  

 

Deviation  

(h1 - h1AVg)  

(ft)  

 

(Dev)2  

(h1 - h1AVG)2  

(square feet [ft2])  

1.012  -0.0011  0.00000121  

1.017  0.0039  0.00001521  

1.014  0.0009  0.00000081  

1.010  -0.0031  0.00000961  

1.015  0.0019  0.00000361  

1.013  -0.0001  0.00000001  

1.012  -0.0011  0.00000121  

1.014  0.0009  0.00000081  

1.013  -0.0001  0.00000001  

1.011  -0.0021  0.00000441  

h1 = 10.131  (h1-h1AVg) = +0.0000  (h1-h1AVg)
2 = 0.00003690  

h1Avg = 1.013   S = (0.00003690)0.5 = 0.0061  

(e) Determining the Effect of Head Measurement on Accuracy  

Say a water provider or user measures a discharge of 8.96 ft3/s using a 3-ft suppressed 

weir with a staff gauge estimating readings to +0.01 ft. The head reading was 0.93 ft, and 

the water provider or user wants to investigate how much this estimate of head affects the 

accuracy of the discharge measurement. Assume that the reading and discharge are actual 

values and then add and subtract 0.01 ft to and from the 0.93-ft head reading, which gives 

heads of 0.94 ft and 0.92 ft. Discharges by table or equation for these new heads are 9.10 

ft3/s and 8.82 ft3/s. The difference of these discharges from 8.96 ft3/s in both cases is 0.14 

ft3/s, but of a different sign in each case. Thus, an uncertainty in discharge of +0.14 ft3/s 

was caused by an uncertainty of +0.01 ft in head reading. The uncertainty of the 

discharge measurement caused by estimating between divisions on the staff gauge 

expressed in percent of actual discharge is calculated as follows:  
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and: 

 

This calculation shows that estimating the staff gauge +0.01 ft contributes up to +1.6 

percent error in discharge at flows of about 9 ft3/s. Both calculations are required because 

both could have been different depending on the discharge equation form and the value of 

discharge relative to measuring range limits.  

(f) Computation to Help Select Head Measuring Device  

An organization uses several 3-ft weirs and wants to decide between depending on staff 

gauge readings or vernier hook gauge readings in a stilling well. From experience, they 

think that the staff gauge measures head to within +0.01 ft, and the hook gauge measures 

to within +0.002 ft. The equation for the 3-ft weir in the previous example calculation is: 

(3-10) 

Using this equation and making calculations similar to the previous example, they 

produce table 3-3. 

It is assumed that the water provider does not want to introduce more than 2 percent error 

caused by precision of head measurement. This amount of error is demarcated by the 

stepped line through the body of table 3-3. If the water providers needed to measure flow 

below 7 ft3/s, they would have to use stilling wells and vernier point gauges. This line 

shows that heads could be measured with a staff gauge at locations where all deliveries 

exceed about 7 ft3/s. They could select a higher cut-off percentage based on expected 

frequency of measurements at different discharges. The results of this type of analysis 

should be compared to the potential accuracy of the primary part of the measuring 

system. 

 

Table 3-3. Discharge deviation  

Discharge  

(ft3/s)  

Equation Head  

(ft)  

Percent deviation of discharge at calibration 

head at a plus h1 of:  

  h1 +0.002 ft  h1 +0.01 ft  

  Deviation (%)  Deviation (%)  
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18  1.481  0.25  1.0  

9  0.933  0.37  1.6  

5  0.630  0.53  2.7  

3  0.448  0.72  3.6  

2  0.342  0.92  4.4  

1  0.216  1.40  7.0  

(g) Relationship Between Full Scale and Actual  

Before buying several small acoustic flow-meters, a water provider requested that one be 

tested to see if the manufacturer's claim of accuracy was really true. Because the acoustic 

flow-meter is an electronic device, the manufacturer prefers to express calibration 

performance in terms of full-scale accuracy. The manufacturer claimed +2 percent full-

scale accuracy. Full-scale percentage accuracy is defined as the difference between 

comparison standard measured discharge and output flow-meter discharge relative to full-

scale discharge. Full-scale discharge is equivalent to the discharge upper range limit of 

the flow-meter. The error in percent full-scale discharge is calculated using equation 3-3. 

Figure 3-2 shows the test data for the acoustic flow-meter that was checked. Full-scale 

discharge is 0.768 ft3/s as shown by the vertical line on the right. The standard 

comparison discharge was measured using a volumetric calibration tank and electronic 

timer which can measure discharge within 0.5 percent. This plot indicates the  

 
Figure 3-2 -- Percent full-scale deviation of flow rate versus 

actual (comparison standard) flow rate. 

fit line slopes down to the right and passes through the zero error company claim of +2.0-

percent full-scale accuracy is true. The best axis to the left of midrange. This meter could 

be made to have a better full-scale accuracy by shifting the meter output vertically and/or 

tilting its output by electronics or computer programming. 

The same data were converted and plotted in terms of percent comparison standard error 

of discharge using equation 3-11 on figure 3-3. To compare error in percent of actual 
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discharge, E%Qact, with error in percent full-scale discharge, E%QFS, calculated contours of 

equal percent full scale were also plotted on figure 3-3. 

(3-11) 

 
Figure 3-3 -- Comparison of actual (comparison standard) and 

full-scale accuracy. 

(h) Percent Registration Calibration  

Another way accuracy and calibration are expressed is in terms of percent registration. 

Calibration checks for open flow propeller meters are often presented this way. Percent 

registration is defined as:  

(3-12) 

A typical calibration check of a propeller meter mounted at the end of a pipe is plotted on 

figure 34. For this flow-meter, percent registration drops steeply below a discharge of 1 

ft3/s. This result clearly indicates some of the problems of measuring near the lower range 

limits of this flow-meter. A slight increase of bearing friction will shift the dropping part 

of the curve to the right because the discharge at which the propeller will not turn will 

increase. Thus, in effect, the range is shortened on its low discharge end. The percent 

registration on the flat part of the curve near maximum registration will also decrease 

with age and wear of the flow-meter. In fact, the manufacturer may set meters, when they 

are new, to register high in anticipation of future wear. For example, they may set meters 
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to read 3 to 5 percent high, expecting wear to lower the curve to about 100 percent 

registration at about mid-life of the flow-meter.  

 
Figure 3-4 -- Percent registration form of calibration. 
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Chapter 4 - SELECTION OF WATER MEASURING DEVICES 

1. General Requirements  

Selecting the proper water measurement device for a particular site or situation is not an 

easy task. Many site-specific factors and variables must be considered and weighed. In 

addition, each system has unique operational requirements and concerns. Reliable 

estimates on future demands of the proposed system and knowledge of the immediate 

measurement needs are beneficial. Government laws and compact agreements should be 

checked for possible selection constraints before selecting a measurement device. 

Contractual agreements for the purchase of pumps, turbines, and water measuring devices 

for districts often dictate the measurement system required for compliance prior to 

payment. These constraints may be in terms of accuracy, specific comparison devices, 

and procedures. Bos (1989) provides a more detailed discussion on the selection of open 

channel water measurement devices than the information included here. He also provides 

a selection flow chart and a table of water measurement device properties to guide the 

selection process.  

2. Types of Measuring Devices  

Irrigation system operators commonly use many types of standard water measurement 

devices. In this manual, the following devices are discussed in subsequent chapters: 

 Weirs  

 Flumes  

 Submerged orifices  

 Current meters  

 Acoustic flow-meters  

 Other open-channel devices  

 Other closed conduit devices  

The first four methods given above are discussed in considerable detail in this manual 

because they are the most common methods used. A variety of other devices for open 

channels and closed conduits is available-particularly for smaller rates of flow.  

These devices are discussed only briefly in chapters 11 and 12. This brief discussion does 

not mean that they are not useful devices. Such devices are appropriate for many 

applications.  

3. Selection Considerations  

The main factors which influence the selection of a measuring device include: 

 Accuracy requirements  

 Cost  

 Legal constraints  
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 Range of flow rates  

 Head loss  

 Adaptability to site conditions  

 Adaptability to variable operating conditions  

 Type of measurements and records needed  

 Operating requirements  

 Ability to pass sediment and debris  

 Longevity of device for given environment  

 Maintenance requirements  

 Construction and installation requirements  

 Device standardization and calibration  

 Field verification, troubleshooting, and repair  

 User acceptance of new methods  

 Vandalism potential  

 Impact on environment  

(a) Accuracy  

The target or desired accuracy of the measurement system is an important consideration 

in measurement method selection. Most water measurement devices can produce 

accuracies of +5 percent. Some devices are capable of +1 percent under laboratory 

settings. However, in the field, maintaining such accuracies usually requires considerable 

expense or effort (e.g., special construction, recalibration, maintenance, etc.). Selecting a 

device that is not appropriate for the site conditions can result in a nonstandard 

installation of reduced accuracy, sometimes greater than +10 percent.  

Accuracies are usually reported for the primary measurement method or device. 

However, many methods rely on a secondary measurement, which typically adds error to 

the overall measurement. For example, the primary calibration for a weir is the 

relationship between head and discharge; this relationship typically contains a small 

error. However, the head must be measured, which potentially introduces additional 

error. Chapters 3 and 8 contain discussion and examples concerning the influence of 

secondary devices on accuracy. 

(b) Cost  

The cost of the measurement method includes the cost of the device itself, the 

installation, secondary devices, and operation and maintenance. Measurement methods 

vary widely in their cost and in their serviceable life span. Measurement methods are 

often selected based on the initial cost of the primary device with insufficient regard for 

the additional costs associated with providing the desired records of flows over an 

extended period of time. 
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(c) Legal Constraints  

Governmental or administrative water board requirements may dictate types of accepted 

water measurement devices or methods. Water measurement devices which become a 

standard in one geographic area are often not accepted as a standard in another area. In 

this sense, the term "standard" does not necessarily signify accuracy or broad legal 

acceptance. Many water districts require certain water measurement devices used within 

the district to conform to their standard for the purpose of simplifying operation and 

maintenance.  

(d) Flow Range  

Many measurement methods have a limited range of flow conditions for which they are 

applicable. This range is usually related to the need for certain prescribed flow conditions 

which are assumed in the development of calibrations. Large errors in measurement can 

occur when the flow is outside this range. For example, using a bucket and stopwatch for 

large flows that engulf the bucket is not very accurate. Similarly, sharp-edged devices 

typically do not give good results with large flows, which are better measured with large 

flumes or broad-crested weirs.  

In some cases, secondary devices can limit the practical range of flow rates. For example, 

with devices requiring a head measurement, the accuracy of the head measurement can 

limit the measurement of low flow rates. For some devices, accuracy is based on percent 

of the full-scale value. Then, at low values, the resulting accuracy is much lower, limiting 

the usefulness of such measurements. Generally, the device should be selected to cover 

the range desired. Choosing a device that can handle a larger than necessary flow rate 

could result in elimination of measurement capability at lower flow rates, and vice versa. 

For practical reasons, it may be reasonable to establish different accuracy requirements 

for high and low flows. Examples in chapter 3 discuss some of these problems in more 

detail. 

(e) Head Loss  

Most water measurement devices require a drop in head. On existing irrigation projects, 

such additional head may not be available, especially in areas with relatively flat 

topography. On new projects, incorporating additional head loss into the design can 

usually be accomplished at reasonable cost. However, a tradeoff usually exists between 

the cost of the device and the amount of head loss. For example, acoustic flow-meters are 

expensive and require little head loss; sharp-crested weirs are inexpensive but require a 

relatively large head loss. The head loss required for a particular measurement device 

usually varies over the range of discharges. In some cases, head used in measuring flow 

can reduce the capacity of the channel at that point. 
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(f) Adaptability to Site Conditions  

The selection of a measurement device must consider the site of the proposed 

measurement. Several potential sites may be available for a given measurement; the 

selection of a device depends upon the exact site chosen. For example, discharge in a 

canal system can be measured within a reach of the channel or at a structure such as a 

culvert or check structure. A different device would typically be selected for each site. 

The device selected should not alter site hydraulic conditions so as to interfere with 

normal operation and maintenance. Also, the shape of the flow cross section will likely 

favor some devices over others. For example, the Parshall flume size selection process 

described in chapter 5 might result in a flume wider than the existing channel, adding 

substantial cost to the installation, whereas a long-throated flume might fit within the 

existing channel prism.  

(g) Adaptability to Variable Operating Conditions  

Most water delivery systems have a varying range of flows and conditions. The selected 

device must also be able to measure over the range of operating conditions encountered 

(e.g., variations in upstream and downstream head). Devices like weirs or flumes should 

be avoided if downstream water levels can, under some conditions, submerge the device. 

In addition, the information provided by the measuring device needs to be useful for the 

operators performing their duties. Devices that are difficult and time consuming to 

operate are less apt to be used and are more likely to be used incorrectly. 

In some cases, water measurement and water level or flow control need to be 

accomplished at the same site. A few devices are available for accomplishing both (e.g., 

constant-head orifice, vertically movable weirs, and Neyrpic flow module) (Bos, 1989). 

However, separate measurement and control devices are typically linked for this purpose. 

Special care is needed to assure that devices are compatible and, when used as a system, 

achieve both functions. 

(h) Type of Measurements and Records Needed  

An accurate measure of instantaneous flow rate is useful for system operators in setting 

and verifying flow rate. However, because flow rates change over time, a single, 

instantaneous reading may not accurately reflect the total volume of water delivered. 

Where accounting for water volume is desired, a method of accumulated individual flow 

measurements is needed. Where flows are steady, daily measurements may be sufficient 

to infer total volume. Most deliveries, however, require more frequent measurements. 

Totalization is essential where water users take water on demand. Totalizers and 

automatic recording devices are available for many measurement devices. For large 

structures, the cost for water-level sensing and recording hardware is small relative to the 

structure cost; but for small structures, these hardware costs do not change and thus 

become a major part of the measurement cost (often more costly than the structure itself). 
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Many water measurement methods are suitable for making temporary measurements 

(flow surveys) or performing occasional verification checks of other devices. The method 

chosen for such a measurement might be quite different from that chosen for continuous 

monitoring. Although many of these flow survey methods are discussed in this manual, 

this chapter focuses on methods for permanent installations. 

(i) Operating Requirements  

Some measurement methods require manual labor to obtain a measurement. Current 

metering requires a trained staff with specialized equipment. Pen-and-ink style water-

stage recorders need operators to change paper, add ink, and verify proper functioning. 

Manual recording of flows may require forms to be filled out and data to be accumulated 

for accounting purposes. Devices with manometers require special care and attention to 

assure correct differential head readings. Automated devices such as ultrasonic flow-

meters and other systems that use transducers and electronics require operator training to 

set up, adjust, and troubleshoot problems. Setting gate controlled flow rates by simple 

canal level references or by current metering commonly requires several hours of waiting 

between gate changes for the downstream canal to fill and stabilize. However, flumes and 

weirs serve to quickly reach measured flow rate without waiting for the downstream 

canals to fill to stable conditions. The requirements of the operating personnel in using 

the devices and techniques for their desired purposes can be easily overlooked and must 

be considered in meter selection. 

(j) Ability to Pass Sediment and Debris  

Canal systems often carry a significant amount of sediment in the water. Removal of all 

suspended solids from the water is usually prohibitively expensive. Thus, some sediment 

will likely be deposited anywhere the velocities are reduced, which typically occurs near 

flow measuring structures. Whether this sediment causes a problem depends on the 

specific structure and the volume of sediment in the water. In some cases, this problem 

simply requires routine maintenance to remove accumulated sediment; in others, the 

accumulation can make the flow measurement inaccurate or the device inoperative. 

Sediment deposits can affect approach conditions and increase approach velocity in front 

of weirs, flumes, and orifices. Floating and suspended debris such as aquatic plants, 

washed out bank plants, and debris such as fallen tree leaves and twigs can plug some 

flow measurement devices and cause significant flow measurement problems. Many of 

the measurement devices which are successfully used in closed conduits (e.g., orifices, 

propeller meters, etc.) are not usable in culverts or inverted siphons because of debris in 

the water. Attempting to remove this debris at the entrance to culverts is an additional 

maintenance problem.  

(k) Device Environment  

Any measurement device with moving parts or sensors is subject to failure if it is not 

compatible with the site environment. Achieving proper operation and longevity of 

devices is an important selection factor. Very cold weather can shrink moving and fixed 
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parts differentially and solidify oil and grease. Water can freeze around parts and plug 

pressure ports and passageways. Acidity and alkalinity in water can corrode metal parts. 

Water contaminants such as waste solvents can damage lubricants, protective coatings, 

and plastic parts. Mineral encrustation and biological growths can impair moving parts 

and plug pressure transmitting ports. Sediment can abrade parts or consolidate tightly in 

bearing and runner spaces in devices such as propeller meters. Measurement of 

wastewater and high sediment transport flow may preclude the use of devices that require 

pressure taps, intrusive sensors, or depend upon clear transmission of sound through the 

flow. Water measurement devices that depend on electronic devices and transducers must 

have appropriate protective housings for harsh environments. Improper protection against 

the site environment can cause equipment failure or loss of accuracy.  

(l) Maintenance Requirements  

The type and amount of maintenance varies widely with different measurement methods. 

For example, current metering requires periodic maintenance of the current meter itself 

and maintenance of the meter site to assure that is has a known cross section and velocity 

distribution. When the flow carries sediment or debris, most weirs, flumes, and orifices 

require periodic cleaning of the approach channel. Electronic sensors need occasional 

maintenance to assure that they are performing properly. Regular maintenance programs 

are recommended to ensure prolonged measurement quality for all types of devices. 

(m) Construction and Installation Requirements  

In addition to installation costs, the difficulty of installation and the need to retrofit parts 

of the existing conveyance system can complicate the selection of water measurement 

devices. Clearly, devices which can be easily retrofit into the existing canal system are 

much preferred because they generally require less down time, and unforeseen problems 

can be avoided.  

(n) Device Standardization and Calibration  

A standard water measurement device infers a documented history of performance based 

on theory, controlled calibration, and use. A truly standard device has been fully 

described, accurately calibrated, correctly constructed, properly installed, and sufficiently 

maintained to fulfill the original installation requirements and flow condition limitations. 

Discharge equations and tables for standard devices should provide accurate calibration. 

Maintaining a standard device usually only involves a visual check and measurement of a 

few specified items or dimensions to ensure that the measuring device has not departed 

from the standard. Many standard devices have a long history of use and calibration and, 

thus, are potentially more reliable. Commercial availability of a device does not 

necessarily guarantee that it satisfies the requirements of a standard device.  

When measuring devices are fabricated onsite or are poorly installed, small deviations 

from the specified dimensions can occur. These deviations may or may not affect the 

calibration. The difficulty is that unless an as-built calibration is performed, the degree to 
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which these errors affect the accuracy of the measurements is unknown. All too 

frequently, design deviations are made under the misconception that current metering can 

be used to provide an accurate field calibration. In practice, calibration by current 

metering to within +2 percent is difficult to attain. An adequate calibration for free-flow 

conditions requires many current meter measurements at several discharges. Changing 

and maintaining a constant discharge is often difficult under field conditions. 

(o) Field Verification, Troubleshooting, and Repair  

After construction or installation of a device, some verification of the calibration is 

generally recommended. Usually, the methods used to verify a permanent device (e.g., 

current metering) are less accurate than the device itself. However, this verification 

simply serves as a check against gross errors in construction or calibration. For some 

devices, errors occur as components wear and the calibration slowly drifts away from the 

original. Other devices have components that simply fail that is, you get the correct 

reading or no reading at all. The latter is clearly preferred. However, for many devices, 

occasional checking is required to assure that they are still performing as intended. 

Selection of devices may depend on how they fail and how easy it is to verify that they 

are performing properly.  

(p) User Acceptance of New Methods  

Selection of a water measurement method must also consider the past history of the 

practice at the site. When improved water measurement methods are needed, proposing 

changes that build on established practice are generally easier to institute than radical 

changes. It can be beneficial to select a new method that allows conversion to take place 

in stages to provide educational examples and demonstrations of the new devices and 

procedures.  

(q) Vandalism Potential  

Instrumentation located near public access is a prime target for vandalism. Where 

vandalism is a problem, measurement devices with less instrumentation, or 

instrumentation that can be easily protected, are preferred. When needed, instrumentation 

can be placed in a buried vault to minimize visibility.  

(r) Impact on Environment  

During water measurement device selection, consideration must be given to potential 

environmental impacts. Water measurement devices vary greatly in the amount of 

disruption to existing conditions needed to install, meet standard upstream and 

downstream conditions, operate, and maintain. For example, installing a weir or flume 

constricts the channel, slows upstream flow, and accelerates flow within the structure. 

These changes in the flow conditions can alter local channel erosion, local flooding, 

public safety, local aquatic habitat, and fish movement up and down the channel. These 

factors may alter the cost and selection of a measurement device.  
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4. Selection Guidelines  

Selection of a water measurement method can be a difficult, time-consuming process if 

one were to formally evaluate all the factors discussed above for each measuring device. 

Of course, this difficulty is one reason that standardization of measurement devices 

within a district is so popular. However useful devices are sometimes overlooked when 

similar devices are automatically selected. The purpose of this chapter is to provide some 

preliminary guidance on selection so that the number of choices can be narrowed down 

before a more thorough analysis of the tradeoffs between alternatives is performed. 

(a) Short List of Devices Based on Application  

Site conditions for a water measurement device quickly narrow the list of possible 

choices, because most devices are only suitable under a limited number of channel or 

conduit conditions. Table 4-1 provides a list of the most commonly used measurement 

methods for each of several applications. 

Table 4-2 provides an abbreviated table of selection criteria and general compliance for 

categories of water measurement devices. The symbols (+), (0), and (-) are used to 

indicate relative compliance for each selection criteria. The (+) symbol indicates positive 

features that might make the device attractive from the standpoint of the associated 

selection criteria. A (-) symbol indicates negative aspects that might limit the usefulness 

of this method based on that criterion. A (0) indicates no strong positive or negative 

aspects in general. A (v) means that the suitability varies widely for this class of devices. 

The letters (na) mean that the device is not applicable for the stated conditions. A single 

negative value for a device does not mean that the device is not useful and appropriate, 

but other devices would be preferred for those selection criteria. 

Table 4-1  

Application-based selection of water measurement devices 

1. Open channel conveyance system  

1. Natural channels  

1. Rivers  

1. Periodic current metering of a control section to establish  

2. stage-discharge relation  

3. Broad-crested weirs  

4. Long-throated flumes  

5. Short-crested weirs  

6. Acoustic velocity meters (AVM - transit time)  

7. Acoustic Doppler velocity profiles  

8. Float-velocity/area method  

9. Slope-area method  

2. Intermediate-sized and small streams  

1. Current metering/control section  
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2. Broad-crested weirs  

3. Long-throated flumes  

4. Short-crested weirs  

5. Short-throated flumes  

6. Acoustic velocity meters (AVM - transit time)  

7. Float-velocity/area method  

2. Regulated channels  

1. Spillways  

1. Gated  

1. Sluice gates  

2. Radial gates  

2. Un-gated  

1. Broad-crested weirs (including special crest shapes, 

Ogee crest, etc.)  

2. Short-crested weirs  

2. Large canals  

1. Control structures  

1. Check gates  

2. Sluice gates  

3. Radial gates  

4. Overshot gates  

2. Other  

1. Long-throated flumes  

2. Broad-crested weirs  

3. Short-throated flumes  

4. Acoustic velocity meters  

3. Small canals (including open channel conduit flow)  

1. Long-throated flumes  

1. Broad-crested weirs  

2. Short-throated flumes  

1. Sharp-crested weirs  

3. Rated flow control structures (check gates, radial gates, 

sluice gates, overshot gates)  

4. Acoustic velocity meters  

5. Other  

1. Float-velocity area methods  

4. Farm turnouts  

1. Pipe turnouts (short inverted siphons, submerged culverts, 

etc.)  

1. Metergates  

2. Current meters  

3. Weirs  

4. Long-throated flumes  

5. Short-throated flumes  

2. Other  

1. Constant head orifice  
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2. Rated sluice gates  

3. Movable weirs  

2. Closed conduit conveyance systems  

1. Large pipes  

1. Venturi meters  

2. Rated control gates (orifice)  

3. Acoustic velocity meters (transit time)  

2. Small and intermediate-sized pipelines  

1. Venturi meters  

2. Orifices (in-line, end-cap, shunt meters, etc.)  

3. Propeller and turbine meters  

4. Magnetic meters  

5. Acoustic meters (transit-time and doppler)  

6. Pitotmeters  

7. Elbow meters  

8. Trajectory methods (e.g., California pipe method)  

9. Other commercially available meters  

 

Table 4-2. Water measurement device selection guidelines. Symbols +. 0,Care used as 

relative indicators comparing application of water measurement devices to the listed 

criteria ("v" denotes device suitability varies widely, "na" denotes not applicable to 

criteria)  

Device  Accuracy  Cost  

Flows 

>150 

ft3/s  

Flows 

10 

ft3/s  

Flow 

span  

Head 

loss  
Site conditions  

       
Lined 

canal  

Unlined 

canal  

 

Short 

full 

pipe  

Closed 

conduit  

Sharp-crested 

weirs  
0  0  -  +  0  -  -  0  na  na  

Broad-crested 

weirs  
0  +  +  +  +  0  +  0  na  na  

Long-

throated 

flumes  

0  0  +  +  +  0  +  0  na  na  

Short-

throated 

flumes  

0  -  -  0  0  -  -  0  na  na  

Submerged 

orifices (in 

channels)  

0  0  -  +  -  -  0  0  na  na  
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Current 

metering  
-  -  +  -  -  +  0  -  na  na  

Acoustic 

velocity 

meters n an 

open channel  

-  0  0  -  0  +  0  0  na  na  

Radial and 

sluice gates  
-  +  0  0  -  -  +  +  +  na  

Propeller 

meters at pipe 

exit  

-  +  -  0  0  +  0  0  +  +  

Differential 

head meters 

for pipe1  

+  -  -  +  -  V  na  na  0  +  

Mechanical 

velocity 

meters for 

pipe2  

0  +  -  0  0  +  na  na  0  +  

Magnetic 

meters for 

pipe  

0  0  -  0  0  +  na  na  -  +  

Acoustic 

Doppler 

ltrasonic 

meters for 

pipe  

-  0  -  -  -  +  na  na  -  +  

Acoustic 

flow-meter 

pipe (single 

path)  

0  -  0  0  0  +  na  na  -  +  

Acoustic 

flow-meter 

pipe 

(multipath)  

+  -  +  0  +  +  na  na  -  +  

1 Venturi, orifice, pitot tube, shunt meters, etc.  
2 Propeller meters, turbine meters, paddle wheel meters, etc.  
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Table 4-2 - Water measurement device selection guidelines. Symbols +. 0,Care used as 

relative indicators omparing application of water measurement devices to the listed 

criteria ("v" denotes device suitability varies widely, "na" denotes not applicable to 

criteria) (continued)  

 

 

Device  

Measurem

ents  

Sediment/De

bris  
Longevity  

Maintena

nce  

Construct

ion  

Fiel

d 

veri

fy  

Standardiza

tion  

 
Rat

e  

Volu

me  

Sedim

ent 

pass.  

Debr

is 

pass.  

Movi

ng 

parts  

Elec- 

tricit

y 

need

ed  

    

Sharp-

crested 

weirs  

+  -  -  -  +  +  0  -  0  +  

Broad-

crested 

weirs  

+  -  0  +  +  +  +  +  +  0  

Long-

throated 

flumes  

+  -  0  +  +  +  +  0  +  0  

Short-

throated 

flumes  

+  -  0  +  +  +  +  -  -  +  

Submerg

ed 

orifices 

(in 

channels

)  

+  -  -  -  +  +  +  0  +  0  

Current 

metering  
+  -  +  +  0  0  0  +  0  +  

Acoustic 

velocity 

meters 

in an 

open 

channel  

+  0  +  +  0  -  -  +  -  -  

Radial 

and 

sluice 

+  -  0  -  +  0  +  +  -  -  
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gates  

Propelle

r meters 

at pipe 

exit  

0  +  0  -  -  0  -  +  0  0  

Differen

tial head 

meters 

for pipe1  

+  -  -  v  +  0  0  0  +  +  

Mechani

cal 

velocity 

meters 

for pipe2  

v  v  -  -  -  0  -  0  0  0  

Magneti

c meters 

for pipe  

+  0  0  0  0  -  -  0  -  0  

Acoustic 

Doppler 

ultrasoni

c meters 

for pipe  

+  0  0  0  0  -  -  0  -  -  

Acoustic 

flow-

meter 

pipe 

(single 

path)  

0  +  0  0  0  -  -  -  -  0  

Acoustic 

flow-

meter 

pipe 

(multipa

th)  

+  +  0  0  0  -  -  -  -  +  

1 Venturi, orifice, pitot tube, shunt meters, etc.  
2 Propeller meters, turbine meters, paddle wheel meters, etc.  
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The process of narrowing down options might start with table 4-1 to examine the main 

methods to consider. Table 4-2 can then be used to get an idea of the general positive and 

negative features of various methods. In narrowing down the options, different 

applications will place different weight on the selection criteria, so no universally correct 

selection exists. Finally, a preliminary design for several candidate methods selected 

should be performed so that details on cost, hydraulics, operations, etc., can be more 

thoroughly examined followed by final selection, design, and construction. 

(b) Example  

We want to measure the flow entering a small farm turnout ditch that serves an 

agricultural field. The ditch is trapezoidal, concrete-lined and has a rectangular metal 

sluice gate that is opened by hand to divert flow into the ditch from a canal lateral. 

No power is available at the site. The ditch carries a flow of about 10 cubic feet per 

second (ft3/s). Field survey measurements taken during an irrigation indicate about a 

0.75-ft drop in the water surface from the gate to the downstream channel. The irrigation 

flow transports fine sediment and numerous tumble-weeds. Water is diverted to the field 

on a 2-week rotation for a period of about 24 hours. The measurement device will be 

used to establish a known flow rate through the head-gate for crop yield management and 

water use accounting. Typically, the water surface in the lateral remains fairly constant 

during an irrigation; therefore, a single measurement per irrigation will meet current 

needs. However, in the future, more frequent measurements may be desired. The irrigator 

would like to install a device that costs less than $500.  

Table 4-1 identifies a number of devices that are typically used for farm turnouts. Our site 

requires we select a device or method that can be used in an open channel. Therefore, 

common measurement devices given for this application are: current meters, weirs, 

flumes, and rated sluice gates (head-gates). Next, the advantages or disadvantages for 

each of these devices should be considered with respect to the measurement goals and the 

site conditions. Table 4-2 is used to assist in comparing the attributes of devices. 

Typically, only a few selection constraints are high priorities. The selection priorities for 

the example are likely: meeting available head, cost, accuracy, and debris passage goals. 

Head loss is the highest priority because it is a physical constraint of the site that must be 

met to provide good measurement. Current meters provide the least head loss followed by 

long-throated flumes (including broad-crested weirs), short-throated flumes, and sharp-

crested weirs. Sluice gates rate low in terms of head loss; however, for this application, 

the gate is part of the site and will not provide additional head loss. Based on our highest 

priority, current metering, a long-throated flume or rating the head-gate are good choices. 

Next, consider the cost of devices including: initial cost, data collection time, and 

maintenance. Rating the head-gate and a long-throated flume are considered to be a lower 

cost than current metering largely because of the time involved in data collection. 

Accuracy of measurement and debris passage favor a long-throated flume.  

This example selection process identifies a long-throated flume as potentially the best 

device followed by rating of the head-gate. These two methods of measurement are 

recommended for additional detailed design and evaluation prior to the final selection.  
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CHAPTER 5 - INSPECTION OF WATER MEASUREMENT SYSTEMS 

1. Background and Scope  

Irrigation system deterioration can exist for years before becoming apparent to frequent 

users. However, an observer viewing an installation for the first time or infrequently may 

spot the deterioration immediately. Thus, water users and providers are often surprised to 

find that their water measurements are unacceptable because their system and measuring 

devices have deteriorated. Regular and careful inspections with the specific intent of 

finding deterioration in early stages will help prevent this unpleasant surprise. These 

inspections will also help reveal changing delivery needs that require other types of 

measuring devices and disclose other possible errors of operation. Another problem is 

that operators do not always know or use proper techniques to obtain accurate 

measurements. The best way to handle this problem is to provide good training. 

This chapter shows water users and providers what to consider and check during system 

inspections to help maintain accurate water deliveries. Users can protect water rights and 

prevent overcharging by understanding these same considerations.  

The performance of weirs and flumes will be used to illustrate flow and accuracy 

principles because irrigation operators will likely be more familiar with their use. Also, 

many of the factors which adversely affect accuracy are visible on these devices but are 

hidden in closed conduit devices. Many of the factors and principles established for weirs 

and flumes also apply to other water measuring devices. These principles are elaborated 

upon in forthcoming sections concerning specific devices.  

2. Standard Devices Versus Nonstandard Devices  

The use of standard devices usually results in lower total costs over the lifetime of a 

measurement structure. Their long general use has generated more backup data and 

experience, making them potentially more reliable. A truly standard device has been fully 

described, accurately calibrated, correctly made or installed, and sufficiently maintained 

to fulfill the original requirements. Standard discharge equations and tables or curves 

may then be relied upon to provide accurate water measurements. Maintaining a standard 

device involves only a visual check and measurement of a few specified items or 

dimensions to ensure that the measuring device has not departed from the standard. 

Even though a standard device might have been selected for a particular measurement 

situation, water providers and users frequently find themselves unexpectedly stuck with 

nonstandard and, at times, unusable devices. This situation can occur when a device is 

installed improperly, is poorly maintained, is operated above or below the prescribed 

discharge limits, or has poor approach or downstream submergence conditions. 

Accurate discharges from nonstandard structures can be obtained only from specially 

prepared curves or tables based on calibration tests, such as multiple current-meter 

ratings. The accuracy of a nonstandard device cannot be determined by visual inspection. 
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Accuracy can only be ensured by recalibration, which is costly when properly performed. 

Ratings must be made at close discharge intervals over the complete operating range. 

Then, curves and/or tables must be prepared. Installation and proper inspection and 

maintenance of standard devices are not difficult and are less costly in the long run. 

Standard discharge tables may then be used with full confidence. 

3. Approach Flow  

Poor flow conditions in the area just upstream from the measuring device can cause large 

discharge indication errors. In general, the approaching flow should be tranquil. Tranquil 

flow is defined as fully developed flow in long, straight channels with mild slopes, free of 

close curves, projections, and waves. Venturi meters require 10 diameters of straight pipe 

approach. By analogy, open channel flow would require 40 hydraulic radii of straight, 

unobstructed approach. 

A good example of practical approach criteria taken from Bos (1989) follows: 

 If the control width is greater than 50 percent of the approach channel width, then 

10 average approach flow widths of straight, unobstructed approach are required.  

 If the control width is less than 50 percent of the approach width, then 20 control 

widths of straight, unobstructed approach are required.  

 If upstream flow is below critical depth, a jump should be forced to occur. In this 

case, 30 measuring heads of straight, unobstructed approach after the jump should 

be provided.  

 If baffles are used to correct and smooth out approach flow, then 10 measuring 

heads should be placed between the baffles and the measuring station.  

Deviation from a normal transverse or vertical flow distribution, or the presence of water 

surface boils, eddies, or local fast currents, is reason to suspect the accuracy of the 

measuring device. Errors of 20 percent are common, and errors as large as 50 percent or 

more may occur if the approach flow conditions are very poor. Sand or gravel bars, weed 

growths, or slumped riprap obstructions along the banks or in the flow area can cause 

nonsymmetrical approach flow. Inadequate distance downstream from a drop, check, or 

slide gate will concentrate flow locally and cause error. A bend or angle in the channel 

just upstream from the measuring device or a rapid expansion in the flow section can 

cause secondary flow or large eddies, which tend to concentrate the flow in part of a 

cross section. 

Figure 5-1 shows an example of a poor flow distribution in the approach to a weir. The 

high-velocity, turbulent stream is approaching the weir at a considerable angle. The high 

velocity approach flow and the waves on the surface hinder head measurement. With this 

poor approach flow, the weir will not produce the same head-discharge relationship as its 

standard equation and calibration table.  
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Figure 5-1 -- Example of poor approach flow conditions 

upstream from weir. 

Standard weir proportions for rectangular, Cipoletti, and 90-degree V-notch weirs are 

shown on figure 5-2. The approach velocity toward weirs should be less than 0.5 foot per 

second (ft/s). This velocity value is equivalent to a head error of 0.005 ft. Velocity of 

approach can be estimated by dividing the maximum discharge by the area at a point 4 to 

6 measuring heads upstream from the blade. Excess approach velocity is commonly 

caused by violating the criteria specified in chapter 7. 

 
Figure 5-2 -- Weir proportions. 

 

4. Turbulence  

Turbulence results from relatively small parcels of water spinning in a random pattern 

within the bulk flow while moving downstream. Turbulence may be recognized as water 

surface boils or three-dimensional eddies which appear and disappear haphazardly. 

Because of this local motion within the general motion of the bulk flow, any particle of 

water may, at any given instant, move forward, sideways, vertically, or even backward. 

In effect, the water is passing a given point with accelerating and decelerating motion 
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superimposed upon the main flow rather than with a uniform, ideal velocity. Thus, more 

or less water may pass a given point over a short length for short time periods, depending 

on the observation point chosen (figure 5-1). 

Excessive turbulence will adversely affect the accuracy of any measuring device but is 

particularly objectionable when using current meters or propeller meters of any kind. 

Turbulence can be objectionable even without air entrainment or the "white water" often 

associated with turbulence. Turbulence is commonly caused by stilling basins or other 

energy dissipators, by a sudden drop in water surface, or by obstructions in the flow area 

such as turnouts-- operating or not--that have projections or indentations from the supply 

canal. Shallow flow passing over a rough or steep bottom can also cause turbulence. 

Weeds or riprap slumped into the flow area or along the banks, or sediment deposits 

upstream from the measuring device, also can cause excessive turbulence. 

Excessive turbulence can cause measuring errors of 10 percent or more. Therefore, the 

flow approaching a measuring structure or device should be modified to resemble 

tranquil canal flow. 

5. Rough Water Surface  

Reducing turbulence or improving approach flow distribution can eliminate rough water 

surfaces that are not caused by wind. A rough water surface can cause errors in discharge 

measurements when a staff gauge must be read to determine head or cross-sectional area 

of the flow. A stilling well will help reduce errors in head measurement, but every 

attempt should be made to reduce the water surface disturbances as much as possible 

before relying on the well. Errors of 10 to 20 percent are common where a choppy water 

surface impedes accurate head determination. The area of piping to a stilling well should 

be about one-hundredth of the well area to dampen water surface oscillations. A larger 

area of piping may be needed to eliminate debris plugging or increase well response to 

changes in measuring head. A smaller area may be needed to dampen overly rough flow. 

Specially constructed wave damping devices (Schuster, 1970) are often required to obtain 

a smooth water surface. Figure 5-3 shows a schematic of an underpass type of wave 

suppressor successfully used in both large and small channels.  
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Figure 5-3 -- Underpass wave suppressor. 

The channel may be either rectangular or trapezoidal in cross section. Constructing the 

suppressor four times as long as the flow is deep can reduce waves as much as 93 

percent. The suppressor produces a slight backwater effect for the most effective vertical 

placement. The suppressor may be supported on piers, can be constructed of wood or 

concrete, and need not be watertight. The design of several other suppressor types, along 

with example cases, is covered in Peterka (1983). Figure 5-4 shows turbulence and waves 

in a Parshall flume produced by an outlet works stilling basin, which makes accurate 

discharge determination impossible. The log raft in the foreground was used in an attempt 

to quiet the flow; however, the raft was later lifted out of the water because of 

ineffectiveness.  

 
Figure 5-4 -- Turbulence and waves in a Parshall flume 

produced by an outlet works stilling basin. The log raft failed 

to quite the flow. 

Figure 5-5 shows the water surface after removal of the log raft and installation of an 

underpass-type wave suppressor. This modification significantly reduced the turbulence 

and waves, making accurate discharge determination a routine matter. 
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Figure 5-5 -- Underpass-type wave suppressor reduces 

turbulence and waves in Parshall flumes. 

 

 

6. Velocity Head in Approach  

As flow approaches a weir, the water surface becomes lower due to acceleration of the 

flow by the force of gravity (figure 5-6). 

 
Figure 5-6 -- Weir approach flow. 

The water surface is considerably lower at the weir blade than it is at 5 ft upstream. The 

elevation difference between the two circled points on the surface of the approach flow is 

called the velocity head and represents the potential required to produce the increase in 

velocity between the points.  

A drop in water surface of 0.1 ft is common just upstream from a weir and (from the 

equation above) represents an increase in velocity of 0.8 ft/s. If the head on the weir is 

measured too close to the weir, the head measurement can be up to 0.1 ft too small. For a 

weir 6 ft long, with a head of 0.45 ft, a discharge of 7 ft3/s is indicated. If you measured 

the head too close to the weir, such that the head was reduced by 0.1 ft, a discharge of 5 

ft3/s would be indicated. This difference amounts to an error of about 35 percent based on 

the reported discharge; and, more importantly, the water provider would be giving away 

2 ft3/s.  

Standard weir tables are based on the measured head of the weir (velocity head is 

negligible) and do not compensate for excessive velocity head. Any increase in velocity 

above standard conditions, therefore, will result in measuring less than the true head on 
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the weir. Therefore, more water will be delivered than is measured. Causes of excessive 

velocity head include inadequate pool depth upstream from the weir, deposits in the 

upstream pool (figure 5-7), and poor lateral velocity distribution upstream from the weir. 

 
Figure 5-7 -- Sediment deposits in weir pool. 

Figure 5-7 shows sediment deposits, which have reduced the depth of the weir 

significantly and increased the velocity of the approach to well above the desirable level. 

Other problems exist as well; the head gauge should not be located this close to the weir 

blade, the weeds should be removed, and the "edge" of the weir should be sharp. 

Discharges over this weir will be larger than indicated in "standard" tables. 

7. Poor Flow Patterns  

The poor flow distribution which exists upstream from a measuring device often cannot 

be attributed to any one of the causes discussed above. The best solution, then, is to 

assume that the poor distribution has several causes. Start with the easy factors, work 

through the list, and address each probable cause of poor flow patterns until obtaining the 

desired flow conditions.  

Turnouts located close to and upstream from a measuring device may cause poor 

approach conditions, as may bridge piers, channel curves, or a skewed measuring section. 

Relocating the measuring device may be the only remedy in these cases. 

Submerged weeds or debris can cause excessive turbulence or local high velocity 

currents. Eddies adjacent to the shoreline can cause the flow approaching the weir to 

contract into a narrow band. Sediment bars deposited from inflow or from sloughing 

banks can also produce undesirable flow conditions. More drastic remedial measures 

include deepening the approach area, widening the approach channel to make it 

symmetrical, or introducing baffles or other devices to spread the incoming flow over the 

entire width of the approach. However, 10 channel widths of straight, unobstructed 

approach should lie between baffles or other devices placed before the measuring device. 

Surface waves, which are usually difficult to reduce or eliminate by ordinary procedures, 

may require special treatment, as discussed under "Rough Water Surface" in section 5. 
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8. Exit Flow Conditions  

Exit flow conditions can cause as much flow measurement error as approach flow 

problems. However, these conditions are not encountered as often in practice. In general, 

ensuring that backwater does not submerge or drown out a device designed for free flow 

is sufficient. Occasionally, a flume is set too low, and backwater submerges the throat 

excessively, which can introduce extremely large errors in discharge measurement. The 

only remedy is to raise the flume, unless some local obstruction downstream can be 

removed to reduce the backwater. Sharp-crested weirs should discharge freely rather than 

submerged, although a slight submergence (the backwater may rise above the crest up to 

10 percent of the head) reduces the discharge a negligible amount (less than 1 percent). 

However, a weir operated near submergence may not affect the discharge as much as the 

possible lack of nappe ventilation resulting from high downstream depth or intermittent 

waves lapping the underside of the nappe. 

The underside of weir nappes should be ventilated sufficiently to provide near 

atmospheric pressure beneath the nappe, between the under-nappe surface, and the 

downstream face of the weir. The height of pull-up behind the nappe depends upon the 

drop, discharge, and crest length. The height that the water raises behind the nappe is a 

measure of the discharge error. For example, if the measuring head on a 3-ft suppressed 

weir is 1 ft and the water behind the nappe pulls up 0.3 ft, the error of discharge 

measurement would be about +6.5 percent. If the water was only pulled up 0.1 ft, the 

error for the same weir and measuring head would be +2.5 percent. 

If the head upstream from the weir is pulled down a significant amount, then the weir is 

not sufficiently ventilated. An easy test for sufficient ventilation is to part the nappe 

downstream from the blade for a moment with a hand or a shovel to allow a full supply of 

air to enter beneath the nappe. After removing the hand or shovel, the nappe should not 

gradually become depressed (over a period of several or more minutes) toward the weir 

blade. If the upper nappe profile remains the same as it was while fully ventilated, the 

weir has sufficient ventilation.  

If the nappe clings to the downstream side of the weir and does not spring clear, the weir 

may discharge up to 25 percent more water than the head reading indicates. This problem 

is generally a low flow problem with heads near and less than 0.2 ft and occurs more 

frequently with V-notch weirs. Good practice would involve checking the nappe before 

and after readings. 

Gates calibrated only for free discharge at partial openings should not be submerged, nor 

should eddies interfere with the jet of water issuing from the gate. Gauging stations 

should be kept free of deposited sediment bars or other side-projecting obstructions to 

prevent backflow or eddies from interfering with the uniform flow conditions that should 

exist in the cross section being measured. 
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9. Weathered and Worn Equipment  

Sharp-crested weir blades on older water measuring devices are often in bad condition. 

Weir blades are seen with dull and dented edges, discontinuous with bulkheads, pitted 

and covered with rust tubercles, and not vertical. Weir blades have sagged and are no 

longer level. Staff gauges are worn and difficult to read. Stilling well intakes are buried in 

sediment or partly blocked by weeds or debris. Broad-crested weirs and flumes are frost 

heaved and out of level. Meter gates are partly clogged with sand or debris, and gate 

leaves are cracked and warped. These and other forms of deterioration often cause serious 

errors in discharge measurements. This type of deficiency is difficult to detect because, as 

mentioned before, deterioration occurs slowly.  

Therefore, the person responsible for measuring devices must inspect them with a critical 

eye. The attitude should be: "I am looking for trouble," rather than: "I will excuse the 

little things because they are no worse today than they were yesterday." A series of little 

problems has often accumulated and compounded into large, unknown, and 

unaccountable errors. Poorly maintained measuring devices are no longer standard, and 

indicated discharges may be considerably in error. Worn devices should be rehabilitated 

to ensure true discharge readings. 

Repairing or refurbishing a rundown measuring device is sometimes a difficult or 

impossible task. Fixing small problems as they occur will prevent, in many cases, 

replacing the entire device on an emergency basis, perhaps at great cost at some later 

date. Regular preventive maintenance will extend the useful life of measuring devices. 

10. Poor Installation and Workmanship  

Contrasting with the measurement devices that were once accurate and dependable but 

have deteriorated are those that, because of poor workmanship, were never installed 

properly. This category includes devices that are installed out of level or out of plumb, 

those that are skewed or out of alignment, those that have leaking bulkheads with flow 

passing beneath or around them, and those that have been set too low or too high for the 

existing flow conditions. Inaccurate weir blade lengths or Parshall flume throat widths, 

insufficient or nonexistent weir nappe ventilation, or incorrectly located and zeroed head 

or staff gauges cause measuring errors. 

A transverse slope on a sharp-crested weir blade can cause errors, particularly if the 

gauge zero is referenced to either end. The error can be minimized by determining the 

discharge based on the head at each end and using the average discharge. Errors in setting 

the gauge zero are the same as misreading the head by the same amount. At low heads, a 

relatively small zero setting error can cause errors of 50 percent or more in the discharge. 

A head determination error of only 0.01 ft can cause a discharge error of from 5 percent 

on a 90degree V-notch weir to over 8 percent on a 48inch (in) Cipoletti weir (both for a 

head of 0.20 ft). The same head error on 6 and 12in Parshall flumes can result in 12- and 

6-percent errors, respectively, for low heads. 
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Out of plumb or skewed weir blades will show flow-measurement inaccuracies of 

measurable magnitude if the weir is out of alignment by more than a few degrees. Rusted 

or pitted weir blades or those having projecting bolts or offsets on the upstream side can 

cause errors of 2 percent or more depending on severity of the roughness. Any roughness 

will cause the weir to discharge more water than indicated. Rounding of the sharp edge of 

a weir or reversing the face of the blade also tends to increase the discharge. On older 

wood crests, a well-rounded edge can cause a 15- to 25-percent or more increase in 

discharge (figure 5-8). The well-rounded edge on the once sharp-crested weir on figure 5-

8 will increase the discharge to well above "standard." The weeds are also undesirable, as 

is the weir gauge which projects into the flow area. 

 
Figure 5-8 -- Poorly maintained weir edge. 

Certain types of meters require pressure readings to determine discharges. Piezometers, 

or pressure taps, as they are sometimes called, must be regarded with suspicion when 

considering flow measurement accuracy. 

Piezometers or pressure head taps must be installed with care and with a knowledge of 

how they perform; otherwise, indicated pres-sure values can be in error. For example, as 

shown on figure 5-9, the four piezometers indicate different pressure readings (water 

levels) because of the manner in which flow passes the piezometer opening. Piezometer 

openings are shown larger than they should be constructed in practice. Always use the 

smallest diameter opening consistent with the possibility of clogging by foreign material. 

Unless the piezometer is vertical as in Y, the water elevation will be drawn down as in X 

or increased as in Z. Basically, pressure taps should be perpendicular to the flow 

boundary, and the flow must be parallel to the boundary. Rough edges or burrs on or near 

the edges of the piezometer holes deflect the water into or away from the piezometer, 

causing erroneous indications. The case as in W shows the tube pushed into the flow, 

causing the flow to curve under the tip which pulls the water level down. Errors caused 

by faulty piezometer tap installation increase with velocity. 
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Figure 5-9 -- Examples of piezometer installation. 

Sometimes, to obtain a better average pressure reading, four taps around the pipe are 

manifolded. If unbalanced pressure exists because of velocity distribution, error can be 

introduced by flow circulation in the manifolding tubing. Two forms of manifolding are 

shown on figure 5-10. The commonly seen case (a)-circular form-causes circulation 

errors. Case (b) is the triple tee system, designed to minimize circulation errors. Large 

tube diameter relative to piezometer hole diameter through the meter wall will reduce 

circulation error considerably for both cases. 
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Figure 5-10 -- Examples of piezometer manifold tubing (top: 

poor arrangement; bottom: good compensating arrangement). 

Large-diameter tubing relative to piezometer diameter will 

reduce curculation errors considerably for both cases.. 

Frequently, pressure taps are connected to manometers and U-tubes (figure 5-11), and air 

trapped in the tubing can cause large errors. Air travels in bubbles that tend to rise and 

form large air blockages. Thus, piezometers should not be connected at the top of a pipe. 

Even with taps on the side, air will come out of solution as water warms. Air in the 

vertical parts of the tubing causes large errors. Although air in horizontal parts of the 

tubing does not cause error, a bubble will likely move to a vertical part of the tubing 

when flow increases or decreases. For bleeding air, flow-meters should be placed at 

locations where the pipelines are under positive pressure; that is, where the hydraulic 

grade line is well above the pipe and manometry system as shown on figure 5-11. 
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Figure 5-11 -- Manometry system below the hydraulic grade 

line is desirable. 

If the meter and/or manometer are above the grade line as shown on figure 5-12, then 

pressure is negative. Negative pressure causes air to come out of solution and 

accumulate. Also, air can leak through pipe fittings and flange gaskets into the pipe and 

manometer system. Air can leak through openings that water cannot leak through. 

 
Figure 5-12 -- Manometry system above the hydraulic grade 

line is undesirable. 

Care in designing the system should be taken to make sure that the hydraulic grade line is 

above the tubing system at maximum water delivery. Otherwise, bleeding will have to be 

done frequently with separate water source purging, or water delivery will have to be shut 

off to provide positive pressure during bleeding. When the hydraulic grade line is below 

the system, the negative pressure causes air to accumulate faster. This condition should 

be avoided if at all possible.  

The effect of a few deficiencies often found in measuring devices has been given to 

illustrate the degree of error to be expected in making ordinary measurements under 

ordinary conditions. Other effects have not or cannot be stated in terms of percent error 

without an exact definition of the degree of fault or deterioration. The examples given 
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should be sufficient to emphasize the importance of careful and exact installation 

practices as well as regular and prompt repair or rehabilitation of the devices after they 

have been installed. 

11. Measuring Techniques Reducing Accuracy of Measurement  

Regularly maintained equipment, properly installed in an ideal location, will still give 

inaccurate discharge measurements if the operator uses poor measuring techniques. Head 

measurement is very important. The techniques in use often are not compatible with the 

relationships between head and discharge known to exist. Operators should make sure 

that calibration curves or tables match devices being used both in size and kind. 

(a) Faulty Head Measurement  

Measurement of the head on a sharp-crested weir, a seemingly simple matter, can be 

difficult under all but ideal conditions. The head is the height of water above the blade 

edge or the bottom of a V-notch, measured at a point where the velocity head (or 

approach velocity) is negligible (figure 5-6). In practice, this point is located four to six 

times the measuring head upstream from the center of the weir blade. If the head is 

measured too far upstream, a head not related to the water surface profile at the weir can 

be measured. If the head is measured closer to the weir blade, some drawdown (caused 

by increased velocity near the weir) may occur and less than the true head will 

be measured. If the head is measured at the side of the approach channel, more or less 

than the true head may be measured depending on the geometry of the approach pool 

(figures 5-2 and 5-13).  

 
Figure 5-13 -- Cipoletti weir operating with good flow 

conditions in the approach pool. 

Figure 5-13 shows a Cipoletti weir performing properly for the discharge shown. Flow is 

well distributed across the wide pool and shows no evidence of excessive turbulence. 

Accurate or "standard" discharges can be expected under these conditions. At larger 

discharges, the nonsymmetrical approach may produce undesirable conditions. 
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The principles described above also apply to head measurements on broad-crested weirs 

and flumes, meter gates, or any other device dependent on a head measurement for 

discharge determination. 

Improper gauge location, or an error in head measurement in a flume, can result in large 

discharge errors because of water surface curvature. Incorrect flume throat width 

dimensions and weir lengths can also produce errors. The relative ease of making 

accurate length measurements usually keeps these errors small. However, operators 

should check lengths in the field rather than rely on values stated or shown on drawings. 

Readings obtained from stilling wells, whether visual or recorded, should be questioned 

unless the operator is certain that the well intake pipe is not partially or fully clogged with 

sediment or air pockets. Data from an overactive stilling well can also be misleading, 

particularly if long period surges occur in the head pool. In fact, all head determinations 

should be checked to ensure that the reading is not part of a long period surge. A 

sufficient number of readings, about 10, should be taken at regular time intervals of about 

15 seconds, and averaged to obtain the average head. More readings may be required if 

consecutive readings indicate that the pool is continuing to rise or fall. If this process 

takes too much time, the cause of the instability should be determined and eliminated. 

Readings from gauges or staffs which may have slipped or heaved should be avoided. 

Periodic rough checks can sometimes be made with a carpenter's level or square from a 

reference point on another structure. A still-ponded water level at the weir crest height is 

a valuable check on the staff gauge zero. 

Each operator should understand the desired measurement and then critically examine 

each operation to ensure that the correct measurement is being taken. The operator should 

try to find fault with every step in the head measurement process and attempt to improve 

techniques wherever possible. 

(b) Infrequent Measurement  

When a head or velocity measurement is taken, the operator must assume that the 

resulting discharge occurred only at the moment of the measurement. The operator 

cannot conclude that the same discharge occurred 5 minutes or even 5 seconds earlier. 

Therefore, accurate water deliveries can be ensured only if enough measurements are 

made to establish the fact that the discharge did or did not vary over the period that water 

was delivered. 

In many systems, measurements are taken only once a day, or only when some physical 

change in supply or delivery has been made. Problems introduced by falling head, rising 

backwater, gate creep, or hunting are often ignored when computing a water delivery. 

The problem is not simple; many factors must be considered in determining the number 

of readings to be made per day or other unit of time. If the discharge in the supply system 

is increasing or decreasing, multiple readings will be required. If the rate of rise is 

uniform, the average of two readings, morning and night, would be better than one. 
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Erratic rates of change will require frequent readings. A need for many readings may 

justify the use of a recording device. 

When the discharge in the supply system remains constant, the water level or velocity 

reading may change because of a change in control or because checks have been placed 

in operation. Temporary changes in the main supply system discharge may occur; for 

example, because water, in effect, is being placed in storage as a result of the rising water 

level. Conversely, the discharge may temporarily increase in parts of the system if the 

operating level is being lowered. The changing water level may require more frequent 

head readings. If accurate, instantaneous recording of highly variable flows is required, 

then stilling wells may need larger connecting pipe diameters to reduce time lag. In some 

situations, weir pooling volumes need accounting.  

Here again, the operator should try to visualize the effect of any change in discharge in 

the supply system, upstream or downstream from a measuring device, and attempt to get 

more than enough readings to accurately compute the quantity of water delivered. 

(c) Use of Improper Measuring Device  

Every water measuring device has unique limitations; thus, a single type cannot be used 

in all locations under all possible conditions. Therefore, several devices might be suitable 

for a given set of conditions, but none could be considered entirely satisfactory. If flow 

conditions change considerably for any reason because of modified operations, a 

formerly suitable device may become totally inadequate. A formerly marginally suitable 

device may become useless for a small change of operation needs. An incorrect device 

may have been selected in the first place, and no matter how much care the operator 

takes, accurate measurements cannot be obtained. The operator should call attention to 

such situations and attempt to have remedial measures taken. Chapter 4 gives guidance 

for selection. 

For example, with sharp-crested weirs, accuracy cannot be expected if the head is 

appreciably less than 0.2 ft or greater than about one-third of the weir blade length. Large 

measurement errors can be expected (departure from standard) if these limits are 

exceeded appreciably. 

Large errors are introduced if a sharp-crested weir blade is submerged by backwater. 

Designing a device that is to be submerged throughout all or part of its flow range 

requires using a calibration related to a measuring head differential. Having a second or 

downstream measuring head station doubles the chance for wrong readings. Despite the 

appearance of handbook submergence discharge determination methods, discharge is 

related to small differences in measuring heads. Small imprecision in water elevation 

measurement cause large errors. As submergence increases, the measuring head 

differentials decrease and approach values that are about the same magnitude as for 

minor variations of form and friction loss. Thus, corrections for large submergence are 

very inaccurate. 
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Propeller meter devices should not be permanently installed where weeds, moving debris, 

or sediment are apt to foul the meter or wear the bearings. Submerged devices, such as 

meter gates and other types of orifices, should not be used where a moving bed load can 

partly block the openings. 

The flow conditions at a particular site must be analyzed. Only then can the measuring 

device be selected that can best cope with conditions to be encountered. The user of 

irrigation-type measuring devices should not expect accuracy to exceed about +2 percent, 

even for standard devices that have been properly selected, set, and maintained. 
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CHAPTER 6 - MEASURING AND RECORDING WATER STAGE OR 

HEAD 

1. Introduction  

The stage of a stream, canal, or lake is the height of the water surface above an 

established datum (Buchanan and Somers, 1965). The head in a water measurement 

structure or device can be defined similarly. The stage, or gauge height, of the water is 

usually expressed in feet and hundredths of a foot. Records of stage are important in 

stream gauging because the rate of flow is plotted against stage in preparing discharge 

curves. After a curve has been established for a stable channel, rate of flow can be 

directly determined from stage reading. Reliability of the stage reading is, therefore, of 

great importance. Head measurements in all types of water measurement structures, 

including various flumes, weirs, and gates, are equally important. Records of gauge 

height may be obtained from a series of systematic readings on non-recording gauges or 

from automatic water-stage recorders. Laser, satellite, microwave, and electronic systems 

can be used to transmit gauge readings from either non-recording or recording gauges. 

2. Datum of Gauge  

A convenient and meaningful elevation datum should be selected for the station. The 

operating datum for the station should be set below the water-stage elevation for zero 

flow. The operating datum can be referenced to mean sea level. The datum should be 

permanent for the expected life of the station and should be referenced to at least two or 

three other benchmarks that are independent of the gauging structure. 

3. Measurement Method  

Two basic philosophies can be used to determine stage or gauge height direct and 

indirect. Direct methods involve a measurement of the height from the liquid level to a 

datum line; an indirect method infers the stage level from some other characteristic, such 

as the head read by a pressure transducer. 

4. Non-recording Gauges  

Two general types of non-recording gauges are in use: (1) staff gauges, on which 

readings of stage are made directly; and (2) chain, wire weight, float-type, and hook 

gauges, with which measurements are made from fixed points. 

Staff gauges may be either vertical or inclined. The inclined type should be carefully 

graduated and accurately installed to ensure correct stage readings. Most permanent 

gauges are enameled steel plates bolted in sections to the staff. This kind of staff gauge is 

shown on figure 8-4 in chapter 8. Care should be taken to install the gauges solidly to 

prevent errors caused by changes in elevation of the supporting structure.  
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A chain gauge is a substitute for the staff gauge and consists of a horizontal scale and a 

chain that passes over a pulley to attach to a hanging weight (figure 6-1). Chain gauges 

may be mounted on a bridge that spans (or any other structure that overhangs far enough) 

over the stream. Water stage is indicated by raising or lower the weight until it just 

touches the water surface and reading the position of the chain index mark on the 

horizontal scale. Chain gauges are affected by settling of the structure that supports them, 

changes in load on the structure, temperature changes, and changes in length as the chain 

links wear. Wind may also introduce errors by not allowing the weight to remain in a 

vertical position. 

 
Figure 6-1 -- Chain gauge. 

The wire weight gauge is a modification of the chain gauge and uses a wire or small 

cable wound on a reel. The reel is graduated, or a counter is used to give readings to 

tenths and hundredths of a foot. A check bar of known elevation is often provided so that 

lowering the weight onto the bar will produce a reading on the counter or reel, which can 

be compared with the reference elevation. A wire weight gauge is shown on figure 6-2.  
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Figure 6-2 -- Non-recording wire and weight-type gauge. 

5. Recording Gauges  

Water-stage recorders consist of a group of instruments that produce a record of water 

surface elevation with respect to time. The output can be analog (providing a graphical 

result) or digital (punched paper tape or stored or transmitted values). Important 

advantages of recorders over non-recording staff gauges are: 

(1) In streams having daily fluctuations, continuous records provide the most accurate 

means of determining the daily average gauge height. 

(2) Maximum and minimum stage are recorded, and the time they occurred can be noted. 

(3) Records can be obtained at stations where observers are not always available. 

(a) Analog-Graphical Recorders  

In general, analog or graphical recorders consist of two main elements: a clock 

mechanism actuated by a spring, weight, or electric motor and a gauge height element 

actuated by a float, cable or tape, and counterweight. Four basic types of recorders use 

these elements. Figure 6-3 shows a horizontal drum recorder, in which the clock positions 

the pen along the drum axis, and the gauge height element rotates the drum. This recorder 

is also available with a vertical drum. Another type of recorder also has a vertical drum, 

but the time and height elements have been reversed so that the clock mechanism rotates 

the drum. 
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Figure 6-3 -- Horizontal drum water-stage recorder. The time 

element records parallel to the axis of the drum. (courtesy 

Leupoild and Stevens Instruments, Inc.). 

These types of recorders usually operate using 8-day, spring-driven clocks. Electrical 

drives could also be used if a reliable source were readily available. The stylus, usually 

either a capillary pen or a pencil of proper hardness, must be capable of operation for the 

full 8 days without attention. To accommodate various water-stage differentials, ratios of 

water-stage change to recorder-chart change are available from 1:1 to 10:1 and should be 

specified at the time the recorder is ordered. The standard width of recorder paper is 

10 inches (in), and all recorders come equipped with metal covers. 

The fourth type of graphic recorder is shown on figures 6-4 and 6-5. The time element, 

consisting of a compensated, balanced, weight-driven clock, drives two parallel rolls, one 

of which holds the supply paper. The paper unrolls from the supply roll at a uniform rate 

and with constant tension and is taken up on the receiving roll. Speed of travel may be 

adjusted from 0.3 to 9.6 in per day on any standard instrument, and other chart speeds are 

available on special order. The normal chart length is 75 feet (ft). 
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Figure 6-4 -- Continuous recording water-stage recorder with 

cover raised. The time element rotates the rolls, and the height 

element records parallel to the axis of the rolls. (courtesy 

Leupoild and Stevens Instruments, Inc.). 
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Figure 6-5 -- Typical installation of a continuous water-stage 

recorder in a wooden shelter. 

The float activates a pen stylus which moves parallel to the axis of the rolls so that 1 in of 

travel represents a change in water stage of 1 ft. The stylus is designed so that it can be 

accurately set for gauge height. The ratio of water surface change to stylus travel can also 

be adjusted to accommodate small to large ranges of depth. The range of the recorder is 

limited only by the length of the float cable because the stylus reverses direction at the 

point of maximum deflection. Capacity of the ink reservoir is sufficient for the recorder 

to operate for 60 days or longer. 

(b) Digital Recorders  

Digital recorders used in water stage measurements usually include two types: punched-

paper tape (figure 6-6) and analog-to-digital data loggers. Both types are electrically 

operated (usually by batteries) and record numbers either on the paper tape or in memory 

at selected time intervals. 



 89 

 
Figure 6-6 -- Digital recorder. 

Water stage is transmitted to the punched-paper tape recorder, usually through shaft 

rotation on a float and pulley arrangement. Shaft rotation is converted by the recorder 

into coded punch-tape records (figure 6-7). The code consists of four groups of four 

punches each. In each group, the first punch represents "1"; the second, "2"; the third, 

"4"; and the fourth, "8." Thus, a combination of 1, 2, or 3 appropriate punches in a given 

group represents digits from 1 to 9. A blank (no punch) represents zero. Together, the 

four groups of punches represent all numbers from 0 to 9999. 
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Figure 6-7 -- Digital recorder punched tape. (courtesy U.S. 

Geological Survey). 

Coding is done by either one or two identical disks that have raised ridges on the faces. 

Figure 6-6 shows a digital recorder with only one disk, which produces 2-digit numbers 

ranging from 0 to 99. Two disks would be used if 3- or 4-digit numbers are required. The 

right-hand disk is connected directly to the input shaft, and the left-hand disk is driven 

from the first disk by a 100-to-1 worm-gear reducer. One-hundred revolutions of the 

input shaft and the first disk cause one revolution of the second disk. A paper tape is 

moved upward through the punch assembly in the center of the instrument. The punch 

block contains a row of 18 pins or punchesC16 for information and 2 for feeding the tape. 

At the selected intervals of time, the punch assembly is pivoted on a shaft at the bottom, 
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so the punch, paper, and pins are moved toward the disks. Those pins that strike raised 

ridges on the disks are forced through the paper, punching neat round holes. The pins that 

do not strike ridges do not punch holes. This record reflects the position of the disks, 

which is proportional to the water stage, all as a function of time. 

The mechanically punched tape is still widely used at this time (1996) and is considered 

very practical for field use where temperature, moisture, and power conditions are widely 

variable. Electronic translators can convert punched tape records into suitable input for 

digital computers. 

The most recent advances have been in the area of data loggers. This group of electronic 

instruments has evolved quickly over the last 10 years. Small, battery-operated, fully 

programmable units offer many features in addition to data recording (figure 6-8). Some 

type of transducer is required to sense the water stage with this type of recorder. Options 

range from a pressure transducer sensing water level in a stilling well to a pressure 

transducer on a bubbler system, to an angular transducer sensing shaft rotation on a float-

driven system. In all cases, an analog (voltage or current) output is sensed, digitally 

recorded, and stored by the data logger. This type of system is perhaps best suited to the 

transmission of data via satellite or microwave, providing a central control location with 

current water stage information. Remote sites are very well suited to being powered by 

batteries which are charged through small solar cells. However, vandalism of the solar 

panels can be a problem because they must be exposed. Concealing solar panels in some 

way (such as in the top of a tree) can help. 

 
Figure 6-8 -- Programmable battery operated recording unit. 

6. Installation of Water-Stage Recorders  

Important considerations in the installation of a water-stage recorder are the proper sizing 

and installation of a stilling or float well (if used) and the establishment of the reference 

datum for the site. The gauge must be accessible at all times and substantially constructed 

for security and reliability. The recorder should be protected from the environment. The 

reference datum should be below the lowest stage of the stream or structure, and the 

instrument used to measure the stage must have the capability to cover the full range of 

water surface changes. 
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7. Stilling Well Considerations  

Head readings on staff gauges attached directly to the inside channel walls are often only 

estimates because of waves and turbulent fluctuations on the scale face. If the wall of a 

flume is relatively thin, the flume channel is connected directly by an orifice through the 

wall shared by the flume and stilling well to improve head reading. Separate or more 

remote wells are connected by pipes through thicker walls and embankments. Thus, the 

average water surface outside the well is translocated into the well, and the waves and 

fluctuations are dampened. 

Polyvinyl chloride, polyethylene, and galvanized-iron pipes, sealed on the lower end with 

an opening in the side, make excellent wells.  

Some older stilling wells were made from tongue-and-groove creosoted lumber and 

worked satisfactorily. Sewer pipe of suitable size with tightly sealed joints has also been 

used. On a flume, stilling wells are often formed of the same material as the flume. 

Because the primary purpose of the stilling well is to prevent oscillations of the float 

caused by surging water or wave action, the well must be firmly anchored to prevent 

movements that could introduce oscillations within the well.  

Surges and wind waves of the outside water surface can be dampened by restricting the 

area of an inlet port through a relatively thin wall to about 1/1,000 of the inside horizontal 

cross-sectional area of the well. If the stilling well is served by a long connecting pipe, 

the diameter should be increased to produce the same effective dampening. Thin wall 

port diameters are about 1/30 the diameter of the wells, and connecting pipeline 

diameters are about 1/20 the diameter of the well. Thin wall port and connecting pipe 

diameters for different sized stilling wells for full dampening are tabulated below: 

Table 6-1. Stilling well dimensions for full dampening  

Stilling well size  

 

Thin through walls or 

short inlet pipes 

Diameter (in)  

 

Connecting pipes 20 to 30 

ft long diameter (in)  

12-in diameter  1/2  1/2  

16-in diameter  1/2  3/4  

20-in diameter  5/8  3/4  

24-in diameter  3/4  1  

30-in diameter  1  1-1/2  

36-in diameter  1-1/4  2  

3- by 3-ft square  1-1/4  2  

3- by 4-ft rectangular  1-1/2  3  

4- by 5-ft rectangular  2  4  
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These table dimensions are used for connecting reservoirs and flumes where head 

remains relatively steady during reading and lag time is unimportant. 

Frequently, for actively changing discharge systems or very remote wells, connecting 

pipes must be large enough to allow recorder floats to respond quickly and to follow the 

water level changes. Usually, this pipe diameter is about 1/10 the diameter of the stilling 

well. Also, the connecting pipe can be oversized, and a gate valve that has the same head 

loss for flow in both directions can be provided for throttling. The gate valve allows 

throttling to the required amount of dampening. However, the piping system from the 

inside wall of the flume channel to the inside wall of the well must have the same form 

and friction losses for pulses of flow in both directions. The gate valve must be located so 

that a distance of at least 20 pipe diameters exists on both sides of the valve. The gate 

valve should be centered. If required, the gate valve could be opened fully for cleaning or 

to closely follow continually changing water level, or the valve could be throttled to 

prevent wide oscillation of ink pens. 

The pipe connection to the stilling well wall and flow channel wall should be 

perpendicular and carefully cut flush with the inside walls of the well and flume flow 

channel. Otherwise, the translocated water surface elevation in the well can deviate 

considerably from the actual mean elevation in the flume because of velocity impact and 

unbalanced head losses.  

The size of the stilling well depends on the method used to measure the head. The 

diameter, if circular shaped, could range from a recommended minimum size of 4 in for 

hand-inserted dipsticks to 18 in to accommodate larger diameter floats. Wells may be 

much larger to provide access for cleaning or to make the reading of wall attached staff 

gauges at sight angles at least as flat as 30 degrees. An overly steep sight angle will 

hinder accurate reading of water surface elevation on the staff gradations. It is 

recommended that well walls have a 2-in clearance from floats used with recorders. 

Weights should have adequate clearance from well walls. 

A stilling well may need to house the float and recorder system or other surface detecting 

equipment. The wells may need to be tall enough to provide convenient access to 

recorders for reading, reference setting, and maintenance. The wells may need to be tall 

enough to keep counterbalance weights from interfering with float movement. 

Before making a measurement, the wells should be flushed with fresh water to be sure 

they are free of sediment, foreign material, or blockages, which could cause erroneous 

head readings. Recording equipment should be checked and serviced regularly. Cross 

checks should be made between the staff gauges, hook gauges, plumb bobs, recorder 

values, and any other discharge indicators to expose system errors. Thus, even when 

using stilling wells, staff gauges should still be used on the inside walls of flumes for 

cross checking. Further details on stilling wells can be found in table 8.1 of chapter 8 

(Bos et al., 1991; Brakensiek, 1979). 
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Figures 6-9 and 6-10 show designs of typical installations of a more permanent nature. 

Installation cost is an important consideration in the selection of a structure. Shelters 

often become attractive targets for firearms, so higher initial costs of permanent 

installations may be offset by savings in undamaged equipment and complete records. 

Figure 6-11 shows a current meter gauging station with cable, car, corrugated steel 

shelter house, and stilling well. 

 
Figure 6-9 -- Stilling well and recorder house made of wood. 
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Figure 6-10 -- Plans for reinforced concrete recorder house 

and stilling well. 
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Figure 6-11 -- Current-meter gauging station with cable car, 

corrugated steel shelter house, and stilling well. 

If a continuous record of water stage is required at a particular location, the cost of a 

concrete gauge house and stilling well is usually justified. Figure 6-12 shows plans for a 

typical concrete structure used by the U.S. Geological Survey (Wahl et al., 1995). 

Considerable care must be used in construction to minimize settling or cracking of the 

concrete. 

 
Figure 6-12 -- Plans for smooth and corrugated steel pipe 

recorder housing and stilling wells (sheet 1 of 2). 
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Figure 6-12 -- Plans for smooth and corrugated steel pipe 

recorder housing and stilling wells (sheet 2of 2). 

The intake pipes on most stilling wells require occasional cleaning, especially on streams 

and canals carrying sediment. A flushing tank and pump cannot be justified on any but 

permanent installations (figure 6-9). The tank is filled with a hand pump, and a sudden 

release of the tank water will usually flush out the intake piping. For tightly clogged pipes 

or temporary or semi-permanent stilling wells, a sewer rod or "snake" provides the most 

satisfactory means for cleaning. The use of plugged crosses instead of tees and elbows in 

the piping system allows for the easy insertion of the cleaning rods or "snakes." 

8. Setting the Datum  

Setting the zero or datum elevation is one of the most important tasks when setting up a 

gauging station in a stream, river, or on a measurement structure. Care must be taken to 

ensure that the datum is below the zero flow level and that it can be independently 

located from points outside of the gauging structure. Datums are typically set using 

surveying techniques, often relating the datum elevation to mean sea level. A staff gauge 

is usually located nearby to verify that the gauging station is operating correctly. Periodic 
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checks on the datum elevation should be performed to ensure that no movement or 

settling of the stilling well or structure has occurred. Erroneous readings from a gauging 

station are many times directly related to the setting or shifting of the datum 

9. Operation, Maintenance, and Care of Water-Stage Recorders  

Standard procedures for operation of water-stage recorders should include verifying 

correct operation of the type of recorder present, checking that water elevations inside 

and outside of the stilling well match, inspecting and cleaning the intake pipe to the 

stilling well, and verifying that clocks (if so equipped) are operating properly. Inspections 

at regular, short intervals are generally required to keep breaks in data at a minimum. 

Persons installing and servicing water-stage recorders should follow manufacturers' 

recommended instructions for that particular instrument. These instructions should be 

placed conspicuously inside the instrument case or shelter. 

Recorder enclosures should be well ventilated to prevent excessive humidity from 

affecting operation. Moist air can be excluded from the recorder by a partition over the 

stilling well. Instrumentation for detecting and correcting errors caused by high humidity 

is available if necessary. 

Condensation within the recorder cover and metal shelters can be alleviated by gluing or 

spraying a resistant coating (such as cork) inside of each. Silica gel can be used as a 

desiccator, but it must be replaced occasionally or the moisture must be removed from 

the gel by heating in an oven at 300 degrees Fahrenheit.  

The well and shelter must be maintained in good condition, the intake pipes must be kept 

open, and the well must be protected from ice and drift. Freezing weather may require 

heating the well with an electric heater or a cluster of lights. A layer of low-freezing-

point, environmentally safe oil in the float well equal to the greatest thickness of ice 

expected can also be effective. In the past, oils such as kerosene or fuel oil were used; 

however, because of the possibility of the oil spilling into the water supply, only 

nontoxic, environmentally safe oils should be considered for this use. 
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CHAPTER 7 - WEIRS 

1. Background  

The weir is one of the oldest structures used to measure the flow of water in open 

channels. Several rating equations were developed for standard rectangular contracted 

weirs by different investigators. Generally, the data of each investigator are within +1.5 

to +2.5 percent with respect to their individual equations, but comparisons of the various 

equations differ as much as several percent (King and Brater, 1976; Ackers et al., 1978). 

In the past, user organizations selected an equation, called it standard, and specified 

construction requirements and limitations of use. However, Kindsvater and Carter (1959) 

developed an improved method for computing rates of flow through rectangular, thin-

plate weirs. Their method also applies to fully side suppressed, partially contracted, and 

fully contracted rectangular weirs. Kulin and Compton (1975) discuss the method and 

equation for rating fully contracted V-notch weirs with any angle between 25 degrees and 

100 degrees. This method also rates partially contracted 90-degree, V-notch weirs. 

Sections 6 and 7 give references and discuss these improved rating methods in more 

detail.  

The Kindsvater approach accounts for velocity of approach effects and the accompanying 

variation of discharge coefficient caused by changes of effective width and head. This 

method is preferred for calibrating or rating rectangular and triangular weirs. Also, this 

method will correct for excess approach velocity in standard weirs. Thus, this newer 

approach will accurately recalibrate some of the older weirs that are no longer operating 

as standard, as well as some that never were standard.  

The previous editions of this manual presented considerably less accurate methods to 

correct for velocity of approach, all of which assumed that all the correction was 

accountable as a head adjustment alone. The Kindsvater relationships clearly show the 

defect of this assumption. Velocity of approach affects the effective crest length and the 

effective contraction coefficient, as well as the effective measuring head, all of which are 

accounted for in the Kindsvater approach. Thus, the older methods for correcting for 

velocity of approach are not contained in this edition of the manual. 

2. Definition of Weirs  

A measuring weir is simply an overflow structure built perpendicular to an open channel 

axis to measure the rate of flow of water. Inspecting and checking the critical parts of 

weir structures for degradation and improper operation are easy. 

A properly built and operated weir of a given shape has a unique depth of water at the 

measuring station in the upstream pool for each discharge. Thus, weirs can be rated with 

respect to an upstream head relative to the crest elevation versus discharge, and equations 

or tables which apply to the particular shape and size weir can be generated. The crest 

overflow shape governs how the discharge varies with head measurement 
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3. Weir Nomenclature and Classification  

The overflow section shape cut with a sharp upstream corner into a thin plate is the weir 

notch, sometimes called the overflow section. If the notch plate is mounted on the 

supporting bulkhead such that the water does not contact or cling to the downstream weir 

plate or supporting bulkhead, but springs clear, the weir is a sharp-crested or thin-plate 

weir. 

A weir in the form of a relatively long raised channel control crest section is a broad-

crested weir. The flow control section can have different shapes, such as triangular or 

circular. True broad-crested weir flow occurs when upstream head above the crest is 

between the limits of about 1/20 and 1/2 the crest length in the direction of flow. For 

example, a thick wall or a flat stoplog can act like a sharp-crested weir when the 

approach head is large enough that the flow springs from the upstream corner. If 

upstream head is small enough relative to the top profile length, the stoplog can act like a 

broad-crested weir. Wide, flat, triangular weirs exist that have wall sills with beveled 

corners. These short-crested weirs are in frequent use for hydrologic watershed research. 

Section 14(f) discusses these weirs. 

Weirs are commonly named by the shape of their blade overflow opening shape (figure 

7-1) for sharp-crested weirs or the flow control section shape for broad-crested weirs. 

Thus, weirs are partially classified as rectangular, trapezoidal, triangular, etc. In the case 

of sharp weirs, the triangular weir is also called a V-notch weir, and one kind of 

trapezoidal weir is the Cipoletti weir. In the case of rectangular or Cipoletti weirs, the 

bottom edge of the notch in the thin plate is the crest, and the side edges (which are 

vertical or flare up and outward) are the sides or ends (figure 7-1). The point of the 

triangle is the crest of a V-notch weir. The lowest elevation of the overflow opening of 

the sharp-crested weirs or the control channel of broad-crested weirs is the head 

measurement zero reference elevation.  
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Figure 7-1 -- Different kinds of sharp-crested weirs. 

When the distances from the sides of the weir notch to the sides of the weir pool are 

greater than two measurement heads, the water will flow relatively slowly along the 

bulkhead face toward the overflow opening. As the water from the sides of the channel 

nears the notch, it accelerates and has to turn to pass through the opening. This turning 

cannot occur instantaneously, so a curved flow path or side contraction results in which 

the water springs free to form a jet narrower than the overflow opening width. 

Flow coming along the bottom of the weir pool and up a sufficiently high bulkhead and 

weir plate springs upward and forward in the curved, underside jet surface or crest 

contraction. The falling sheet of water springing from the weir plate is the nappe.  

After passing the head measuring station or about a distance of two head measurements 

upstream from the overflow opening, the water surface drops more and more as flow 

approaches the crest. This continuing drop of water surface or drawdown results from 

the acceleration of the water as it approaches the weir. The drop in water surface between 

the measuring station and the notch is equal to the change of velocity head, or V2/2g, 

between these stations as explained in section 7 in chapter 2. 

The term vertical contraction includes both crest contraction and drawdown at the weir 

plate. When approach conditions allow full contractions at the ends and at the bottom, the 

weir is a contracted weir. For full contraction, the ends of the weir should not be closer 
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to the sides and bottom of the approach channel than a specified distance. Full side 

contractions on a thin-plate Cipoletti weir are shown on figure 7-2. If the specified 

distances are not met, then the weir is partially contracted.  

 
Figure 7-2 -- Cipoletti weir operating with full contractions at 

the end and on the crest. 

When sides of the flow channel act as the ends of a rectangular weir, no side contraction 

exists, and the nappe does not contract from the width of the channel. This type of weir is 

a suppressed weir and is shown on figures 7-1 and 7-3. To reproduce the full vertical 

rating, contraction of the suppressed weir that existed during its calibration requires full 

air ventilation under the nappe and the proper crest elevation. 

 
Figure 7-3 -- Suppressed rectangular weir at a canal drop. 

Velocity of approach is equal to the discharge divided by the flow section area at the 

head measuring station. Velocity of approach is important because it can change weir 

calibrations by effectively reducing the crest length and/or measuring head. In addition, a 

variable discharge coefficient results as increasing velocity changes the curvature of flow 

springing from the weir plates. 

Free flow occurs when a thin-plate weir allows free access of air under the falling jet 

sheet or nappe. With free flow, head measurements at one upstream location determine 

discharge with knowledge of weir size and shape. 
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Downstream water rising above the weir crest elevation produces a submerged weir 

condition. When the downstream water surface is near or above the crest elevation of a 

sharp-crested weir, accuracy of measurement should not be expected. "Submerged flow 

correction methods" or "submerged calibrations" only produce estimates of discharge. 

The use of a submerged weir as a water measurement device is not good practice and 

should only be done as a temporary, emergency procedure. Because of the large loss of 

accuracy, designing thin-plate weirs for submergence should be deliberately avoided. 

However, submergence may happen unexpectedly or may be temporarily necessary. In 

such cases, flow can be estimated using special techniques discussed in Skogerboe et al. 

(1967), but not on a long-term basis.  

A weir discharge measurement consists of measuring depth or head relative to the crest 

at the proper upstream location in the weir pool, and then using a table or equation for the 

specific kind and size of weir to determine discharge. Commonly, a staff gauge, 

described in chapter 6, having a graduated scale with the zero placed at the same 

elevation as the weir crest, measures head. Putting staff gauges in stilling wells dampens 

wave disturbances when reading head. Using vernier hook point gauges in stilling wells 

produces much greater accuracy than staff gauges. These staff gauges must be zero 

referenced to the weir crest elevation. Section 7 in chapter 8 provides more information 

regarding measuring head and related errors.  

4. Different Sharp or Thin-Plate Weir Types  

The types of traditional fully contracted weirs commonly used and considered standard 

for measuring irrigation water are:  

 Rectangular weirs  

 V-notch weirs from 25 degrees to 100 degrees  

 Cipoletti (trapezoidal) weirs  

Common partially contracted weirs are:  

 Partially contracted rectangular weirs  

 Partially contracted 90-degree V-notch weirs  

Equations for weirs determine discharge values used to produce tables for field use. 

However, users and designers must pay due respect to specific limits such as calibration 

range, velocity of approach, setting requirements, dimension tolerances, and operating 

techniques. A few weir tables are extended by measured data outside of equation limits. 

5. Conditions Needed for All Types of Sharp-Crested Weirs  

Certain requirements are common to all sharp-crested weir measurement structures. 

Extensive experiments on weirs and long-term experience show that the following 

conditions are necessary for accurate measurement of flow (see also, Fig. 5-2): 
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(a) The upstream face of the weir plates and bulkhead should be plumb, smooth, 

and normal to the axis of the channel.  

(b) The entire crest should be level for rectangular and trapezoidal shapes, and the 

bisector of V-notch angles should be plumb.  

(c) The edges of the weir opening should be located in one plane, and the corners 

should have proper specified angles.  

(d) The top thickness of the crest and side plates should be between 0.03 and 0.08 

inch (in). 

(e) All weir plates should have the same thickness for the entire boundary of the 

overflow crest. If the plates are thicker than specified in condition (d), the plate 

edges shall be reduced to the required thickness by chamfering the downstream 

edge of the crest and sides to an angle of at least 45 degrees; 60 degrees is highly 

recommended for a V-notch to help prevent water from clinging to the 

downstream face of the weir. 

(f) The upstream edges of the weir opening plates must be straight and sharp. 

Edges of plates require machining or filing perpendicular to the upstream face to 

remove burrs or scratches and should not be smoothed off with abrasive cloth or 

paper. Avoid knife edges because they are a safety hazard and damage easily. 

(g) The bottom edge plates and fastener projection upstream should be located a 

distance of at least two measuring heads from the crest. If not, the plates must be 

inset flush with the upstream face of the supporting bulkhead, and the fasteners 

must be countersunk on the upstream pool side. Upstream faces of the plates must 

be free of grease and oil. 

(h) The overflow sheet or nappe should touch only the upstream faces of the crest 

and side plates. 

(i) Maximum downstream water surface level should be at least 0.2 foot (ft) 

below crest elevation. However, when measuring close to the crest, frequent 

observations are necessary to verify that the nappe is continually ventilated 

without waves periodically filling the under nappe cavity. 

(j) To prevent the nappe from clinging to the downstream face of the weir, the 

head measurement should be greater than 0.2 ft. Conditions (d), (e), and (f) also 

help to prevent clinging. If measurements must be made at heads approaching this 

value for substantial periods, operators must ensure the head measuring system 

has commensurate precision with respect to needed accuracy and must continually 

check for clinging.  
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(k) The measurement of head on the weir is the difference in elevation between 

the crest and the water surface at a point located upstream from the weir a 

distance of at least four times the maximum head on the crest. 

(l) Keep the approach to the weir crest free of sediment deposits. All the approach 

flow conditions as discussed in section 17 of chapter 2 of this manual apply. 

Additional requirements and limitations specific to different types of weirs follow. 

6. Partially and Fully Contracted Rectangular Weirs  

Kindsvater and Carter (1959) developed an improved method for calibration rating of 

rectangular thin-plate weirs. The method applies to both fully and partially contracted 

rectangular weirs. The method also rates the equivalent of a suppressed weir. The 

capability of rating partially contracted weirs provides design versatility, especially in 

selection of low crest heights to reduce head drop and side contraction needed to measure 

flow. Thus, these weirs can reduce head loss and conserve delivery head. These weirs 

have coefficients that vary with measuring head as well as geometry. The resulting 

calibrations are at least as accurate as the equations and tables for "standard" fully 

contracted weirs. Weir use and dimension limits are defined by the curves for 

determining the calibration ratings.  

The basic equation for the Kindsvater-Carter method is:  

     (7-1) 

where: 

Q = discharge, cubic feet per second (ft3/s)  

e = a subscript denoting "effective"  

Ce = effective coefficient of discharge, ft1/2/s  

Le = L + kb  

h1e = h1 + kh 

In these relationships: 

kb = a correction factor to obtain effective weir length  

L = measured length of weir crest  

B = average width of approach channel, ft  

h1 = head measured above the weir crest, ft  

kh = a correction factor with a value of 0.003 ft 

The factor kb changes with different ratios of crest length, L, to average width of 

approach channel, B. Values of kb for ratios of L/B from 0 to 1 are given on figure 7-4. 

The factor kh is a constant value equal to 0.003 ft. 
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Figure 7-4 -- Value of width-adjustment factor from Georgia 

Institute of Technology tests (courtesy of American Civil 

Society of Engineers). 

The effective coefficient of discharge, Ce, includes effects of relative depth and relative 

width of the approach channel. Thus, Ce is a function of h1/p and L/B, and values of Ce 

may be obtained from the family of curves presented on figure 7-5. p is the vertical 

distance from the weir crest to the approach pool invert. 

 
Figure 7-5 -- Effective coefficient of discharge, Ce, as a 

function of L/B and h1/p, from Georgia Institute of 

Technology tests (courtesy of American Civil Society of 

Engineers).. 

The straight lines on figure 7-5 have the equation form: 

(7-2) 

where:  

Ce = effective coefficient of discharge  

C1 = equation coefficient  

h1 = head on the weir (ft)  
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p = height of crest above approach invert (ft)  

C2 = equation constant 

For convenience, the coefficients and constants for straight lines of each L/B on figure 7-

5 are given in the following tabulation for interpolation: 

Table 7-1. Coefficient and constants used in 

determining the effective coefficient of discharge for 

the Kindsvater-Carter method  

L/B  C1  C2  

0.2  

0.4  

0.5  

0.6  

0.7  

0.8  

0.9  

1.0  

-0.0087  

0.0317  

0.0612  

0.0995  

0.1602  

0.2376  

0.3447  

0.4000  

3.152  

3.164  

3.173  

3.178  

3.182  

3.189  

3.205  

3.220  

The straightforward, comprehensive, and accurate Kindsvater-Carter method of 

determining discharges for rectangular weirs is well suited for discharge rating use. It is 

particularly useful for installations where full crest contractions or full end contractions 

are difficult to achieve. 

Traditional rectangular weirs that do not meet crest height limits or that are using the 

older methods of correcting for velocity of approach should be recalibrated using the 

Kindsvater-Carter method. Weirs that fall out of the limits of the Kindsvater-Carter rating 

curves need replacement or field calibration by thorough current metering.  

Limits on usage and dimensions are: 

 The calibration relationships were developed with rectangular approach flow and 

head measurement sections for these weirs. For applications with other flow 

section shapes, the average width of the flow section for each h1 is used as B to 

calculate discharges.  

 The crest length, L, should be at least 6 in.  

 The crest height, p, should be at least 4 in.  

 Like all weirs used for head measurement, h1 should be at least 0.2 ft .  

 Values of h1/p should be less than 2.4.  

 All the requirements in section 5 apply.  

 The downstream water surface elevation should be at least 2 in below the crest.  

 All the approach flow conditions in chapter 2 apply .  
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7. V-Notch Weirs of Any Angle  

The Kindsvater-Shen relationship can be used for fully contracted notches of any angle 

between 25 degrees and 100 degrees (Kulin and Compton, 1975). The equation which 

includes the angle as a variable is written as:  

  (7-3) 

where: 

Q = discharge over weir in ft3/s  

Ce = effective discharge coefficient  

h1 = head on the weir in ft  

h1e = h1 + kh  

= angle of V-notch 

The head correction factor, kh, is a function of (figure 7-6a). However, for fully 

contracted traditional 90-degree V-notch weirs, equation 7-6 and the rating table 

discussed later produce comparable accuracy. 

 
Figure 7-6a -- Head correction factor, kh, for V-notches of any 

angle (courtesy of National Bureau of Standards, Kulin et al. 

[1975]). 
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Figure 7-6b -- Effective coefficient, Ce, for fully contracted 

V-notches of any angle (courtesy of National Bureau of 

Standards, Kulin et al. [1975]).. 

For fully contracted V-notch weirs, the value of kh is related to as given on figure 7-6a, 

and values of Ce are read from figure 7-6b. Partially contracted 90-degree V-notches only 

can be rated using figure 7-7 to obtain Ce values. The calibration relationships were 

developed with rectangular approach flow and head measurement sections for these 

weirs. For applications with other flow section shapes, the average width of the flow 

section for each h1 is used as B to determine coefficients.  

 
Figure 7-7 -- Effective coefficient, Ce, for partially contracted 

90-degree V-notches (courtesy of National Bureau of 

Standards, Kulin et al. [1975]).. 

Bos (1989) and International Organization for Standardization (1983) explain and define 

limits basic to the use of these figures. Precautions and restrictions concerning the use of 

V-notch weirs are as follows: 

(a) V-notch weirs should not be designed beyond the range of the parameters 

plotted on figures 7-6 and 7-7. Only the 90-degree V-notch weir can be made 

partially contracted through the use of figure 7-7. 

(b) The water surface downstream from the weir should always remain at least 0.2 

ft below the notch. Lower discharge readings should be rejected if the contraction 

is not springing underneath for the entire nappe length. 

(c) The measuring head should be greater than 0.2 ft because precision of head 

measurement error is large relative to smaller head depths, and the nappe may 

cling to the weir plate.  

(d) For the fully contracted V-notch, the maximum measuring head should be less 

than 1.25 ft.  
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(e) For the partially contracted V-notch, the maximum head should be less than 2 

ft. 

(f) For fully contracted V-notches, the h1/B ratio should be equal to or less than 

0.2. 

(g) For the partially contracted 90-degree notch, h1/B should be equal to or less 

than 0.4. 

(h) The average width of the approach channel, B, should always be greater than 3 

ft for the fully contracted V-notch.  

(i) For the partially contracted 90-degree V-notch, the approach channel width 

should be greater than 2 ft. 

(j) The V-notch of the weir should always be located at least 1.5 ft above the 

invert of the weir pool for fully contracted weirs. 

(k) Only the 90-degree V-notch can be partially contracted, but the point of the 

notch must be located at least 4 in from the channel invert. 

(l) All the requirements in section 5 apply. 

(m)All the approach flow conditions in chapter 2 apply.  

8. Some Traditional Standard Irrigation Weirs  

In the past, user organizations selected specific equations from a choice of many, called 

them "standard," and specified requirements in construction and use to assure full 

contraction and nearly constant coefficients. Thus, equations and tables for "standard" 

weirs have strict limits and construction requirements, mainly in terms of the distance of 

the crest from the approach channel boundaries. In contrast, weir discharge calculated 

using Kindsvater methods will account for changes in velocity of approach caused by 

proximity of approach flow boundaries to crests. Thus, a weir designed with the 

Kindsvater methods can measure and deliver flow with less head loss than a similar 

"standard" weir mentioned above.  

9. Standard Contracted Rectangular Weirs  

The fully contracted rectangular weir (figure 7-1) is the most frequent standard weir used 

in irrigation. To be fully contracted, all overflow plate sides and ends must be located at 

least a distance of 2h1max (two maximum measurement heads) from the approach flow 

boundaries. Head is measured at a distance of at least 4h1 from the weir. 
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(a) Discharge Equation for Standard Fully Contracted Rectangular Weirs  

The Francis (1883) equation is convenient for weirs operating under favorable prescribed 

conditions. The Francis equation is: 

Q = 3.33h1
3/2(L-0.2h1)   (7-4) 

where: 

Q = discharge in ft3/s neglecting velocity of approach 

L = the length of weir in ft 

h1 = head on the weir in ft 

The Francis equation has a constant discharge coefficient which facilitates computations 

without the use of tables. However, the coefficient does not remain constant for a ratio of 

head-to-crest length greater than one-third, and the actual discharge exceeds that given by 

the equation. Francis' experiments were made on comparatively long weirs, most of them 

with a 10-ft crest and heads ranging from 0.4 ft to 1.6 ft. Thus, these equations apply 

particularly to such weirs. The Bureau of Reclamation (Reclamation) experiments on 6in, 

1ft, and 2-ft weirs on the Boise Project in Idaho show that the equation also applies fairly 

well to shorter crest lengths, provided the head of water on the weir is not greater than 

about one-third the length of the weir. 

(b) Discharge of Standard Contracted Rectangular Weirs  

Most of the discharges in tables A7-2 through A7-5 were calculated using equation 7-4. 

For most sizes of these weirs, the values of discharge in table A7-2 end when the 

measurement head reaches one-third of the crest length, the limit of the equation. 

Reclamation, Boise Project, calibrated weirs to extend the head range of contracted 

rectangular weirs. Their calibrations are included in the table for the 6-in, 1-ft, and 2-ft 

crest lengths and are indicated by shaded entries in the tables. 

(c) Limits of Standard Fully Contracted Rectangular Weir  

Equation 7-4 should not be used beyond the maximum discharges shown in table A7-2 or 

for measuring heads greater than one-third the crest lengths. All the requirements in 

section 5 apply. All the approach flow conditions in chapter 2 apply. The crest height, p, 

should be at least equal to 2h1max. The side contractions should also be located a distance 

of 2h1max from the approach channel boundary.  

Head is measured upstream at a distance of at least 4h1max from the weir crest. Should any 

of these criteria be violated, discharge rating using the Kindsvater-Carter method is still 

possible.  
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10. Standard Suppressed Rectangular Weir  

A standard suppressed rectangular weir has a horizontal crest that crosses the full channel 

width. The elevation of the crest is high enough to assure full bottom crest contraction of 

the nappe. The vertical sidewalls of the approach channel continue downstream past the 

weir plate, preventing side contraction or lateral expansion of the overflow jet. 

Special care must be taken with suppressed weirs to secure proper aeration beneath the 

overflowing sheet at the crest. Aeration is usually accomplished by placing vents on both 

sides of the weir box under the nappe (figure 7-8). 

 
Figure 7-8 -- Section through suppressed weir with air vent in 

wall. 

Other conditions for accuracy of measurement for this type of weir are identical to those 

of the contracted rectangular weir, except those relating to side contraction and the crest 

height. The crest height should be equal to at least 3h1max. A suppressed weir in a flume 

drop is illustrated on figure 7-3.  

(a) Equation for Standard Suppressed Rectangular Weirs With Full Bottom 

Contraction  

The Francis equation for the standard suppressed rectangular weir (figure 7-1) is:  

  (7-5) 

The variables in this equation have the same significance as in the equations for 

contracted rectangular weirs discussed in section 9. Francis obtained the coefficient of 

discharge from the same general set of experiments as those stated for the contracted 

rectangular weir. No extensive tests have been made to determine the applicability of 

these equations to weirs less than 4 ft in length. Similar to the contracted rectangular 

weir, heads less than 0.2 ft do not give accurate flow readings because the nappe of water 
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going over the crest may not spring free of the crest. Also, at smaller head depths, heads 

that are large, relative to precision of head measurement, cannot be measured. The 

equation should not be used to compute discharges for heads less than 0.2 ft or greater 

than one-third the crest length. 

(b) Discharge of Standard Suppressed Rectangular Weirs  

Table A7-3 contains discharges in cubic feet per second for full bottom contracted 

suppressed rectangular weirs. These discharges were computed from the Francis equation 

for lengths and heads commonly used in measuring small quantities of irrigation water. 

(c) Limits of Standard Suppressed Rectangular Weirs  

Equation 7-5 must not be used beyond the maximum discharges shown in table A7-3 or 

for measuring heads greater than one-third the crest lengths. All the requirements in 

section 5 apply. All the approach flow conditions in chapter 2 apply. The crest height, p, 

should be at least equal to 3h1max (three maximum heads). Head is measured at an 

upstream distance of at least 4h1max from the weir. The sidewalls must extend at least a 

distance of 0.3h1max down-stream from the crest, and the overflow jet must be adequately 

ventilated to the atmosphere.  

However, the Kindsvater-Carter method discussed in section 6 is ideally suited for use 

with suppressed rectangular weirs. This method provides the capability of using partially 

bottom contracted suppressed weirs and automatically corrects for velocity of approach. 

This method is recommended for general use and is discussed in section 6. This method 

provides the opportunity to conserve delivery head by using crest heights less than 3h1max, 

within limits. 

11. Fully Contracted Standard 90-Degree V-Notch Weir  

The triangular or V-notch, thin-plate weir is an accurate flow measuring device 

particularly suited for small flows.  

(a) Traditional Equation for Standard 90-Degree Contracted V-Notch Weirs  

The Cone equation is commonly used for 90degree V-notch weirs. This equation is 

reliable for small, fully contracted weirs generally encountered in measuring water for 

irrigation.  

The Cone equation is: 

Q=2.49h1
2.48   (7-6) 

where: 
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Q = discharge over weir in ft3/s  

h1 = head on the weir in ft 

(b) Discharge of 90-Degree Contracted V-Notch Weirs  

Table A7-4 contains discharges in cubic feet per second for the standard 90-degree, fully 

contracted V-notch weir (figure 7-1) from the Cone equation for a range of heads 

ordinarily used in measuring small flows. To be fully contracted, all the overflow plate 

edges and the point of the notch must be located at least a distance of 2h1max from the 

approach flow boundaries. 

(c) Limits of 90-Degree Contracted V-Notch Weirs  

The crest of the weir consists of a thin plate beveled 45 degrees or greater from the 

vertical to produce an edge no thicker than 0.08 in. If heads will be frequently near the 

0.2-ft lower limit, then the bevel-ing should be 60 degrees. This weir operates as a fully 

contracted weir, and all conditions for accuracy stated for the standard contracted 

rectangular weir apply. To be fully contracted, all the overflow plate edges and the point 

of the notch must be located at least a distance of two measuring heads from the approach 

flow boundaries. The head measuring station is located a distance of at least four 

measuring heads upstream from the weir crest. This 90degree V-notch weir should only 

be used for discharges between 0.05 and 4.25 ft3/s and should not be used consistently 

near the high end of this range because a 2-ft fully contracted rectangular weir will 

deliver the same flow at 40 percent less head for the same approach channel width. All 

the requirements of section 5 apply. All the approach flow conditions in chapter 2 apply.  

The use of the Kindsvater-Shen method for rating V-notched weirs can considerably 

extend the limitations described above. 

12. Cipoletti Weir  

A standard Cipoletti weir is trapezoidal in shape. The crest and sides of the weir plate are 

placed far enough from the bottom and sides of the approach channel to produce full 

contraction. The sides incline outwardly at a slope of 1 horizontal to 4 vertical. A 

Cipoletti weir is shown on figures 7-1 and 7-9. 
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Figure 7-9 -- Cipoletti weir with a well-type head-measuring 

station. 

(a) Equation for Cipoletti Weirs  

The Cipoletti weir is a contracted weir. However, its discharge calibration resembles that 

of a suppressed weir because the effects of side contractions are intentionally 

compensated for by sloping the sides of the weir plate outward. Thus, discharge 

calibrations are nearly equivalent to suppressed weirs of the same crest lengths. 

The Cipoletti equation, neglecting velocity of approach, is: 

Q = 3.367 L h1
3/2   (7-7) 

where: 

L = length of weir crest in ft  

h1 = head on weir crest in ft 

The accuracy of measurements obtained by use of Cipoletti weirs and the above equation 

is considerably less than that obtainable with suppressed rectangular or V-notch weirs 

(Shen, 1959). The accuracy of the discharge coefficient is +5 percent. 

(b) Discharge of Cipoletti Weirs  

Table A7-5 contains discharges in cubic feet per second for standard Cipoletti weirs 

neglecting velocity of approach, for heads and lengths of weirs generally used in 

measuring small quantities of irrigation water. For the 0.5-ft, 1ft, 2-ft, and 3-ft weirs, and 

heads greater than one-third the crest length, the discharges have been taken from 

experiments performed at the Boise Project. All other discharges were computed from the 

Cipoletti equation. The data in the table may be considered accurate to +5 percent for 

weirs of the above listed lengths. The same accuracy applies to weirs of other lengths 

which are listed on the table with heads not over one-third the crest length. 
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(c) Limits of Cipoletti Weirs  

All conditions for accuracy stated for the standard contracted rectangular weir apply to 

the Cipoletti weir. The height of the weir crest above the bottom of the approach channel 

should be at least twice the maximum head over the crest, and the distances from the 

sides of the notch to the sides of the channel should also be at least twice the maximum 

head. This weir should not be used for heads less than about 0.2 ft or for heads greater 

than one-third the crest length unless calibrations exist beyond this range for specific size 

weirs. The head is measured at least a distance of four measuring heads upstream from 

the crest.  

All the requirements in section 5 apply. All the approach flow conditions in chapter 2 

apply. 

13. Special Weirs 

(a) Compound Weirs  

Unusual situations may require special weirs. For example, a V-notch weir might easily 

handle the normal range of discharges at a structure; but occasionally, much larger flows 

would require a rectangular weir. A compound weir, consisting of a rectangular notch 

with a V-notch cut into the center of the crest, might be used in this situation. A weir of 

this type is shown on figure 7-10. 

 
Figure 7-10 -- Compound weir with 90-degree notch and 

suppressed rectangular crest used by U.S. Forest Service. 

The compound weir, as described, has a disadvantage. When the discharge begins to 

exceed the capacity of the V-notch, thin sheets of water will begin to pass over the wide 

horizontal crests. This overflow causes a discontinuity in the discharge curve (Bergmann, 

1963). Therefore, the size and elevation of the V-notch should be selected so that 

discharge measurements in the transition range will be those of minimum importance. 

Determining discharges over compound weirs has not been fully investigated either in the 

laboratory or in the field. However, an equation has been developed on the basis of 

limited laboratory tests on a 1-ft-deep, 90-degree V-notch cut into rectangular notches 2, 

4, and 6 ft wide to produce horizontal extensions of L=0, L=2, and L=4 ft, respectively 
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(Bergmann, 1963). The weirs were fully contracted, and heads up to 2.8 ft above the 

notch point were used. The equation is as follows: 

  (7-8) 

where: 

Q = discharge in ft3/s  

h1 = head above the point of the V-notch in ft 

L = combined length of the horizontal portions of the weir in ft 

h2 = head above the horizontal crest in ft 

When h1 is 1 ft or less, the flow is confined to only the V-notch portion of the weir, and 

the standard V-notch weir equation (Eq. 7-6) is used. 

Further testing is needed to confirm this equation before it is used for weirs beyond the 

sizes for which it was developed. 

(b) Short Weir Box Turnouts  

A simple and inexpensive irrigation turnout structure regulates rate of flow and provides 

a relatively quiet headwater pool in a short approach distance from canal pipe outlets into 

weir boxes. These measurement structures overcome defects in approach conditions not 

accepted by standard weir pools by using a combination of baffles and a shelf type gauge 

stilling basin. This concept was first developed on the Yakima Project in Washington 

using Cipoletti weirs. One of the structures used for discharges up to about 1.5 ft3/s is 

shown on figure 7-11. This weir box was used to measure flows where the head 

differences between the canal water surface and the weir pool surface were as much as 4 

ft. Discharges were determined by using the standard Cipoletti weir calibration in 

table A7-5. 

 
Figure 7-11 -- Weir box turnout with Cipoletti weir. 
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Simmons and Case (1954) and Palde (1972) studied this concept further to improve 

approach flow velocity distribution, still the water surface at the gauges, and increase 

discharge measuring capacity, accuracy, and head differential between the supply canal 

head elevation and weir pool. To achieve narrower box widths, suppressed rectangular 

weirs were installed for full size laboratory tests. These tests developed system 

arrangements, box and weir dimensions, and stilling baffle arrangements (figures 7-12c 

and 7-13) and calibrations for discharges up to 12 ft3/s and for canal and weir pool head 

differences up to 6 ft. Suppressed rectangular weirs 3 and 4 ft long were used rather than 

Cipoletti weirs to simplify the structure and increase capacity. To meet three different 

conditions likely to be encountered in the field, the three designs for 5.0-ft3/s maximum 

measuring capacity shown on figure 7-12 were prepared. 

 
Figure 7-12a -- Standard designs for 5.0-ft3/s weir box turnout 

(sheet 1 of 3). 

 
Figure 7-12b -- Standard designs for 5.0-ft3/s weir box turnout 

(sheet 2 of 3). 

 
Figure 7-12c -- Standard designs for 5.0-ft3/s weir box turnout 

(sheet 3 of 3). 
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Figure 7-13 -- Baffle arrangement and rating table for 12-ft3/s 

weir box turnout. 

The type 1 turnout weir box (figure 7-12a) is placed immediately adjacent to the supply 

canal with the turnout inlet recessed into the side of the canal. The type 2 turnout (figure 

7-12a) is placed farther from the canal. Maximum discharge for turnout types 1 and 2 is 

5.0 ft3/s with a maximum head drop between the canal water surface and the weir pool 

surface of 3.0 ft. The type 3 (figure 7-12b) turnout is designed for 5.0 ft3/s with a head 

drop of up to 6.0 ft. Instead of having the square bottom gate at the weir pool headwall, 

the gate is moved to the canal pipeline inlet. 

Discharges through types 1 and 2 weir box turnouts are determined by measuring the 

weir pool head, h1, on the weir gauge provided just above the baffles and wave 

suppressor, measuring the head drop, Y, using the weir gauges both upstream and 

downstream from the gate, and using the table of discharge on figure 7-12b. Both weir 

gauges should be set at the same elevation. Discharges through type 3 turnouts are 

determined by the single measurement of weir pool head, h1, and the table of discharge 

on figure 7-12b, depending on maximum design discharge measurement capacity. 

The baffle arrangement and rating table for the 12-ft3/s maximum capacity weir box 

developed by Palde (1972), shown on figure 7-13, incorporates a suppressed weir. This 

weir box is installed in gate, pipe, and box configuration similar to the smaller discharge 

capacity weir box in the type 3 turnout using the dimensions and baffle arrangement 

shown on figure 7-12b, which also shows the calibration chart. 
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All four designs are arranged to permit easy construction as in-place structures or as pre-

cast units. All use reinforced concrete for the main box and headwalls and use separate, 

easily replaced, wooden or metal baffle assemblies in the weir pool. A space is left open 

at the upstream face of the baffle so any accumulations of weeds and debris can be 

removed. Design and construction details for the 5- and 12-ft3/s weir boxes are given in 

Aisenbrey et al. (1978). 

(c) Broad-Crested Weirs  

A broad-crested weir is a raised overflow crest, commonly a flat horizontal block. 

However, a variety of crest shapes can be used to establish flow control in boundaries 

that are horizontal in the direction of flow. Broad-crested weirs often have special 

approach transitions ahead of and up to the crest surface, such as nose treatments like 

ramps and rounded corners. Crest length in the direction of flow is generally long 

enough, relative to the measuring head, to make the effect of flow curvature insignificant 

and short enough to prevent friction from controlling depths. These weirs can be 

computer calibrated when flow curvature is insignificant.  

Broad-crested weirs are about as accurate as sharp thin-plate  

weirs and also have some advantages, such as: 

 Broad-crested weirs can be computer calibrated.  

 A broad-crested weir could be considered if rusting, impact, abrasion, etc., might 

cause maintenance problems with a flat-plate weir.  

 Specially shaped weirs can be designed to fit more complicated channel cross 

sections better, and the shape control section can be selected to provide special 

discharge ranging and variation needs with respect to head.  

 Some forms of broad-crested weirs pass floating debris and sediment better than 

sharp thin-plate weirs, especially those with round nose or ramp approach 

transitions.  

 Submergence does not affect broad-crested weirs up to about 80 percent with a 

vertical downstream drop and up to about 90 percent with sloped downstream 

transitions.  

No clear-cut classification distinction or hydraulic difference exists between broad-

crested weirs and long-throated flumes. Computer calibrations of broad-crested weirs use 

the principles and theories that are used for long-throated flumes. Thus, broad-crested 

weirs such as flat crests across trapezoidal and circular flow channels are covered in 

chapter 8. 

(d) Movable Weirs and Adjustable Weirs  

Movable weirs are weir assemblies mounted in metal or timber frames that can be moved 

from one structure to another. The frames fit freely into slots provided in the structures 

and are not fastened in place. Adjustable weir assemblies are mounted in metal frames 
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permanently fastened to the structures. The weir blades in both the movable and the fixed 

frames can be raised or lowered to the desired elevations, usually by threaded stems with 

hand-wheels. 

An adjustable weir used at a fixed frame location is shown on figure 7-14. A sufficiently 

large pool must be provided upstream from the weir to slow and quiet the flow before it 

reaches and overflows the weir blade. A fixed head gauge is not recommended for flow 

measurement if the weir is to be moved up or down because the gauge zero will not 

coincide with the weir crest elevation. 

 
Figure 7-14 -- Adjustable Cipoletti weir in a division box. 

A form of a movable crest broad-crested weir is discussed in Bos (1984) and Bos et al. 

(1991). This publication also shows how movable weirs can be arranged to provide 

shutoff and sediment sluicing provided enough channel drop is available. 

(e) Flow Measurement Using an Overshot Gate  

Overshot gates (figure 7-15), or leaf gates as they are sometimes called, are increasingly 

used for controlling water levels in open channels. This application is used partly because 

of the ability of the gates to handle flow surges with limited depth changes and the ease 

with which operators can understand their hydraulic behavior. With an overshot gate, a 6-

in drop in the gate height corresponds closely to a 6-in drop in upstream water level. The 

main purpose of most main canal control gates is to maintain a constant water depth for 

turnouts located upstream. Thus, the turnouts will deliver water at nearly constant flow 

rates regardless of the flow rate in the main canal. If the water level in a main canal is 

constant, then turnout controls can be either weirs or orifice-based gates, such as sluice or 

radial gates. Generally, weirs are able to control main canal water surfaces more closely 

than orifice gates because the water level upstream varies with the three-halves power of 

the head over the weir compared to the one-half power for orifices. 
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Figure 7-15 -- Sectional view of an overshot gate. 

Although water level control is useful, operators also need to know the flow rate at each 

gate to better operate systems. Wahlin and Replogle (1994) further developed the 

Kindsvater and Carter (1959) calibration approach for a sloping leaf gate as a weir by 

modifying equation 7-1 with a gate angle correction coefficient, Ca, as follows: 

  (7-9) 

where:  

Ca = correction factor for angle of the gate 

Ce = effective discharge coefficient for a vertical weir from figure 7-5 or equation 

7-2 

Le = effective crest length 

he = effective measurement head  

An empirical plot (figure 7-16) for Ca was determined from laboratory tests. For values 

of h1/p less than 1.0 and for gate angles between 16.2 degrees and 63.4 degrees, the 

relationship for Ca is: 

 
Figure 7-16 -- Correction factor, Ca, versus gate leaf angle, , 

for use in equation 7-9. 
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The angle, , is measured in the direction of the flow between the channel invert and the 

underside of the gate leaf in degrees. 

Ca = 1.0333 + 0.003848  - 0.000045  2 (7-10)  

These equations can determine the flow rate in the field of a properly ventilated free-flow 

leaf gate to within about 6.4 percent. These equations were tested against hydraulic 

laboratory modeling and field data. Eventually, with further testing, these authors expect 

to verify that their derived submergence functions will provide submerged flow 

calibrations to within about 10 percent. This accuracy estimation for submerged flow rate 

does not include errors associated with head measurement. 

An example computation of free overshot discharge follows. 

For a leaf gate that is 6.5 ft wide and 9.75 ft long, sloping at 40 degrees, mounted with 

the hinge point about 3 in above the invert, and a measurement head, h1, of 3.25 ft, 

calculate the free flow discharge. 

The overfall edge of a leaf gate is in a region of no side contraction; therefore, the 

effective discharge coefficient can be calculated assuming no side contractions of the 

weir. Thus, figure 7-5 or equation 7-2 with a C1 of 0.40 and C2 of 3.22 are used to 

calculate a value for the effective discharge coefficient, Ce, as 3.42 at h1/p of 0.5. 

Because no effects caused by side contractions were assumed, a value of -0.003 ft is 

assigned to Kb (figure 7-4). Kindsvater and Carter (1959) also recommend that a constant 

value of 0.003 ft be assigned to Kh regardless of the flow rate or gate height. Thus, Le is 

6.497 ft, and he is 3.253 ft. 

Because h1/p is less than 1.00, and the gate angle is between 16.2 and 63.4 degrees, 

equation 7-10 can be used to determine that Ca is 1.115. Then, equation 7-9 is used to 

calculate discharge as below:  

   

Q = 145.3 ft3/s 

(f) Short-Crested Triangular Weirs  

The Soil Conservation Service, now the Natural Resources Conservation Service, 

(Brakensiek et al., 1979) (U.S. Department of Agriculture, 1962) developed a triangular 

short-crested weir (referred to by some investigaters as a triangular broad-crested weir) in 

the 1930's. The short-crested triangular design was adopted to provide a pre-calibrated 

meter installation that is economical, durable, and accurate over a wide flow range. The 

weirs are typically constructed entirely of reinforced concrete. The standard dimensions 

of the weir crest are given on figure 7-17. Triangular weirs with crest slopes of 2 to 1, 
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3 to 1, and 5 to 1 are standard. A concrete apron is recommended downstream from the 

weir for a distance of two measuring heads to prevent erosion. Water stage is measured 

relative to the weir V-notch at a location 10 ft upstream from the centerline of the crest 

profile. The U.S. Natural Resources Conservation Service recommends the channel 

upstream from the weir be nearly straight and level for 50 ft. The weir notch must be 

located a minimum of 0.5 ft above the upstream channel bed. Deposition of material 

immediately upstream from the notch will cause flow measurement inaccuracies that are 

greatest at low measuring heads. The side slope of the triangular weir should be selected 

based on natural stream-bank topography. The weir must provide sufficient upstream 

ponding such that velocity head at the stage measurement station can be neglected for the 

desired accuracy. The discharge equation for a short-crested triangular weir is given on 

figure 7-17. 

 
Figure 7-17 -- Discharge equation for short-crested triangular 

weir (SCS Agriculture Handbook No. 244). 

14. Velocity of Approach Corrections  

If the traditional standard weirs need correction for excessive velocity of approach, then 

their limits, as expressed in the previous sections, have been exceeded. Velocity cannot 

be effectively corrected by adjusting head alone as done with older procedures. 

Recognizing this limitation is probably the reason for the development of the Kindsvater 

equations and methods, which account for velocity of approach caused by allowing 

partial contraction. Thus, Kindsvater methods will directly recalibrate most rectangular 

and triangular weirs with excess approach velocity. Correcting a Cipoletti weir reading is 
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more difficult, and (1/4)h1 must be added to the crest length to approximate a rectangular 

overflow opening. Then, the Kindsvater-Carter relationship is used to calculate discharge 

for both the fully contracted discharge case and the partially contracted case, causing the 

excess velocity of approach to determine the correction discharge ratio to apply to the 

Cipoletti table or equation value for discharge. 

15. Weir Submergence  

Accurate measurements of submerged sharp-crested weir discharges cannot be made 

because of the spread of measured data when determining correction factors for drowned 

or submerged weirs. Skogerboe et al. (1967) show plots of correction factor curves for 

several weirs with actual data points plotted around them. The range of data spread of 

submergence corrected discharge is "15 percent. Besides complicated hydraulics, 

submerged weirs also have the problem of precision of head reading relative to head 

measurement. Despite the form of the correction procedures, discharge is actually based 

on the difference of two heads. These differential heads are small relative to the ability to 

measure head precisely. Therefore, submergence correction procedures should be only a 

temporary emergency procedure to provide estimates. The need for submergence 

correction should be eliminated directly by maintenance and cleaning of weeds, 

sediment, and other debris from the downstream channel, changing system operations, 

raising the crest, or installing another kind of measuring device since correction estimates 

are only within +15 percent.  

Flow cannot be estimated for submerged partially contracted Kindsvater-Carter and 

Kindsvater-Shen calibrated weirs discussed in sections 6 and 7. 

16. Weir Selection  

If, after applying the concepts in chapter 4, the selection of a weir is indicated, discharge 

capacity and range should be considered next. Each weir has characteristics suited for 

particular operating conditions.  

To conserve delivery head and reduce head loss, the rectangular and wide V-notch weirs 

rated by Kindsvater methods should be selected. These weirs provide the capability to use 

shorter heights from the approach channel invert to the crest. However, the downstream 

water surface should be sufficiently below the crest to prevent the nappe from clinging to 

the blade and to provide proper ventilation. If higher head through pipe outlets must be 

handled, then the short weir box can be used to reduce concentrated velocities and 

measure the flow. 

For higher accuracy, a rectangular weir or triangular weirs down to a 20-degree V-notch 

weir should be used. Because the V-notch weir has no horizontal crest length, the head 

required for a small flow through it is greater than that required with the other weir types. 

This greater head is an advantage because nappes of smaller discharges will spring free of 

the crest. Nappe clinging to the crest of any type of weir makes measurement inaccurate. 

Although sharp-crested Cipoletti and rectangular weirs of 6-in crest length are sometimes 
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used for measuring small flows, they are not as accurate or as sensitive as the V-notch 

weir for such flows and are not recommended where the V-notch weir can be used.  

Cipoletti weirs have modified end contractions and have not been investigated 

experimentally as thoroughly as the rectangular and V-notch weirs. However, they have 

been usefully adopted by some water districts. 

The range of flows to be measured by a weir usually can be estimated in advance. With 

this range in mind, other factors should be considered in selecting type and size of weir. 

If regulation is needed, then movable weir crests, including the overshot weir discussed 

in section 4, can be used.  

The weir should be sized to prevent measuring at heads less than 0.2 ft to prevent surface 

tension effect on discharge and to keep the nappe from clinging to the crest. Also, at 

smaller depths, gauge readings accurate enough to calculate reliable flow quantities are 

difficult to obtain. 

Designing a weir for head as high as the allowable one-third of the crest length is not 

necessarily a good practice because the higher head may require a larger stilling basin 

and riprap protection downstream. A sill at the downstream end of the basin will help 

prevent bottom shear flow on the channel bed downstream from the basin. Bos (1989) 

has discussion of designing basins for water measurement structures and designing riprap 

with proper underbase material. 

Chapter 4 has further information on weirs but may indicate selection of a device other 

than a weir. 

17. Sharp-Crested Weir Construction and Installation  

Portable sharp-crested weirs may be used temporarily to provide approximate 

measurements of small flows in earth channels, lined tunnels, etc. For small earthen 

channels, the weir may be made from a piece of stiff sheet metal cut in the approximate 

shape of the cross section of the channel, but somewhat larger with a carefully cut weir 

notch in the top edge. To set this weir, the metal plate is forced firmly into the soft 

bottom and sides of the channel normal to the direction of flow. The crest is then adjusted 

to a level position by tapping down the higher side. Portable long-throated flumes can be 

used where head is insufficient for sharp-crested operation. 

For larger channels and lined tunnels, a weir plate may be installed in a bulkhead that has 

been sandbagged and sealed in place. The opening in the bulkhead for a weir notch 

should be cut about 3 in longer than the crest length. This opening will allow insertion of 

metal crest plates to form the sharp crest and sides of the weir. Some approximate 

measurements have been made successfully with a combined weir and canvas dam. The 

bulkhead structure is used to fasten the canvas and bulkhead, which form a dam when 

held in place across the canal section by piling earth on the lower edge of the canvas. 
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For simple temporary weirs placed across channels, a flat-topped stake or post may be 

driven into the bed of the weir pool until its top is at the same elevation as the weir crest. 

The stake should be located in tranquil water close enough to the channel bank to be 

accessible. The depth of the water over this post is the head on the crest. 

Designing weir structures requires consideration of all the general limits in section 5 and 

the limits specific to the type of weir crest selected. The approach flow conditions should 

be as described in chapter 2. In the past, many organizations developed sets of weir box 

structures for convenience. These weir sets commonly used standard weir equations for 

fully contracted weirs. However, for economy of structure, these weir boxes skimped on 

crest height and side contractions and used head-to-crest length ratios of 1 to 1. Some of 

these pre-selected weir boxes, when compared with the improved Kindsvater 

relationships in section 6, indicated errors as high as 20 percent. With today's computers, 

calculators, and the improved Kindsvater relationships, economy of structure such as 

smaller structures and less head loss in certain cases can be achieved without loss of 

accuracy. The only disadvantage is that generating tables is more complex, but the task is 

easy with computers. 

Frequently, suppressed weirs deliver much more water than operators think they have 

measured. This inaccuracy happens when air vents are not installed, are fully or partially 

plugged, or are undersized. Suppressed weirs must have proper ventilation of the cavity 

underneath their nappes. This ventilation is commonly done by installing properly sized 

pipes in the walls to vent the cavity under the nappe. Another way of providing air is to 

use the corner of an angle iron pointed upstream in the nappe to spread the water, 

forming an open airway. Standard equations and tables are valid only when sufficient 

ventilation is provided. The weir will deliver more water than indicated by the tables and 

equations when ventilation is inadequate.  

This inaccuracy occurs because the nappe sheet seals with the sidewalls, and the falling 

jet aspirates air from the cavity. The exiting flow carries the aerated water away, causing 

a negative pressure under the nappe. The negative pressure and some jet backflow raise 

the water behind the nappe sheet higher than the water exiting just downstream. 

The height of pull-up behind the nappe depends upon the drop, discharge, and crest 

length. The height that the water is pulled up behind the nappe is an estimate of the 

discharge error. For example, if the measuring head on a 3-ft suppressed weir is 1 ft, and 

the water behind the nappe pulls up 0.3 ft because of air demand, the error of discharge 

measurement would be about +6.5 percent. If the water was only pulled up 0.1 ft, the 

error for the same weir and measuring head would be +2.5 percent. However, some of the 

rise of water behind the nappe is due to backflow from the falling jet. 

The design of pipe size to introduce sufficient air depends on the discharge, drop, and the 

loss of accuracy that is tolerable. Sizing air piping and air vents requires some knowledge 

of fluid mechanics and is difficult to do. Bos (1989) gives the equations to compute the 

under-nappe pressure and a plot of discharge error versus under-nappe pressure for sizing 

air vents. 
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The weir structure should be set in a straight reach of the channel, perpendicular to the 

line of flow. The weir crest must be level and the bulkhead plumb. Adequate cutoff walls 

well tamped in place should be used on the weir structure to prevent undermining of the 

structure. The average width of the approach channel should be set to approximately 

conform to the size of the box for a distance of 10 to 20 ft upstream for the smaller 

structures and from 50 to 70 ft or more for the largest structures. 

The weir box may accumulate sand and silt to such an extent that discharge 

measurements will be incorrect. For sluicing silt and sand deposits, an opening may be 

provided in the weir bulkhead at the floor line beneath the weir notch. This sluiceway 

should be provided with a suitable cover or gate to prevent leakage. If sediment is a 

severe problem, then sediment-excluding vortex tubes that bypass bed load with a small 

continuous flow may be more desirable than inaccuracies resulting from silt and sand. 

18. Care of Weirs  

The weir and weir pool should be kept free of weeds and trash. The weir pool should be 

cleaned of sediment as it accumulates. Frequent trimming of the channel and cleaning of 

the weir box structure or approach channel with shovel or scraper are necessary to 

maintain accurate flow measurement. This cleaning should extend from the bulkhead to 

upstream past the head measuring station. The invert of the pool must be kept low enough 

to maintain at least the minimum distance below the crest of the weir. This minimum 

distance is twice the maximum head on contracted weirs and three times the maximum 

head on suppressed weirs. 

Frequent inspections should be made to determine whether leakage is occurring around 

the weir structures and through any sluicing clean out gate or cover. If leakage does 

occur, remedial action should be immediately followed with careful rechecking to see 

that the weir is level and that its elevation corresponds to the zero elevation of the 

measuring gauge. In any case, the crest of the weir should be checked periodically to 

verify that it is level and to verify correspondence to gauge zero. 

Care must be taken to avoid damaging the weir notch itself. Even small nicks and dents 

can reduce the accuracy of an otherwise good weir installation. Any nicks or dents that do 

occur should be carefully dressed with a fine-cut file or stone, stroking only in the plane 

of the upstream face of the weir plates or the plane of the beveled surface of the weir 

plates. Under no circumstances should any attempt be made to completely remove an 

imperfection, which will result in a change to the shape of the weir opening. Instead, only 

those portions of the metal that protrude above the normal surfaces should be removed. 
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CHAPTER 8 - FLUMES 

1. General  

Flumes are shaped, open-channel flow sections that force flow to accelerate. Acceleration 

is produced by converging the sidewalls, raising the bottom, or a combination of both. 

When only the bottom is raised with no side contractions, the flume is commonly called a 

broad-crested weir. When the downstream depth is shallow and enough convergence 

exists between the upstream and downstream channels, the flow passes through critical 

depth. Therefore, flumes are sometimes called critical-depth flumes. When flow passes 

through critical depth, a unique water surface profile occurs within the flume or broad-

crested weir for each discharge. This condition is known as free flow. For this case, 

upstream heads at one location relative to the control bottom elevation near the region of 

critical depth can be used to determine a usable head versus discharge relationship for 

flow measurement.  

Flumes range in size from very small-1 inch (in) wide-to large structures over 50 feet (ft) 

wide that are installed in ditches, laterals, and large canals to measure flow. These flumes 

cover a corresponding discharge range of 0.03 to over 3,000 cubic feet per second (ft3/s) 

although no particular upper size limit exists. Commonly, irrigation channels are 

designed to operate at near bank full to extend delivery coverage and, when the landscape 

is flat, to minimize earthwork involved in bank height construction. Therefore, some 

flumes have been calibrated for the condition when the critical depth has been nearly 

drowned by downstream backwater either purposely or by later increase of downstream 

flow resistance. To measure discharge with high levels of submergence, two head 

measurements are required, which results in significant loss of accuracy compared to 

free-flow measurements. 

Flume head loss is less than about one-fourth of that needed to operate a sharp-crested 

weir having the same control width, and in some long-throated flumes, may be as low as 

one-tenth. Another advantage compared to most standard weirs is that for a properly 

designed and installed flume, the velocity of approach is a part of the calibration 

equations. Unauthorized altering of the dimensions of constructed flumes to obtain an 

unfair share of water is difficult and, therefore, not likely. Velocity of flow can usually be 

designed to minimize sediment deposition within the structure. Gradual convergence 

sections at the entrance tend to improve velocity distribution of approach flow and the 

passage of floating debris. Some flumes can be more expensive than sharp-crested weirs 

or submerged orifices in unlined channels. 
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2. Flume Classes  

Many kinds of flumes are in use. The two basic classes or forms of flumes are discussed 

below. 

(a) Long-Throated Flumes  

Long-throated flumes (figure 8-1) control discharge rate in a throat that is long enough to 

cause nearly parallel flow lines in the region of flow control. Parallel flow allows these 

flumes to be accurately rated by analysis using fluid flow concepts. The energy principle, 

critical depth relationships, and boundary layer theory are combined to rate flumes and 

broad-crested weirs by Ackers et al. (1978) and Bos et al. (1991). Thus, the long-throated 

flumes and modified broad-crested weirs are amenable to computer calibrations. Long-

throated flumes can have nearly any desired cross-sectional shape and can be custom 

fitted into most canal-site geometries. The modified broad-crested weirs (Replogle, 1975; 

Bos et al., 1991), also called ramp flumes (Dodge, 1983), are styles of long-throated 

flumes. 

 
(a) Long-throated flume (broad-crested weir) under 

construction. 

 
(b) The long-throated flume (broad-crested weir) with 

approximatly 1,200 ft3/s. 

Figure 8-1 -- Large long-throated flume for left to right flow 

in Arizona canal (courtesy of U.S. Water Conservation 

Laboratory, Phoenix, Arizona)..  
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(b) Short-Throated Flumes  

Short-throated flumes are considered short because they control flow in a region that 

produces curvilinear flow. Although they may be termed short throated, the overall 

specified length of the finished structure, including transitions, may be relatively long. 

The Parshall flume is the most common example of this type of flume (figure 8-2). These 

flumes would require detailed and accurate knowledge of the individual streamline 

curvatures for calculated ratings, which is usually considered impractical. Thus, 

calibrations for short-throated flumes are determined empirically by comparison with 

other more precise and accurate water measuring systems. 

 
Figure 8-2 -- Four-foot, short-form Parshall flume, 

discharging 62 ft3/s under free-flow conditions. Scour 

Protection is needed for this much drop. 

 

3. Other Special Flumes  

Many flumes have been designed for organizational preferences and special uses. Many 

of these are considered short-form flumes. Some examples are shown on figure 8-3, and 

some are briefly discussed in this section. 
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Figure 8-3 -- Some typical flumes. 

(a) H-Flumes  

H-flumes, developed by the Natural Resources Conservation Service (former known as 

the Soil Conservation Service) (Brakensiek, et al., 1979; Kulin et al., 1975), are made of 

simple trapezoidal flat surfaces. These surfaces are placed to form vertical converging 

sidewalls. The downstream edges of the trapezoidal sides slope upward toward the 

upstream approach, forming a notch that gets progressively wider with distance from the 

bottom. These flumes should not be submerged more than 30 percent. This group of 

flumes, including H-flumes, HS-flumes, and the HL-flumes (Brakensiek et al., 1979; 

Gwinn and Parsons, 1976) have been used mostly on small agricultural watersheds and 

have not found extensive use in irrigation flow measurements. 

(b) Cutthroat Flumes  

Cutthroat flumes are so named because they resemble Parshall flumes with the throat "cut 

out." They are formed by directly connecting a 6:1 converging section to a similar 

diverging section. Thus, they consist of a converging level inlet section with vertical 

sidewalls and a diverging level outlet section also with vertical sidewalls. They do not 

have any parallel walls forming a straight throat (Skogerboe et al., 1973) and, thus, 

belong to a class of throat-less flumes. The converging and diverging walls do not 

necessarily match those of other flumes in either converging or diverging slope or length. 

The primary objective of their development was construction simplicity compared to 

Parshall flumes.  
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However, the prescribed head measuring location, which may be in a zone of separation, 

and conditions of the upstream channel in which it is placed, along with variable 

conditions of the sharp connection of the convergence and the divergence, have caused 

considerable variability in calibrations. Because of these complexities in hydraulic 

behavior, several authors do not recommend their use (Ackers et al., 1978; Bos, 1989).  

(c) Palmer-Bowles Flumes  

Palmer-Bowles flumes (Wells and Gotaas, 1958) are frequently made as inserts with 

circular bottoms that conveniently fit into U-shaped channels or partially full pipes. 

These flumes make a transition from a circular bottom section to a raised trapezoidal 

throat and transition back to a circular bottom section. These flumes are of the long-

throated type and can be calibrated by theoretical analysis. 

(d) Flat-Bottomed Trapezoidal Flumes  

Flat-bottomed trapezoidal short-form flumes were first developed to be placed in canals 

and to conform more closely to usual small canal shapes (Robinson and Chamberlain, 

1960). Therefore, if possible, the cross section of the canal and the start of the converging 

portion of the flume should match. They were designed to set flush with respect to the 

bottom of the incoming channels in an effort to assist sediment movement and allow the 

canal to drain dry between uses. Although the latter objective was achieved, the authors 

did not establish whether sediment movement was a function of upstream velocity or 

floor configuration. 

Although these early versions were laboratory calibrated, more recently, they were found 

to conform to the analysis procedures for long-throated flumes for heads less than about 

50 percent of maximum. For higher depths, their throats become too short for precise 

long-throated flume analysis, and the laboratory ratings should be used. Except for those 

already in existence, and for which the user may need calibrations, these flumes are 

generally being replaced with versions having longer throats, making them long-throated 

flumes that can be calibrated by analysis. 

(e) Special Flumes for Passing Sediment  

Where sediment is a major problem, special flume types have been designed to obtain 

flow measurements in these adverse conditions. Included in these devices are the 

trapezoidal supercritical-flow flume, the Walnut Gulch flume, and the San Dimas flumes 

which slope in the direction of flow (Brakensiek et al., 1979). These flumes are 

considered to be a class of supercritical flumes. Usually, they are characterized as 

requiring extensive head drop to operate and find limited application in irrigation.  
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4. Submergence  

All flumes have a minimum needed head loss to assure that free flow exists and that only 

an upstream head measurement is needed to determine discharge rate. This required head 

loss is usually expressed as a submergence limit defined by the ratio of the downstream 

head to the upstream head, both referenced to the flume throat bottom. The term 

"modular limit" is defined as this limiting submergence ratio for a particular flow 

module, which causes no more than a 1-percent deviation in the upstream head reading 

for a given discharge. When these limits are exceeded, an additional downstream head 

measurement is sometimes used to extend the measurement range of a flume, particularly 

for Parshall and cutthroat flumes, but at considerable loss of accuracy. Submergence also 

increases upstream channel depth, decreasing the upstream velocity, which may 

aggravate sedimentation problems. 

Long-throated flumes can tolerate high submergence in some cases. Trying to extend 

their measurement range with a downstream head measurement is not recommended. 

They can be designed to have submergence limits (modular limits) ranging from 65 to 95 

percent, depending on discharge rate, shape, and exit channel energy conditions. For 

example, a flume discharging into a channel that is similar in size and shape to the 

approach channel can have submergence limits that calculate to exceed 82 to 95 percent 

for minimum to maximum flow rate, provided an expansion section is used, and from 

about 72 to 93 percent without an expansion section. The same flume, when discharging 

into a lake, may have submergence limits of only 65 to 80 percent, decreasing further to 

about 60 to 70 percent if there is no expansion section. Thus, some knowledge of the 

installation site is needed before a required head loss can be assigned. 

Visual determination of limiting submergence for most flumes can be difficult. However, 

for long-throated flumes, this condition is relatively easy to recognize. Several references 

offer guidelines in terms of standing diagonal wave locations to aid visual determination 

of flow submergence (Bos et al., 1991; Clemmens et al., 1993). In general, if the 

downstream hydraulic jump causes a frothy wave line across the channel that is at or 

beyond the end of the contracted throat section, the flume has not reached its limiting 

submergence the modular limit. If the wave is on the throat, or no wave is visible, the 

flume is beyond its submergence limit, and the measurement would be invalid. For long-

throated flumes, painting lines projecting up the channel walls to denote the downstream 

end of the crest to aid visual distinction is suggested (Bos et al., 1991). Distinction in 

terms of wave location in Parshall flumes is not so clear. In the absence of visual 

observation in any of the flumes, automatic recording operations may need a second 

downstream head measurement if the opportunity for excessive backwater exists. This 

measurement would warn of invalid data. 

Some states have laws that require Parshall flumes by name for certain situations. Past 

designs for Parshall flumes tended to overuse submergence for economic savings with the 

only caveat that submergence should not exceed 95 percent. However, today, designing 

for this level of submergence is not considered good practice in view of accuracy loss and 
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a hysteresis discontinuity in the submergence correction function described in the section 

on Parshall flumes in this chapter. 

5. Site Characteristics Related to Locating, Selecting, and Setting Flumes  

Proper location of the flume is important from the standpoint of accuracy and ease of 

operation. For convenience, the flume should be located near the diversion point and near 

the regulating gates used to control the discharge. Flumes should be readily accessible by 

vehicle for both installation and maintenance purposes. All structures for measuring or 

regulating the rate of flow should be located in a channel reach where an accurate head 

can be measured. The survey of a channel to find a suitable location for a structure should 

also provide information on a number of relevant factors that influence the performance 

of a future structure.  

(a) Approach Conditions  

Flumes should not be installed too close to turbulent flow, surging or unbalanced flow, or 

a poorly distributed velocity pattern. Poor flow conditions in the area just upstream from 

the measuring device can cause large discharge indication errors. In general, the 

approaching flow should be tranquil. Tranquil flow is defined as fully developed flow in 

long straight channels with mild slopes, free of curves, projections, and waves. 

Studies of approach requirements for closed conduits have led to the acceptance of 10 

diameters of straight pipe as sufficient for pipe meters claiming to be accurate to within 

0.5 to 1 percent. By the usual hydraulic analogy, open channel flow would require 40 

times the hydraulic radius of straight, unobstructed approach channel. The hydraulic 

radius is the area of flow section divided by the wetted perimeter, which becomes d/4 for 

full pipes; hence, the suggested 40 times hydraulic radius approach distance. These 

requirements can probably be relaxed because open channel measuring flumes claim 

accuracy to a wider margin of 2 to 5 percent. However, for a rectangular channel that is 

twice as wide as it is deep, 40 times the hydraulic radius is numerically equal to 10 top 

widths. 

Bos et al. (1991) gives approach length requirements stated in various terms of flow 

depths, head readings, and widths as follows: 

(1) If the control width is greater than 50 percent of the approach channel, then 10 

average approach flow widths of straight unobstructed approach are required. 

(2) If the control width is less than 50 percent, then 20 control widths of straight 

unobstructed approach are required. 

(3) If upstream flow exceeds critical velocity, a jump should be forced to occur. In 

this case, 30 measuring heads of straight unobstructed approach after the jump is 

completed should be provided. 
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(4) If baffles are used to correct and smooth approach flow, then 10 measuring 

heads should be placed between the baffles and the measuring station.  

Approach velocities less than 1 foot per second (ft/s) encourage aquatic pests, insects, 

and sediment deposition, so the approach velocity should exceed 1 ft/s if at all practical. 

To prevent wave interference of head measurement, the Froude number of the 

approaching channel flow should be less than 0.5 for the full range of anticipated 

discharges and should not be exceeded over a distance of at least 30 times the 

measurement head before the structure. 

It is recommended that a check be made of the approach velocity condition by current 

meter measurements, especially when using baffles. In any case, approach condition 

should be verified visually. Visual inspection should be made for obvious boils and 

backflows and unstable surface conditions. 

(b) Channel Flow Characteristics and Operational Needs  

For accurate measurements, sufficient head loss must be created to obtain a unique 

discharge versus head relationship. This relationship assures that submergence limits 

have not been exceeded and modular flow exists. To prevent submergence altogether or 

to assure that excessive submergence does not occur, the designer needs to know whether 

the downstream water surface elevation relationships are consistent and do not change 

with season or whether they are influenced by operation of gates, reservoir operation, or 

other laterals. The channel water levels greatly influence the sill height necessary to keep 

the downstream water surface below the submergence limit, thus obtaining modular flow 

for the needed discharge range. 

The amount of downstream flow resistance and, hence, the water surface elevation, is 

likely to vary with sediment deposits, debris, canal checking operations, vegetative 

growth, and aging. For a new design, careful assessment of friction, including the effects 

of relative roughness, is required. A thorough appraisal of needed canal operations is 

required to determine the frequency of measuring different discharges, including the 

normal design flow and the maximum design flow. 

To select or design an appropriate flume for installation in an existing channel, full 

advantage should be taken of making field measurements at different discharges to obtain 

thorough knowledge of channel performance at the site. After tentatively selecting the 

flume location, information should be obtained on the maximum and minimum flows to 

be measured, the corresponding flow depths, the maximum velocity, and the dimensions 

of the channel at the site. These measurements should include channel widths, side 

slopes, depths, and the height of the upstream banks with special attention to their ability 

to contain the increased depth caused by the flume installation. 
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(c) Erosion And Scour  

Ideally, the selected channel reach should have a stable bottom elevation. In some 

channel reaches, sedimentation occurs in dry seasons or periods. These sediments may be 

eroded again during the wet season. Sedimentation may change approach velocity or may 

even bury the structure, and the erosion may undercut the foundation of the structure. 

Based on the channel water levels and the required sill height, in combination with the 

discharge versus head relationship of the structure, ponding at the upstream structure 

should be assessed. Excessive ponding commonly causes sedimentation difficulties 

because of the subsequent reduction in the approach flow velocities. To avoid upstream 

sedimentation, the sill height plus the measuring head should be about the same as for the 

approach channel over as much of the discharge measuring range as practical. This 

arrangement will help reduce sedimentation upstream from the structure. 

The required drop may exceed the capacity of soil lined channels to resist scour, and 

foundations may scour. Thus, rock armoring may be needed to prevent undermining. For 

more details on sediment handling, see Bos (1989) or Bos et al. (1991).  

6. Workmanship  

Flumes require accurate workmanship for satisfactory performance. Short flumes will 

provide reasonably accurate flow measurements if the standard dimensions are attained 

during construction. For accurate flow measurement, the flow surfaces must be correctly 

set or placed at the proper elevation, the crest must be properly leveled, and the walls 

must be properly plumbed. Although long-throated flumes can be computer recalibrated 

using as-built dimensions to correct for moderate form slipping or errors of construction, 

correcting for throat-section slope in the direction of flow is not always satisfactory. In 

any case, adequate care during construction is preferable. The modified broad-crested 

weir flume has only one critical flow surface, and it is level.  

Flumes should be set on a solid, watertight foundation to prevent leakage around and 

beneath the flume and prevent settlement or heaving. Collars or anti-seep walls should be 

attached to either or both the upstream and downstream flanges of the flume and should 

extend well out into the channel banks and bottom to prevent bypass flow and foundation 

settlement caused by erosion. A stable foundation without significant settling or leakage 

must be secured at reasonable costs. 

The flumes can be built of wood, concrete, galvanized sheet metal, or other materials. 

Large flumes are usually constructed on the site, but smaller flumes may be purchased as 

complete flumes and placed in one piece. Others are provided in bolt-together pieces 

which are assembled onsite. Some of these flumes are made of lightweight materials, 

which are then made rigid and immobile by careful earth backfill or by placing concrete 

outside of the walls and beneath the bottom. 
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When making a number of relatively small concrete flumes of the same size, use of 

portable and knockdown reusable forms is economical and practical. These forms require 

high quality design and workmanship. Good construction practice should be used in 

placing footings, setting the forms, and pouring and tamping wall concrete to provide 

smooth surface finishes. Accuracy of the short flumes depends on correct flume 

dimensions, proper setting, and proper use. As flume size decreases, the influence of a 

small dimensional error becomes more prominent, and the importance of this care 

increases. 

7. Head Measurements  

The head is usually sensed either in the channel itself or in a stilling well located to one 

side of the channel. The stilling well is connected by a small pipe to the channel. Many 

methods can be used to detect the water surface in a stilling well or in the flume channel. 

Some methods exploit the electrical conductance of water and capacitance of immersed 

insulated wires. Sonic sensors depend on timing sound pulses reflected from the water 

surface. Measurement heads can also be determined with a variety of pressure sensing 

devices. The most frequently used methods are wall-mounted staff gauges in the entrance 

section of the flume or in a stilling well or float-operated recorders placed in a stilling 

well. 

(a) Location for Head Measurement  

The measuring station for short-form flumes must be installed as specified to match 

closely the location used when the flume was empirically calibrated. For example, the 

measuring station of a Parshall flume is in the convergence water surface drawdown. For 

long-throated measurement structures, the gauging or head-measuring station should be 

located sufficiently far upstream to avoid detectable water surface drawdown, but close 

enough for the energy losses between the gauging station and approach section to be 

negligible. This placement is particularly critical if the ratings are based on coefficient 

values in a discharge equation as discussed in Bos (1989). In the computer derived 

ratings, drawdown and friction losses caused by the gauge location are an integral part of 

the calculation. Therefore, the gauge should be located as indicated in the pre-computed 

long-throated structure design and selected tables. 

(b) Selection of Head-Measurement Device  

The success or failure of the structure and the value of the collected data depend closely 

on the proper selection of a suitable head measurement device. The three most important 

factors that influence this selection are: (1) frequency of discharge measurement, (2) 

allowable error in the head detection, and (3) type of measurement structure under 

consideration. 

The usual expected reading errors in the sill-referenced head are listed in table 8-1 for 

some common head measurement devices. The listed errors are higher than the expected 

random errors, partly to compensate for the effects of several systematic errors, such as 
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zero-setting, instrument lag, reading error, temperature, and stilling well leakage. If no 

device with sufficient accuracy is found from this procedure, two choices are available: 

(1) allow greater error in the measured discharge for the minimum required head loss or 

(2) redesign the structure with a narrower bottom width, resulting in a higher value of 

minimum measurement head. 

(c) Staff Gauges  

Periodic readings on a calibrated staff gauge may serve adequately when continuous 

information on the flow rate is not required. Examples are canals where the flow changes 

are gradual. The gauge should be placed so that the water level can be read from the canal 

bank. The gauge should be easy to clean.  

Table 8-1. Common reading errors in flat crest reference head as detected by 

various devices  

Device  

Reading error h1, ft  

If head detection is in  

Remarks  

 Open channel  Stilling well   

Point gauge  Not applicable  0.0015  
Commonly used for 

research  

Dipstick  Not applicable  0.003  
Good for research/field 

use  

 

Staff gauge  

0.013  

0.023  

> 0.050  

0.013  

0.016  

0.023  

1 <0.1  

1 = 0.2  

1 = 0.5  

Pressure bulb + 

recorder  
0.066  Not required  

Suitable for temporary 

installations (Error = +2% 

h1max).  

Bubble gauge + 

recorder  
0.033  Not required  

Stilling well is not 

required but can be used  

Float-operated 

recorder  
Not applicable  0.016  Stilling well is required  

Float totalizer 

attached to recorder  
- - 

Some additional random 

and systematic error is 

possible  

For concrete-lined canals, the gauge can be mounted directly on the canal wall. The value 

for measuring head on the sloping walls of trapezoidal-shaped canals must be 

appropriately converted to vertical head values before entering the discharge tables. 

These tables are usually made for stilling well use or vertical gauge applications. The 

sloping gauge can be marked to read direct values or equivalent values of vertical head. 

Sometimes, sloping staffs are marked to display discharge directly, but the discharge 
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gradations are not equally spaced. The gauge may be mounted onto a vertical support for 

unlined canals. 

Most permanent gauges are enameled steel, cast aluminum, or some type of plastic resin. 

Enameled linear scales marked in metric or English units are available from commercial 

sources. An example staff gauge is shown on figure 8-4. Important flow rates can be 

noted on these scales by separate markings, allowing convenient adjustment of control 

gates to desired discharges without requiring tables. For convenience, the gauges can be 

marked directly in discharge units rather than in measuring head units. 

 
Figure 8-4 -- Typical staff gauge for measuring head or water 

stage. 

(d) Stilling Wells  

For accurate discharge measurements, the effective head in flumes, accurately referenced 

to a known elevation in the flume, must be measured. Head readings on staff gauges 

attached directly to the inside channel walls may be only estimates because of waves and 

turbulent fluctuations on the scale face. Thus, stilling wells are connected by holes and 
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pipes to the body of water at the measuring station to translocate head and dampen water 

surface fluctuations by throttling, which increases head measurement accuracy. 

The pipe connecting the stilling well to the flume/canal should be large enough to allow 

the stilling well to respond quickly to water level changes. Usually, this pipe diameter is 

about one-tenth the diameter of the stilling well. However, special cases may require 

more dampening using smaller connecting pipe diameters. 

The pipe connection to the stilling well should be perpendicular and carefully cut flush 

with both the canal and the stilling well walls. Otherwise, the translocated water surface 

elevation in the well can deviate considerably from the actual elevation in the flume 

because of flow velocity impact or aspiration. Connections that are not flush and/or have 

rough edges have different head losses depending on direction of flow in the connecting 

piping. This causes buildup or reduction of head in stilling wells compared to the actual 

head in the measurement device. 

The size of the stilling well depends on the method used to measure the head. The 

diameter, if circular shaped, ranges from a recommended minimum size of 4 in for hand-

inserted dipsticks to 18 in to accommodate larger diameter floats. Wells may be much 

larger to provide access for cleaning or to make the reading of wall attached staff gauges 

at sight angles at least as flat as 30 degrees. It is recommended that well walls have a 2-in 

clearance from floats and weights used with recorders. 

A stilling well may need to house the float and recorder system or other surface detecting 

equipment. The wells may need to be tall enough to provide convenient access to 

recorders for reference setting and maintenance. The wells may also need to be tall 

enough to keep counterbalance weights from interfering with float movement. 

Before making a measurement, the wells should be flushed with fresh water to be sure 

they are free of sediment, foreign material, or blockages, which could cause erroneous 

head readings. Recording equipment should be checked and serviced regularly. Cross-

checks should be made between the staff gauges, hook gauges, plumb bobs, recorder 

values, and any other discharge indicators to expose system errors. Thus, even when 

using stilling wells, staff gauges should still be used on the inside walls of flumes for 

cross-checking. Further details on stilling wells can be found in chapter 6 and Bos (1989), 

Bos et al. (1991), and Brakensiek et al. (1979). 

(e) Gauge Installation and Zero Setting  

The most important factor in obtaining accurate discharge measurements is the accurate 

determination of the sill-referenced head, h1. The upstream sill-referenced head can be 

measured by a gauge or recorder only if the observed water level is known with respect to 

the weir sill (or flume crest) level at the control section. The method used to set (zero 

register) the gauge, recorder, etc., depends on the structure size, the flow rate in the 

channel during the setting procedure, and available equipment. Standard surveying 

techniques are practical for accurate setting of most wall or staff gauges. 
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The canal side slopes usually only approximate the intended slope. Mounting sloped 

gauges so that a selected scale reading in the most frequently used range of the gauge 

coincides with the corresponding elevation for that reading will partially compensate for 

deviation from design slope. Thus, the greatest reading errors will occur in the flow 

ranges that are seldom used. If this procedure causes the zero end of the scale to be 

displaced by more than about 0.015 ft, the actual side slope should be determined for 

adjustments to the calibration. This determination also should be made if accuracy over 

the full flow range is required. 

Several methods can be used to zero a water level recorder; three are particularly suitable. 

The recorder can be set: (1) when the canal is dry, (2) when water is ponded over the 

flume, or (3) when water is flowing through the flume. These zero-setting methods 

assume that the sill-referenced elevation can be determined during the procedure. This 

determination is not always possible, especially on wide structures. A stable and 

permanent surveying bench mark, such as a bronze cap placed in concrete, should be 

added in an acceptable location near the measuring structure. Its elevation should have 

been previously established relative to the sill elevation. More detailed information on 

zero-setting procedures is presented in Bos et al. (1991).  

8. Long-Throated Measurement Flumes  

Long-throated flumes are coming into general use because they can be easily fitted into 

complex channel shapes as well as simple shapes (Replogle, 1975; Bos et al., 1991). 

Long-throated flumes have many advantages compared to other measuring devices, 

including Parshall flumes. Long-throated flumes are more accurate, cost less, have better 

technical performance, and can be computer designed and calibrated. Thus, long-throated 

flumes are preferred over Parshall flumes for new installations. However, some states 

may have laws or compact agreements mandating the use of Parshall flumes in certain 

situations. 

(a) Characteristics of Long-Throated Flumes  

The cross-sectional flexibility of long-throated flumes allows them to fit various channel 

shapes more conveniently than short-throated flumes, which have fixed sizes and shapes. 

Because of the ability to match the channel shape, the construction of forms is usually 

simplified. In contrast, the fixed geometry of short-throated (including Parshall) flumes 

usually makes upstream and downstream transitions necessary and may require long 

wingwalls. Because of their flexibility and capability to fit any channel shape, long-

throated flumes have more gradual transitions. Thus, floating debris presents fewer 

problems. Also, field observations have shown that the structure can be designed to pass 

sediment transported by channels with subcritical flow. 

A simple type of long-throated flume developed and described by Replogle et al. (1991) 

consists of a flat raised sill or crest across a trapezoidal channel with an approach ramp 

transition from the approach channel invert. The crest drops vertically at the downstream 

end back to the downstream canal invert. These flumes (figure 8-5) have been called 
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Replogle flumes, modified broad-crested weirs, and ramp flumes. This simple version of 

the long-throated flume is formed with only two bottom planes. An optional third plane 

can be used for maximum head recovery. The lined canal shape serves as the flume 

approach section, compared to constructing 9 to 12 planes for Parshall flumes. It is 

usually easier to construct the two to three planes of the long-throated flumes. 

 
Figure 8-5 -- Flat-crested, long-throated flume in concrete-

lined canal. 

Some confusion of terminology exists here. Some investigators would consider the ramp 

flume a broad-crested weir because the flow constriction is produced from a bottom 

transition alone, whereas a flume would depend to some extent on side convergence. 

Both long-throated flumes and broad-crested weirs can be accurately rated by analysis 

using fluid flow concepts. The energy principle, critical depth relationships, and 

boundary layer theory are combined when computer calibrating these flumes and weirs. 

Because of this close connection, this manual will consider and call both the long-

throated flumes and broad-crested weirs long-throated measurement structures. 

Cost estimates for a large 930ft3/s ramp flume varied from about 45 to 60 percent of that 

for a Parshall flume in a retrofit situation. Clemmens and Replogle (1980) cited costs of 

one-tenth to one-third of equivalent Parshall flumes for a small ramp-type, long-throated 

flume. Some of the cost differences between small and large structures result from the 

need for service roads, foundation differences, and repair of approach channel surfaces in 

retrofit designs. 

Long-throated flumes can be computer calibrated to within +2 percent plus head 

measurement error and have submergence limits up to 90 percent. Even when the listed 

submergence limits are near 70 percent, the absolute head loss or water surface drop 

through the long-throated flumes may be smaller than the older structures, depending on 

the particular design selection from among the many choices of shape.  

Short-throated flumes can measure free flow accurately in the range of +3 to +5 percent 

plus head measurement error and have submergence limits from 50 to 80 percent. 

Increased uncertainty occurs when using flow corrections to obtain discharge rates 

beyond submergence limits commonly up to 95 percent. However, Peck (1988) found 

large correction errors caused by hysteresis shifts of the downstream wave front at a 
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submergence of 90 percent. Correction is frequently done above 90-percent submergence 

with Parshall flume measurements. Using submergence corrections commonly results in 

discharge errors ranging from  7 to +20 percent, and possibly much more, as differences 

in upstream and downstream measuring heads become small. 

With most flumes, close adherence to tolerances during construction is required to rely on 

empirical equations and calibrations provided for each specific short-throated flume. 

Dimensional errors and slippage of the forms frequently cause unacceptable errors that 

are difficult to resolve without laborious field calibrations. Field calibrations for 

submergence correction are very cumbersome and time consuming because of the usual 

project operational limitations, difficulties of controlling heads, and the need for long lag 

times for heads to settle to asymptotic levels. However, long-throated flumes can usually 

be computer recalibrated using as-built dimensions if form slippage has not caused crest 

slope in the direction of flow. Even then, crest correction may be practical and relatively 

inexpensive. 

The measured heads in the short-throated flumes do not always indicate system head loss. 

For example, the upstream measured head of a Parshall flume is located about one-third 

of the way into its converging crest section, and the water surface may have a 

considerable drawdown from the approach canal surface elevation. This factor makes size 

selection and crest elevation setting more complicated than for long-throated flumes that 

approximate existing channel dimensions and shape. 

Because long-throated flumes have greater tolerance to submergence than short-form 

flumes and weirs, they can deliver more discharge without having to consider the effects 

of submergence, which usually requires observation of a downstream depth. For example, 

Parshall flumes require 3 to 4 times the absolute water surface fall through the structure 

for free-flow measurements than long-throated flumes (Bos et al., 1991). Long-throated 

flumes, with tolerances for high submergence ratios, require only one head measurement. 

They are considered to be more accurate and economical than, for example, extending 

Parshall flume measurement range by submerging up to comparable long-throated flume 

submergence limits and making corrections using two head measurements. 

Because long-throated flumes fit nicely into existing flow channels, they are convenient 

for making portable measurement devices. Portable long-throated devices for flow rates 

up to about 2 ft3/s are described in Bos et al. (1991), for trapezoidal and rectangular cross 

sections. 

(b) Summary of Long-Throated Flume Advantages  

The main advantages of long-throated flumes are:  

(1) Provided that critical flow occurs in the throat (not excessively submerged), a 

rating table can be calculated with an error less than +2 percent. This calculation 

can be done for any combination of a prismatic throat and an arbitrarily shaped 

approach channel.  
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(2) Long-throated flumes can have nearly any desired cross-sectional shape and 

can be custom fitted into most canal-site geometries. The throat cross section can 

be shaped in such a way that the complete range of discharge can be measured 

accurately.  

(3) Long-throated flumes can be made into portable devices that fit conveniently 

into open channels with considerably less complicated construction forming. 

(4) The required head loss over the long-throated flume to obtain a unique 

relationship between the upstream sill-referenced head and the discharge is small. 

This head-loss requirement may be estimated with sufficient accuracy for any of 

these flumes placed in any channel. 

(5) Because of their gradual converging transition, these flumes have few 

problems with floating debris and sediment. Field observations have shown that 

the flume can be designed to pass sediment transported by channels with sub-

critical flow.  

(6) Provided that the throat is horizontal in the direction of flow, a rating table can 

be produced that is based on post-construction dimensions. This horizontal 

orientation is required to allow an accurate rating table to be made to compensate 

for deviations from design. 

(7) Under similar hydraulic and other boundary conditions, long-throated flumes 

are usually the most economical of all structures for accurately measuring flow. 

(8) Long-throated flumes are amenable to selection, design, and calibration by 

computer techniques. 

(c) General Design Procedures for Long-Throated Flumes  

The major steps of the design process for long-throated flumes are: (l) selection of site, 

(2) selection of head measurement techniques previously discussed, and (3) selection of 

an appropriate structure. Design is an iterative process between these steps. The order and 

importance of these steps depend on the specific conditions encountered. 

To properly select and design a measurement structure, all demands and operational 

requirements to be made on the structure should be listed and matched with the properties 

of the known structures. These demands and operational requirements originate from four 

sources: (1) the hydraulic performance, (2) the construction or installation cost, (3) the 

ease with which the structure can be operated, and (4) the cost of maintenance. The 

imposed demands will be discussed in more detail. Factors that affect design and 

selection such as submergence, site characteristics, workmanship, and head measurement 

systems are discussed earlier in this chapter.  
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(d) Determining Shape and Size of the Structure  

Long-throated flumes operate by using a channel contraction to cause critical flow. 

Insufficient contraction will prevent critical flow. Under this condition, flow is then non-

modular or submerged and gauge readings are meaningless. Too much contraction may 

raise the water surface upstream and cause canal overtopping or sediment deposition 

problems. The designer's problem is to select the shape of the control section or throat 

such that critical flow occurs through-out the full range of discharge measurement and 

produces required accuracy. Also, the designer must provide acceptable head reading 

sensitivity. Usually, the sensitivity of the structure at maximum flow is selected such that 

a change in measurement head, h1, of about 0.03 ft causes less than a 10-percent change 

in discharge. Achieving these design requirements may seem difficult, but existing design 

aids and rating tables make this task more manageable. 

(e) Computer Design Versus Sets of Pre-calibrated Long-Throated Flumes  

A thorough treatment of the computational process and several pre-computed, standard-

size, long-throated flumes for a variety of canals and natural channels are presented in 

Clemmens et al. (2001) and Bos et al. (1991). The U.S. Water Conservation Laboratory, 

Agriculture Research Service, U.S. Department of Agriculture, developed the first 

computer programs for designing and calibrating long-throated flumes. 

WinFlume (Wahl et al. 2000) is the most advanced software for analysis of long-throated 

flumes.  The program is Windows-based and can be downloaded from 

www.usbr.gov/pmts/hydraulics_lab/winflume.  Ratings are determined by numerical 

solution of the critical-flow equations, accounting for boundary friction and other losses.  

The program includes a module that simplifies and accelerates the process of developing 

acceptable flume designs. 

Clemmens et al. (2001) and Bos et al. (1991) provides calibration tables in metric (S.I.) 

and English units for a set of long-throated flume dimensions that covers a discharge 

range from about 2.8 to 280 ft3/s for trapezoidal channel shapes with side slopes of 1:1 to 

1:1.5 horizontal and with bottom widths from about 1 to 5 ft. They also provide 

instructions for construction and field placement. Calibration tables for long-throated 

rectangular flumes are also presented. The S.I. tables are reproduced in Cheremisinoff et 

al. (1988). Statistically fitted equations in S.I. units that closely reproduce the computed 

tables are presented in Hoffman et al. (1991). 

The above references and this manual provide design and calibration tables for selecting 

and sizing long-throated structures from sets of predetermined, dimensioned, and pre-

calibrated structures or from dimensionless design tables for some special structures. 

However, computer techniques are much preferred for all installations, designs, and 

calibrations for long-throated flumes. Thus, when practical, long-throated flumes should 

be designed using the WinFlume computer program 

(www.usbr.gov/pmts/hydraulics_lab/winflume). Using restricted sets of dimensions 

reduces the capability of more exact custom fitting to shapes of existing channels, which 
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can make it difficult to attain discharge range requirements. The need for computer 

techniques becomes much more important for large long-throated structures. 

9. Pre-computed Design and Selection Tables for Long-Throated Flumes  

Pre-computed designs and selections are provided in tables 8-2 through 8-5. These tables 

are provided for the convenient design and selection of long-throated structures in the 

field or office without use of a computer. These tables provide long-throated flume 

selections that can be fitted into lined trape-zoidal, rectangular, circular, and earthen 

channels. All of the structure choices provided in the design tables consist of a simple 

ramp rising from the channel bottom followed by a flat horizontal crest or sill to form a 

broad-crested weir and ending in an abrupt drop. Tables 8-2 and 8-3 are for lined 

trapezoidal channels. Table 84 is for lined rectangular channels or earthen channels. 

Table 8-5 is for long-throated flumes that fit into circular conduits flowing partially full. 

Long-throated V-shaped flumes which are used in natural channels are not included in 

this manual. Structures for natural streams are discussed in more detail in Brakensiek et 

al. (1979). Also, trapezoidal flumes with side contractions which are not generally 

selected for usual irrigation situations are not included in design tables. These flumes are 

usually more difficult to construct, more expensive, and increase head loss. 

The calibration equations were developed from discharge tables computed with 

WinFlume and its predecessors (Clemmens et al. 1987 and 1993). Two equation forms 

are commonly used: a third-degree polynomial and a power form. The power form is 

selected here because it looks similar to the historical equations for weirs and flumes. It 

should be remembered that these equations are simply curve-fit results with no theoretical 

derivation. The equation coefficients, exponents, and constants are provided in tables 8-2 

through 85. The pre-calibrated flumes in the tables have been sorted from innumerable 

possible choices based on practical experience and theory and reduced to a relatively few 

selected structures from which the designer may choose.  
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Besides selecting shape and size, the tables help to determine head-discharge 

characteristics, obtain proper measurement range, obtain sufficient sensitivity, meet the 

Froude number limit, and provide a final calibration. 

The equation coefficients, exponents, and constants included in the tables were developed 

with the assumption of a known approach channel cross-sectional shape and area. 
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However, any particular control section size and shape can be used with any approach 

section size and shape. But discharges must be adjusted with the approach velocity 

coefficient, Cv (Bos et al., 1991). The rating equations with use limits are given in design 

and selection tables that automatically limit the Froude number. However, if smaller 

approach areas are used, the designer must determine that the Froude number remains 

less than about 0.5. 

Frequently, the site conditions may call for flumes that would have dimensions beyond 

the ranges provided by the ratings in this chapter. To extend beyond these limits and for 

further information, refer to Bos et al. (1991), Clemmens et al. (1993), Ackers et al. 

(1978), and Bos (1989). The designer has the option of designing a flume shape or size 

not presented here by using the theoretically based computer program (Clemmens et al., 

1987; 1993). 

(a) Long-Throated Flumes for Lined Trapezoidal Channels  

Pre-computed calibration tables for selected long-throated trapezoidal flumes suitable for 

use in some common canal sizes are included in tables 8-2 and 8-3. In selecting these 

standard canal sizes and slopes and their related flow rates for these design tables, 

consideration was given to proposals by the International Commission on Irrigation and 

Drainage (ICID), to the construction practices of the Bureau of Reclamation, and to 

design criteria for small canals used by the United States Natural Resources Conservation 

Service (formerly the Soil Conservation Service) (Bos et al., 1991). 

Present practice dictates side slopes of 1:1 for small, monolithic, concrete-lined canals 

with bottom widths less than about 3 ft, and depths less than about 3 to 4 ft. Deeper and 

wider canals tend toward side slopes of 1.5 horizontal to 1 vertical. When the widths and 

depths are greater than about 10 ft, the trend is more toward 2:1 side slopes. This trend is 

particularly observed if canal operating procedures may allow rapid dewatering of the 

canal. In some soil conditions, rapid dewatering can cause hydrostatic pressures on the 

underside of the canal walls that lead to wall failure. Most of the lined canals used in a 

tertiary irrigation unit or on large farms are of the smaller size. They have 1- to 2-ft 

bottom widths, 1:1 side slopes, and capacities below 35 ft3/s. 

Standard sizes and pre-calibrations are given in tables 8-2 and 8-3 so that the designer 

may select one of these structures to be built into an existing lined channel as shown on 

figure 8-5. The designer need only select a weir width with its corresponding sill height. 

Standard bottom ramp-flat crest combination flumes in typical slip-formed canals were 

selected for pre-calibrations.  

Table 8-2 gives pre-computed flume selections for trapezoidal canals with bottom widths 

of 1, 2, and 3 ft. Canal sizes with bottom widths in excess of 3 ft are omitted in the pre-

computed design tables on the assumption that larger sizes deserve special design 

consideration and should be computer designed and calibrated using accessible programs 

such as those provided in Clemmens et al. (1993). 
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Table 8-2 provides a number of pre-computed flumes that may be used for the various 

combinations of bottom widths and sidewall  

slopes as given in the first two columns. The third column lists recommended values of 

maximum canal depth, d, for each side-slope and bottom-width combination. 

The offering of many pre-computed sizes will aid in retrofitting older canal systems and 

yet not prevent the adoption of standard sized canals as proposed by other agencies and 

international bodies, such as the Natural Resources Conservation Service, U.S. 

Department of Agriculture (USDA), and the ICID. 

For each combination of bottom and side slope, several standard crest sill heights can be 

used (column 8 in table 8-2). Columns 4 and 5 give the limits on discharge for each 

canal-flume combination. These limits on canal capacity originate from three sources: 

(1) The Froude number, equation 2-25, in the approach channel, is limited to less than 0.5 

to assure water surface stability.  

(2) The canal freeboard, Fb, upstream from the structure, should be greater than 20 

percent of the upstream sill-referenced head, h1. In terms of canal depth, this limit is 

d>(p1 + 1.2h1max).  

(3) The sensitivity of the flume at maximum flow should be such that a 3/8-in change in 

the value of the sill-referenced head, h1, causes less than a 10-percent change in 

discharge. 

Also indicated in the last column of table 8-2 is a minimum head loss, H, that the 

structure must provide. Excessive downstream water levels may prevent this minimum 

head loss, which means that the structure exceeds its modular limit or submergence limit 

and no longer functions as an accurate measuring device.  

When flumes are placed in irrigation canals, the downstream channel is similar to the 

upstream channel, and the modular limit range for a flume with no expansion section of 

72 to 93 percent for low flow to high flow is appropriate. The tables presented herein for 

long-throated flumes and broad-crested weirs are based on this assumption, except that 

the upper limit is conservatively reduced to 90 percent. 

Thus, the design head loss is either 0.1 h1 or the listed value for H, whichever is 

greater. For these tables, it was assumed that the weir was placed in a continuous channel 

with a constant cross section. Technically, this limit of submergence is based on the total 

energy drop through the structure, but the velocity head component is usually of the same 

order of magnitude upstream and downstream so that h may be satisfactorily 

substituted for H.  
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Table 8-2 is primarily intended for the selection among these structures. It is also useful 

for the selection of canal sizes. The Froude number in the canal is automatically limited 

to 0.5. Selecting the smallest canal for a given capacity will give a reasonably efficient 

section. For instance, if the design capacity of the canal is to be 35 ft3/s, the smallest 

canal that can be incorporated with a measuring flume has b1 = 2 ft, z1 = 1.0, and d = 3 ft. 

Each standard flume can be used for a range of bottom widths because the change in flow 

area upstream from the structure causes only a small change in velocity of approach and a 

corresponding small change in energy head. The width ranges have been selected so that 

the error in discharge caused by the change in flow area is less than 1 percent. This is a 

systematic error for any particular approach channel size, and the extent of this error 

varies with discharge. However, the width of the crest must match the table dimension 

value. 

A flume suitable for several of the listed canal bottom widths is also suitable for any 

intermediate width. For example, in table 8-2, structure Ee can be used in canals with 

bottom widths between 1 and 2 ft; for example, b1 = 1.25 ft. The user will need to 

determine the sill height to match bc, head loss, and maximum design discharge for these 

intermediate sizes.  

The rating equation coefficients and constants for the flumes are given in table 8-3 and 

will reproduce the values presented in the original calibration tables produced by 

computer modeling (Bos et al., 1991) to within about +1 percent. The original tables were 

computed using the following criteria and the symbols on figure 8-5: 

(1) Each flume has a constant bottom width, bc, and a sill height, p1, that varies 

with the canal dimensions. 

(2) The ramp length can be chosen such that it is between 2 and 3 times the sill 

height. The 3:1 ramp slope is preferable. 

(3) The gauge is located a distance equal to at least maximum total head, H1max, 

upstream from the toe of the ramp. In addition, the gauge should be located a 

distance of roughly 2 to 3 times H1max from the entrance to the throat.  

(4) The throat length should be at least 1.5 times the maximum expected sill 

referenced measured head, h1max, but should be within the limits indicated in table 

8-2. 

(5) The canal depth must be greater than the sum of (p1 + h1max + Fb), where Fb is 

the freeboard requirement, which is roughly 0.2 times the sill referenced 

maximum measured head, h1max. 

Occasionally, a flume cannot be found from these design tables that will work 

satisfactorily. The user must then judge and select between several options; for example: 
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(1) Find a new site for the structure with more vertical space. 

(2) Add to the canal wall height upstream from the site so that more backwater 

effect can be created. 

(3) Try one of the other shapes. 

(4) Use the design tables to interpolate and get a rating for an intermediate width, 

probably with some sacrifice in accuracy. 

(5) Produce a special design using the computer model. 

(b) Long-Throated Flumes for Unlined Channels  

Measurement flumes for earthen (unlined) channels require a structure that contains the 

following basic parts: entrance to approach channel, approach channel, converging 

transition, throat, diverging transition, stilling basin, and riprap protection. As illustrated 

on figure 8-6, the discharge measurement structure for an earthen channel is longer, and 

thus more expensive, than a structure in a concrete-lined canal (figure 8-5). In the latter, 

the approach channel and sides of the control section already exist, and the riprap is not 

needed. 

 
Figure 8-6 -- Flow measurement structure for earthen channel 

with a rectangular control section. 

For earthen canals, the designer selects both structure flow width and a sill height and 

must be more aware of the other design considerations. For lined channel design, only the 

sill height must be selected. 

If the upstream sill referenced head is not measured in a rectangular approach canal of 

this same width, but instead is measured in the upstream earthen section, then these tables 

require correction to the discharge, Q, for the change in the approach velocity. The tables 

and equations can also be used to determine the rating for side-contracted rectangular 

flumes. Procedures needed to handle and correct for change of velocity of approach are 
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given in Bos (1989), Bos et al. (1991), and Clemmens et al. (1993). Throat lengths for 

side contractions appear to work best if they exceed about 2 times the throat width. 

The full-length structure of figure 8-6 can be simplified by deleting the diverging 

transition (downstream ramp) or the entire extended rectangular tail-water channel.  

These changes will increase the head loss across the structure and force energy 

dissipation to take place within the earthen canal section.  The extended tail-water section 

of the structure may be deleted only if adequate riprap is provided and if the Froude 

number in the tail-water channel is less than 1.7 at maximum flow (Bos et al. 1991). 

The approach canal of figure 8-6 provides a known flow area and velocity of approach. 

The coefficients and constants for rating equations for the rectangular flumes given in 

table 8-4 assume that the approach section is rectangular and has the same width as the 

throat.  

The rectangular measurement flume discharges nearly equal quantities of water over 

equal widths. The major differences are associated with the friction along the walls. Thus, 

the flow is nearly two-dimensional along the crest, so rating tables can provide the unit 

flow rate, q, in cubic feet per second per foot width of crest for each value of h1. This 

allows a wide variety of sizes for rectangular long-throated structures. For each width, bc, 

of the structure, an accurate rating table can be developed by multiplying the design table 

discharges by bc: 

Q = bcq    (8-1) 

The equation, coefficients, and exponents for a series of rectangular flat-crested, long-

throated flumes given in table 8-4 were developed from computer modeled tables given 

in Bos et al. (1991). The equation will reproduce those computer-derived table values to 

within +1.5 percent. The equation coefficients and exponents are given for sets of p1 or 

crest heights. However, interpolation between crest heights gives reasonable results. 

Small groupings of structure widths were averaged to keep sidewall effect error to within 

1 percent. Overall accuracy of rectangular long-throated flumes can be between 2 and +5 

percent, depending on how accurately water levels are measured. Overall accuracy of +2 

percent is possible but requires calibration by the computer program of Clemmens et al. 

(1993) and sensitive stilling well water level measurements. 

If the approach area, A1, is larger than that used to develop these rating design tables, 

either because of a higher sill or a wider approach channel, the ratings must be adjusted 

for Cv. To simplify this process, the discharge over the structure for a Cv value of 1.0 is 

given in the far right column of each grouping. This column is labeled p1 = infinity 

because that would cause the approach velocity of zero, and Cv would be 1.0. This 

scenario approximates a structure at the outlet of a reservoir or lake. The complete 

correction procedure is given in Bos (1989), Bos et al. (1991), and Clemmens et al. 

(1993).  
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The design procedure for lined rectangular canals is relatively straightforward. It consists 

of selecting a table crest height, p1, that causes modular flow throughout the discharge 

range and provides sufficient freeboard at the maximum discharge. An appropriate width 

must be chosen for unlined canals. Several widths will usually work. Extremely wide, 

shallow flows are subject to measurement errors because of low head detection 

sensitivity. Extremely narrow, deep flows require long structures and large head losses. 

Because of the wide variety of shapes that can be encountered in earthen channels and in 

the range of discharges to be measured, determining the interrelated values of h1max, p1, 

and bc of the structure is complicated. Although this difficulty complicates the design 

process, it allows the designer greater flexibility and expands the applicability of the 

flumes. The following criteria should be considered by the designer: 

(1) The discharges to be measured (per foot of width) must be within the range of 

discharges shown in the table for the selected structure if the dimensions in the 

tables are to be used. 

(2) The needed or selected allowable combined measurement error should be 

checked and not exceeded. The allowable error may vary for different flow ranges 

(Bos et al., 1991; Clemmens et al., 1993). 

(3) Sufficient head loss should be available across the structure at all flow rates.  

If there is an abrupt expansion (no downstream ramp) into a rectangular channel 

the same width as the crest, the head loss should be the greater of 0.1H1 or the 

value shown in table 8-4.  If the downstream channel is wider than the crest, the 

head loss should be at least 0.4H1. 

(4) Placing a structure in the canal should not cause overtopping upstream. 

(5) A uniform, straight, and unobstructed approach channel section of 10 times 

the channel width should precede the structure. 

(6) The Froude number, as defined in chapter 3, should not exceed 0.5 for a 

distance of at least 30 times h1 upstream from the structure. 

Following these criteria will allow the designer to select a satisfactory structure that will 

operate as intended.  

For a rectangular long-throated flume in an earthen canal, the rectangular section need 

not extend 10 times its width upstream from the structure if a gradual taper is used to 

guide the flow into the rectangular section. For the structures given here, it is 

recommended that the rectangular section extend upstream from the head measurement 

location (gauging station) as shown on figure 8-6. It is also recommended that well-

designed protective riprap be placed downstream from the structure for a distance of four 

times the maximum downstream channel flow depth, y2max (figure 8-6). A step should be 

provided at the downstream end of the structure just before the riprap section to avoid 
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local erosion from floor jets. Sizing of riprap and filters is discussed by Bos (1989) and 

Bos et al. (1991). 

A freeboard criteria of 0.2 h1max has been used satisfactorily for lined channels. For 

unlined channels, it may be more appropriate to specify a maximum approach flow water 

depth, y1max. The downstream water depth, y2, needs to be checked and must not exceed 

the submergence or modular limit for both the minimum and maximum expected 

discharge. 

If the channel is rectangular or the length of the rectangular-throated flume downstream 

from the crest end is as on figure 86, then 0.1 H1 or the H value given at the 

bottom of table 8-4 can be used as the lower value of minimum required total head loss, 

H. If a shorter length in an earthen channel is used and the tail-water channel is 

significantly larger than the stilling basin would be, then considerably more head loss will 

probably be required. The designer should use the head loss value for the discharge into a 

lake or pool, H=0.4H1. This value may represent a drastic difference in the value 

of head loss. The designer may decide to use the shortened structure and calculate the 

actual modular limit by use of the computer model (Bos et al., 1991). Another alternative 

is to build a prototype in the field and set the crest to the appropriate level by trial and 

error. 

(c) Measuring Flow in Circular Conduits Partly Full  

As previously mentioned, long-throated flumes for circular conduits are convenient for 

use as portable and permanent measurement structures. Bottom ramps followed by flat 

crests or sills can be used in circular conduits. These flumes (figure 8-7) are usually 

placed in the conduit at a crest height from 0.2 to 0.5 times the pipe diameter in height. 

The open channel depth limit in the conduit is about 0.9 times the approach conduit 

diameter. 
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Figure 8-7 -- Long-throated flume in a partially filled circular 

conduit. 

General methods of computing calibrations for long-throated flumes in circular conduits 

and selected construction configurations were developed using the computer model 

described in Clemmens et al. (1993). 

The pre-calibrated selections given in table 8-5 are for average roughnesses of 

construction materials and are based on curve-fitted equations of computed discharge 

tables in English units for dimensions proportioned in terms of pipe diameter. Calibration 

equations for other pipe diameters can be approximated using Froude modeling 

relationships, which produce the following equation: 

Q = (D)2.5 K1(h1 /D + K2)
U (8-2) 

where: 

Q = discharge, ft3/s  

D = diameter of pipe, ft 

K1 = constant from table 8-5 

K2 = constant from table 8-5 

h1 = head measured from sill top (bottom of contracted section), ft 

U = Exponent 

Pre-calibrated flumes represented in table 8-5 are subject to Froude scaling. These and all 

the long-throated flume shapes can be similarly scaled without using the computer model 

as long as all dimensions remain proportional. Small differences from direct computer 

results are to be expected because roughness of construction materials is not usually 

scaled. Smooth concrete roughness was used to develop the values in table 85. The 

calibration equations, coefficients, constants, and exponents for the equation from table 

8-5 will usually produce calibrations within +3 percent of discharge, not counting the 

error of head measurement, for scaling ratios between 1:5 and 5:1. Scaling expansion by 

10 tends to overemphasize roughness and will under-predict discharge by 5 to 10 percent. 
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Accuracy within +2 percent requires individual computation of the constructed device 

using the constructed dimensions in the computer model of Clemmens et al. (1993). 

As with the other broad-crested weirs and long-throated flumes, the width of the flat crest 

or sill surface, bc, is one of the two most important dimensions in the flume. The other is 

the zero elevation of the head measuring device. 

For portable measurements, it is recommended to translocate the water surface to a small 

stilling well overhanging the crest at the head reference location. Thus, the translocated 

head in the stilling well is conveniently referenced to the crest without the necessity of 

surveyor leveling of the structure (Bos et al., 1991). The measuring head and crest 

elevation can both be measured by the same point gauge. The upstream gauge should be 

used only if it is accurately leveled or is part of a permanently installed flume. 

For example: 

A circular concrete culvert 4 ft in diameter and 20 ft long is to be converted into a 

measuring structure. The outlet ends in an overfall so that a minimum sill height of 0.2D 

is useable. Develop the calibration equation using table 8-5, and sketch the installation 

dimensions.  

Using equation 8-2 and table 8-5 gives: 

Q = (D5/2)K1(h1/D + K2)
U  

or: Q = (4)5/2 4.13 (h1/4 + 0.004)1.736  

or: Q = 132.2(h1/4 + 0.004)1.736  

for an h1 range of:  0.08 D < h1 <0.65D  

or: 0.32 <h1 < 2.6  

and a Q range of: 0.056 D5/2 < Q < 1.975D5/2  

or: 1.792 < Q < 63.2  

The modular or submergence limits should be checked and should not exceed 0.8h1 if a 

vertical drop exists at the end of the downstream crest and should not exceed 0.9h1 if a 

1:6 horizontal sloping ramp downstream is added such as shown on figure 8-6. These 

modular limits are equivalent to minimum required head loss to measure flow of 0.2h1. 

All flow rates to be measured should be checked for exceeding the modular limit. 

A stilling well can be placed in the channel if it does not significantly obstruct flow or 

divert flow to a far bank and cause erosion. Placing the stilling well in the upstream 

channel often causes detrimental flow patterns that can affect the function of the flow 

measuring device, unless it is dug deep into the bank or placed a substantial distance 

upstream. 
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Represented on figure 8-8 is a static pressure tube consisting of several 1/8-in-diameter 

holes drilled into 1-in polyvinylchloride pipe used as a head measurement pickup. These 

holes are located about 2 ft from the end of the capped pipe so that flow separation 

around the end of the pipe is neutralized by the time the flow passes the pressure sensing 

holes. The water level sensed here is transmitted to the stilling well where the depth can 

be observed by any of the several methods discussed in section 7 of this chapter.  

 
Figure 8-8 -- Layout scheme for portable long-throated 

measurement structures in partially full circular conduits. 

Note that the sensing holes are well above the floor of the channel, which should reduce 

sediment plugging. Also, note that the sensing pipe is clamped tightly to the wall of the 

culvert so that debris trapping is minimized. The area obstruction of the pipe crossing the 

sill control area is small and can be ignored. 

(d) Constructing Portable Long-Throated Flumes for Circular and Semicircular 

Conduits  

A 0.2D sill height is commonly selected for semicircular conduits. For either semicircular 

or complete pipes, the sloping ramp can be fabricated from sheet materials such as 

galvanized steel, stainless steel, aluminum, or marine plywood. A suggested method for 

layout of the necessary portion of an ellipse is illustrated on figure 8-8. 
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10. Parshall Flumes  

Although Parshall flumes are in extensive use in many western irrigation projects, they 

are no longer generally recommended because of the advantages of long-throated flumes 

previously cited and the disadvantages of Parshall flumes to be subsequently discussed. 

Some states specify the use of Parshall flumes by law for certain situations.  

In the past, it was common to size and set flumes for 95-percent submergence to reduce 

approach flow depths 4 to 6 in. The 1976 second edition of this manual gives detailed 

examples of selecting size and setting crest elevation for free flow and intended 

submergence. Although correction methods for determining submerged discharge exist, 

designing flumes for submerged flow measurement is no longer considered good design 

practice because it compromises accuracy. For example, imprecision of head measure-

ment increases discharge error by 4 to 20 percent over the primary free-flow accuracy of 

3 to 5 percent. In addition, a recent study (Peck, 1988) found a 12-percent discontinuity 

in the submergence correction function for a 1-ft flume depending upon whether 

downstream measuring head results from a falling or rising water surface. 

Designing and setting Parshall flumes for submerged flow measurement is not usually 

recommended because less expensive, long-throated flumes can be designed that 

approach or exceed 90 percent submergence limits with a single upstream head 

measurement. Moreover, the absolute required drop in water surface is usually less for 

the long-throated flumes, particularly the modified broad-crested weir styles. 

Because so many Parshall flumes are currently in use, the remaining part of this section is 

concerned mainly with structural dimensions for checking existing flumes, equations for 

computing discharges, free-flow discharge tables for each size flume, plots for 

submerged discharge measurement corrections, and head loss curves for assessing 

upstream depth changes caused by downstream delivery depth changes. 

Care must be taken to construct Parshall flumes according to the structural dimensions 

given on figure 8-9. This factor becomes more important as size gets smaller. The portion 

of the flume downstream from the end of the converging section need not be constructed 

if the flume has been set for free flow where it is not expected to operate above 

submergence limit. This truncated version of the Parshall flume is sometimes referred to 

as the Montana flume. Submergence corrections or discharge cannot be determined for 

Montana flumes or other modified Parshall flumes because they do not include the part of 

the full Parshall flume where the submergence head, hb, was measured during calibration. 

Different size Parshall flumes are not geometrically proportional. For example, a 

dimension in the 12-ft flume cannot be assumed to be three times the corresponding 

dimension in the 4-ft flume. Each of the flumes on figure 8-9 is a standard device and has 

been calibrated for the range of discharges shown in the table. The flumes can reliably 

measure free-flow discharge to within "3 to "5 percent, plus head detection error, if 

standard dimensions are attained during construction, the flume is correctly set, and the 

flume is operated and maintained according to the recommended procedures. 



 165 

 
Figure 8-9 -- Parshall flume dimensions -- sheet 1 of 2 

(courtesy of U.S. Natural Resources Conservation Services).. 

 
Figure 8-9 -- Parshall flume dimensions -- sheet 2 of 2 

(courtesy of U.S. Natural Resources Conservation Services).. 

Parshall flume sizes are designated by the throat width, W, and dimensions are available 

for flumes from the 1-in size for free flow of 0.03 ft3/s at 0.2 ft of measuring head up to 

the 50-ft size with 3,000 ft3/s at a head of 5.7 ft. The free-flow discharge range and 

dimensions for Parshall flumes are given on figure 8-9. The minimum flows in this table 

up to the 1-ft-size flume are for a head of 0.2 ft because measuring at smaller heads 

results in imprecision of head measurement and surface tension effects. The remaining 

discharge limits are based on the range of the calibration data and practical size 

considerations. 

(a) Free-Flow Discharge Tables and Equations  

Parshall flumes were calibrated empirically to generate the free-flow head versus 

discharge rating for the 1-in to 50-ft flumes. Some of the larger sizes were not directly 

calibrated but were scale modeled. The free-flow discharge equations for the standard 

Parshall flume sizes are of the form: 

  (8-3) 

where: 
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ha = measuring head (ft)  

Q = discharge (ft3/s)  

C and n for each size are given in table 8-6 

Head versus discharge is given in tables A8-7 through A8-21 for all sizes (see appendix). 

Table 8-6  

Coefficients (C) and exponents (n) for Parshall flumes for equation 8-3  

Throat width  Coefficient (C)  Exponent (n)  

1 in  0.338  1.55  

2 in  0.676  1.55  

3 in  0.992  1.55  

6 in  2.06  1.58  

9 in  3.07  1.53  

1 ft  3.95  1.55  

2 ft  8.00  1.55  

3 ft  12.00  1.57  

4 ft  16.00  1.58  

5 ft  20.00  1.59  

6 ft  24.00  1.59  

7 ft  28.00  1.60  

8 ft  32.00  1.61  

10 ft  39.38  1.60  

12 ft  46.75  1.60  

15 ft  57.81  1.60  

20 ft  76.25  1.60  

25 ft  94.69  1.60  

30 ft  113.13  1.60  

40 ft  150.00  1.60  

50 ft  186.88  1.60  

(b) Submerged Flow Determination  

Calibration tests show that the discharge at a given upstream measuring head is not 

reduced until the submergence ratio, hb/ha (submergence head to measuring head) 

expressed in percent, exceeds the following values:  
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50 percent for flumes 1, 2, and 3 in wide  

60 percent for flumes 6 and 9 in wide  

70 percent for flumes 1 to 8 ft wide  

80 percent for flumes 8 to 50 ft wide 

These submergence limits are based on two measuring head locations shown in figure 8-9 

within the structure and do not measure all the head loss caused by the flume. Thus, these 

limits do not represent the total required head loss needed to measure flow with one head 

measurement. The method of determining submerged flow discharge varies with different 

flume size groups. Examples are provided later. 

(1) Submerged Flow in 1- Through 3-Inch Flumes  

Submergence begins to reduce the discharge through the 1-, 2-, and 3-in flumes when it 

exceeds 50 percent. To determine discharges for submerged flows, the heads ha and hb 

are used with figures 8-10, 811, and 8-12. Users found they had difficulties in obtaining 

field readings of ha because of wave interference. To solve this problem, figure 8-13 was 

developed to relate hb to hc, which is located at the downstream end of the flume 

divergence where the water surface is smoother.  

 
Figure 8-10 -- Rate of submerged flow through a 1-in Parshall 

flume (Robinson, 1957).. 
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Figure 8-11 -- Rate of submerged flow through a 2-in Parshall 

flume (Robinson, 1957).. 

 
Figure 8-12 -- Rate of submerged flow through a 3-in Parshall 

flume (Robinson, 1957).. 
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Figure 8-13 -- Relationship of hc and hb gauges for 1-, 2-, and 

3-in Parshall flumes for submergence greater than 50 percent 

(Robinson, 1957).. 

In a 3-in flume, assume ha of 0.20 ft and the downstream head measured at the hc gauge 

is 0.19 ft. To determine the discharge, turn to the curve on figure 8-13, which shows the 

relationship of hc to hb. For a value of hc equal to 0.19, hb is found to be 0.17. The 

submergence, hb/ha = 0.17/0.20 = 0.85 or 85 percent. 

Enter figure 8-12 with the value of the upstream head, ha, of 0.20 and move horizontally 

to the right to the vertical line for hb/ha of 85 percent. This intersection point lies about 

seven-tenths of the distance from the curved discharge line for 0.06 ft3/s, toward the 0.07-

ft3/s line. The interpolated discharge value is 0.067 ft3/s. This rate of flow for submerged 

conditions is considerably less than the free-flow discharge value of 0.082 ft3/s for ha of 

0.20 ft. As mentioned previously in section 7 of this chapter, correcting for submergences 

greater than 90 percent does not provide reliable accuracy. 

(2) Submerged Flow Determination With 6- and 9-Inch Flumes  

When 6- and 9-in flumes are operating with submergences greater than 60 percent, the 

discharge is directly determined using figures 8-14 and 8-15, respectively. For example, 

determine the discharge through a 6-in flume when ha is 1.32 ft and hb is 1.20 ft. The 

submergence ratio, 1.20 divided by 1.32, is 0.91, or 91 percent. On figure 8-14, find 91 

percent along the left-hand vertical scale and follow the 91-percent line horizontally to 

intersect the curved line for ha, which is 1.32 (one-fifth the distance between the 1.3 and 

1.4 lines). Then move vertically downward from this point to the scale at the base of the 

diagram and find that the submerged rate of flow is 2.02 ft3/s. As mentioned previously in 

section 7 of this chapter, correcting for submergences greater than 90 percent does not 

provide reliable accuracy. 
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Figure 8-14 -- Diagram of determining rate of submerged 

flow for a 6-in Parshall flume (courtesy of U.S. Natural 

Resources Conservation Services). 

 
Figure 8-15 -- Diagram for determining rate of submerged 

flow for a 9-in Parshall flume (courtesy of U.S. Natural 

Resources Conservation Service).. 

(3) Submergence Correction for 1- to 8-Foot Flumes  

The submergence corrections that must be subtracted from the free-flow values in table 

A8-12 to obtain submerged flow values in a 1-ft flume are shown on figure 8-16. For 

example, in a 1-ft flume with ha of 1.00 ft, the discharge from table A8-12 is 4.00 ft3/s. If 

hb is measured to be 0.8, the submergence, hb/ha, is equal to 80 percent. If figure 812 for 

ha is 1.00 and submergence is 80 percent, the correction is 0.35 ft3/s. Therefore, 

submergence would result in a reduction in discharge of 0.35 ft3/s or an actual discharge 

of 3.65 ft3/s, compared to a free-flow discharge of 4.00 ft3/s.  

 
Figure 8-16 -- Diagram for determining correction to be 

subtracted from free discharge to obtain rate of submerged 

flow for 1- through 8-ft Parshall flumes. 
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Submergence correction values for 1- to 8-ft flumes are obtained from figure 8-16, but 

the procedures contained in the note in the figure must be followed. These procedures 

state that values read from the curve are multiplied by the M values listed in the table on 

figure 8-16 for each size to obtain the product or correction to subtract from the free 

discharge values. 

For example, assume that submerged flow occurs in a 3-ft flume where ha is 2.10 ft and 

hb is 1.89 ft. The submergence ratio, 1.89 divided by 2.10, is 0.90, or 90-percent 

submergence. The free-flow discharge for a 3-ft flume with ha of 2.10 is found from table 

A8-12 to be 38.4 ft3/s. On figure 8-16, ha is 2.10 and submergence is 90 percent: a 

correction of 3.5 ft3/s. However, this correction is only for a 1-ft flume. For a 3-ft flume, 

the correction must be multiplied by 2.4 (from tabulation on figure 8-16) to get the total 

correction of 8.4 ft3/s. The corrected submerged discharge is, therefore, 38.4 minus 8.4, 

or 30.0 ft3/s. As mentioned previously in section 7 of this chapter, correcting for 

submergences greater than 90 percent does not provide reliable accuracy. 

(4) Submergence Correction for 10- to 50-Foot Flumes  

The submergence ratio, hb/ha, expressed in percent, and the ha value are used on figure 8-

17 to obtain the correction to be subtracted from the free-flow discharge determined from 

tables A8-12 through A8-20.  

 
Figure 8-17 -- Diagram for determining correction to be 

subtracted from free discharge flow to obtain submerged flow 

discharges through 10- to 50-ft Parshall flumes (Parshall 

1953). 

The correction values, indicated along the base of the diagram on figure 817, give the 

number of cubic feet per second to be subtracted for each 10 ft of crest width, W. To aid 

in determining the multi plying factor, a tabulation has been incorporated on figure 8-17. 

Thus, to determine the discharge for submerged flow through a 20ft flume when ha is 

3.25 ft and hb is 3.06 ft, first determine the submergence ratio: 
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Enter at the left side of the diagram of figure 8-17, and at ha equals 3.25, project a 

horizontal line to intersect the 94-percent line, then continue on to one-tenth of the 

distance between the 94- and 95per-cent lines. Vertically below this point on the 

horizontal scale is the correction value, 56 ft3/s. For a 20-ft flume, the multiplying factor 

is 2.0 (from tabulation on figure 8-17), and the total correction is: 

2.0 x 56 = 112 ft3/s 

The free discharge value from table A8-16 for ha of 3.25 is about 503 ft3/s. Therefore, the 

submerged flow is 503 minus 112, or 391 ft3/s. As mentioned previously in section 7 of 

this chapter, correcting for submergences greater than 90 percent does not provide 

reliable accuracy. 

(c) Head Loss Determination  

Flumes are obstructions that produce backwater that extends upstream from the flume 

and raises the water surface in the approach channel. This difference in elevation of the 

flow upstream from the structure with and without the flume in place is the head loss 

caused by the flume. The difference in measuring heads is not the head loss of Parshall 

flumes. 

Downstream channel depth-discharge relationships often change with changes of 

downstream flow resistance, which frequently varies with sediment deposits, debris, 

canal checking operations, and aging. Downstream changes in flow resistance plus head 

loss can cause overtopping of upstream approach channel banks. Thus, irrigation system 

managers that have Parshall flumes need to determine head losses. 

(1) Head Loss for 10- to 50-Foot Throats  

The increase in depth upstream from the structure or the head loss for the 10- to 50-ft 

flume is determined using figure 8-18. For example, assume a 20-ft flume is set 1.4 ft 

above the bottom of the channel, is discharging 950 ft3/s, and is at 90-percent 

submergence. The head loss from figure 8-18 is obtained by following the vertical 90-

percent submergence line up to the curved discharge line for 950 ft3/s, projecting a 

horizontal line to the sloping 20-ft throat line, and coming vertically down to the head 

loss scale reading of 0.9 ft. 
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Figure 8-18 -- Head loss through 10- to 50-ft Parshall flumes 

(Parshall 1953). 

(2) Head Loss for 1- to 8-Foot Throats  

The head loss values for flumes 1 to 8 ft wide can be determined from figure 8-19. For 

example, assume a 4-ft flume which has a 70-percent submergence with 20 ft3/s, and 

determine the head loss. Using figure 8-19, find the intersection of the vertical 70-percent 

line with the slanting 20-ft3/s discharge line in the left side of the figure. Then, from this 

intersection, project a horizontal line to the intersection with the slanting line for the 4-ft 

throat width in the right side of the figure. From this point, project vertically down to read 

head loss on the bottom scale, which reads 0.43 ft. 

 
Figure 8-19 -- Head loss through 1- to 8-ft Parshall flumes 

(courtesy of U.S. Natural Resources Conservation Service.. 
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(3) Head Loss for 9-Inch Throats and Smaller  

Losses for 9in flumes and smaller are usually less critical, and the elevation of the 

upstream water surface is determined in the manner used for the  

1-, 2-, and 3-in flumes. The difference between ha and hb is considered an adequate 

estimate of head loss. 
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CHAPTER 9 - SUBMERGED ORIFICES 

1. Definition and Classification of Orifices  

An orifice used as a measuring device is a well-defined, sharp-edged opening in a wall or 

bulkhead through which flow occurs. Orifices may be used to measure rates of flow when 

the size and shape of the orifices and the heads acting upon them are known. For 

irrigation use, orifices are commonly circular or rectangular in shape and are generally 

placed in vertical surfaces, perpendicular to the direction of channel flow. 

A submerged orifice and the same orifice discharging freely have nearly the same 

coefficient of discharge. Submerging an orifice provides the capability to measure 

relatively large flows with a small drop in water surface, conserving delivery head 

compared with weirs. However, the submerged orifice requires head measurements 

upstream and downstream. The difference between the two heads is used in the orifice 

equation (equation 9-1). A free- flow measurement requires measurement of only one 

upstream head. 

Using an orifice as a water measuring device demands attention to dimensions and 

craftsmanship, and the orifice must closely simulate conditions existing when it was 

calibrated. Equation coefficients depend on these details and can vary considerably. For 

full contraction, the orifice plate should be machined around the entire perimeter of the 

opening to a clean, straight, and sharp upstream edge and corner in the direction of the 

flow. Rounding of an upstream face corner can partially or fully suppress contraction. For 

example, 1-percent rounding of the upstream face corner of the opening perimeter in 

terms of minimum orifice opening dimension causes about a 3-percent increase of the 

contraction coefficient. A well-designed bell-mouth will eliminate all contraction 

(Schuster, 1970). 

Orifices may be partially contracted in two senses. One is the amount of curvature of the 

jet in the direction of flow and the other in the amount of orifice opening perimeter which 

produces no curvature of the jet passing through the opening. The latter is called 

suppression. An example of a partially suppressed orifice is a sluice gate, where the 

approach boundary on the sides and bottom continues past the sharp edge of the gate leaf 

above. This arrangement eliminates the jet contraction along part of the orifice opening 

perimeter, increasing the effective coefficient of discharge. 

Coefficients are used in equations to account for: neglecting the approach velocity head, 

the approach velocity distribution, the decrease of jet velocity caused by friction, and the 

amount of jet contraction caused by the flow curving around the corner of the orifice 

perimeter. 

The proximity of the upstream water surface to the top of the orifice opening affects the 

amount of contraction. For full contraction, the water surface upstream from the orifice 

must always be well above the top of the opening. Similar to weirs, if the bottom or the 

side walls of the approach channel are too close to the orifice edges, then the sides and 
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bottom of the orifice jet are not fully contracted. If the upstream water surface drops 

below the top of the opening, the opening, in effect, becomes a weir. 

2. Advantages and Disadvantages  

Submerged orifices conserve head and are used where fall is insufficient for weirs. 

Submerged orifices can be used where cost, space limitations, or other site conditions do 

not justify a weir or flume. A disadvantage of the submerged orifice is that accumulations 

of submerged debris or sand and sediment upstream from the orifice may prevent 

accurate measurements. Severe blockage with trash could cause upstream bank 

overtopping. Where fall is not limited and space is available, a long-throated flume 

should ordinarily be chosen. Both weirs and flumes are less susceptible to interference 

from weeds and trash, and clogging is easily visible. Typically, sharp-crested weirs and 

some long-throated flumes are less expensive and more accurate.  

3. Fully Contracted Submerged Orifice  

The principal type of submerged orifice used for measuring irrigation water in an open 

channel is the vertical, sharp-edged, fully contracted, rectangular orifice. This orifice is 

accurate and is the principal type for which the discharge coefficient has been carefully 

determined. The longer dimension of the rectangle is horizontal to help meet the 

approach flow boundary conditions discussed in the next section of this chapter. Such an 

orifice is illustrated on figure 9-1 with recommended box dimensions on figure 9-1 given 

in table 9-1. 

 
Figure 9-1 -- Submerged-orifice measurement structure 

viewed from upstream (refer to table 9-1 for dimensions). 
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Table 9-1. Recommended box sizes and dimensions for a submerged orifice  

Size of orifice  

Height of 

structure, B  

(ft)  

Width of 

head wall, A  

(ft)  

Length, 

E  

(ft)  

Width, 

W  

(ft)  

Length of 

downstream wing 

wall, C  

(ft)  

Height, 

D 

(in)  

Length, 

L  

(in)  

     

3  

3  

6  

6  

6  

9  

9  

12  

24  

12  

18  

24  

16  

24  

4  

4  

5  

5  

5  

6  

6  

10  

12  

12  

14  

14  

14  

16  

3.0  

3.0  

3.5  

3.5  

3.5  

3.5  

3.5  

2.5  

3.5  

2.5  

3.0  

3.5  

3.0  

3.5  

2  

2  

3  

3  

3  

3  

3  

 

4. Conditions for Accuracy of Fully Contracted Submerged Rectangular 

Orifices  

The standard submerged rectangular orifice described on figure 9-1 and in table 9-1 has 

four sides, consisting of thin-edged plates, far enough removed from the sides, bottom, 

and top of the water prism in the approach channel that essentially full jet contraction 

occurs. The contraction which occurs is about equal to the maximum that could be 

obtained with the sides of the orifice at infinite distances from the water prism 

boundaries.  

The following conditions are required to accurately replicate equation 9-1 coefficients 

and use table 9-1: 

(1) The upstream edges of the orifice should be straight, sharp, and smooth.  

(2) The upstream face of the orifice wall should be vertical. 

(3) The top and bottom edges of the orifice opening should be level.  

(4) The sides of the opening should be truly vertical.  

(5) The inset orifice plates must be flush, and the upstream face of the supporting 

bulkhead with the fasteners must be countersunk on the upstream side. 

(6) The distance from the opening edges to the boundary and the water surface, 

both on the upstream and downstream sides, should be greater than twice the least 

dimension of the orifice opening. 
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(7) The face of the plates must be free of grease and oil. 

(8) Avoid orifice plate knife edges because they are a safety hazard and can 

damage easily; orifice opening plate perimeter should be between 0.03 and 0.08 

inch (in) thick. 

(9) If the plates are thicker than condition (8), the plate edges should be reduced 

to the required thickness by chamfering the downstream edge of the orifice plates 

to an angle of at least 45 degrees.  

(10) Flow edges of plates require machining or filing perpendicular to the 

upstream face to remove burrs or scratches and should not be smoothed off with 

abrasive cloth or paper.  

(11) The edges of the supporting bulkhead wall cutout to receive the orifice 

opening plate should be located at least one wall thickness from the orifice 

opening edges. 

(12) For submerged flow, the effective head on the orifice is the actual difference 

in elevation between the water surfaces upstream and downstream from the 

orifice wall. The differential head should be at least 0.2 foot (ft). 

(13) For free flow, the effective head on the orifice is the difference in elevation 

between the upstream water surface and the center of the orifice opening. 

(14) The cross-sectional area of the water prism 20 to 30 ft upstream from the 

orifice should be at least eight times the cross-sectional area of the orifice. 

(15) The selected type of head measuring device must be compatible with 

required project accuracy and the amount of head loss that is acceptable. 

If all these requirements are satisfied, then the effective discharge coefficient is good to 

+/-2 percent. However, the accuracy of discharge measurement depends strongly on the 

secondary head measurement system selected and the magnitude of h. Chapter 8 

contains error values for different head measurement systems. 

5. Discharge Through a Submerged Rectangular Orifice  

The equation for computing the discharge of the standard submerged rectangular orifice 

is: 

  (9-1b) 

where: 
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Q = discharge (ft3/s)  

Cc = coefficient of contraction 

Cvf = coefficient of velocity caused by friction loss 

Cva = coefficient to account for exclusion of approach velocity head from the 

equation 

A = the area of the orifice (ft2) 

g = acceleration caused by gravity (ft/s2) 

h1 = upstream head (ft) 

h2 = downstream head (ft) 

The coefficient of contraction, Cc, accounts for the flow area reduction of the jet caused 

by the flow curving and springing from the orifice edges. The coefficient Cvf accounts for 

the velocity distribution and friction loss. The product, CcCvf, is sometimes called the 

coefficient of discharge, Cd. The coefficient Cva accounts for using the water head only 

and does not fully account for the velocity head of approach. This coefficient is near 

unity if all the requirements of section 4 are met. The effective discharge coefficient, Cd, 

is the product CcCvfCva, which has been determined experimentally to be 0.61 for 

rectangular irrigation weirs. The coefficient of contraction has the most influence on the 

effective coefficient discharge. Because Cc must approach unity as velocity approaches 

zero, its value will increase rapidly after reaching some low velocity. Thus, the equation 

should not be used for heads less than 0.2 ft even with very precise head measuring 

devices. The difference between upstream and downstream heads or water surface 

elevations is sometimes called the differential head, and equation 9-1a can be rewritten 

as:  

  (9-1b) 

where: 

h = h1 - h2, differential head  

Cd = 0.61, as determined experimentally. 

The discharge, when velocity of approach is negligible, may be computed using equation 

9-1b. Table A9-21 was prepared for orifice areas from 0.25 to 2.0 ft2. 

1 The prefix "A" denotes tables that are located in the appendix. 

6. Dimensions for Fully Contracted Submerged Rectangular Orifices  

The most suitable proportions for standard submerged rectangular orifices are those in 

which the height, D, is considerably less than the width, L. Usually, these proportions are 

preferred because of shallow flow depths in some canals and open laterals. Figure 9-1 

and table 9-1 provide recommended dimensions for wood or concrete submerged-orifice 

structures.  
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The size of the orifice selected for a particular situation is governed by the quantity of 

water to be measured and the head available. The precision of the head measuring system 

relative to the minimum required differential needs to be considered when selecting size. 

For example, if staff gauges are used which can only read head to within +/-0.005 ft, the 

uncertainty of the differential is +/-0.01 ft. This uncertainty in the head causes a discharge 

error of +/-2.5 percent at a differential head of 0.2 ft. Chapter 3 gives more detailed 

examples of error calculations at low heads for selection of head measuring devices. 

Chapter 8 contains head error information for different measurement systems 

7. Construction and Setting of Standard Fully Contracted Submerged 

Orifices  

Submerged-orifice structures should be substantially constructed of concrete or, under 

certain circumstances, of wood. The structure should extend several conduit widths 

downstream from the orifice wall to provide erosion protection in unlined channels. The 

floor and sides of the box conduit downstream from the orifice opening should be set 

outward from the opening a distance of at least twice the smallest orifice opening 

dimension. A flashboard may be placed at the downstream end of the orifice box conduit 

to assure submergence of the orifice; however, the flashboard should be sufficiently 

downstream to prevent disturbing the water issuing from the orifice. The orifice wall 

should be set truly vertical, and the top of the wall should reach only to the maximum 

expected water level, so the wall can act as an overflow weir in the event of operational 

difficulties. Wing-walls or cutoff walls should be provided at the upstream and 

downstream end of the orifice box conduit to prevent undermining the orifice structure 

and leakage around the structure. Figure 9-1 and table 91 provide recommended 

dimensions for a concrete or wood submerged-orifice structure. 

8. Discharge Adjustment for Contraction Suppression in Submerged 

Orifices  

Because effective discharge coefficients are not well defined where suppression exists, 

use of a standard fully contracted orifice is desirable wherever conditions permit. 

However, a bottom suppressed orifice allows the sediment to pass the structure. To avoid 

accumulations of sediment on the upstream side of the orifice, the bottom contraction 

may need to be suppressed by placing the lower side of the orifice at canal grade. In 

occasional instances, use of orifices with both bottom and side contractions suppressed 

may be necessary. 

For rectangular submerged orifices having partially suppressed perimeter contraction and 

negligible velocity of approach assured by providing an approach area at least 8 times 

larger than the orifice opening, the approximate discharge may be computed by: 

Q1 = 0.61 (1+0.15r)a * sqrt(2g h) 

where: 
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Qs = discharge of the suppressed orifice in ft3/s, velocity of approach neglected 

r = ratio of the suppressed portion of the perimeter of the orifice to the total 

perimeter  

The variables h, A, and g have the same significance as in equation 9-1b. The term in 

the parentheses can be thought of as a factor that adjusts the fully contracted effective 

coefficient of discharge used in equation 9-1b in terms of amount of perimeter with 

suppressed contraction. This method is expected to produce a coefficient correct to within 

about +/-3.0 percent. 

As a temporary estimating procedure, this method can be used to estimate discharge 

when sediment deposits are present in the approach to an orifice that was meant to be 

fully contracted. If the deposits were similar in effect to a smooth invert at the bottom of 

the orifice, the correction would be good. However, the accuracy of the estimated 

correction is usually in doubt because of the shape, depth, and location of the deposits. 

Best practice would require removing the sediment immediately rather than making the 

discharge adjustment. 

Equation 9-2 can be used for sluice gates when they are in effect bottom and/or side 

suppressed rectangular orifices with variable opening area. Table A9-3 gives discharge 

versus head for orifices that are both bottom and side suppressed for orifice areas of 2 ft2 

to 125 ft2. Other more exact and complex approaches can be used for determining 

discharge with sluice gates. These approaches are discussed by Bos (1989), who states 

that equation 9-2 agrees closely to relationships developed by Henry (1950) and Franke 

(1968). 

9. Requirements for Suppressed Submerged Rectangular Orifices  

The requirements in section 4 related to distance from the sides and bottom do not apply. 

However, all the remaining requirements apply. Element (14) concerning approach area 

is especially important. 

10. Excess Velocity of Approach  

Submerged orifices should be installed, operated, and maintained in such a way as to 

make the velocity of approach negligible. To prevent excess velocity of approach, the 

size of the approach flow area should be greater than eight times the size of the orifice 

opening. Generally, the requirements of section 4 of this chapter will prevent excess 

velocity of approach. The original tables presented by Christiansen (1935) limit velocity 

of approach to about 0.5 foot per second (ft/s). 

To account for excess velocity of approach, the approach velocity head is frequently 

added to the differential head under the radical assuming that the effective coefficient of 

discharge does not change. However, in equation 9-1b, this correction assumes that all 

the correction is accounted for by an approach velocity head term alone. However, this 

procedure only constitutes a partial correction. The factors that cause excess velocity of 
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approach also cause changes in the contraction and head loss. Thus, the effective 

discharge coefficient changes by some undefined amount. It is better to find the cause of 

excess velocity, and if operation changes or maintenance cannot remedy the problem, 

then a replacement device may be required. 

Orifices can be calibrated for velocity of approach effects by comparing against another 

device. This comparison would require measurements at given discharges at several 

upstream and downstream heads. The cost of these measurements most likely would 

exceed the cost of a replacement measuring device. 

11. Constant-Head Orifice (CHO) Turnout  

(a) General Description  

A water measuring device frequently used in irrigation is a combination regulating gate 

and measuring gate structure. This device uses an adjustable rectangular gate opening as 

a submerged orifice for discharge measurement and a less expensive circular gate 

downstream. This system is called the CHO turnout. For convenience, it is operated by 

setting and maintaining a constant head differential across the orifice. Discharges are set 

and varied by changing the gate opening. These structures may be used in place of meter 

gates or turnout gate and weir combinations to regulate and measure flows from canals 

and open laterals into smaller ditches. The turnouts are usually placed at right angles to 

the main canal or open lateral. Typical CHO turnouts are shown on figures 9-2 and 9-3. 

 
Figure 9-2 -- Schematic diagram of a CHO turnout. 
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Figure 9-3 -- A single-barrel CHO turnout. 

The CHO turnout consists of a short entrance channel leading to a headwall containing 

one or more gate-controlled openings, a head measurement stilling basin section, and a 

downstream headwall with one or more gate-controlled barrels that release the flow into 

the delivery channel (figure 9-4). The rate of flow is measured by using the principle that 

a submerged orifice of a given size operating under a specific differential head will 

always pass the same known quantity of water. The upstream gate or gates serve as 

orifices. The orifice area can be increased or decreased by adjusting the upstream gate or 

gates. Usually, the head differential is maintained at a constant value, usually 0.20 ft ( h 

on figure 9-4) measured by staff gauges or stilling wells located upstream and 

downstream from the orifice gate headwall. 
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Figure 9-4 -- Schematic view of a single-barrel CHO turnout 

with a horizontal inlet channel. 

To set a given flow, the opening of the orifice for the desired discharge is obtained from 

discharge tables (tables A9-4 and A9-5 for the older 20- and 10-ft3/s sizes). With the 

upstream gates set at this opening, the downstream gates are adjusted until the differential 

head across the orifice as measured by the staff gauges or stilling wells is at the required 

constant head (usually 0.20 ft). The discharge will then be at the desired value. 

Two sizes of orifice gates, 24 by 18 in and 30 by 24 in, have been used extensively in the 

past. Both sizes are provided in single-barrel and double-barrel designs. The capacity of 

the single-barrel 24- by 18-in turnout is 5.0 ft3/s. The capacity of the single-barrel 30 by 

24-in turnout is 10 ft3/s. Double-barrel installations have twice the capacity of the single-

barrel ones. Newer designs (Aisenbrey et al., 1978) provide standard CHO turnouts for 

discharges of 2-,4-, 6-, 9-, 12-, 15-, 18-, 24-, and 30-ft3/s with corresponding opening 

widths of 1.5, 1.5, 2.0, 2.5, 2.5, 3.0, 3.5, 4.0, 4.0 ft. The gate sizes for these turnouts vary 

from 18 to 48 in.  

Table A9-6 gives discharge versus gate opening for these turnout sizes with a differential 

head of 0.2 ft. 

(b) Discharge Calibrations  

Calibration tests for the original design sizes were conducted in the Bureau of 

Reclamation (Reclamation) laboratories in Denver, Colorado, on one-half-scale models 

of 24- by 18-in CHO turnouts (Blackwell, 1946). The effective coefficient of discharge 

varied from 0.68 to 0.72 as gate opening increased from 0.2 to 1.5 ft. These tests covered 

ratios of approach head to gate opening of from 6 to 2, respectively. To produce tables 

A9-4 and A9-5, the effective coefficient of 0.70 at the ratio of 4 was used in tables for 
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both single-barrel and double-barrel structures with a standard set head differential of 0.2 

ft. Thus, the table values are good to +/-3.0 percent.  

Discharge tables for the newer CHO sizes (Aisenbrey et al., 1978) are also based upon a 

coefficient of 0.70. Discharge for standard head differential of 0.2 ft is provided on 

standard drawings and in table A9-6. For the 2-ft3/s CHO turnout, with minimum canal 

water surface elevation and maximum recommended orifice gate opening, the 

submergence ratio (approach depth to opening) is about 4. As the turnout size increases, 

the minimum approach submergence ratio decreases to become about 2 for 15-ft3/s and 

larger sizes. 

Differential heads other than 0.2 ft can be used, but equation 9-1b and an effective 

coefficient of 0.70 must be used to compute discharges or to generate new tables. 

To provide CHO calibrations and structural designs for sizes not actually calibrated using 

a discharge coefficient of 0.70 and to attain "3 percent equation accuracy, Aisenbrey et al. 

(1978) give the following design criteria for smaller and larger CHO turnouts with 

capacities up to 30 ft3/s:  

 For maximum capacities of 10 ft3/s and less, the length of gate basin should be at 

least 2.25 times the maximum gate opening or 1.75 times the gate support wall 

opening, whichever is greater. However, no basin length should be less than 3.5 

ft.  

 For capacities between 10 ft3/s and 30 ft3/s, the gate basin length should be at least 

2.75 times the maximum gate opening. The bottom of the gate basin should be 

level.  

 The gate opening should be less than or equal to 0.8 times the wall gate support 

wall opening.  

 The distance from the gate lip to the top of the gate support wall opening should 

be at least equal to the wall thickness.  

 The approach flow submergence above the top of the opening should be 1.78 

times the velocity head plus 0.25 ft.  

 The set head differential should be at least 0.2 ft.  

An important detail of the Reclamation orifice gate design is a 1-1/2- by 1-1/2-in angle 

iron brace projecting upstream on the face. The projecting leg of angle iron is located 1-

3/4 in from the gate lip. Some of the smaller gates were built without this brace and were 

field calibrated with weirs. They were found to have an effective coefficient of 0.65. 

When this bracing is missing, equation 9-1b and this lower coefficient must be used to 

calculate discharges or tables. 

Colorado State University (CSU) tests (Kruse, 1965) determined that the effective 

discharge coefficient is about 0.65 for the normal operation where the depth upstream 

from the turnout is 2.5 or more times the maximum gate opening. This coefficient is the 

same value that Reclamation determined for no angle iron bracing at the bottom of the 

upstream gate face. 
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CSU also investigated the effects of changes in upstream and downstream water levels, 

sediment deposits, plugging of the orifice gate with weeds and debris, and approach flow 

conditions.  

For discharges larger than about 30 ft3/s, special structures involving multiple gates and 

barrels are designed for the particular site and flow requirements. 

(c) Effects of Upstream Water Depth  

When the depth of water upstream from the orifice gate is four or more times the height 

of the opening of the orifice, the coefficient of discharge, C, remains essentially constant 

at 0.65 (Kruse, 1965). When the depth of water upstream is less than four times the 

orifice opening, the coefficient increases. The rate of increase is moderate at 

submergence ratios between 4 and 2.5, but rapid at submergence ratios below 2.5. 

Attempting to predict the coefficients for different installations having low submergence 

ratios is impractical and inaccurate, and doing so is not recommended. Structures should 

be installed so the minimum water depth in front of the orifice gate will be at least 

2.5 times, but preferably 4 or more times, the maximum expected gate opening. In some 

cases, to place the structure low enough, the inlet channel may need to be sloped 

downward as shown on figure 9-5. An alternative design in which the inlet floor is 

abruptly stepped downward is also used. 

 
Figure 9-5 -- Schematic view of a CHO turnout with a sloping 

inlet channel and with piezometers and stilling wells. 
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(d) Effects of Upstream and Downstream Water Depth  

Because of its name, the CHO is often mistakenly thought to maintain the constant head 

differential after setting when the water surface changes in the supply canal. However, 

the CHO cannot maintain this constant differential because the orifice gate coefficient 

varies with upstream submergence and differs from the downstream control gate 

coefficient. 

A change in tail-water depth or downstream submergence on the control gate after a 

discharge has been set also can cause a significant change in the flow rate. The set 

differential changes because the two gates have different coefficient characteristics 

relative to their shape and response to amount of submergence. If considerable drop 

exists in the channel downstream from the turnout, tail-water will have no effect on flow 

measurement. However, if the CHO turnout is placed at about the same grade as the ditch 

it is supplying, the discharge may be affected as the water level changes. 

Therefore, whenever tail-water or downstream delivery depth can affect the rate of flow, 

the ditchrider must make the necessary and frequent adjustments until flow conditions in 

the ditch become stable. 

(e) Effects of Sediment and Weeds  

In common irrigation use, sediment is usually swept through the orifice and the 

downstream gates during normal operation (Blackwell, 1946). The small sediment 

accumulations that occur in the stilling basin between the gates have little or no effect 

upon performance. Thus, sediment is usually not a problem in CHO turnouts. 

Choking caused by weeds that become lodged within the measuring orifice can be 

serious. Moreover, choking can be difficult to detect when silty water is flowing because 

the orifice cannot be seen. The principal cause of choking is the presence of waterlogged 

weeds that catch in the gate opening. These weeds may trap other particles and eventually 

plug the turnout. The measuring accuracy of CHO turnouts is greatly reduced by the 

presence of even a few weeds. Care must be taken to ensure that the orifice and the area 

upstream from the orifice are kept completely clear of weeds and other debris. Trash-

screens or trash-racks are sometimes placed at the inlet to the CHO turnout.  

(f) Effects of Approach Flow Condition  

The turnouts are usually placed at 90 degrees to the canal centerline (figure 9-3). As a 

result, when the flow in the canal moves past the turnout, an eddy and related flow 

disturbances occur at the turnout entrance. This eddy and the other flow disturbances 

affect the flow into the turnout. The intensity of the disturbances depends largely upon 

the velocity of the passing supply canal flow. For small gate openings, the discharge 

coefficient, C, for the turnout increases from a value of 0.64 for a canal flow velocity of 1 

ft/s to a value of 0.69 for a canal flow velocity of about 3 ft/s (Blackwell, 1946). On the 

other hand, with large gate openings, increasing the canal flow velocity near the turnout 



 190 

decreases the coefficient from high values of about 0.74 for canal flow velocities of 1.0 

ft/s to low values of about 0.63 for canal flow velocities of 3.0 ft/s. This appreciable, but 

inconsistent, effect upon the measuring accuracy of CHO turnouts must be recognized. 

This error is greatest at the larger orifice openings. Whenever possible, installations 

should be designed so that relatively low flow velocities prevail at the turnout, especially 

if larger openings are to be used. Fortunately, the normal flow velocity distribution in 

canals provides relatively low velocities near the banks. 

(g) Head Measurements  

In the standard CHO turnout, the head differential across the orifice, or upstream gate, is 

determined by reading staff gauges just upstream and downstream from the headwall on 

which the upstream gate is mounted (figure 9-4). Rough water surfaces at these gauges 

can easily result in large head reading errors. These errors are particularly bad during 

large flows when the water surface in the stilling basin downstream from the orifice 

opening may be quite unsteady or tilted. Head reading errors can cause significant errors 

in flow measuring accuracy, and every reasonable effort should be made to avoid them. 

Chapters 6 and 8 show other ways of stilling the water surface to make head 

measurement more accurate. 

Stilling devices to reduce water surface fluctuations at the staff gauges can reduce head 

measurement errors. External stilling wells connected to piezometers upstream and 

downstream from the orifice gate greatly increase the potential accuracy of head readings 

and of the discharge measurements (figure 9-5). Additional information regarding stilling 

wells can be found in chapters 6 and 8. For existing structures, small wooden or metal 

shelf-type stilling devices installed within the flow area across the inlet and across the 

stilling basin near the staff gauges will help reduce reading errors caused by vortices and 

waves (figure 9-6). 

 
Figure 9-6 -- Baffles to reduce water surface fluctuations at 

staff gauges in CHO turnouts. 
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12. Orifice Check Structures  

Occasionally, at a given site, the canal water surface level should be checked up to a 

specified elevation while simultaneously measuring the rate of flow. The combined 

checking and measuring functions can be provided by orifice check structures which are 

built into the canals as in-line structures (figure 9-7). One or more orifice openings of the 

necessary size are constructed in the lower portion of a wall that extends across the canal 

at the upstream end of the check-type structure. These orifices are used to measure the 

discharge. A second wall with one or more gated openings is constructed at the 

downstream end of the structure. This downstream control is used to check the canal 

water surface to the desired elevation. Two stilling wells are located outside of the 

structure. One is connected to a piezometer in the canal upstream from the orifice wall, 

and the other is connected to a piezometer in the basin between the upstream and 

downstream walls. In small orifice check structures, staff gauges are used in place of 

piezometer and stilling wells. In either case, the differential head acting across the orifice 

can be determined, and with knowledge of the orifice dimensions and characteristics, the 

rate of flow can be determined. 

 
Figure 9-7 -- Gated orifice check structure used to maintain 

upstream water surface levels and to measure rates of flow in 

the Courtland Canal, Nebraska. 

The coefficients of discharge that should be used to compute the rate of flow are difficult 

to determine analytically because of different degrees of suppression at the bottom and 

sides and between the orifice openings. Computed discharge tables are ordinarily 

provided for each structure, but usually a statement is included that a field rating is 

necessary to ensure accurate results. In general, the recommended practice is that field 

ratings be made by current meter data and that discharge curves be prepared. For 

maximum potential accuracy, care must be exercised to prevent either excessively small 

gate openings or small differential head readings that cause large errors of precision of 

head or gate opening effects on discharge measurement. 
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13. Radial Gate Checks Used for Measuring Device  

Radial gates are widely used in canal check structures to control canal flows and water 

levels. By measuring upstream water level, downstream water level, and gate position, 

radial gate checks can also be used to compute flow. Computing flow at check structures 

prevents the additional cost and head loss from flow measurement devices such as 

flumes, weirs, or flow meters.  

Radial gate flow is a type of variable-area orifice flow, which may be either free or 

submerged. However, accurate computation of radial gate flow requires complex 

analysis. Discharge under a radial gate is influenced by numerous parameters and 

structure dimensions. Figure 9-8 shows a typical radial gate with some of the variables 

that affect gate flow. The angle of the gate's bottom edge (gate lip) varies with the gate 

opening, Go, the pinion height, PH, and the gate's radius, r. Flow contraction is sensitive 

to the angle , the type of gate lip seal, and water levels.  

 
Figure 9-8 -- Diagram of radial gate showing calibration 

variables. 

The general equation for flow through an undershot gate can be derived from the 

Bernoulli equation and expressed as: 

 

where: 

Q = discharge (gate flow)  

Cd = coefficient of discharge  

Go = vertical gate opening  

B = gate width  

g = gravitational constant  

H = a head term 

The head term, H, in the above equation can be either the upstream depth, Yu, or the 

differential head across the gate, Yu - Yd (see figure 98). When differential head is used, 
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equation 9-3 becomes the well-known "orifice" equation. The development of the 

coefficient of discharge, Cd, depends on the definition of the head term as well as the 

various other parameters that affect gate flow. Cd has been predicted using a number of 

different methods, but most of these methods have limited application and accuracy.  

In 1983, a research program at Reclamation's Hydraulics Laboratory developed gate flow 

algorithms that represent the complete discharge characteristics for canal radial gate 

check structures.  

These algorithms are a complex set of equations that cover the range of water levels and 

gate geometry normally encountered at canal check structures. When applied correctly, 

they can be as accurate as any canal flow measurement device or procedure. The main 

disadvantages to using these algorithms are their complexity and the requirement to 

accurately measure two water levels, Yu and Yd, and the gate position, Go. Additionally, 

sedimentation or check structure subsidence can change gate flow characteristics at 

existing structures and require recalibration over time. 

A computer program has been developed to solve the radial gate flow algorithms. 

Program RADGAT executes on a personal computer to calculate either flow or gate 

position at a canal radial gate check structure. The user enters structure dimensions such 

as gate width, pinon height, gate radius, pier width (between gates), invert elevations, 

canal bottom widths and side slopes, and head loss coefficients for open transitions and 

siphons. These physical proper-ties are saved in a data file so they need not be reentered 

for successive program execution. Then, the user enters upstream and downstream water 

depths and has the option either to compute discharge for a given gate opening or 

compute gate opening for a given discharge. RADGAT can also produce rating tables of 

flow versus gate opening for a range of upstream and downstream depths. 

Buyalski (1983) contains detailed results from the research program and explanation of 

the discharge algorithms. It also contains the original version of program RADGAT 

developed for main-frame computer application. The personal computer version of 

RADGAT may be obtained through Reclamation's Hydraulic Investigations and 

Laboratory Group in Denver, Colorado. 

14. Meter Gates  

In the past, meter gates have been used for controlling and measuring irrigation flows 

(figure 9-9) (Schuster, 1970; Ball, 1961). These gates are basically modified, submerged, 

variable area orifices (slide gates) at the upstream end of a length of smooth or corrugated 

pipe. The gate leaf has either a round or square bottom over the entrance. Wells provide a 

means of measuring the head upstream and downstream from the gate, designated h1 and 

h2, respectively. The upstream head, h1, is measured in the well connected to the headwall 

located a certain distance to the side of the gate opening. The downstream head, h2, is 

measured in the other well, which is connected to the pipe a short distance downstream 

from the gate. The difference in head in the two wells is the effective operating head 
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across the gate. The discharge is then determined by the proper equation or a table 

provided by the manufacturers. 

 
Figure 9-9 -- Typical meter gate installation. 

Meter gates are usually purchased from commercial suppliers who furnish discharge 

tables for their product. Generally, the tables are reasonably accurate. In some instances, 

errors of 18 percent or more have been found. A number of characteristics of meter gates 

influence their performance, particularly when they are operated at openings larger than 

50 percent or the upstream submergence above the crown of the pipe is less than the 

inside pipe diameter. 

The discharge table being used should be checked to ensure that it applies to the brand 

and type of gate being used. Tables for round-bottom gates must not be used for square-

bottom gates and vice versa. Gate settings must be made and read accurately, which 

requires that the gate position indicators be in good condition and show the true openings. 

The stilling wells should be periodically flushed to make sure they are operating properly 

and are free of obstructions and silt. Staff gauges or scales should also be checked to be 

sure they have been secured in the proper zero position. 

Weeds, trash, and sediment must be removed from the approach to the gates because they 

can cause flow disturbances that result in erroneous head differential readings. This 

requirement is particularly important along the wing walls because these walls have more 

effect upon the flow than does the alignment of the bottom. The approach effects are 

particularly important at gate openings greater than 50 percent. 

Low head wall submergence over the meter gate entrance can also result in discharge 

errors, particularly at gate openings greater than 75 percent. Considerable error results 

when the head is less than one pipe diameter above the top of the pipe. Sufficient 

submergence must also occur at the downstream end of the conduit to ensure that the 

conduit flows full and that a readable water surface is present in the downstream stilling 

well, which will usually require at least 1 ft of water depth above the pipe crown. This 
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amount of submergence will normally prevent scour damage downstream in earthen 

ditches. 

Large errors in discharge determination can be introduced if the differential head 

(difference in water surface elevation between the two stilling wells) is small. For 

example, in reading the two water surface elevations in the stilling wells, an error of 0.01 

ft could be made in each reading, giving a possible value of 0.10 ft for a true differential 

head of 0.08 ft. For a true discharge of 1.10 ft3/s through an 18-in meter gate open 5 in, 

the difference in the indicated discharge would be about 0.12 ft3/s, an error of about 11 

percent. If the gate opening was reduced to 2 in, and the upstream pool could be allowed 

to rise to pass the same discharge, the differential head would be 0.40 ft, and the same 

head-reading error of 0.02 ft would indicate a change of only 0.03 ft3/s. The error in 

discharge determination would be reduced from about 11 percent to less than 3 percent. 

The head in the downstream measuring well can vary widely depending upon the 

longitudinal and lateral location of the pressure tap in the pipe. Placing the pressure tap of 

the downstream measuring well 12 in from the gate is a special case requiring special 

calibration for each size gate unless the maximum gate opening is limited. A better 

location for the downstream piezometer would be at a distance D/3, measured from the 

downstream face of the gate. The pressure gradeline here is lower and flatter. Minor 

variations in piezometer locations would not result in major measuring errors, and the 

measured head differential would be greater. However, if the piezometer is moved to this 

point, the meter must be recalibrated because the manufacturer's published tables will not 

apply. 

Laboratory tests have been conducted on square-bottom, flat-leaf meter gates to 

determine the coefficient of discharge, Cd, for a pressure tap located at a distance D/3 

downstream from the gate (Ball, 1961). This curve, shown on figure 9-10, is valid for all 

sizes of square-bottom, flat-leaf meter gates under the following standard conditions:  

 
Figure 9-10 -- Coefficient of discharge curve for meter gates 

with downstream pressure tap at D/3.. 

(1) An approach channel floor sloping upward, 2 to 1, toward the gate, with the 

downstream end of the floor a distance 0.17D below the pipe entrance invert. 
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(2) Flaring entrance walls, 8 to 1, starting a distance D/4 from the edges of the 

gate frame. 

(3) Zero gate openings set when the bottom of the leaf is at the invert of the 

entrance.  

(4) Upstream submergence greater than D. 

(5) The downstream end of the pipe submerged to make the pipe flow full. 

It should be noted that the coefficient Cd is used with A, which is the area of the pipe and 

not the gate opening. Discharges may be computed from this equation with an accuracy 

of +/-2.5 percent. The degree of downstream submergence does not affect the accuracy of 

the meter if water rises sufficiently in the downstream well to obtain an accurate reading 

and the pipe runs full at the outlet. 
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CHAPTER 10 - CURRENT METERS 

1. Introduction  

Current meters are velocity measuring devices that sample at a point. Each point velocity 

measurement is then assigned to a meaningful part of the entire cross section passing 

flow. The velocity-area principal is used to compute discharge from current-meter data. 

Total discharge is determined by summation of partial discharges. Data are usually 

determined over a useful range of total discharges. These discharges are related to 

measured water surface elevations related to a fixed head measuring device to provide a 

rating curve. After full confidence in the rating is attained, the calibrated head 

measurement device and cross section may be used as a gauging station.  

2. Classes of Current Meters  

Several classes of current meters are used in water measurement. 

 Anemometer and propeller velocity meter  

 Electromagnetic velocity meters  

 Doppler velocity meters  

 Optical strobe velocity meters  

Most of these will be discussed briefly here. The class that is more commonly used for 

irrigation and watershed measurements is the anemometer and propeller type; however, 

the use of electromagnetic velocity meters is very popular among water districts. The 

discussion in the following sections will mainly describe this class and its use.  

(a) Anemometer and Propeller Current Meters  

Anemometer and propeller current meters are the most common type used for irrigation 

and watershed measurements. These meters use anemometer cup wheels or propellers to 

sense velocity. The Price current meter and the smaller pygmy meter modification are the 

most common current meters in use. These meters are rated by dragging them through 

tanks of still water at known speeds. The reliability and accuracy of measurement with 

these meters are easily assessed by checking mechanical parts for damage and using spin-

time tests for excess change of bearing friction. This type current meter does not sense 

direction of velocity, which may cause problems in complicated flow where backflow 

might not be readily apparent. For irrigation needs, this problem can be avoided by 

proper gauge station or single measurement site selection. 

(b) Electromagnetic Current Meters  

Electromagnetic current meters produce voltage proportional to the velocity. The 

working principle of these meters is the same as the pipeline electromagnetic flow-meter, 

which is more fully described in chapter 14. One advantage of these current meters is 

direct analog reading of velocity; counting of revolutions is not necessary. These current 
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meters can also measure cross-flow and are directional. Electromagnetic current meters, 

while still not as reliable as the anemometer type, have improved greatly in recent years. 

Their use near metallic objects is still a limitation.  

(c) Doppler Type Current Meters  

Doppler type current meters determine velocity by measuring the change of source light 

or sound frequency from the frequency of reflections from moving particles such as small 

sediment and air bubbles. Laser light is used with laser Doppler velocimeters (LDV), and 

sound is used with acoustic doppler velocimeters (ADV). The working principles for 

ADV type flow-meters are more fully described in chapter 11. Acoustic Doppler current 

profilers (ADCP) have also been developed. These instruments measure average 

velocities of cells of selected size in a vertical series. Thus, they measure vertical current 

profiles. ADCP measurements are becoming more frequent for deep flow in reservoirs, 

oceans, and large rivers. Most of the meters in this class are multidimensional or can 

simultaneously measure more than a single directional component of velocity at a time. 

(d) Optical Strobe Velocity Meters  

Optical strobe velocity meters developed by the U.S. Geological Survey (USGS) and the 

California Department of Water Resources use optical methods to determine surface 

velocities of streams (USGS, 1965). This meter uses the strobe effect. Mirrors are 

mounted around a polygon drum that can be rotated at precisely controlled speeds. Light 

coming from the water surface is reflected by the mirrors into a lens system and an 

eyepiece. The rate of rotation of the mirror drum is varied while viewing the reflected 

images in the eyepiece. At the proper rotational speed, images become steady and appear 

as if the surface of the water is still. By reading the rate of rotation of the drum and 

knowing the distance from the mirrors to the water surface, the velocity of the surface can 

be determined. The discharge rate of the stream may be estimated by applying the proper 

coefficient to this surface velocity and multiplying by the cross-sectional area of the flow 

section. 

The meter has several advantages. No parts are immersed in the flowing stream. 

Moreover, it can be used for high-velocity flows and for flows carrying debris and heavy 

sediment. The meter can measure large floodflows from bridges. However, the meter 

measures only the water surface velocity and is very dependent upon the selection of the 

proper coefficient. 

3. Use of Current-Meter Gauging Stations  

Current-meter gauging stations are permanent or semi-permanent stations located along a 

watercourse where flow conditions permit the establishment of a discharge rating curve 

based upon multiple current-meter measurements. After the rating curve has been 

established, the rate of flow is determined from the curve based on the measured depth of 

flow at the station. If measurements become necessary in existing streams or canals, 
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current-meter gauging stations can be set up with relatively little effort and usually 

without modification to the channel.  

Current-meter gauging stations are often preferred over other means of water 

measurement when large flows are to be measured and head loss is costly, or when 

freeboard is not available. They may also be desirable for sediment-laden flows even 

when discharges are not large. However, excess sediment and seasonal growths of weeds 

can change head versus discharge relationships, requiring frequent preparation of new 

rating curves. The frequent rating shifts can become labor intensive, and flumes may be 

the better choice. Where flow depths are too small for current meters and only small 

heads are possible, flumes are probably the best alternative measuring method. 

The discussion of current meters, gauging stations, and operational procedures presented 

in this chapter is brief and is intended mainly to stress the more typical irrigation water 

measurements that may be made by this method. For more detailed information, refer to 

USGS Water Supply Paper No. 888 (USGS, 1965), Buchanan and Somers (1969), the 

National Handbook of Water-Data Acquisition (USGS, 1980), and Wahl et al. (1995). 

4. Location of Current-Meter Stations  

Whenever possible, current-meter gauging stations should be located in straight, uniform 

stretches of channel having smooth banks and beds of permanent nature. The station 

should be located far from flow disturbances caused by turnouts and power stations. 

These flow disturbances will variably affect the relationship of discharge to gauge height. 

In many channels, these conditions are difficult to find, and unusual care must be taken to 

obtain a satisfactory location. 

The changing nature of some rivers and canals may require frequent current-meter 

measurements. Sand shifts may occur frequently, often daily, and aquatic weeds may 

continue to grow and increase in area. To obtain the gauge-discharge relationship at 

stations on such streams, current-meter measurements may be necessary two or three 

times weekly or perhaps daily if the importance of equitable water distribution justifies 

such action. A rating section consisting of a short-lined section in a straight stretch of 

channel will ensure a meter station of unvarying dimensions if the sediment problem is 

not serious. Such a section in a canal is shown on figure 10-1. 
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Figure 10-1 -- Current-meter station on a canal, viewed from 

upstream. Current-meter measurements are taken from the 

bridge, and the sheltered stilling well houses an automatic 

water-stage recorder.. 

A gauging station located upstream from any permanent single control section, such as a 

drop, will usually have a simple relationship between the gauge height and discharge. A 

gauging station located in a river may have successively changing control points 

downstream as discharge increases or decreases, resulting in more complicated gauge 

height versus discharge relationships. The last two types are not commonly used in 

irrigation practice and will not be discussed. 

5. Types of Current-Meter Measurements  

Current-meter discharge measurements are classified according to the type of equipment 

used and the nature of the station: 

 Wading measurement (figure 10-2).  

 Cable supported measurement (figure 10-3).  

 Bridge measurement (figure 10-4).  

 Boat measurement (figure 10-5).  

 Measurement through ice cover.  
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Figure 10-2 -- Equipment for making wading measurements 

with a current meter. Note tag line for marking stations.. 

 
Figure 10-3 -- Current-meter gauging station with cable car, 

corrugated steel shelter house, and stilling well. 
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Figure 10-4 -- Type A crane and current-meter assembly in 

position on bridge. 

 
Figure 10-5 -- Making a current-meter measurement from a 

boat. 

 

6. Current-Meter Stations and Handling Equipment  

The essential components of a current-meter station are a water-level gauge (stage 

recorder), a bench mark, fixed measuring points in the channel cross section, and a stay 

line to hold the meter in the measuring plane or cross section under high velocity and 

deep water. Water stages or elevations can be obtained by non-recording gauges or water-

stage recorders. The gauge types most commonly used in irrigation water measurement 

are the graduated, enameled, vertical staff, hook, and float. A commonly used staff gauge 
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is shown on figure 8-4 in chapter 8. Float gauges are often connected to water stage 

recorders that produce charts of the water surface variations against time. The benchmark 

should be conveniently and permanently located, with the elevation of the gauge datum 

carefully referenced to the benchmark. 

Velocity measurement points should be located in a cross-section plane which is oriented 

perpendicular to the channel flow. Where the channel is shallow enough to permit wading 

measurements or where cable-supported measurements are taken, a tagged wire should be 

used to establish the measuring points. When measurements are made from a bridge, 

permanent measuring points should be established upon the bridge. The measuring points 

should be permanently marked at equal intervals of from 2 to 10 feet (ft), depending upon 

the width of the stream or canal. If the stream velocity is high or if the structure from 

which the measurements are being made is far above the water, a stay-line can be used to 

pull the current meter back into the plane of the measurement cross section. A cable 

supporting a traveling pulley can be stretched across the canal upstream from and parallel 

to the measuring cross section. The traveling pulley is fitted with a swiveling stay-line 

pulley. The stay-line runs from the meter hanger, through the swiveling pulley, and back 

to the operator at the measuring station. The support cable is placed perpendicular to the 

flow velocity and far enough upstream so when the current meter is pulled back into the 

vertical plane at the measurement station, the slope of the stay-line relative to the water 

surface is flatter than 30 degrees.  

Streamlined weights with large tail fins, commonly called Columbus or C-type weights, 

are used to carry the meter down into the flow and help hold it in the desired position 

when measurements are being made from a bridge or a cable. Weights are available in 

15-, 30-, 50-, 75-, 100-, 150, 200-, 300-, and 500-pound (lb) sizes. Usually, weights of 75 

lb or less are adequate for canal and small stream measurements. To handle the relatively 

heavy current-meter and weight assembly, the type A portable crane shown on figure 10-

4 is used. This crane is mounted on three wheels designed to hold the current meter and 

weight in a balanced position while moving between measuring points. For stream 

measurement, the crane is tilted to lean against the bridge rail so the boom supports the 

meter and weight clear of the bridge. The meter is raised and lowered by a crank and 

cable reel on the frame. The crane may be folded into a compact unit for ease in 

transportation. 

A cable device used extensively to position current meters across canals is shown on 

figure 10-6. The head tower with the operating mechanism for the cable and the tail tower 

on the opposite bank can be fixed installations, or vehicles may function as anchors on 

each side of the canal. A counter on the head tower reel determines the lateral position of 

the traveling block. Another counter on the reel raises and lowers the meter and 

determines meter depth. The entire installation is relatively inexpensive and permits 

stream gauging to be done safely and easily from the bank. 
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Figure 10-6 -- Cableway with traveling block to support the 

current meter and position it for readings. Counters are 

provided on the head tower and reel to determine the position 

of the meter in the channel.. 

A carriage and track system to handle current meters with heavy weights when working 

from bridges is shown on figure 10-7. The standard reel and counter assembly is mounted 

on a carriage supported by ball-bearing rollers that run on a 2- by 6-inch (in) timber track 

permanently mounted on the bridge rail. This equipment allows the operator freedom of 

movement with safety, facilitates obtaining accurate stream gauging data, and is easily 

portable from one station to another. 

 
Figure 10-7 -- Carriage and track for handling current meter 

and weights from a bridge. A 2- by 6-in timber permanently 

attached to the bridge rail is the track for the portable, 

wheeled carriage that supports the reel, cable, and meter 

assembly. 

 

7. Subclasses of Anemometer-Propeller Current Meters  

These commonly used current meters convert velocity into counts of rotations. 

Conventional meters are of two general types the propeller type with horizontal axis of 

rotation and the conical cup type with vertical axis. The relationship between the velocity 

of the water and number of revolutions per unit of time for various velocities is 

determined for each instrument by experiment. Individual meters of models that have had 

long and extensive use without structural or mechanical changes can use previous 

experimental calibrations with confidence. This procedure requires tight control during 
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manufacture with close tolerances for mechanical part dimensions and verification with 

time-spin tests.  

The manufacturer should provide the appropriate calibration equations, tables, or curves 

with each meter. A sample rating table is shown on figure 10-8 for a meter with the 

equations:  

 

and 

 

In these equations, V is the velocity in feet per second (ft/s), and N is the number of 

revolutions per second.  

 
Figure 10-8 -- Typical current-meter rating table. 

Each meter is calibrated for the types of suspensions with which it may be used (Smoot, 

1968). The two principal types of suspensions are wading rod and cables (shown on 

figures 10-2 and 10-4, respectively).  

Because accuracy is greatly affected by general condition, the instrument should be 

checked at least once a year. This check can be done by comparing the meter readings 

with a second meter by placing it in the same position in a non-changing flow. This 

procedure is done at low, middle, and high velocity to cover the meter measuring range. 

If significant difference exists between the two meter readings, or if another meter is not 

available for checking to begin with, then the meter should be sent to a laboratory for 

calibration. 

(a) Price-Type Meters (Vertical Axis)  

The Price meter, a cup-type instrument with a vertical axis, was developed by USGS and 

is commonly used for irrigation water measurement. This meter has the following general 

features: vanes to keep the front of the meter headed into the current, either a cable or a 

rod for handling the meter, weights for sinking the meter when it is suspended on a cable, 
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an electric device for signaling and/or counting the number of revolutions, and 

connections from the current meter to a 12-volt battery-powered headphone (figure 10-9). 

 
Figure 10-9 -- General assembly of Price type AA current 

meter (sheet 1 of 2). 

 
Figure 10-9 -- General assembly of Price type AA current 

meter (sheet 2 of 2). 

The Bureau of Reclamation (Reclamation) commonly uses two standard Price-type 

meters: (1) the type AA meter with the Columbus-type weights or a wading rod, and (2) 

the type BTA meter  

(figures 10-10 through 10-13). The pygmy meter, discussed in the following subsection, 

is also a modification of the standard Price meter. The BTA meter has the same pivot, 

hub assembly, and shaft as the type AA meter, which eliminates the need for two sets of 

spare parts. The parts for type AA and BTA meters are interchangeable, except for the 

yoke and the contact chamber. Two sets of revolution-indicating contacts are provided in 

the type AA and BTA meters; one set indicates every five revolutions. The electrical 

cable should be connected to the counter most appropriate for the anticipated 

bucket wheel speeds. A type AA meter on a wading rod is shown on figure 10-13. 
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Figure 10-10 -- Assembly drawing of Price type AA current 

meter. 

 
Figure 10-11 -- Assembly drawing of Price type BTA current 

meter. 

 
Figure 10-12 -- Assembly drawing of pygmy-type current 

meter. 

 
Figure 10-13 -- Price type AA current meter on a round 

wading rod. 

An improved contact chamber has been developed by USGS to replace the wiper contact 

of the Price type AA meter (USGS, 1965). The new chamber contains a magnetic switch 

that is hermetically sealed in a hydrogen atmosphere within a glass enclosure. The switch 

assembly attaches rigidly to the top of the meter head just above the tip of the shaft. The 

switch is operated by a small permanent magnet fastened to and in balance with the shaft. 

The switch quickly closes when aligned with the magnet and promptly opens when the 

magnet moves away. One count per revolution is obtained. 

The magnetic switch can be used on any type AA meter by replacing the shaft and the 

contact chamber. The change does not alter the rating of the meter. Headphones must not 
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be used with the new switch because arcing can weld the switch contacts. Instead, an 

automatic counter should be used (USGS, 1965). 

(b) Pygmy Meters (Vertical Axis)  

Pygmy meters are similar to Price meters in that both contain a cup-type wheel mounted 

on a vertical shaft. The pygmy cup wheel is 2 in diameter, compared with 5 in for 

conventional Price meters. Thus, the pygmy meter can measure velocities closer to flow 

boundaries. The contact chamber is an integral part of the yoke and contains a single-

revolution contact only (figure 10-12). The meter has no tailpiece, and no provision is 

made for cable suspension. The rotational speed of the pygmy meter cup wheel is more 

than twice that of Price meters. Consequently, use of the pygmy meter is limited to 

velocities up to 3 or 4 ft/s. The pygmy meter was specially designed for use in small, 

shallow streams. The smaller meter was necessary because a standard 

Price meter does not perform with sufficient accuracy when it occupies a good share of 

the available stream depth. The pygmy meter may also be used in large canals where the 

velocity of flow is low or near the edges of a canal to supplement data taken farther out in 

the channel with a Price meter. 

(c) Propeller Meters (Horizontal Axis)  

In special situations, Reclamation has used meters of the propeller type with horizontal 

axles. Hoff meters, Haskell meters, Ott meters, and Neyrpic "Dumas" meters are 

examples. A Dumas meter and electrical output cable attached to a support rod are shown 

on figure 10-14a. An assembly of eight Dumas meters with appropriate handling 

equipment is shown on figure 10-14b. In this case, the equipment was mounted on a 

flatbed truck for positioning. These meters have some advantages compared to the Price 

meters. They are less sensitive to velocity components not parallel to the meter axis, they 

are smaller, and they are more suited for mounting in multiple units. 
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Figure 10-14a -- "Dumas" current meter of the propeller type 

with horizontal axle. Hott and Ott meters are of the same 

type.. 

 
Figure 10-14b -- Truck-mounted assembly of eight propeller-

type current meters and signal recording equipment used on 

Gateway Canal, Weber Basin Project, Utah. 

 

8. Wading Rods  

Two types of wading rods are available for supporting the current meters when working 

in shallow and moderate-depth streams: (1) the conventional round rod and (2) the more 

convenient top-setting rod. Both rods use a base plate that rests on the bottom of the flow 

channel. 

The round rod (figure 10-13) consists of several sections of 1-ft-long, 2-in-diameter, 

nickel-plated round brass tubing. The rod is graduated at intervals of 0.1 ft by shallow 

machined lines around the rod. A single groove is used at the 0.1-ft graduations, double 

grooves at the 2-ft intervals, and triple grooves at the foot marks. A nickel-plated sliding 
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support machined from a bronze casting moves up or down on the rod and is held at any 

desired location by a spring-actuated lock which uses a lever for release. The current 

meter and the vanes, if used, attach to this sliding support. 

The top-setting wading rod (figure 10-15) permits all settings to be made in the dry and 

has a main column of 2-in hexagonal stock and a meter positioning rod of d-in-diameter 

stock. The main rod attaches to the base plate and is graduated in 0.1-ft intervals so depth 

of flow can be measured. Interval markings are the same as those used on common 

wading rods. The meter is secured to the lower end of the positioning rod and guided by 

means of a support that slides on the main rod. The position of the meter and sliding 

support is set by raising or lowering the positioning rod which extends through the handle 

at the top of the main rod. When the elevation of the meter is set to read the depth on the 

vernier, it will be at the 0.6 depth position. Doubling the vernier reading puts the meter at 

the 0.2 depth, and halving puts it at 0.8 depth. Once set, the positioning rod, and hence, 

the sliding support and meter, is secured by a locking device on the handle. Thus, all 

adjustments are made from above water so the operator's hands and the log can remain 

dry. 
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Figure 10-15 -- Top setting wading rod. 

 

9. Care of Propeller Meters  

Current meters must receive the best care during transportation and use to ensure accurate 

velocity measurements. Particular care should be taken when working near bridge piers 

and abutments, floating debris or ice, and also when measurements are being taken at 

irregular or unknown sections and the meter is suspended on a measuring line. If the cups 

or blades become bent or damaged, the results obtained from the rating curve for the 

meter will be unreliable. After completing the measurements at a rating station, the meter 

should be carefully cleaned. After each day's use, it should be properly lubricated. 

http://www.usbr.gov/pmts/hydraulics_lab/pubs/wmm/fig/F10_15BL.JPG
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The Price-type meters have special cases for storage when the meter is not in use. For 

damage protection, the cup wheel should be supported firmly on the resting pin that 

replaces the needle bearing while the meter is stored or being transported. Meter damage 

has occurred because of improper packing and careless handling in transportation. The 

meter case should be substantial and rigid with properly fitted interior supports to prevent 

movement and damage to the delicate parts. 

10. General Procedures and Precautions  

Accuracy of measurement can be maintained by observing the following precautions for 

Price meters (including the pygmy meter modification of the Price meter): 

 The meter should be spin tested before and after completing measurements to 

assure that the meter has no error-causing damage. With the shaft in a vertical 

position and the cups protected from air currents, the cups should be given a quick 

turn to start them spinning. If the meter is in proper adjustment and the bearings 

are free from foreign particles, the cups should come to rest in not less than 3 

minutes. If the length of spin is only about 12 minutes, but the cup wheel comes 

to rest gradually, all flows except those of very low velocities may be measured. 

If the length of spin is only about 1 minute but the cup wheel comes to rest 

gradually, the meter may still be used to measure velocities above 1 ft/s. If the 

length of spin is less than 1 minute, the meter should be reconditioned. Under 

laboratory controlled conditions, rotation should continue for about 4 minutes. 

The manner in which rotation ceases will help indicate the condition of the meter 

and should be observed.  

 The cross section of the stream should be divided vertically into 20 or more 

segments. Very small streams and sections with smooth, firm boundaries are 

exceptions, and a smaller number of stream cross-section segments would be 

sufficient. A single vertical reading is used if the distance between verticals is less 

than 1 ft. Horizontal divisions are generally selected so not more than 10 percent, 

and preferably not more than 5 percent, of the discharge will occur between any 

two adjacent verticals.  

 The stopwatch should be checked frequently and kept in good condition.  

 For low and irregular velocities, the period of observation should be lengthened to 

obtain a more accurate average count.  

 The current meter should be withdrawn from the water between velocity readings 

to make sure that rotation is not being impeded by debris or any other cause.  

 The meter should be allowed at least 10 to 20 seconds to attain rotation speed 

before counting commences.  

 The total operation of the meter at each elevation of a vertical should consist of at 

least two consecutive periods of at least 40 seconds. If significant differences are 

apparent in each period, more readings should be taken.  

 Measurements while wading should be done facing the bank, standing just 

downstream from the tag line, and at least 18 in to the side of the meter.  
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11. Method of Measurement  

Depth sounding, either with a meter and rod assembly or with a special sounding line and 

weight, should first be made at each of the permanent measuring points. These depths 

should be properly recorded. Next, the mean velocity at each of the measuring points 

should be determined with the current meter by one of the methods listed in the following 

section. Velocity measurements should be properly recorded. 

Errors of velocity measurement will arise if the current meter: 

 Is placed closer to the boundary than 1-2 rotor diameters  

 Is used to measure velocities less than 0.5 ft/s or out of the range of calibration. 

Overdriving the rotor can damage bearings  

 Is not held steady in one position during the time measurement  

 Is used in significant waves, such as those caused by wind  

 Is used in flow which is not parallel to the axis of the propeller meter or is oblique 

to the plane of the cup-type meter  

 Is impeded by weeds or debris  

12. Methods of Determining Mean Velocities  

The following methods are used to determine mean velocities in a vertical line with a 

current meter: 

 Two-point method  

 Six-tenths-depth method  

 Vertical velocity-curve method  

 Subsurface method  

 Depth integration method  

 Two-tenths method  

 Three-point method  

 One-point continuous method  

The two-point method consists of measuring the velocity at 0.2 and then at 0.8 of the 

depth from the water surface and using the average of the two measurements. High 

accuracy is obtainable with this method, and its use is recommended. However, the 

method should not be used where the depth is less than 2 ft.  

The six-tenths-depth method consists of measuring the velocity at 0.6 of the depth from 

the water surface and is generally used for shallow flows where the two-point method is 

not applicable. The method gives satisfactory results. 

The vertical velocity-curve method consists of measuring the velocities at enough vertical 

positions so that the velocity profile is defined well enough to calculate a sufficiently 

accurate mean velocity. The method is very accurate, depending upon the number of data 

points measured for profile, but is time consuming and costly. 
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The subsurface method involves measuring the velocity near the water surface and then 

multiplying it by a coefficient ranging from 0.85 to 0.95, depending on the depth of 

water, the velocity, and the nature of the stream or canal bed. The difficulty of 

determining the exact coefficient limits the usefulness and accuracy of this method. 

The depth or traveling integration method is performed by observing the velocity along a 

vertical line by slowly and uniformly lowering and raising the meter throughout the range 

of water depth two or more times. The method is not accurate and should be used only for 

comparisons or quick, rough checks.  

The two-tenths, three-point, and one-point continuous methods are special procedures 

based on a relationship previously established for the section between the true discharge 

and the velocities observed by these methods. These methods are generally reliable for 

sections which undergo no serious changes because of erosion, sedimentation, or other 

deformation. They are discussed in detail in USGS (1965) and USGS (1980). Of the 

methods cited in this section, the two-point method and the six-tenths-depth method are 

most used in canal work. 

13. Computing Discharge  

The velocity-area principle is used to compute discharge from current-meter data. Total 

discharge is determined by summation of partial discharges. A partial discharge is the 

product of an average point or vertical line velocity and its meaningfully associated 

partial area, expressed as:  

 

The total discharge is then:  

 

The simple average, the midsection method, and Simpson's parabolic rule applied to both 

the depth and average vertical line velocity values will be discussed using figure 10-16. 

This figure shows: (a) where the boundary is broken up into inflecting straight line 

sections and (b) where the boundary is smoothly curved. 
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Figure 10-16a -- Calculation of discharge using the 

midsection method. 
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Figure 10-16b -- Calculation of discharge using Simpson's 

parabolic rule method. 

The measured and computed variables are as follows:  

q = the discharge in cubic feet per second (ft3/s) for a partial area 

Q = total discharge 

= the mean velocity associated with the partial area 

a = partial area of total cross section 

L1, L2,... Ln= distance to vertical measurement locations in feet from an initial 

point to vertical station 

L = the distance in feet between consecutive vertical measurement stations 

, ,...  = the respective mean velocities in feet per second at vertical 

measurement stations 

D1, D2,... Dn= the water depths in feet at verticals 

n = the number of verticals related to the partial area 
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14. Simple Average Method  

Using the simple average of two successive vertical depths, their mean velocity, and the 

distance between them results in:  

 

The two hyphenated integers as a subscript denote that the partial discharge, q, is for the 

area between two consecutive vertical measurement points as numbered. 

15. Midsection Method  

In the midsection method, the depth and mean velocity are measured for each of a 

number of verticals along the cross section. The depth at a vertical is multiplied by the 

width, which extends halfway to the preceding vertical and halfway to the following 

vertical, to develop a cross-sectional area. The product of this area and the mean velocity 

at the vertical gives the discharge for the partial section between the two halfway points. 

A summation of the partial discharges gives the total discharge. The formula for 

computing the partial discharge using the midsection method is: 

                   (10-6) 

The value, n, with plus and minus after it denotes that the partial discharge, q, is for the 

area between halfway back toward the previous vertical measurement and halfway 

toward the next forward vertical. 

The mean velocities are determined by any one of the methods listed in section 12. For 

these two methods, the verticals do not need to be equally spaced, but the verticals should 

be chosen such that:  

(1) The error of computing the area between the verticals does not exceed 3 

percent when the bed is treated as straight lines between the verticals. 

(2) Except at the banks, the difference between the mean velocities at the verticals 

does not exceed 20 percent relative to the lower velocity of a pair of verticals.  

16. Simpson's Parabolic Rule  

In this method, Simpson's parabolic rule is used twice to compute discharge using the 

area velocity method. First, the area is computed for three consecutive depths at velocity 

measuring stations using Simpson's rule. Second, average velocity for the same three 
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verticals is computed by the rule. The discharge between the three verticals is the product 

of the average velocity and area. Using Simpson's rule assumes both the vertical depths 

and their corresponding average velocity vary parabolically (figure 10-16b). Natural 

riverbeds and older earth-lined canal bottoms follow curved shapes rather than the typical 

straight line geometry of hard-lined canal designs. Both vertical and horizontal velocity 

profiles tend to be parabolic in either case. Using Simpson's rule to obtain the area 

between three equally spaced consecutive verticals or two consecutive partial areas 

results in: 

 

where is the distance between consecutive vertical velocity measuring stations which 

are equally spaced across the flow section. 

Using Simpson's rule to obtain the mean velocity of three consecutive verticals or over 

two consecutive partial areas is expressed as: 

 

The product of this velocity and the area from the previous equation results in the 

relationship for the discharge through the two consecutive partial areas, written as:  

 

Typical discharge computations obtained by the midsection method, equation 10-5, are 

illustrated on figure 10-17. Velocities were taken from the current-meter rating table on 

figure 10-8.  
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Figure 10-17 -- Typical current-meter notes and computations 

for the midsection method using equation 10-5 (sheet 1 of 3). 
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Figure 10-17 -- Typical current-meter notes and computations 

for the midsection method using equation 10-5 (sheet 2 of 3). 
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Figure 10-17 -- Typical current-meter notes and computations 

for the midsection method using equation 10-5 (sheet 3 of 3). 

Simpson's parabolic rule method is particularly applicable to river channels and old 

canals that have cross sections conforming in a general way to the arc of a parabola or to 

a series of arcs of different parabolas. Simpson's method requires equally spaced 

verticals. The simple average and the midsection methods do not require equally spaced 

verticals. Thus, these two methods are well suited to computing discharges in canals that 

conform closely to their original trapezoidal rectangular shapes. 

17. Canal Discharge Curves  

To rate a flow section, discharge measurements at a current-meter station should be taken 

over a wide range of canal flows to ensure accuracy in preparing velocity, area, and 

discharge rating curves (section 1). Water is usually turned into the canals at gradually 

increasing rates as demand increases during the irrigation season. Thus, measurements 

for all flow stages in the canal often can be obtained during one season. 

The canal bed at a well selected current-meter station is generally permanent in character, 

and a permanent rating curve could be made if not for sediment accumulations or for 

growths that occur in the canal during the irrigation season. The sediment and the 
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growths both decrease the discharge capacity of the canal for all flow depths, and the 

effect is usually most pronounced during the latter part of the irrigation season. This 

change in flow capacity of the canal for a given depth of flow must be taken into 

consideration when computing the quantity of water carried by the canal. If the canal is 

cleaned during the season, the relationship of discharge to gauge height is again 

disturbed. The changing relationship of discharge to gauge height in irrigation canals 

caused by changing boundary conditions is the chief source of error in flow 

measurements. 

18. Gauge Readings  

To determine the quantity of water carried by a canal over a period of time, the gauge 

must be read at least twice daily. More than one reading provides a means for checking 

the readings and also informs the canal attendant of any unexpected changes in canal 

stage. More frequent readings are needed when changes in stage are suspected or are 

made in the canal. The readings should be taken by the canal attendant on regular rounds. 

The gauge should be read accurately, generally to the nearest hundredth of a foot. 

Automatic water-stage recorders eliminate the need for numerous readings and can 

increase the accuracy of the flow measurements. 

19. Computations of Discharges  

Current-meter measurements made at several specific flows can be used to obtain 

discharge, velocity, and area curves that apply to all inclusive gauge heights by plotting 

the appropriate data on cross-section or graph paper (figure 10-18). Discharges, 

corresponding mean cross-sectional velocities, and cross-sectional areas are plotted on 

the horizontal axis. Corresponding gauge heights are plotted on the vertical axis. Three 

separate curves are drawn through these data points. 

 
Figure 10-18 -- Typical discharge, mean velocity, and area 

curves for a canal. 

The probable area curve is established first by drawing the most probable line through the 

data points. Using this curve, the accuracy of the area computations and of the flow depth 

measurements may be checked. Next, the computed mean cross-sectional velocities are 
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plotted, and a curve is drawn through the points. This curve provides a check on the 

velocity computations and helps detect changes in velocity that may occur in the canal 

because of changing roughness or silting in the canal. 

Finally, the discharge curve is drawn through the computed discharge points. If flow 

conditions in the channel did not change resistance significantly during the period needed 

for measurements over the full range of canal flows, the curve will generally be easy to 

draw. If the relationship of discharge to gauge height was affected by growths or 

sediment deposits, one or more additional discharge curves must be drawn. The number 

of rating curves required for a cross-section location depends upon the degree of the flow 

restrictions encountered and the rate at which the restrictions developed. These curves 

will generally be parallel to, but slightly displaced from, the curve for the clean canal. For 

the periods when the change is in progress, discharges may be estimated by proportioning 

between curves for the clean and restricted conditions on a time basis. 

20. Rating Table  

From the rating curve, a rating table may be prepared for each tenth or hundredth of a 

foot of gauge height from zero to the maximum height of water in the canal or stream. 

For canals affected by growths or sediment, two or more such rating tables will be 

necessary, one for early in the season when the canal is clean, and the other for late in the 

season when growths or other restrictions are present. If the canal is cleaned during the 

irrigation season, operating personnel should be instructed to switch to the curves and 

tables for the clean canals. 

21. Daily and Monthly Discharges  

Discharges in acre-feet may be compiled from the daily gauge heights and the rating 

tables. From these tables, the monthly discharges and the total amount of water delivered 

by the canal during the irrigation season may be obtained. 

22. Measuring Discharges From Pipes With Current Meters  

Propeller-type current meters have been used with limited success to measure rates of 

flow discharging from full pipelines (Rohwer, 1942). Measurements are made by 

traversing the pipe outlet with the meter to obtain an average velocity and then 

multiplying this velocity by the pipe cross-sectional area and by a correction coefficient. 

This coefficient has a value less than 1.0 because the meter traverses do not adequately 

measure flows close to the pipe walls and give a velocity measurement higher than the 

true average. 

Accuracies within +/-5 percent can be obtained when the velocity of flow is enough to 

operate the meter but is less than 9 or 10 ft/s, provided the flow occurs without significant 

spiral flow, the discharge pipe is long enough to produce relatively uniform distributed 

flow, and the inside diameter of the pipe can be measured accurately. Velocities that are 

too high or too low, swirling flows, velocity concentrations, and pipelines not flowing 
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full or carrying air reduce the accuracy obtainable. Also, the presence of the meter in the 

pipeline exit partially obstructs the flow. This obstruction reduces the rate of flow and 

increases the head in the pipeline. The effect is relatively small, but a correction factor is 

necessary to obtain best accuracies. In general, the method gives quick, comparative 

results but is not recommended where accurate flow measurements are needed. A simple, 

low, flat-crested, long-throated measurement structure (chapter 8) would be an accurate 

method to measure flow from a partially full pipe. 
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CHAPTER 11 - ACOUSTIC FLOW MEASUREMENT  

1. Transit-Time Acoustic Flow-meters  

Transit-time acoustic (ultrasonic) flow-meters are based on the principle that transit time 

of an acoustic signal along a known path is altered by the fluid velocity. A high 

frequency acoustic signal sent upstream travels slower than a signal sent downstream. By 

accurately measuring the transit times of signals sent in both directions along a diagonal 

path, the average path velocity can be calculated. Then, knowing the path angle with 

respect to the direction of flow, the average axial velocity can be computed (figure 11-1). 

 
Figure 11-1 -- Transit-time acoustic flow-meters. 

An acoustic flow-meter is a non-mechanical, non-intrusive device which is capable of 

measuring discharge in open channels or pipes. These flow-meters can provide 

continuous and reliable records of flow rates over a wide range of conditions including 

flow in both directions. Some typical applications include: 

 Acceptance testing of hydraulic machinery (turbines and pumps).  

 Flow measurement in conduits of large (360 inch [in]) and small (1/2 in) 

diameter.  

 Hydroelectric power plant management.  

 Volumetric metering.  

 Wastewater or water treatment plants.  

 Laboratory and field calibration of other flow measurement devices.  

Two common methods are used to calculate discharge using acoustic flow-meters: 
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(a) Diametral-Path Flow-meter  

One or more pairs of acoustic transducers are mounted diametrically opposed in the 

measurement section (figure 11-1a). An average axial velocity is measured along each 

acoustic path, and volumetric flow rate is computed based on the known cross-sectional 

area of the conduit. This technique is based on an assumption that the velocity profile 

shape in the measurement section is very similar to a fully developed, turbulent velocity 

profile. As a result, flow-meter accuracy depends on how well the actual velocity profile 

compares to the assumed profile. A poor velocity profile will result in flow measurement 

errors.  

A modification of the diametrically opposed, single-path flow-meter uses the opposite 

inside wall of the pipeline to reflect the acoustic signal to the receiving transducer. The 

transducers are tightly secured with straps on the same side of the pipeline. Transducer 

spacing depends on pipe diameter and wall thickness. Accuracy can be within +/-2 

percent of actual under good conditions. 

(b) Chordal-Path Flow-meter  

This type of flow-meter uses four or more acoustic paths which are mounted on chordal 

paths across the measurement section (figure 11-1b). The average axial velocity 

component for each acoustic path is used to establish the velocity profile. The velocity 

profile is then numerically integrated over the conduit's cross-sectional area to determine 

the volumetric flow rate. As a result, flow-meter accuracy is relatively independent of the 

velocity profile. Furthermore, this type of flow-meter does not require calibration to reach 

the manufacturer's specified accuracy (usually between 0.5 to 2 percent of the flow rate).  

The following advantages and disadvantages identified for acoustic flow measurement 

are discussed below. 

(c) Advantages 

 High accuracy, which can be achieved independent of velocity profile, flow rate, 

and liquid temperature.  

 Bidirectional flow measurement capability.  

 Non-intrusive, incurring no head loss.  

 Field calibrations are generally not required.  

 System cost is almost independent of pipe size.  

 No moving parts and easily serviceable.  

(d) Disadvantages  

 Relatively high initial cost.  

 Requires electronic technician to troubleshoot and service.  

 Must be programmed for each pipeline material, diameter, and wall thickness.  

 Entrained gases and/or suspended sediment affect the acoustic signal strength.  
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2. Theory  

Acoustic flow-meters were developed based on the principles that the transit time of an 

acoustic signal is longer in the upstream than downstream direction, and that these transit 

times can be accurately measured using microcomputer technology.  

Discharge measurements are based on determining the average axial velocity in a full-

flowing pipe. Knowing this velocity and the cross-sectional area of the measurement 

section, a discharge can be calculated. The difference in transit times of acoustic signals 

traveling in opposite directions through the water can be related to velocity of flow 

(figure 11-1a). In the downstream direction, the velocity of the flowing water, Vw, adds to 

the speed of sound, C, to give the effective speed of the acoustic pulse, C + Vw. In the 

upstream direction, the velocity of flow delays the arrival of the pulse, resulting in an 

effective pulse speed of C - Vw. Taking the difference in these transit times eliminates C 

from the calculations and results in )t. When )t is known, the average axial velocity can 

be obtained from the formula:  

 

where: 

Vaxial = average axial velocity of water-flow 

tu = upstream travel time of the acoustic signal 

td = downstream travel time of the acoustic signal 

t = difference in upstream and downstream travel times 

= angle between the acoustic path and the pipe's longitudinal axis 

L= acoustic path length between the transducer faces 

Another acoustic flow measurement technique uses a similar approach which employs 

the frequency difference between upstream and downstream acoustic signals. This 

method is similar to the transit-time method and will not be covered. For more 

information, see American National Standards Institute/American Society of Mechanical 

Engineers (ANSI/ASME) standard MFC-5M-1985.  

3. Available Technology  

At this time (1996), many different types of acoustic flow-meters are available. As 

mentioned in previous sections, transit-time and frequency difference devices, as well as 

devices which use chordal (multipath) or diametral (single-path) paths to measure the 

average velocity in the pipe are available. Some systems use clamp-on transducers 

mounted to the outside of the pipe wall, and some use internal or wet-mount transducers. 

Likewise, some transducers are mounted in a spool, and others are installed in an existing 

section of pipe. All these options have their advantages and disadvantages, and they will 

be covered later.  
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All acoustic flow-meters consist of the following components. 

(a) Primary Device  

A spool piece with the transducers installed or an existing section of the pipe to which the 

transducers are mounted. Transducers can also be clamped to the outside of the pipe. 

(b) Measurement Section  

The pipe section in which the flow rate is being measured. This section is located 

between the upstream and downstream transducer locations and is usually a circular cross 

section, but acoustic flow-meters can be used in conduits of various shapes.  

(c) Transducers  

The transducers transmit and receive the acoustic signals. They may be factory or field 

mounted by clamping, threading, or gluing them to the pipe wall. Transducers can be 

wetted by the fluid or can be attached to the outside of the pipe. Wetted transducers may 

be flush mounted, protruding, or recessed. Some wetted transducers can be replaced 

without taking the pipeline out of service. 

(d) Acoustic Paths  

Single-path or multipath measurement sections can exist where each acoustic path 

consists of a pair of transducers. Common path configurations are diametral and chordal 

(figure 11-1) or diametrically reflective. 

(e) Secondary Device  

A secondary device contains the electronics necessary to operate the transducers, measure 

the transit times, process the data, and display and store the results. Most meters have 

several outputs available, including analog, digital, and/or alarms either as standard 

equipment or options. Likewise, several outputs can be stored or sent by telemetry to 

another location.  

4. System Errors  

Error sources for acoustic flow-meters are primarily related to the measurement of the 

average axial velocity. The main source of errors occurs in the determination of the 

acoustic path length, L, and the path angle, . The error in the velocity measurement is 

directly proportional to the uncertainty of these two variables. Care must be taken to 

minimize errors in measuring path length and angles. This care is especially necessary for 

chordal path meters because the computational procedures require accurate positioning of 

the acoustic paths. Likewise, errors in the cross-sectional area of the measurement section 

cause an error in the discharge measurement. This error can be a result of out-of-

roundness or shape irregularities caused by temperature, pressure, structural loading, or 
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deposits on the pipe walls. In circular pipe, cross-section dimensional errors can be 

reduced by averaging diameter measurements made at upstream, midsection, and 

downstream ends of the measurement section. 

Another source of error occurs in measuring the transit times of the acoustic signals and 

in detecting the acoustic signal in the presence of electrical noise. Signal detection can 

also be hindered by signal modifications caused by changes in acoustical properties of the 

liquid which are caused by entrained air, suspended solids, and changes in temperature 

and pressure. Likewise, transducer fouling by algae or mineral deposits can reduce signal 

strength.  

Secondary flows can create an error in the determination of Vaxial because the calculations 

are based on flow direction in the axial direction only. Secondary flow is caused by flow 

disturbances near the measurement section. These disturbances are typically caused by 

valves, elbows, or transitions. Secondary flow problems can be avoided by careful 

selection of the measurement section. For small pipes (diameters less than 36 in), 10 pipe 

diameters of straight pipe upstream and 3 to 5 diameters downstream from the 

measurement section should be sufficient. For pipe diameters greater than 36 in, 20 to 30 

pipe diameters of straight pipe upstream and 3 to 5 diameters downstream may be 

required to obtain an acceptable velocity profile. If the measurement section must be 

placed near a bend, secondary flow errors can be reduced by orienting the acoustic paths 

perpendicular to the plane of the bend and locating the transducer as far downstream as 

possible. Likewise, another solution is the addition of another acoustic path which crosses 

the first path. Exact cancellations of secondary flow errors can be accomplished using a 

cross path configuration. The diametrically reflective path provides a cross path directly. 

Other variations in velocity profiles, due to Reynolds number effects and pipe wall 

roughness, can be corrected using a velocity profile correction factor. This correction 

factor corrects for the difference between the actual velocity profile and the profile 

assumed in the flow-meter's calculations. In general, deviations in velocity profiles are 

best accounted for by increasing the number of acoustic paths. 

5. Installation Considerations  

Many of the errors considered above can be eliminated or decreased by following the 

manufacturer's installation guidelines. Errors and their sources should be addressed prior 

to flow-meter installation. The following paragraphs cover areas which should be 

examined. More detailed descriptions are available in American Society for Testing and 

Materials (1984), American National Standards Institute (1985), and Laenen (1985).  

(a) Acoustic Path Length and Angle  

Changes in acoustic path length and angle can be caused by significant changes in 

pressure or temperature, along with external loading on the meter section. The 

measurement section should be examined to determine if any of these conditions exist. In 

addition, path lengths and angles must be known with a high degree of accuracy.  
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(b) Signal Detection  

Entrained air, suspended solids, and transducer fouling may lower accuracy or prevent 

operation by weakening the acoustic signal. Electrical and acoustical noise caused by 

mechanical vibration, other electrical devices, or cavitation can also disrupt the flow-

meter's operation. 

(c) Secondary Flows  

Secondary flow or cross-flow affects a meter's performance and should be evaluated in 

the system design. This design evaluation should include selecting a diametral path or 

chordal path meter and deciding whether a second crosspath is necessary. Path 

orientation should also be considered. Typically, the measurement section should be 

located as far downstream as practical from upstream bends, transitions, valves, and 

pumps.  

(d) Velocity Profile Integration  

Chordal-path meters use numerical integration techniques to compute the flow rate. It is 

important that the chordal paths are positioned in accordance with the particular locations 

specified by the manufacturer. 

(e) Calibration  

In general, acoustic flow-meters do not require a field calibration when manufacturer's 

suggested installation criteria have been met or exceeded. However, in some cases, 

unusual installation conditions or the need for a high degree of accuracy may require a 

calibration. Three methods exist for flow-meter calibration: (1) laboratory calibration, (2) 

field calibration, and (3) analytical techniques. For more information on calibration 

techniques, a good reference is the ANSI/ASME standard MFC-5M-1985 (American 

National Standards Institute, 1985). 

6. Flow-meter Selection Guidelines 

(a) Single-Path Versus Multi-Path Flow-meters  

Single-path meters are generally a lower cost alternative. They are also less complex 

which allows easier installation. Multi-path meters perform better under variable and/or 

nonideal velocity profile distribution situations caused by upstream and downstream flow 

disturbances. Acoustic path orientation varies among meters; paths can be either crossed 

or parallel, or either chordal or diametral. The appropriate path configuration depends on 

site-specific constraints, economics, and the application.  
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(b) External Mount Versus Through-Wall Transducers  

External mount transducers are the easiest to install and require minimal surface 

preparation. As a result, installation is inexpensive when compared to through-wall 

transducers. External mounting transducers are non-intrusive, so they do not disturb the 

flow. They are also easily removed and replaced without taking the pipe out of service. It 

should be noted that errors in flow measurement caused by variable or changing wall 

and/or liner thickness can be significant. 

Through-wall transducers are usually wetted or covered with a protective material. This 

type of transducer mount may provide increased acoustic signal strength because no 

signal attenuation occurs through the pipe wall. Through-wall transducers can be flush 

mounted, protruding, or recessed. Protruding or recessed transducer mounts can cause a 

local flow disturbance which may affect the flow-meter accuracy. Errors caused by a 

protruding or recessed transducer or the protective covering require a detailed analysis of 

the installation configuration. The potential for transducer fouling from various 

waterborne contaminants (algae, minerals, etc.) also exists. 

Theoretical equations used for acoustic flow measurement are based on the assumption 

that the transducers are in direct contact with the fluid. A protective covering or an 

external mount transducer will change the transit times and path angles. These changes 

are usually mathematically modeled by the manufacturer and corrected for by the 

secondary device. 

7. Open Channel Acoustic Flow-meters  

Open channel acoustic flow-meters are based on the same principles as pipeline flow-

meters. However, open channel acoustic flow-meters are more complicated than pipeline 

flow-meters because the cross-sectional area varies with changing water level or stage. In 

general, these flow-meters are only economically practical for use where the following 

conditions exist: 

o Channel widths are large.  

o Head loss must be minimized.  

o High accuracy is required.  

o Section rating and stream gauging costs are high.  

o Bidirectional flow (tidal) must be measured.  

o Continuous measurements over a long time period are required.  

This section will cover any additional considerations associated with open channel 

acoustic flow-meters not covered in the previous section on closed conduit acoustic flow-

meters. Laenen (1985) and Laenen and Curtis (1989) contain more detailed information 

on open channel acoustic flow-meters.  

Design of open channel meters is complicated by the potential errors introduced by a 

variable water surface and because the open channel environment can cause acoustic 



 233 

signal attenuation and refraction (bending). Another potential problem is signal deflection 

caused by density gradients or signal reflection from the channel bottom or water surface. 

(a) Single-Path Acoustic Velocity Meters  

In general, single-path acoustic velocity meters (AVMs) are used as flow-meters by 

calibrating acoustic path velocities against mean channel velocities computed using 

standard stream gauging techniques. The discharge rating procedure for an AVM gauging 

site will involve developing ratings for both cross-sectional area and mean channel 

velocity. Necessary data required to develop these ratings are a stage-area relationship, 

acoustic path velocities, and the mean velocities through the discharge measurement 

cross section for a range of flows and stages. A data set should uniformly cover the 

expected range of stage and discharge. A velocity rating is developed using linear 

regression techniques to find the best-fit equation, with the instantaneous mean channel 

velocity as the dependent variable, and/or stage (acoustic path velocity) as the 

independent variables. After a calibration is established, discharge is computed by 

multiplying the instantaneous mean channel velocity, predicted from the best-fit equation, 

and the channel's cross-sectional area, which is determined using the stage-area rating. 

This method of flow measurement is only as accurate as the ratings developed during the 

calibration. Therefore, care must be taken while measuring the discharge and in 

determining the channel's cross-sectional area for a range of stages. For installations 

where appreciable changes in stage occur, the transducers will have to be positioned to 

allow a full range of measurements. 

(b) Multipath Flow-meter  

This type of flow-meter uses several acoustic paths which are mounted at various 

elevations throughout the measurement section. The average velocity for each path is 

used to establish the velocity profile. The velocity profile is then numerically integrated 

over the channel's cross-sectional area to determine the volumetric flow rate. As a result, 

flow-meter accuracy is relatively independent of the velocity profile. However, 

integration errors are unavoidable because the velocities near the channel bottom and 

water surface cannot be measured because of acoustic interference caused by signal 

reflection.  

(c) Limitations  

Flow-meter accuracy and performance are limited by four factors: 

1. Location of acoustic paths with respect to water surface and the channel bottom, which 

are reflective surfaces that can cause multipath interference at the receiving transducer(s).  

2. Density gradients (usually caused by different water temperatures or salinities) cause 

the acoustic path to bend, which changes the acoustic path length. 
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3. Acoustic signal attenuation caused by varying concentrations of air bubbles, sediment, 

organic matter, and aquatic organisms. 

4. Streamflow variability, which causes the angle between the acoustic path and the flow 

to change. 

(d) Availability  

Two types of equipment are available for use in measuring velocity: (1) a simple one- or 

two-path microprocessor based, preprogrammed system that will measure velocity only, 

and (2) a more complex, programmable, multipath minicomputer that can calculate 

discharge. At present (1997), open channel systems use 12 volts direct current or 110/220 

volts alternating current. 

(e) Site Selection  

A thorough review of system limitations and equipment requirements is necessary prior 

to site selection (Laenen, 1985; Laenen and Curtis, 1989). A good measurement site has a 

reach where the velocity distribution is uniform and the channel is confined; areas with 

eddies or a high degree of turbulence should be avoided. It is recommended that the 

channel be relatively straight for 5 to 10 channel widths upstream and 1 to 2 channel 

widths downstream from the measurement section. The channel bottom should be stable 

or easily monitored for variations. A constant cross-sectional area and shape over the 

upstream and downstream extent of the measurement section is desirable. If this 

condition cannot be met, an "effective" cross-section shape must be determined. The 

"effective" cross section is determined by taking the cross-sectional area along the 

acoustic path multiplied by the cosine of the path angle, . A concrete-lined section with 

a straight reach located upstream is ideal. During site selection, obtain cross-section 

survey information and note obstructions which may block the acoustic signal. Obtain 

temperature, total dissolved solids and sediment concentrations, and possible sources of 

air entrainment (overfalls, spillways, etc.). Variations in stage should be known in order 

to determine the number of acoustic paths required to assure the system accuracy. 

(f) Transducer Mounting Requirements  

When transducers are installed, their position and elevation must be measured and 

adjusted accurately for each transducer pair. Likewise, path lengths and path angles must 

be measured accurately. Transducer alignment is critical for establishing a strong acoustic 

signal and is usually performed by divers. Mountings should be designed so that 

transducer maintenance can be performed without using divers. Transducers are normally 

mounted near the banks, so mounting transducers on existing structures simplifies the 

installation process. Cabling options include submarine, overhead, or a responder link 

which eliminates the need for a cable crossing the channel. Cabling must be protected 

from damage from dredging, marine traffic, or vandalism. 
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(g) Site Analysis  

The acoustic path(s) at each site should be checked for multipath interference caused by 

the water surface or channel bottom. In general, for every 100 feet (ft) of acoustic path 

length, about 1 ft of clearance is necessary to prevent multipath interference. The 

transducers should be located at least 20 in below the water surface to prevent signal 

bending caused by solar warming. Signal bending will affect the flow-meter accuracy. 

Therefore, avoid conditions where the acoustic signal is bent and is reflected off the 

water surface and/or channel bottom. Check the acoustic signal for potential attenuation. 

The normal sediment concentration that can be tolerated by most systems is about 

2,000 milligrams per liter. However, tolerable concentrations are a function of transducer 

frequency, particle size, and acoustic path length. 

(h) Calibration  

Flow-meter calibration can be done using current meter measurements, other velocity-

area methods, or using computations based on theoretical velocity profiles. The effort 

expended for calibration will depend upon factors such as number of acoustic paths, flow 

conditions at all stages, channel stability, and accuracy requirements. However, accuracy 

can be verified only within the limits of the calibration method used.  

(i) Accuracy  

For many stream-flow conditions, a single-path flow-meter can measure flow within an 

accuracy of 3 to 5 percent. For multipath systems, accuracies of 2 percent or better can be 

achieved over a wide range of flow rates and channel conditions if the system design 

addresses the major sources of errors of acoustic flow measurement. Errors associated 

with open channel acoustic flow-meters are usually attributed to three sources: 

1. Transit-time measurements, where timing errors can be on the order of 0.1 foot per 

second (ft/s) for systems which employ signal validation routines or 0.3 ft/s when signal 

validation techniques are not used. 

2. Acoustic path angle variation. In general, for every one degree of uncertainty in path 

angle, about 1 percent uncertainty occurs in velocity measurement. Use of crossed 

acoustic paths will compensate for variations in stream-flow direction.  

3. Acoustic signal bending. For path lengths less than 1,000 ft, this error is usually less 

than 3 percent in velocity. 

(j) Operation and Maintenance  

Acoustic flow-meters are advanced electronic systems that require specialized 

maintenance. Properly trained technicians are needed to keep the flow-meter operating. 

An electronic technician and proper test equipment are needed to troubleshoot the 

equipment. This requirement is especially true during the initial phases of installation. 



 236 

Likewise, transducer mounts should be designed to allow access for transducer cleaning, 

alignment, and replacement without using divers. 

8. Doppler-Type Acoustic Flow-meter  

The Doppler flow-meter measures the velocity of particles moving with the flowing fluid 

(figure 11-2a). Acoustic signals of known frequency are transmitted, reflected from 

particles, and are picked up by a receiver. The received signals are analyzed for 

frequency shifts (changes), and the resulting mean value of the frequency shifts can be 

directly related to the mean velocity of the particles moving with the fluid. System 

electronics are used to reject stray signals and correct for frequency changes caused by 

the pipe wall or transducer protective material. Doppler flow-meter performance is highly 

dependent on physical properties such as the liquid's sonic conductivity, particle density, 

and flow profile. Likewise, non-uniformity of particle distribution in the pipe cross 

section results in a computed mean velocity that is incorrectly weighted. Therefore, the 

meter accuracy is sensitive to velocity profile variations and to distribution of acoustic 

reflectors in the measurement section. Unlike other acoustic flow-meters, Doppler meters 

are affected by changes in the liquid's sonic velocity. As a result, the meter is sensitive to 

changes in density and temperature. These problems make Doppler flow-meters 

unsuitable for highly accurate measurements. 

 
Figure 11-2 -- Doppler-type acoustic flow-meter and cross-

correlation acoustic flow-meter. 
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9. Cross-Correlation Ultrasonic Meter  

The cross-correlation meter employs two transverse acoustic signals separated by a short 

distance (figure 11-2b). Under no-flow or laminar-flow conditions, the two signals 

received are identical to those transmitted. When turbulent flow occurs, the movement of 

an eddy through a beam causes a change in the acoustic signal which has a unique 

signature. This particular eddy will cause an identical change in the second acoustic 

signal, and the eddy can be tracked as it moves down-stream. An electronic signal 

processor is used to compare the two received signals. When two identical signals are 

found, the time and distance (between the acoustic transmitters) information is used to 

compute velocity. In general, cross-correlation meters measure the average velocity of all 

the eddies crossing one pipe diameter. If no eddies are present in the flow, the meter can 

track sediment or bubbles. However, if the flowing fluid is homogenous and has no 

eddies (laminar flow), this type of meter will not work. Like the single-path transit-time 

meter, this meter measures an incorrectly weighted mean velocity. Therefore, the 

measurement is susceptible to an inaccuracy associated with variations in velocity 

profiles. 
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CHAPTER 12 - DISCHARGE MEASUREMENTS USING TRACERS 

1. General  

Tracer methods can be used to determine discharge with accuracies that can vary 

considerably from about +/-1 percent to over 30 percent, depending on the equipment 

used and the care in applying the techniques. Closed conduit measurements are typically 

more accurate than open channel measurements because of better area measurements, 

better tracer dispersion and mixing control, and better measurement of tracer cloud travel 

times. However, injection of tracers against pressure in pipelines can be a challenge. 

Finding sufficient length of pipeline above ground for accurate time measurement may be 

difficult due to high velocities and pipeline fittings. In contrast, mixing can be a problem 

at low velocities, which often happens in open channels. Tracer methods are included in 

the American Society of Mechanical Engineers Performance Test Codes (1992) because 

of their high accuracy potential. 

2. Kinds of Tracers Used  

Basically, a tracer is considered anything that mixes with or travels with the flow and is 

detectable. A detectable tracer can be timed as it passes through a reach, or tracer 

concentration profiles can be measured in a reach. 

Some tracers that have been used are: 

 Dyes of various colors  

 Other chemicals such as fertilizer, salt, and gases  

 Radioisotopes  

 Heat  

 Traveling turbulent eddy pressure sequences  

 Neutrally buoyant beads  

 Floats  

For irrigation measurements, salts and dyes are the most convenient and commonly used 

tracers. Salt tracers are sensed and quantified by measuring evaporated dry weight, 

chemical titration, or by measuring electrical conductivity. Dye concentrations are 

measured by fluorimetry or color comparison standards. Sometimes, visual observation 

of an exiting dye cloud is used, but considerable loss of accuracy occurs. 

Fluorescein, Rhodamine B, Rhodamine WT, or Pontacyl Pink B dyes have been used 

because they are easily visible in very dilute solutions. Rhodamine B and Rhodamine WT 

have been cleared as nontoxic by the U.S. Food and Drug Administration. Rhodamine 

and Pontacyl Pink B are also quite stable with respect to fading by sunlight and to 

changes caused by waterborne chemicals. They do not tend to deposit on flow surfaces, 

sediments, or weeds. These dyes are usually available in powder form, and solutions are 

easily prepared. Before conducting a discharge measurement program, selected dyes 

should be tested with water samples or earth canal embankment material samples and 



 239 

exposed to check for possible adsorption, chemical reaction, and fading effects on dye 

stability. 

Less frequently used methods involve measuring temperature upstream and downstream 

from a heat source and electronic cross correlations of trains of turbulent pulsations using 

acoustic methods discussed in chapter 11. The use of surface floats is discussed in 

chapter 13. Neutrally buoyant beads are usually used in laboratory work to track flow. 

Mixtures of beads with different specific gravities can also detect and measure fluid 

density profiles and stratification. 

Radioisotopes are now rarely used because of their safety and pollution risks. In addition, 

isotope handlers must be licensed. However, use of any chemical or anything that can 

affect ecological characteristics of the water or conveyance boundaries may require 

clearance from several Federal and State authorities such as the U.S. Food and Drug 

Administration, the U.S. Environmental Protection Agency, and State fish and wildlife 

and natural resource departments. Government regulations and limits change with time 

and should be checked prior to a measurement program. However, even when operating 

within government regulations, public complaints related to taste and color and particles 

in the resulting water may occur. 

3. General Methods of Application  

Salt and dye tracers are used to determine discharge in two basic ways: (1) the velocity-

area method, in which time of tracer travel through a known channel length and average 

cross-sectional area determine discharge and (2) the dilution method, in which discharge 

is determined by the downstream concentration of fully mixed tracer, which has been 

added upstream at a constant rate, and by accounting for the amount of tracer solids.  

4. Discharge Equations for Tracer Methods  

The following equations apply to both open channel and closed conduit flow.  

(a) Velocity-Area Tracer Discharge Equation  

The discharge using velocity-area method is computed by: 

where: 

Q=AL/T        (12-1) 

Q = discharge in cubic feet per second (ft3/s) 

A = average cross-sectional area of reach length in square feet (ft2) 

L = reach length between detection stations in feet (ft) 
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T = recorded time required for the tracer solution to travel between the detection 

stations at each end of the measurement reach in seconds (s) 

(b) Tracer-Dilution Discharge Equation  

The dilution method equation for discharge is: 

QC0+qC1=(Q+q)C2        (12-2a) 

Solving for discharge in equation 12-2a results in:  

Q=q(C1-C2)/(C2-C0)     (12-2b) 

where: 

C0 = the natural or background concentration of the tracer of the flow 

C1 = the concentration of the strong injected tracer solution 

C2 = the concentration of tracer after full mixing at the sampling station, including 

the background concentration of the stream  

Q = the discharge being measured 

q = the discharge of the strong solution injected into the flow 

Equation 12-2 can be modified for use in terms of weight by substituting percent of dry 

weight of tracer for concentrations and weight of water per second for discharges. 

The discharge of the channel flow, Q, is measured by determining C0, C1, C2, and the 

injection rate, q. These required variables and equation 12-2 show that the dilution 

method does not need measurement of channel geometry or time measurement. Only the 

final plateau value or C2, the downstream concentration, must be recorded rather than a 

complete record of the passing cloud that is needed with the salt-velocity-area method. 

5. Common Sources of Errors  

Tracers should be quite stable as previously mentioned. They should not deposit or react 

with chemicals in the water or with the pipe walls and their encrustations. Selected 

tracers should neither fade in sunlight nor be absorbed by open channel beds and their 

biological growths. These losses of tracer are a common source of discharge 

measurement error. In open channels, large backflow eddies can delay the dye and 

impede mixing. It is best to select a reach where large eddies or stagnant pools cannot 

significantly delay the tracers or affect mixing. The concentration of tracer solutions 

should be determined relative to needed visual observation or equipment detection 
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sensitivity by careful analysis and verified by trial runs before a program of discharge 

measurements is undertaken. 

Accuracy is also sensitive to how well the center of mass of the tracer clouds is 

determined with respect to time. First and last visual observations of a tracer cloud are 

difficult, and the mass center may not be located in the time center of the cloud. With 

elaborate equipment such as multiport pop valves, turbulators (turbulence-creating 

devices), complex electrodes, and fluorometers, accuracy can approach +/-1 percent. This 

degree of accuracy requires using the procedures included in American Society of 

Mechanical Engineers Performance Test Codes (1992). 

For irrigation water, the strict code procedures, quality of procedures, equipment, and 

instrumentation can be relaxed to produce lower levels of accuracy. The selected 

accuracy target governs the complexity of needed injection equipment, detection 

equipment, and the quality of recorded data analysis. 

The least accurate method would involve breaking a bottle of dye contained in wire mesh 

at an upstream station of a long reach at time zero and visually observing and estimating 

the time that the center of mass of the dye cloud passes the exit. Any simplified 

procedure must be evaluated for effect on mixing. Prior to a measurement program, 

equations 12-1 and 12-2 should be used for error analyses in terms of proposed 

equipment and procedures because they affect the equation variables. These analyses will 

determine if the simplified measurement procedures produce the selected accuracy target. 

6. Tracer-Velocity-Area Methods  

Either salt or dye may be conveniently used in tracer-velocity-area discharge 

measurements with equal potential accuracy. The only difference is that different 

detection equipment is needed. Dyes have an added advantage in that they can be 

detected visually, allowing simpler measurements of less accuracy that may be sufficient 

for irrigation needs. However, when using any simpler method, the error checks and 

mixing problems of section 5 in chapter 12 should be considered. 

(a) Salt-Velocity-Area Measurements  

The salt-velocity-area method takes advantage of the fact that salt in solution increases 

the electrical conductivity of water. This method has been successfully used in open 

channels and pressure conduits of constant cross section.  

Because of its high potential accuracy, the salt-velocity-area method is one of several 

methods accepted for turbine testing in American Society of Mechanical Engineers 

(1992). The equipment described in Thomas and Dexter (1955), consisting of injection 

system and the sensing electrodes (figures 12-1 and 12-2), are rather complex. Also, a 

turbulator is sometimes used to ensure adequate mixing of the injected salt tracer solution 

and the flow by the time they reach the first electrode station. Full details regarding the 
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equipment required for techniques found satisfactory under field conditions are contained 

in Thomas and Dexter (1955). 

 
Figure 12-1 -- General arrangement of salt-velocity 

equipment for pressure conduits. 

 
Figure 12-2 -- Brine injection equipment in conduit. 

Commonly, sodium chloride (NaCl) is the selected salt used in the tracer injection 

solution. Finely ground salt should be purchased for ease in mixing the solution. Enough 

salt must be added to significantly increase the electrical conductivity of the water so that 

concentrations can be measured accurately. The required amount of salt can be estimated 

by analyzing the water for existing background quantity of salt in the measurement flow, 

estimating the amount of flow to be measured, and using chemical handbook data from 

conductivity-salinity tables. Trial runs may be needed to determine the optimum 

amounts, which may vary with discharge depending on the range to be measured. 

For a measurement, a quantity of salt tracer solution is forced into the stream under 

pressure to provide better initial distribution and assure thorough mixing before arrival at 

the detection stations. The pop valve injector used by Thomas and Dexter (1955) (figure 

12-2) will provide the faster and better mixing required to produce code accuracy. 

To determine velocity for equation 12-1, a pair of electrodes is installed in the cross 

section at each end of a measured length of channel well downstream from the injection 

system. The distance between the pairs of electrodes should be sufficient to ensure 

accurate measurement of the time of travel between them. The electrodes are electrically 

energized and connected to a central instrument that records the electrical conductivity at 

each pair of electrodes with respect to time. 
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A sample of a strip chart recording showing conductivity change that occurs as a salt 

cloud passes the electrodes is shown on figure 12-3. The recording shows a conductivity 

rise that indicates the passing of the salt solution cloud past each electrode station. In 

addition to their peaks, the cloud plots have a leading and a trailing edge of low 

conductivity approaching the baseline conductivity of the flowing water (figure 12-3). 

The time of cloud travel between electrodes is measured on the chart time scale between 

the centroids of the two plotted conductivity cloud areas above the background 

conductivity level. Digital recordings are more convenient than analog recordings for 

computer determination of area under the time-conductivity plots to determine the center 

of mass of salt clouds. 

 
Figure 12-3 -- Sample records of a salt cloud passing 

upstream and downstream electrodes in the salt-velocity 

method of measuring flows in pipelines. 

This method requires special equipment and experienced personnel and is relatively 

expensive. Care in selecting convenient reaches will help reduce time and expense in 

measuring length and determining an accurate average cross-sectional area. 

(b) Color-Velocity Measurements  

To achieve maximum accuracy using dye tracer solutions, the procedures similar to those 

described for the salt-velocity-area method must be followed. However, fluorometer 

detection or a set of visual color comparison standards must be used instead of equipment 

used for salt solution injections. Carefully following American Society of Mechanical 

Engineers Performance Test Codes (1992) will result in very accurate discharge 

measurements. Fluorometry combined with well designed multiple port injection and 

sampling port arrangements at two stations downstream from an injection station 

produces high accuracy. 

The simpler but less accurate method using visual observation for tracer cloud detection 

in pipelines consists of determining the velocity of a dye tracer between two stations in 

the pipe. This velocity, used as the mean velocity of flow, is multiplied by the cross-

sectional area of the pipe to give the discharge as shown in equation 12-1.  

The simplified procedure ordinarily used in making the velocity measurements is 

described below. If possible, a small slug of concentrated dye solution is quickly injected 

or poured into the pipeline entrance where the pressure is relatively low. In pipes, a high-

pressure system through fittings may be required to inject dye. Time observations are 



 244 

made at the instant the dye is injected and at its first and last appearance at the 

downstream station, usually at the pipe outlet. The mean velocity is computed from the 

mean time required for the dye to travel the known length of reach. Comparisons with 

other measurement methods show this simplified color velocity method is accurate 

enough for irrigation measurements when properly done in relatively long pipes.  

Simplification similar to the pipe flow case is possible in open channel flow. However, 

the color-velocity-area method in open channels has more limitations and drawbacks. The 

air entrained by surface velocities and spray above the surface may hinder detection of 

the position of the center of mass of the colored water in high-velocity flows (Hall, 

1943). Also, slow flows are more likely to cause mixing problems. 

7. Tracer-Dilution Methods  

The tracer-dilution method is capable of measuring both open channel and closed conduit 

flow. However, possible tracer losses may be more of a problem in open channel flow as 

discussed previously. Either salts or dyes may be used as tracers. The tracer-dilution 

method consists of adding a known, strong concentration of tracer solution, C1 (equation 

12-2) at a constant rate, to the flow (Schuster, 1970; Collins and Wright, 1964; and 

University of Newcastle on Tyne, 1964). Then, by chemical analysis, the downstream 

diluted uniformly mixed concentration, C2, is measured. The solution must be added at a 

known constant discharge, q.  

No measurements of flow section geometry or reach distance are required because the 

total flow is measured directly. The discharge of the channel flow, Q, is measured by 

determining C0, C1, C2, and the injection rate, q. These required variables and equation 

12-2 show that the dilution method does not need measurement of channel geometry or 

time measurement. Only the final plateau value or C2, the downstream concentration, 

must be recorded rather than a complete record of the passing cloud that is needed with 

the salt-velocity-area method. 

Because the concentrated tracer solution must be added to the flow at a constant known 

rate, positive displacement metering pumps are needed for injection. Also, this method 

requires a sufficient flow travel length with enough turbulence to thoroughly mix the dye. 

Required mixing lengths can perhaps be reduced by turbulators or injecting the dye 

simultaneously at a number of points across the stream, but the injection arrays may need 

pre-validation by analysis and preliminary measurement runs to assure complete mixing. 

If salt solutions are used as tracers, then chemical or conductivity measurement methods 

are used for detection and concentration measurements. Finely ground salt should be 

purchased for ease in mixing the solution if selected as the tracer. If dyes are used, then 

visual color intensity comparison standards may be used. Modern fluorometers can 

measure dye amounts to one part of dye in a million parts of water and can detect one 

part in a billion. The human eye cannot detect these minute dilutions, but the dye is quite 

discernible to the instrument. 
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The color-dilution method may be used for measuring small, medium, or large flows 

because the cost of the dye is relatively low. The salt-dilution method is applicable to 

measuring discharges in turbulent streams of moderate or small size where other methods 

are impracticable. Excessive quantities of salt are required on large streams. 

Tracer methods require special equipment and experienced personnel, and its use is 

relatively expensive. The injection equipment and electrodes or fluorometers for 

detecting and measuring the tracer concentration of the resulting downstream diluted 

flow make this method quite costly compared to other measuring methods.  

8. Bibliography 

American Society of Mechanical Engineers, "Performance Test Codes-Hydraulic 

Turbines and Turbine Mode of Pumps/Turbines," revision, Performance Test Code 

Committee, No. 18, New York, NY, 1992. 

British Standards Institution, "Method of Measurement of Liquid Flow in Open 

Channels," British Standards 3680, Part 3, 1964. 

Collins, M.R., and R.R. Wright, "Application of Fluorescent Tracing Techniques to 

Hydrologic Studies," Journal of the American Water Works Association, June 1964. 

Hall, L. Standish, "Open Channel Flow at High Velocities," Transactions, Paper No. 

2205, vol. 108, American Society of Civil Engineers, p. 1394, 1943. 

Schuster, J.S. (ed.), "Water Measurement Procedures-Irrigation Operators' Workshop," 

Report No. REC-OCE-70-38, Bureau of Reclamation, Denver CO, September 1970. 

Thomas, C.W., and R.B. Dexter, "Modern Equipment for Application of Salt Velocity 

Method of Discharge," Proceedings of the Sixth General Meeting, vol. 2, International 

Association of Hydraulic Research, the Hague, Netherlands, 1955.  

University of Newcastle on Tyne, Dilution Techniques for Flow Measurement, Bulletin 

No. 31, February 1964. 

 

 

 

 

 

 

 

 

 

 

 



 246 

CHAPTER 13 - SPECIAL MEASUREMENT METHODS IN OPEN 

CHANNELS 

1. Introduction  

Open channel flow measuring devices and methods described in chapters 6 through 10 

are ones most commonly used for measuring irrigation water in the United States. Their 

relative simplicity makes them well suited for general use, and long experience has 

established their reliability. Tube-type flow-meters are installed in or at the end of pipes 

passing through embankments to laterals or ditches. Sometimes, these tubes are 

considered open channel measuring devices. Tube-type flow-meters are discussed in 

chapters 2, 11, and 14. Other specialized methods and devices for measuring water in 

open channels follow. 

2. Open Flow Propeller Meters  

Besides being used in closed conduit systems, propeller meters are frequently placed at 

the end of pipes delivering water to open channels (figure 14-6 in chapter 14). When used 

this way, they are often called open flow-meters. The requirements and maintenance 

problems inherent to these meters are discussed more thoroughly in chapter 14, which 

should be read along with the following information. 

These meters should be installed in open channels that submerge the pipe exit or have 

small overflow check structures that assure submergence for the desired discharge range. 

Meters are available for pipe diameters from 2 to 72 inches (in). These meters need 

sufficient driving velocity and are likely to be inaccurate below 1.5 feet per second (ft/s). 

Spiral flow caused by poor entrance conditions from the canal to the supply pipe is a 

common source of error. Straightening vanes provided or specified by manufacturers 

should be installed. A poorly developed velocity distribution profile can also cause 

considerable errors in registration.  

The accuracy of propeller meters is generally within +/-2 to +/-5 percent of the actual 

flow. However, careless setting of the meter in the turnout will cause sizable errors if the 

meter is not properly positioned (Schuster, 1970). For example, a meter with a 12-in-

diameter propeller, suitable for measuring discharges up to 8 cubic feet per second (ft3/s) 

in a 24-in-diameter pipe, when set with the hub center 1 in off the center of the pipe, 

showed an error of 1.2 percent. When the meter was rotated 11.5 degrees in a horizontal 

plane, equivalent to 1/4 in measured on the surface of the 22-in-diameter vertical meter 

shaft housing, the error was 4 percent, indicating that a small angular mis-alignment of 

the meter will cause a greater error than would be caused by a moderate eccentricity. 

3. Deflection Meters  

These meters are out of production for irrigation use. However, some are still in use. 

These meters have some advantages, and they may come back into production. 

Deflection meters consist of a shaped vane(s) that projects into the flowing water to sense 
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velocity. A secondary device measures the deflection caused by the force of the flow. 

These meters can be installed permanently or may be easily moved from one location to 

another. In use, they hang into the flow and are supported on pivots. Vanes can be shaped 

to match the flow section geometry to make them deflect the same amount for any given 

discharge regardless of the depth of flow in the flow section.  

This attribute is a considerable advantage where the head-discharge characteristic of the 

channel is unstable. Flow sections with permanent pivots can be installed at various 

locations in an irrigation district, and the vanes can be transported from measuring station 

to measuring station.  

Under ideal conditions, deflection meters have been found to be accurate within 2 

percent. Generally, this accuracy will not be attained because field conditions are seldom 

ideal. For example, wind can produce errors up to 100 percent. However, a windbreak 

made from a piece of plywood will substantially reduce this kind of error. 

4. Measuring Controls for Canals  

Irrigation canal systems frequently include drops to adjust canal grades to the landscape. 

If the drop is great enough to make the flow pass through critical depth, a gauge set in the 

canal a short distance upstream from the drop may be used to measure heads that, with 

calibration, can be related to discharge. Measured flow must pass through critical depth 

for the entire needed discharge measurement range. Chapter 2 has a section on critical 

depth. Discharge ratings are developed by current metering at various depths to produce 

tables and curves. In some channels where sufficient freeboard exists, side or bottom 

constrictions can be added, and a gauge can be calibrated similarly. Measuring controls 

operate with the same principles as flumes and weirs but need special calibrations.  

5. Calibration of Gates and Sluices  

In many irrigation distribution systems, the flow of water is measured through gates and 

sluices. This measurement necessitates calibrating the gates and sluices. 

In calibrating an individual gate, the discharge can be measured by any of the standard 

methods described in earlier chapters of this manual. A series of discharge measurements 

covering the range of openings is made, and the mean operating heads upstream and 

downstream from the gate are recorded for each measurement. For convenience when 

operating the gates in regular service, rating curves and tables may be compiled to 

provide the discharge in cubic feet per second (ft3/s) for each opening and series of 

operating heads. 

In calibrating sluices that meet the requirements of rating sections, the current-meter 

method is commonly used. It may also be practical to calibrate the sluice with a 

temporary weir, provided sufficient fall is available. The calibration consists of 

measuring the discharge for various depths of flow in the sluice at a rating station and 

plotting the discharges against depths. The channel should be of regular section and free 
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from disturbance caused by upstream conditions such as bends, multiple gates operating 

at unbalanced openings, waves, and other distorting influences. 

6. Slope-Area Method  

The slope-area method consists of using the slope of the water surface in a uniform reach 

of channel and the average cross-sectional area of that reach to give a rate of discharge. 

The discharge may be computed from the Manning formula: 

Q = (1.486/n)ARh
2/3S1/2 

where: 

Q = discharge (ft3/s)  

A = mean area of the channel cross section (ft2) 

Rh = mean hydraulic radius of the channel (ft) 

= energy slope of the flow  

n = a roughness factor depending on the character of the channel lining 

A straight reach of the channel should be chosen at least 200 ft and preferably 1,000 ft in 

length. If the reach is free of rapids, abrupt falls, or sudden contractions or expansions, 

then the water surface slope is the same as the energy slope.  

The slope, , may be determined by dividing the difference in the water surface 

elevations at the two ends of the reach by the length of the reach. A gauge point, carefully 

referenced to a common datum level, should be placed on each bank of the channel and 

in the center of the reach, in stilling wells if possible. 

The hydraulic radius, Rh, is defined as the area of the cross section divided by its wetted 

perimeter. Where the channel or canal is of regular cross section, and the depths at the 

ends of the course are equal, the area and the wetted perimeter will be constant through-

out the course. In irregular channels, the area and the wetted perimeter at several cross 

sections will be required, and a mean value will be used in computing the hydraulic 

radius. A static pressure tube, discussed in chapter 8, can be used to measure depth of 

flow. 

The factor, n, depends on the character of the channel. It may vary from 0.010, where 

conditions approaching the ideal are maintained, to 0.060, where the channel is strewn 

with stones and debris or is about one-third full of vegetation.  

Because the proper selection of the roughness factor, n, for many streams is difficult and 

is, at best, an estimate, the discharge determined by the slope-area method is only 



 249 

approximate. Care must be taken to determine the slope and areas simultaneously if the 

water levels are changing. Chapter 2 provides other flow equations, their friction factors 

that can be used with this method, and references with tables of friction factors.  

7. The Pitot Tube  

Pitot tubes are sometimes used to measure relatively fast velocities such as at drops, 

chutes, and overfall crests. Velocity traversing and discharge computations may be done 

in the same manner as with current metering (described in chapter 5). Pitot tubes are 

difficult to use in slow canal flow because they produce small differentials in slow flow. 

For example, the velocity needed to produce 0.1 ft velocity head is 2.6 ft/s. Thus, pitot 

tubes have the problem of precision of head measurement relative to the size of head 

differential. Depending on needed accuracy, the secondary equipment could be costly and 

difficult to use in slow velocity. Pitot tubes and their use are more fully described in 

chapter 14. 

8. Accounting of Inflow and Outflow From Reservoir Storage  

When gain or loss in storage of a reservoir and the inflow to a reservoir are known, the 

outlet discharge may be computed. Conversely, when the storage, gain or loss, and the 

reservoir outlet discharge are known, the inlet flow may be computed. 

In each of these computations, the gain or loss in storage during a given time period may 

be read from reservoir capacity charts and tables. These charts and tables generally give 

the reservoir volume in acre-feet for various gauge heights of water. The change in 

reservoir volume for the time period is converted to cubic feet per second (ft3/s). The 

change of reservoir discharge increased by the inflow or decreased by the outflow gives 

the average discharge or inflow, respectively.  

Bank storage causes indeterminate deviation. Storage will tend to cause a slow drop in 

reservoir water surface when the net rate of outlet flow is low and will retard rise in water 

surface during a slow increase in storage. These changes usually are imperceptible to an 

observer. Adjustments for evaporation and wind effect on gauge readings may be 

necessary in reservoirs of large areas. 

9. Weir Sticks  

Weir sticks are commercially calibrated stick or staff gauge type devices which may be 

placed by hand upon the crest of a weir. In principle, the sticks show depth of flow plus 

velocity head or the runup of water above the water surface at the weir blade. This device 

gives an indication of the head that would have been measured at conventional weir 

measurement stations. Readings are taken at the top of the runup of water to indicate the 

rate of flow. Some sticks contain a piezometer and manometer to average the pulsations 

in the head reading. Turning the stick to an angle will not improve accuracy unless the 

stick has been calibrated in this position.  
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At best, the sticks can only approximate the potential accuracy of weirs when head is 

carefully measured in the normal manner. Weir sticks are designed to measure unit 

discharge along the crest of rectangular suppressed weirs. Thus, the gauge indicates the 

discharge per unit length of weir. The design intent was to make weir measurements 

simpler without need for staff gauge zero setting. Also, poor distribution of velocity of 

approach at the crest could be accounted for by multiple stick measurements and 

averaging along the crest because the weir stick measures the depth on the crest and the 

corresponding velocity head. Thus, they compensate for velocity of approach, such as 

caused by sediment deposits ahead of the weir blade. 

10. Measurement by Floats  

The approximate velocity of flow in a canal or stream and discharge may be determined 

by the use of floats (British Standards Institution, 1964). Because a number of other 

methods are usually easier and more accurate to use, this method should be used only 

when the other methods are impractical or impossible. A reach of canal, straight and 

uniform in cross section and grade and with a minimum of surface waves, should be 

chosen for this method. Surface velocity measurements should only be attempted on 

windless days to avoid wind-caused deflection of the floats. Even under the best 

conditions, surface floats are often diverted from a direct course between measuring 

stations because of surface disturbances and crosscurrents. Surface floats are immersed 

one-fourth or less of the flow depth. Rod floats are submerged more than one-fourth of 

the depth but do not touch the bottom.  

Cross sections are established along the straight reach of the channel at a beginning, 

midpoint, and end. The cross sections should be located far enough apart so the time 

interval required for the float to travel from one cross section to another can be accurately 

measured. The midpoint cross section provides a check on the velocity measurements 

made between the beginning and end sections. The channel width across the sections 

should be divided into at least three, and preferably at least five, segments of equal width. 

The average depth of each segment must then be determined. The float must be released 

far enough upstream from the first cross section to attain stream velocity before reaching 

the cross section. The times at which the float passes each section should be observed by 

stopwatch and recorded. The procedure is repeated with floats in each of the segments 

across the canal, and several measurements should be made in each segment.  

For flows in canals and reasonably smooth streams, the measured surface float velocities 

should be multiplied by the coefficients as listed below: 

Table 13-1. Coefficients to correct surface float velocities to mean channel velocities  

Average depth in reach (ft)  Coefficient  

1  

2  

3  

4  

0.66  

0.68  

0.70  

0.72  
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5  

6  

9  

12  

15  

>20  

0.74  

0.76  

0.77  

0.78  

0.79  

0.80  

The corrected velocities should then be multiplied by the cross-sectional area of the 

corresponding stream segments to obtain the segment discharges. The sum of the 

segment discharges will be the total discharge. 

A method used extensively in India to determine velocities in open channels makes use of 

rod or tube floats. This device consists of a square or round wooden rod with a width or 

diameter of 1 to 2 in, depending on the length. The rod is designed with a weighted end 

so it will float in a vertical position with the length of the immersed portion about 0.9 

times the depth of the water. This method is based on the reasonable assumption that the 

velocity of a rod float extending from the water surface to very near the bottom of a 

channel will closely represent the mean velocity of the water. Streams are divided into 

segments as described for the float method, except that velocities in areas near the banks 

of the channel are not measured by the rod method but are assumed to be two-thirds or 

three-quarters of the mean velocity of adjacent segments. 

The rod float method may be used in canals with straight stretches that are regular and 

uniform in cross section and grade. Where these conditions exist and the flow is free of 

cross currents and eddies, discharge measurements may be made with a high degree of 

accuracy.  

The accuracy of float methods are limited by many factors, including a lack of 

preciseness in the coefficients, too few stream segments being used, appreciable changes 

in stream depth along the test reach, oblique currents, wind forces, and experimental 

errors in measuring time and distances. Often, a number of people are required to perform 

this technique and make observations. The course of the floats is difficult to control, and 

they can be easily retarded by dragging on submerged debris and on the sides and bottom 

of the channel. 
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CHAPTER 14 - MEASUREMENTS IN PRESSURE CONDUITS 

1. Introduction  

Using pipelines instead of open channels has many advantages. Pipelines prevent loss of 

water by evaporation and seepage. Operation and maintenance costs are reduced because 

less land is waterlogged, and the need for canal weed prevention and removal is 

eliminated. Land that would be occupied by canals and embankments is available for 

crop production or other uses. Buried pipelines, compared to open canals, are safer for 

animals and people. In general, pipelines have a higher initial cost, but as the value of 

water, land, and labor increases, the use of pipelines becomes more economically 

feasible. Thus, accurate flow measurement in pipelines becomes increasingly important.  

Pipeline flow can be measured in many ways. Selection of a particular installation 

depends upon specific local situations. The accuracy of flow measurements in pressure 

conduits can be very high. However, measuring devices and techniques must be properly 

selected, installed, used, and maintained. 

2. General Comments on Pipeline Flow-meters  

In-line flow-meters are usually classified by basic types of operation. Some of these basic 

types are:  

 Differential head meters  

 Positive volume displacement summing meters   (generally municipal water)  

 Calibrated velocity sensing meters  

 Measured proportional or calibrated bypass meters  

 Acoustic-type meters  

Flow-meters can display or record total volume delivered or instantaneous discharge 

rates. Direct reading of totalized volume, rather than computing volume from 

instantaneous discharge readings, is especially convenient where water is sold on the 

volume basis. Many flow-meters are also equipped with auxiliary equipment to record 

and display the instantaneous flow discharge. This feature is of great advantage for 

irrigation when setting rates and controlling delivery. 

Water measured in closed conduits with mechanical meters must be free of foreign 

matter. Meters should be inspected regularly (see chapter 5) to detect wear, corrosion, or 

other change that would tend to alter accuracy. Flow-meter use is limited by relatively 

high cost and short life in adverse operating environments.  
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3. Differential Head Flow-meters  

This class of flow-meters includes venturi, nozzle, and orifice meters. When properly 

installed and used, these meters have a potential accuracy of "1 percent. These meters 

have no moving parts but use the principle of accelerating flow by some form of 

constriction. Heads are measured upstream where the meter is the size of the approach 

pipe and downstream where the area is reduced to a minimum. The basic energy balance 

relationship is written as discussed in chapter 2. The velocity at one of these locations is 

solved for in terms of the difference of head between the two locations. Using the product 

of the upstream velocity and area results in discharge expressed as: 

 

where: 

Qa = discharge  

A1 = upstream approach area  

A2 = area of the throat or orifice opening  

h1 = upstream head measurement  

h2 = downstream head  

g = gravity constant  

C = coefficient determined experimentally 

The term, h1 - h2, often written in shorter form as h, is the differential head that gives 

the name to this class of meters.  

The values of the effective discharge coefficient in both of the equation forms, for the 

same differential flow-meter, are the same. The coefficients are the same because the area 

divided by the square root of the denominator in each equation has the same value.  

Equation 14-1 is valid for the venturi, nozzle, and orifice meters using proper respective 

effective coefficients. Each kind of flow meter has a different value of effective discharge 

coefficient. More details concerning what is accounted for by the effective discharge 

coefficient are covered in chapter 2.  

With differential flow-meters, the pressure difference between the inlet tap and the throat 

or minimum pressure tap is related to discharge in tables or curves using the suitable 

coefficients with the proper equation. An example discharge curve is shown for an 8-inch 

(in) venturi meter on figure 14-1. Thus, the meters may serve as reliable flow measuring 

devices. 
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Figure 14-1 -- Typical calibration curve for an 8-in venturi 

meter - one kind of differential flow-meter. 

(a) Venturi Meters  

Venturi meters (figure 14-2) are one of the most accurate type of flow measuring device 

that can be used in a water supply system. They contain no moving parts, require very 

little maintenance, and cause very little head loss. Tables or diagrams of the head 

difference versus rate of flow may be prepared, and flow indicators or flow recorders 

may be used to display the differential or rate of flow. Venturi meters are often used in 

the laboratory to calibrate other closed conduit flow measuring devices. 

 
Figure 14-2 -- Sectional view of venturi meter. 

The American Society of Mechanical Engineers (1983) and International Organization 

for Standardization (1991) contain details of pipeline meter theory, equations, 

coefficients, and tables with application instructions.  

The effective discharge coefficient for venturi meters ranges from 0.9 to about unity 

(Streeter, 1951; American Society of Mechanical Engineers, 1983) with turbulent flow, 

and it varies with diameter ratio of throat to pipe.  

The smaller commercial venturi meters are made of brass or bronze and are available for 

pipe sizes up to about 2 inches (in) diameter. Larger meters are usually made of cast iron 

with inner bronze linings. Some larger venturi meters have been constructed of concrete 

with the convergence and the throat made of finished metal. Large venturi meters have 

not been standardized for general irrigation practice, and the sizes, shapes, and 

coefficients are not well known. Accuracy and performance should be specified by 

purchase contract for large venturi meters. Some relatively simple and effective venturi 
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meters have been made from precast concrete (Summers, 1952; 1953) and plastic 

(Replogle and Wahlin, 1994) pipe sections and fittings.  

In the past, the expense of venturi meters and the fact that they must always operate with 

full pipelines have restricted their use on a broad scale in irrigation systems. The 

increasing demand for accurate flow measurements in pressure conduits will likely result 

in greater use of venturi meters in the future. Because venturi meters have smoothly 

varying flow boundaries, they have been used for measuring sewage and flow carrying 

other materials. Sometimes, this usage may require clean water backflushing for clearing 

manometer tubing. With trash-carrying flow that would require frequent flushing, small 

continuous purging flows have been used to keep material from plugging or entering the 

pressure taps between and during pressure head measurements. Many variations of the 

meter exist, each of which is tailored to meet the requirements of specific types of 

installations. 

(b) Nozzle Meters  

In effect, the flow nozzle is a venturi meter that has been simplified and shortened by 

eliminating the gradual downstream expansion (figure 14-3). The streamlined entrance of 

the nozzle causes a straight jet without contraction, so its effective discharge coefficient 

is nearly the same as the venturi meter. Flow nozzles allow the jet to expand of its own 

accord. This feature causes a greater amount of turbulent expansion head loss than the 

loss that occurs in venturi meters, which suppress exit turbulence with a gradually 

expanding tube boundary.  

 
Figure 14-3 -- Sectional view of nozzle meter. 

The effective coefficient of discharge for flow nozzles in pipelines varies from 0.96 to 1.2 

for turbulent flow and increases as the throat-to-pipe-diameter ratio increases.  

Frequently, the upstream pressure connection is made through a hole in the wall of the 

conduit at a distance of about one pipe diameter upstream from the starting point of the 

flare of the nozzle (ASME, 1983). Thus, the pressure is measured before it curves to enter 

the nozzle. The downstream pressure connection may be made through the pipe wall just 

above the end of the nozzle tube (ASME, 1983).  

Flow nozzles have been made from pre-cast concrete pipe and used in the field. Flow 

nozzles have not been used extensively for measuring irrigation water, probably because 
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this application lacks standardization. Discharge tables provided by a manufacturer 

agreed closely with independent calibration tests and studies (Summers, 1952). 

(c) Orifice Meter  

The most common differential-pressure type flow-meter used in pipelines is the sharp-

edged orifice plate (figure 14-4). These meters are frequently used in irrigation 

applications for measuring well discharges and agricultural chemicals that are injected 

into irrigation flows. The latter are usually small with details of installation and operation 

furnished by the manufacturers. Therefore, only larger diameter orifice plates in round 

pipes will be discussed here. Personal computers and the generalization of discharge 

coefficients renewed interest in the orifice as a primary device (Furness, 1987). 

 
Figure 14-4 -- Sectional view of orifice meter. 

Applications with proper water quality, careful attention to installation detail, and proper 

operation techniques (Hobbs, 1987) make these flow-meters capable of producing 

accuracy to within 1 percent. However, the usual maintenance and pipe conditions that 

generally occur in irrigation pipe systems limit field accuracies to within 3 to 5 percent of 

actual.  

Advantages of the orifice plate are its simplicity and the ability to select a proper 

calibration on the basis of the measurements of the geometry (Dijstelbergen, 1982). 

Disadvantages of the orifice plate include the long, straight pipe length requirements and 

the limited practical discharge range ratio of about one to three for a single orifice hole 

size. However, the location of the range can be shifted by using sets of plates for 

changing orifice hole sizes. This shift, in effect, provides a range ratio increase. 

Calibrations based on tap locations relative to pipe diameter, rather than orifice diameter, 

make this feasible because the same tap locations can be used for different orifice plate 

hole sizes. 

(1) The Flow Rate Equation  

The equation now commonly used to calculate the flow rate from the pressure differential 

and other relevant parameters is: 
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where: 

Q = the discharge  

Cd = the product CCv  

C = a coefficient determined experimentally  

Cv = the velocity of approach factor  

A = the area of the orifice hole  

g = the acceleration of gravity  

h = the differential head 

If differential pressure sensing equipment is used as the secondary measuring devices, 

then 2g h must be replaced with 2 P/D, where P is differential pressure and D is the 

density of the flowing water.  

(2) Standardization of Tap Locations  

Originally, the so-called vena-contracta tap (minimum contracted orifice jet diameter) 

was standardized. For those, the location of the downstream tap depended on the orifice 

hole size in the orifice plate. This diminished the possibility of altering the range by 

changing orifice plates because the tappings would also have to be relocated for each new 

plate size. 

More recent orifice standards are based on extensive experimental data and can be 

applied with a fair degree of confidence. Studies carried out in Germany, the United 

States, France, and Britain resulted in the present ISO-5167 (1991) (adapted from British 

Standards-1042 [1943], and Dijstelbergen [1982]). The standards list the geometry of the 

devices, the installation conditions to be observed, and the equation relating flow and 

pressure differential. Three types (figure 14-5) of differential measuring taps as 

internationally standardized are:  

 Corner taps  

 Flange taps  

 D-D/2 taps 
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Figure 14-5 -- Flange and D-D/2 pressure taps for orifice 

meter. 

(3) Orifice Plate and Hole Requirements  

Orifice plates require careful installation. The orifice plate coefficient is generally 

affected more by mis-alignment and disturbed velocity distributions than other 

differential-pressure meters because the abrupt pressure changes take place near the plate. 

Poor installation of an otherwise properly designed orifice plate can cause as much as a 

20-percent error (Humphreys, 1987). The orifice plate should be mounted in such a way 

that it is possible to inspect at least the orifice plate and preferably the adjacent piping.  

The orifice hole diameter should be at least 0.5 in, and its upstream edge should be free 

of visible dents, burrs, and rounding. The orifice hole must be bored perpendicular to the 

plate. The bore hole cylinder length must be between 0.005 and 0.02 times the pipe 

diameter (D). If the plate is thicker than 0.02D, the downstream orifice must be beveled 

at an angle between 30 to 60 degrees from horizontal. Centering of the plate orifice hole, 

as specified in the standard, is particularly difficult to meet for small pipes. 

The plate shall be mounted perpendicular to the pipe axis. The orifice plate material 

should be thick enough so it will not bow under the differential pressure. The plate faces 

shall be flat and parallel. The plate thickness shall be less than 0.05 times the pipe 

diameter, and its upstream face shall be have a quality finish.  

(4) Meter Approach and Exit Requirements  

Downstream from pipe fittings, the required length of straight pipe approaching orifice 

meters varies with type, number, and orientation of fittings and increases in proportion to 

(ratio of orifice to pipe diameter). For example, a single 90degree bend requires from 6 

to 18 diameters of straight approach pipe ahead of the upstream pressure tap for 

increasing from 0.2 to 0.75 (ISO, 1991). Two 90-degree bends in the same plane require 

7 to 21 diameters for the same range. Two or more bends in different planes require 17 

to 35 diameters. Globe valves require 9 to 18 diameters for increasing from 0.2 to 0.75. 

Gate valves require 6 to 15 approach diameters. An expander fitting requires 8 to 19 

diameters. A reducer fitting requires 5 to 15 diameters of straight pipe upstream for 

ranging from 0.5 to 0.75, which differs from the previously mentioned values. Four to 

eight diameters of straight pipe are required downstream from the pressure taps.  
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(5) Coefficient of Discharge  

Accurate values for Cd have been developed for the standard tap locations. If the orifice-

plate geometry and its installation conform to the orifice specifications of ISO 5167, a 

good estimate of performance can be developed by applying the Stolz equation appearing 

in those standards. This equation was developed by Stolz, who logically showed that the 

coefficients of the different taps normalized by pipe diameter are related. Thus, the value 

of the coefficient of discharge, Cd, depends on the particular tapping arrangement, the 

Reynolds number (Re) (VD/ ), and the diameter ratio, , as defined in equation 143. 

Originally, the older coefficients were separately determined for each tapping 

arrangement for specific orifice hole sizes.  

In large pipe diameters, for example, the coefficient of the corner taps and flange taps 

should not differ. For small area ratios, all coefficients for different taps should be equal. 

Stolz statistically fitted the available data resulting in the unified equation given in ISO 

5167 covering all tapping arrangements. This equation for Cd is:  

Cd = 0.5959 + 0.0312 2.1 - 0.1840  8 + 0.0029 2.5(106/Re)0.75+ 0.0900(L1/D)[ 4/(1 - 
4)]- 0.0337 (L2/D) 3 (14-3) 

where: 

Cd = coefficient of discharge  

L1 = the tap distance from the upstream face of the plate  

L2 = the tap distance from the downstream face of the of the orifice plate  

D = the pipeline diameter  

= the ratio of orifice diameter to pipe diameter  

Re = the Reynolds number (VD/ )  

V = the pipeline velocity  

= the kinematic viscosity of the water 

The minimum allowable Reynolds number varies with diameter, tapping arrangement, 

and . The Reynolds number (VD/ ) for flange and (D-D/2) taps must be greater than 

1,260 2D. For corner taps Reynolds number must be greater than 10,000 for greater 

than 0.45. For less than 0.45, the Reynolds number must be greater than 5,000.  

The first three terms of equation 14-3 give the corner tap coefficient when Reynolds 

number (Re) effect is insignificant. The fourth term introduces Reynolds number effect. 

The last term accounts for the distance of flange and D-D/2 taps from the upstream face 

of the orifice plate. Although the equation appears to give a coefficient value for all 

tapping locations, standardized or not, it was not developed with data for other than 

standard locations and, therefore, is not recommended for nonstandard tapping locations. 

The coefficients by this equation are substantially the same as found in older 

presentations. Differences come mainly from the data fitting method. Uncertainty of the 

coefficient is claimed to be less than "1 percent, exceeding the usual requirements for 

irrigation use.  
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The equation which relates flow rate to head differential and other parameters may seem 

to be rather complicated but is a minor inconvenience with modern computer capabilities. 

For the usual irrigation practice that accepts meter accuracies within "3 percent or more, 

the above precautions can be relaxed considerably.  

4. Propeller Meters  

Propeller meters are commercial flow measuring devices used at the ends of pipes and in 

conduits flowing full and under pressure (figure 14-6). The uses of propeller meters at the 

end of pipes (open flow propeller meters) are discussed in chapter 13. Propeller meters 

use multiple blades made of rubber, plastic, or metal. The propeller rotates on a 

horizontal axle geared to a totalizer that displays total volume that has passed the meter. 

The propellers are sometimes hung from a sealing plate with a gasket to seal around a 

saddle opening on the top of the pipeline. Others have propellers supported by spiders in 

short, permanent tubes for connection into pipeline flow. Some meters also display 

instantaneous discharge rate with indicator hands on dials.  

 
Figure 14-6 -- Typical propeller meter installation. 

The meters are available for a range of pipe diameters from 2 to 72  in. They are normally 

designed for water flow velocities up to 17 feet per second (ft/s). The accuracy of most 

propeller meters varies from +/-2 to +/-5 percent of the actual flow. Greater accuracy is 

possible, and minimum driving velocities as low as 0.5 ft/s are sometimes claimed for 

certain meters. These claims may, at times, be justified; however, they are sometimes 

difficult to verify or reproduce, even in carefully controlled laboratory tests. Small 

changes of frictional resistance of bearings and other mechanical parts caused by wear 

can cause large deviations from calibration, especially at the low discharge end of 

measurement range. With wear, error increases greatly for velocities below 1 to 1.5 ft/s. 

Propeller meters should be selected to operate near the middle of their design discharge 

range. This equipment can be a problem in existing irrigation systems with oversized 

pipes relative to delivery needs. Sections of the oversized pipe may need to be replaced 

with smaller pipes to provide enough velocity and approach pipeline length to allow 

development of velocity profiles. 
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Any condition that makes the approach flow different from calibration conditions affects 

the accuracy of the meter registration. Insufficient driving velocity relative to friction, 

unusual velocity distributions, or undeveloped velocity profiles and spiral flow can cause 

considerable errors.  

If the propeller diameter measures less than half of the pipe diameter, the meter will be 

more sensitive to velocity profile differences. Changes in velocity distribution or velocity 

profile also influence registration. If the conduit from the canal to the meter is less than 

about six diameters long, typically, flow does not have sufficient time to develop a 

normal velocity distribution profile. This condition results in a blunt, evenly distributed 

velocity pattern (figure 14-7, case A). However, a conduit length of 20 to 30 diameters or 

longer will allow a typical, fully developed velocity profile (figure 14-7, case B).  

 
Figure 14-7 -- Velocity distributions in a pipeline. 

With a fully developed velocity profile (case B), the velocity of flow near the center of 

the pipe is high, compared to the velocity near the walls. Thus, a meter with a propeller 

diameter of only half that of the pipe diameter would read 3 to 4 percent higher in this 

flow distribution than it would in the flat velocity profile (case A). Larger propellers up to 

0.8 of the pipe diameter sample more of the flow velocity, producing greater potential 

accuracy. Laboratory tests show this statement to be true; and when the propeller 

diameter is 75 percent or more of the pipe diameter, the variation in registration caused 

by these velocity profile changes are minor. 

Spiral flow is caused by poor entrance conditions and combinations of bends and fittings 

such as valves. Measurement errors caused by spiral flow can be large and, depending on 

spiral rotational direction of the flow, are either positive or negative.  

Normally, the manufacturer provides detailed installation instructions which should be 

followed carefully. The same straight pipe approach and flow straightening vanes to 

prevent spiral flow that the manufacturer uses during calibration must be reproduced in 

field installations. Straightening vanes, at least several pipe diameters long, should be 

placed in the straight pipeline an appreciable distance upstream from the meter as 

specified by the manufacturer.  

Propeller shafts are usually designed to rotate in one or more bearings. Bearings are 

contained in a hub, where they are protected from direct contact with objects in the flow. 

However, water often can and does enter the bearing. Some hubs trap sediment or other 
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foreign particles. After these particles work into the bearing, a definite added resistance 

to turning becomes apparent. Some propellers are, therefore, designed for flow-through 

cleaning action so that particles do not permanently lodge and partially consolidate in the 

bearings. However, some of these bearing flushing systems have been plugged when the 

bearings have become fully packed with sediment. Newer propeller meters generally 

have sealed or ceramic bearings to minimize sediment wear problems. 

Although propellers are designed to pass (to some degree) weeds, moss, and other debris, 

only a limited amount of foreign material that can be tolerated in the flow. Even moderate 

amounts of floating moss or weeds can foul a propeller unless it is protected by screens. 

With larger amounts or certain kinds of foreign material in the water, even screens may 

not solve the problem. Heavy objects in the water can damage propellers. Where rodents, 

such as muskrats, can get to plastic propellers, they have been known to cause chewing 

damage. 

Propeller meters require continuous inspection and maintenance, which may amount to 

very little to very much, depending on local conditions and brands selected. Potential 

users should seek information from other local users before selection. In some cases of 

high maintenance costs and expensive water, these meters have paid for themselves in as 

little as 2 months on the basis of water conserved. However, in other areas where water is 

relatively plentiful, they have never repaid their original cost. Propeller bearing troubles 

are the most expensive and common problem and may be difficult to overcome except by 

means of a well-planned maintenance program. Maintenance costs can be excessive if 

meters are used for water with sediment. Propeller meters require a maintenance routine 

where bearings are replaced based on time of operation.  

5. Bypass Meters  

These meters measure part of the total flow which is allowed or forced through a small 

passageway by differential pressure across a fitting and returned to the main flow. Thus, 

these meters are sometimes called proportional, or shunt, flow-meters. The side flow 

drives an indicator or small water measuring device such as a propeller, vane, rotameter, 

or turbine meter. Indicators of the smaller flow-meter readings are related to total 

discharge by calibration. These reading devices display or indicate instantaneous rate of 

flow, totalized volume of flow, or both. Bypass meters are produced and sold 

commercially with calibrations and discharge tables. 

6. Magnetic Flow-meters  

The operation of magnetic flow-meters is based upon the principle that a voltage is 

induced in an electrical conductor moving through a magnetic field. In the case of 

magnetic flow-meters, the conductor is the flowing water being measured. For a given 

field strength, the magnitude of the induced voltage is proportional to the velocity of the 

conductor. 
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The meter consists of a nonmagnetic and non-electrical conducting tube or pipe through 

which the water flows. Two magnetic coils are used, one on each side of the pipe. Two 

electrodes in each side of the insulated pipe wall sense the flow-induced voltage. The 

meter should be mounted so that the electrodes are horizontal to prevent air from 

breaking the voltage measuring circuit. The meter has electrical circuits to transform the 

induced voltage into a rate-of-flow indication on a meter dial (figure 14-8). The electrical 

sensing system and uniform flow-through passage allow the magnetic flow-meter to 

measure flow in both directions. 

 
Figure 14-8 -- Schematic view of a magnetic flow-meter. 

A source of electrical power is needed to activate the magnetic field, and a transmitter is 

used to record or send the rate-of-flow signals to desired stations. The water needs 

sufficient conductivity, but other properties such as temperature, viscosity, density, or 

solid particles do not change calibration. However, dissolved chemicals can deposit on 

the electrodes and cause accuracy errors. Some of these meters are provided with wipers 

or electrolytic or ultrasonic electrode cleaners.  

Head losses through the meter are negligible, and accuracy of measurement in the upper 

half of the meter's rated capability is usually good. Later model electromagnetic meters 

can have good accuracy (+/-1.0%) for a range of minimum to maximum discharge. 

7. Deflection Meters  

A deflection meter consists of a vane or plate that projects into the flow and a sensing 

element that measures the deflection caused by the force of the flow against the vane. 

These meters are sometimes called drag or target meters. They are usually calibrated to 

indicate the rate of flow in some desired unit of measure. Head losses through the meter 

are low to moderate, depending upon design. These meters have no pressure taps to plug. 

The meters are available commercially and are relatively simple. Their accuracy ranges 

from moderate to good. 

8. Variable-Area Meters  

In variable-area meters, the water flows vertically upward in a conically tapered tube in 

which area increases with height. The rate of flow is indicated by the height at which a 

shaped weight attains stable support from the flow in the tapered tube. Smaller versions 
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are commonly called rotameters because many of the weights are sometimes vaned to 

rotate for stability in the tapered tube. The weights appear to float freely in the tapered 

tube. Thus, they are often called floats. When the tube is transparent, the position of the 

float can be observed directly against graduations on the tube.  

Larger meters sometimes have a stem attached to the float, which is linked mechanically 

or magnetically to an indicator. Auxiliary recording and transmitting of discharge and 

totalized volume are sometimes incorporated into these meters. 

These meters generally have few moving parts to wear or otherwise cause trouble, and 

the accuracy of the meters can be high. The head losses may be large. These meters have 

to be installed in a vertical position, making pipe fitting more difficult. 

9. Vortex Flow-meter  

The vortex generating flow-meter is based on the principle that obstructions placed in 

flows generate vortex shedding trails in the flow (White and McMurtrie, 1971). A 

properly shaped obstruction will produce stable vortices that reinforce or interact with 

each other on each side of the obstruction.  

The shedding vortex oscillations are sensed in different ways such as by thermistors, 

pressure cells, or magnetically picking up the oscillation of a shuttle ball in a chamber 

that has each end connected to each side of the obstruction. The proper shape of the 

obstruction also produces an oscillation frequency that is proportional to velocity over a 

large range of flow. 

Manufacturers cite advantages such as the possibility of no moving parts, calibration by 

dimensional tolerance limits to +1 percent, large discharge range, and adaptability to 

electronic digital counting. The meters can be made portable by installing the obstruction 

through the stuffing boxes.  

10. Pitot Tube Velocity Measurements  

The straight upstream tube shown on figure 14-9a, which is connected perpendicular and 

flush to the inside wall of the pipe so it does not sense any velocity force, is a called a 

piezometer. Water rises in the piezometer to an elevation that only balances the pressure 

head in the conduit. A simple pitot tube is shown downstream on figure 14-9a. This open 

tube has a right-angle bend that is inserted into conduit flow with its horizontal leg 

pointed upstream and parallel to velocity. Water runs into the tube and rises into the 

vertical stem until its weight balances both the force of the pipeline pressure head, hp, 

sometimes called static head, and the force of approach velocity that has been converted 

to velocity head, hv, by stagnation at the tip. In this form, the pitot tube is sometimes 

called a total head tube because the water rises above the tip a height equal to the sum, 

Ht, of pressure head in the conduit plus velocity head. 
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Figure 14-9 -- Pitot tubes and manometer. 

For a velocity measurement, the pressure head is subtracted from the total head, Ht, 

resulting in velocity head, hv, or V 2/2g. Solving for the velocity of flow, V, results in:  

 

where: 

V = velocity  

g = gravity constant  

hv = measured velocity head  

C = coefficient 

For total head tubes that have reasonably long horizontal legs relative to tube diameter, 

the tube coefficient is commonly unity. However, pitot tubes with damaged tips, short 

tips, tube burrs, and short tips need calibration checks to determine correct tube 

coefficients that may deviate considerably from unity.  

A more complex form of pitot tube is known as the pitot-static tube, which consists of 

the total head tube threaded through the center of a larger tube. Static ports are drilled 

perpendicular to and around the circumference of the horizontal part of the outer tube. 

Typical pitot-static tubes have static ports that are placed a distance of at least three outer 
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tube diameters from the tip and at least eight diameters from the vertical leg of the outer 

tube (figure 14-9b). These distances protect the static ports from stem and tip 

disturbances, which would cause tube coefficients to deviate from unity.  

Properly constructed and undamaged standard pitot-static tubes have a coefficient very 

close to unity and can be used without corrections for tube interference effects (ASME, 

1983). Some special instruments have coefficients that differ considerably from unity. 

Appropriate coefficients should be applied as specified by manufacturers.  

Manometers are commonly used to measure heads separately or differentially in a U-

tube. The suction lift manometer shown in figure 14-9c uses an inverted U-tube with 

partial vacuum to lift the water surfaces up to the scale for reading the pressures where 

pipeline total head is insufficient to do so itself. The velocity head is obtained by 

subtracting the pressure head from the total head. More conveniently, a differential 

pressure cell that senses velocity head directly can be used. A recording digital voltmeter 

attached to the pressure cells can provide continuous records of velocity. 

The rate of flow in pipelines under pressure may be computed from the conduit cross-

sectional area and velocity observations made by pitot tubes or by commercial 

adaptations of pitot tubes (ASME, 1983; 1992). Reinforced pitometers have been used 

successfully in pipes up to 5 feet (ft) in diameter with flow velocities of 5 to 20 ft/s. Even 

large pipes can be traversed by having access ports on both sides of the pipe and probing 

to or past the conduit centerline from each side. The principal disadvantage encountered 

is that relatively large forces push on the tube when flow velocities are high, making 

positioning and securing of the instrument difficult. Dynamic instability may also occur, 

causing the tube to vibrate and produce erroneous readings. The flow measurements can 

be very accurate at moderate flow velocities. 

11. Point Velocity Area Methods  

Computing discharge point velocities for open channel flow is discussed in chapter 10. In 

conduits, several point velocities can be obtained by traversing with a velocity measuring 

device such as a pitot tube. Arrays of several velocity measuring devices, such as axial 

current meters, are sometimes fixed on racks that span the conduit to measure several 

velocities simultaneously. Some flow-meters directly measure average velocity along 

lines through the flow. 

The measurement of point velocities is relatively simple. However, partitioning the flow 

section relative to velocity points is complex, depending on the accuracy desired. The 

main problem in determining proper partial areas is that each point velocity represents or 

determines meaningful velocity weighting factors related to each point location. Many 

schemes can be used to locate measuring points on grids or diameters and assign 

weighting factors for each position. The procedures are further complicated when 

corrections are needed to account for the obstruction of rack support systems and the size 

of the instruments themselves. If accuracies better than +/-3 percent are needed, then 

procedures set by codes such as ISO (1977) and ASME (1992) should be consulted. 
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Some methods of averaging velocity are done by selecting equal areas related to the 

shape of the flow cross section and measuring velocity at specific points within these 

areas. For pitot measurements, the average of the square root of the velocity heads of the 

point measurements is multiplied by the flow section area. 

The most common pressure conduit is the circular pipe. For a constant rate of flow, the 

velocity varies from point to point across the stream, gradually increasing from the walls 

toward the center of the pipe. The mean velocity is obtained by dividing the cross-

sectional area of the pipe into a number of concentric, equal area rings and a central 

circle. The standard (ASME, 1983) 10-point system is shown on figure 1410a. More 

equal area divisions may be used if required by large flow distortions or other unusual 

flow conditions. Velocity measurements are taken at specific locations in these subareas 

(figure 14-10a) and are adjusted in terms of average velocity head by the equation:  

 
Figure 14-10 -- Locations for pitot tube measurements in 

circular and rectangular conduits (reproduced from British 

Standard 1042, Flow Measurement [1943], by permission of 

the British Standards Institution). 

The mean velocity in rectangular ducts can be found by dividing the cross section into an 

even number (at least 16) of equal rectangles geometrically similar to the duct cross 

section and measuring the velocity at the center of each area (figure 14-9b). Additional 

readings should be taken in the areas along the periphery of the cross section according to 

the diagram on figure 14-9c. Then, the average velocity is determined from equation 14-

5.  

Acoustic devices, discussed in chapter 11, measure accurate average velocity along 

chords or diametral lines in planes across the flow section. The diametral arrangement 
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uses the simple average of the line velocities corrected for the angle of the plane across 

the conduit. The multiple chordal systems use a specific weighting factor for each line 

velocity to determine the average (AMSE, 1992). The chord locations are specified to 

maximize accuracy. 

12. California Pipe Method  

This method measures the discharge from the open end of partially filled horizontal pipes 

discharging freely into the air (Vanleer, 1922; 1924). This method is sometimes 

considered a trajectory method. However, the measurement is really based on the brink 

depth at the end of the pipe. This method can be adapted to the measurement of discharge 

in small open channels where the discharge can be diverted through a horizontal pipe 

flowing partially full and discharging freely into the air. 

Figure 14-11 illustrates one pipe fitting arrangement to accommodate the California pipe 

discharge measurement. Other arrangements may be possible. With such an arrangement, 

the only measurements necessary are the inside diameter of the pipe and the vertical 

distance from the upper inside surface of the pipe to the surface of the flowing water at 

the outlet end of the pipe. With this information, the discharge may be computed by: 

Q = 8.69 (1 -a/d)1.88 d2.48      (14-6) 

where: 

Q = discharge (ft3/s)  

a = distance measured in the plane of the end of the pipe from the top of the inside 

surface of the pipe to the water surface (ft) 

d = internal diameter of the pipe (ft) 

 
Figure 14-11 -- Typical arrangement for measuring flow by 

the California pipe method. 
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This equation, developed from experimental data for pipes 3 to 10 in in diameter, gives 

reasonably accurate values of discharge for that range of sizes under certain flow 

conditions. However, tests by the Natural Resources Conservation Service (formerly U.S. 

Soil Conservation Service) (Rohwer, 1943) showed that for depths greater than about 

one-half the diameter of the pipe or a/d less than about 0.5, the discharge does not follow 

the Vanleer equation. Bos (1989) shows that brink depth must be less than 0.55d, or a/d 

must be greater than 0.45. Care should therefore be taken in using equation 14-6. The 

discharge uncertainty of this method is expected to be about +/-10 percent, assuming 

careful brink depth and pipe diameter measurements.  

Some additional requirements for proper use and for attaining potential accuracy of the 

California pipe measurement method are: 

(1) The discharge pipe must be level. 

(2) The pipe must be partially full with a/d greater than 0.45. 

(3) The flow must discharge freely into the air.  

13. Trajectory Methods  

Basically, trajectory methods consist of measuring the horizontal and vertical coordinates 

of a point in the jet issuing from the end of a pipe (Stock, 1955). The pipe may be 

oriented either vertically or horizontally. The principal difficulty with this method is in 

measuring the coordinates of the flowing stream accurately.  

(a) Vertical Pipes  

Lawrence and Braunworth (1906) noted that two kinds of flow occur from the end of 

vertical pipes. With a small rise of water (up to 0.37d) above the end of the pipe, the flow 

acts like a circular weir. When the water rises more than 1.4d, jet flow occurs. When the 

rise is between these values, the mode of flow is in transition. Lawrence and Braunworth 

(1906) determined that when the height of the jet exceeded 1.4 d, as determined by 

sighting over the jet to obtain the maximum rise, the discharge is given by: 

 

where: 

Q = rate of flow, gal/min  

d = inside diameter of the pipe, in  

h = height of jet, in  

When the rise of water above the end of the pipe is less than 0.37d, discharge is given by: 
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For jet heights between 0.37d and 1.4d, the flow is considerably less than that given by 

either of these equations. Figure 14-12, prepared using data from Stock (1955) gives flow 

rates in gallons per minute for standard pipes 2 to 12 in in diameter and jet heights from 

12 to 60 in. Bos (1989) assigns to this method an accuracy of +/-10 percent for the jet 

flow range to +/-15 percent for the weir flow range.  

 
Figure 14-12 -- Discharge curves for measurement of flow 

from vertical standard pipes. The curves are based on data 

from experiments of Lawrence and Braunworth, American 

Society of Civil Engineers, Transactions, Vol. 57, 1906 

(courtesy of Utah State University).. 

For irrigation convenience, the Natural Resources Conservation Service produced a table 

from curves for vertical pipes in Stock (1955) for the NRCS National Engineering 

Handbook (1962a). This table is reproduced here as table 14-1. The table gives 

discharges  
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Table 14-1 -- Flow from vertical pipes1  

 

 

1 Table prepared from discharge curves in Utah Engineering Experimental Station, 

Bulletin 5, "Measurement of Irrigation Water," June 1955.  

2 Standard pipe.  

3 Outside diameter of well casing.  

for different heads up to 40 in for standard nominal pipe diameters from 2 to 12 in and for 

outside diameters of well casings from 4 to 12 in. As mentioned before, accuracies better 

than 15 and 10 per-cent should not be expected, depending on whether the flow is acting 

as a weir or jet-type flow.  

(b) Horizontal Pipes  

When brink depths are greater than 0.5D, the more general Purdue pipe method 

developed by Greve (1928) should be used, rather than the California pipe method. The 

Purdue method applies equally well to both partially and completely filled pipes. The 

Purdue method consists of measuring coordinates of the upper surface of the jet as shown 

on figure 14-13. If the water in the pipe is flowing at a depth of less than 0.8D at the 

outlet, the vertical distance, Y, can be measured at the end of the pipe where X = 0. For 

higher rates of flow, Y may be measured at horizontal distances, X, from the pipe exit of 
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6, 12, or 18 in. Flow values in gallons per minute for 2- to 6-in-diameter standard pipes 

are shown in graphs on figure 14-14 (Stock, 1955). 

 
Figure 14-13 -- Purdue method of measuring flow from a 

horizontal pipe (courtesy of Utah State University).. 

 
Figure 14-14 -- Flow from horizontal standard pipes by 

Purdue coordinate method (courtesy of Utah State University) 

(sheet 1 of 2). 
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Figure 14-14 -- Flow from horizontal standard pipes by 

Purdue coordinate method (courtesy of Utah State University) 

(sheet 2 of 2).. 

The most accurate results will be obtained when the pipe is truly horizontal. If it slopes 

upward, the indicated discharge will be too high. If it slopes downward, the indicated 

discharge will be too low.  

Difficulty occurs in making the vertical measurement, Y, because the top of the jet will 

usually not be smooth and well defined. 

The NRCS produced table 14-2 for horizontal pipe discharge for X of 0, 6, 12 and 18 in 

and Y up to about 8 in for pipe diameters from 2 to 6 in. As mentioned previously, 

accuracies better than 10 percent should not be expected.  
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Table 14-2 Flow from horizontal pipes1  
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Table 14-2 Flow from horizontal pipes1 (continued)  

 

1 Table for standard steel pipe prepared from data resulting from actual experiments conducted at Purdue 

University Experimental Station, Bulletin 32, "Measurement of Pipe Flow by the Coordinate Method," 

August 1928. 

14. Small Tubes or Siphons  

Plastic or aluminum siphons and tubes are commonly used to deliver water from a canal 

or ditch to the furrows (figure 14-15) (Scott and Houston, 1959). These conduits may also 

be used to measure the rate of flow. The head acting on siphons and straight pipes 

through banks is measured in the manner shown on figure 14-15. The rate of flow from 

figure 14-16 is used only for siphons and pipes where the flow exits the tube into free air. 

Figure 1417 is used only for the submerged exit case. The uncertainty for discharge is 

about +/-15 percent. Therefore, this method of determining discharge is approximate but 

could be useful for managing water allotments and apportionment over acreage. 
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Figure 14-15 -- Discharge through ditch-to-furrow pipes and 

siphons (figures 14-16 and 14-17) may be determined by 

measuring the effective head. 

 
Figure 14-16 -- Rates of flow through ditch-to-furrow pipes 

for various heads. 
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Figure 14-17 -- Rates of flow through ditch-to-furrow siphons 

for various heads. 

The pipe ends should be cut cleanly with no burrs. The tubes and ends should not be 

dented or deformed. Tight bends should be avoided. The flow past either end of the tube 

must be slow compared to tube velocity. Tubes can become partially or fully air locked at 

lower discharges of curves shown on figures 14-16 and 1417. The siphons should be 

reprimed periodically when operating at the low discharge region. Both submerged ends 

should be located a distance of 1.5 diameters from channel flow boundaries and water 

surface. If a vortex forms over the siphon entrance, the entrance should be lowered if 

possible; otherwise, the vortex should be suppressed. The vortex can be suppressed by 

rafting a wide board over the intake and hanging additional cross vanes from the board if 

needed. Bos (1989) gives more details concerning these requirements and provides rating 

curves in metric units.  

Figure 14-18 (NRCS, 1962a) gives discharge in gallons per minute for heads up to 20 in 

for siphon lengths common to furrow irrigation with pipe diameters from 2 to 6 in. As 

mentioned previously, accuracies better than 10 percent should not be expected.  
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Figure 14-18 -- Discharge of aluminum or plastic siphon 

tubes at various heads for different tube lengths. 

15. The Pressure-Time Method  

The pressure-time data recorded during downstream closure of valves, wicket gates, or 

other devices can be used to calculate discharge (Gibson, 1923). Gibson developed 

elaborate equipment and detailed computational procedures for determining discharge. 

Modern pressure cells, electronic computers, and recording equipment have made the 

technique easier to accomplish. Codes such as those published by the ASME (1992) have 

been established for turbines. The pressure conduit should be at least 25 ft long, 

preferably longer. 

Discharge is computed from: 

(1) Pressure-time recording taken while the valve or other control device is 

closing. 

(2) The cross-sectional area of the conduit. 

(3) The length from control device to the entrance.  

This method has recently been applied to shorter, low head turbines (Almquist et al., 

1994). The pressure variation is automatically recorded with respect to time on 

equipment especially devised for this method. Use of the Gibson method requires 

specially trained personnel. Patents restricting the use of the equipment and method have 

expired. 

16. Calibration of Turbines, Pumps, Gates, and Valves  

Some irrigation distribution systems may require measurement of the flow by means of 

the turbines, pumps, gates, or valves through which the water flows. This measurement 

may be done if the structure is calibrated in the field using an approved flow measuring 
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method or in the laboratory using hydraulic models. Properly prepared calibration curves 

are a reliable means for obtaining accurate discharge measurements. 

Discharge is generally related to power in the case of turbines or pumps. The 

relationships may be determined by measuring the average power output or input during 

the period in which discharge measurements are made for various load conditions. 

Curves or tables are developed from these test data to show the rate of flow that occurs 

for specific power and operation conditions. Long- or short-term deterioration or damage 

may change machinery efficiency. Thus, these calibrations should be periodically 

checked, adjusted, and recalibrated as needed. 

For gates and valves, discharge-versus-gate-opening curves for various appropriate heads 

are desired. These curves may be determined by measuring the rates of flow at given gate 

or valve openings under specific head conditions. By operating over the full range of 

openings and heads, data may be obtained for establishing the families of curves. 

Generally, the curves would show the rates of flow in cubic feet per second (ft3/s) that 

occur through the gate or valve at specific openings, which are expressed in percent of 

opening, for the pertinent operating heads. These curves may also be prepared from 

model test data.  

17. Acoustic Flow-meters  

The most recent advances in measuring flow in pressure conduits has been with the 

further developments of acoustic flow-meters. This class of meters is covered in detail in 

chapter 11 of this manual. These meters are used extensively at power plants and other 

major points of diversion. They are well suited to use in automated data acquisition 

systems. Their accuracy depends on type and installation, but generally varies from +/-3 

percent down to +/-0.1 percent. 
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Nomenclature 

A flow section area  

Ac contracted area of flow  

Ao orifice area  

a area  

B average width  

bc width  

C Chezy factor, general coefficient, 

concentration of a tracer, or constant  

Ca gate angle correction factor  

Cc contraction coefficient  

Cd discharge coefficient  

Ce effective discharge coefficient  

Cv velocity of approach coefficient  

Cva coefficient to account for exclusion 

of approach velocity head  

Cvf velocity coefficient caused by 

friction loss  

c velocity of sound  

D pipe diameter  

dv distance water will travel at a given 

velocity in a pipe of constant diameter  

E specific energy  

E%QCs error in percent comparison 

standard discharge  

E%QFS error in percent full-scale 

discharge  

e a subscript denoting "effective"  

egl energy grade line  

F Froude number  

Fb canal freeboard  

Fc critical Froude number  

Fp pressure force  

f friction factor  

Go gate opening  

g acceleration caused by gravity  

H total energy head  

Hc critical total energy head  

h head or height  

ha measuring head  

hb submergence head  

hb/ha submergence ratio  

hc critical head  

hcm critical hydraulic mean depth  

he effective measurement head  

hf head loss  

hm hydraulic mean depth  

hv measured velocity head  
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h1e h1 + kh  

h1 head measure above a weir crest 

(upstream head)  

ªh upstream head minus downstream 

head (differential head)  

hf(1-2) friction head loss between two 

stations  

hgl hydraulic grade line  

K constant  

k boundary roughness size  

kb correction factor to obtain effective 

weir length  

kh correction factor to obtain effective 

head  

L length  

Lb cross-sectional width  

Le L + kb or effective crest length  

N sample number  

n friction or roughness factor  

PH pinion height  

Pw wetted perimeter  

p pressure or height of crest above 

approach invert  

Q discharge  

Qa actual discharge  

Qc critical discharge  

Qcs comparison standard discharge  

Qs suppressed orifice discharge  

Qeq discharge computed using measured 

heads and the regression equation  

QFS full scale or maximum discharge  

Qind indicated discharge from device 

output  

Qmax maximum discharge  

Qmin minimum discharge  

Qt theoretical discharge through an 

orifice  

ªQ% percent deviation of discharge  

q unit or partial discharge  

Re Reynolds number  

Rh hydraulic radius  

r ratio of suppressed portion of the 

perimeter of an orifice to total perimeter  

r radius of curvature  

S slope or estimate of standard deviation  

So invert or bottom slope  

Sws water surface slope  

s estimate of standard deviation  

T time  

T top water surface width  

Tc top water surface width at critical 

conditions  
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t time  

td downstream travel time of the acoustic 

signal  

tu upstream travel time of the acoustic 

signal  

ªt difference in times  

U equation coefficient or exponent  

V mean velocity  

Vc critical velocity  

Vaxial average axial velocity of water 

flow  

V0 volume  

W weight  

Xavg mean of a set of values  

Xind each individual value from a set of 

values  

Z potential energy head  

ratio of orifice hole diameter to pipe 

diameter  

unit weight of water  

angle  

kinematic viscosity  

standard deviation 

 

 

 

 

 

 

 

 

 

 

 

 

 



 285 

 

Index 

A  

accuracy  

        acoustic flow-meter 11-13, 14-38 

        current meters 14-12 

        definition 3-1 

        long-throated flumes 8-17, 8-34  

        Parshall flumes 8-42  

        weirs 7-1  

acoustic flow-meters 11-1, 14-37  

ADCP (acoustic Doppler current 

profiler) 10-2  

ADV/AVM (acoustic Doppler veloci-

meter) 10-2, 11-10  

        clamp-on style 11-5  

        cross-correlation 11-15  

        Doppler 11-13  

        open channel 11-9  

        transit-time 11-1 

adjustable weir 7-31 

aeration of weirs 7-18 

approach conditions  

        channel 5-2  

        closed-conduit devices 14-9  

        flow 5-2, 9-18  

        flumes 8-9  

        velocity 5-3 

 

automated data collection 4-5, 4-6, 6-1, 

10-36 

 

 

B  

benchmark  

        locating gauge datum 6-1, 10-8 

boat-assisted measurements  

        ADCP 10-2  

        current metering 10-8, 10-9 

broad-crested  

        weirs 2-17, 7-2, 7-30, 8-18 

bubble gauge 8-14 

 

 

C  

cableways 10-6, 10-10 

calibration  

        definition 3-3 

        devices 3-9 

California pipe method 14-23 

chain gauge 6-2 

check structures 9-19 

chemical/tracer methods 12-1 

Chezy 2-26 

chordal paths (acoustic flow-meters) 11-

3 

Cipoletti weir 7-21  

        discharge tables Table A7-5 

circular conduits, partly full 8-37 

coefficient  

        contraction 2-8, 2-24 

        discharge 2-21, 7-10, 14-10  

        general 2-4  

compound weir 7-23 

Cone equation 7-20 

constant-head orifice turnout (CHO) 9-

10  

        discharge tables A9-4, A9-5, A9-6 

construction  

        of devices 7-39, 8-11 

continuity  

        principle 2-6  

        equation 2-6 

contracted weir 7-9, 7-16  

        discharge table A7-2 

contraction  

        full 7-4  

        partial 7-4 

conversion factors Con-1 

crest 7-4 

critical flow 2-16 

current meter 10-1  

        acoustic 10-2, 11-1  

        Dumas 10-20  

        electromagnetic 10-2  

        Haskell 10-20  
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        Hoff 10-20  

        Neyrpic 10-20  

        Price AA 10-12  

        pygmy 10-16 

cutthroat flume 8-42 

 

D  

Darcy-Weisbach friction factor 2-26 

data logger 6-11 

datum 6-1, 6-21 

depth measurement 2-2, 3-14, 5-18, 6-1, 

8-12 

device selection 4-1 

diametral path (acoustic flow-meter) 11-

2 

differential head 14-1 

digital recorders 6-8 

dilution method 12-11 

Doppler 11-13 

Dumas meter 10-20 

dye dilution method 12-1 

 

 

E  

electromagnetic flow-meter 14-15 

energy  

equation 2-10, 2-12 

        principle 2-10 

error 3-1  

        random 3-3 

        systematic 3-2 

 

 

F  

float  

        method 13-6  

        well 6-11 

flow nozzle 14-5 

flume 8-1  

       long-throated 8-2, 8-17  

       broad-crested weir 7-2, 8-2  

        ramp 8-18  

       Replogle 8-18  

       short-throated 8-2  

       cutthroat (Montana) 8-4  

       H-flumes 8-4  

       Palmer-Bowles 8-6  

       Parshall 8-45 

Francis equation 7-16 

freeboard 8-36 

free flow 7-6 

friction loss 2-25 

Froude number 2-15 

 

 

 

G  

gauging  

      structure 10-3, 10-3 

gate 13-1  

      meter 9-23  

      overshot 7-32  

      radial 9-20 

Gibson method (pressure-time) 14-36 

 

H  

Haskell meter 10-20 

head  

      definition 2-2  

      loss 8-57  

      measurement 2-2, 3-14, 5-18, 8-12, 

9-18  

      velocity 2-7 

Hoff meter 10-20 

hook gauge 6-15 

hydraulic grade line 2-22 

hydraulic radius 2-13 

hysteresis  

      definition 3-7  

      Parshall flume discharge 8-8, 8-20 

 

 

I  

ice 6-21, 10-8, 10-24 

installation  

      devices 7-7, 8-8, 8-11  

      poor 5-12 
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K  

Kindsvater-Carter equation 7-9  

Kindsvater-Shen equation 7-21 

 

 

L  

linearity 3-6, 3-13 

long-throated flumes 8-17  

        circular conduits 8-40  

        design 8-22  

        lined channels 8-29  

        unlined channels 8-32 

 

 

M  

magnetic (electromagnetic) flow-meter 

14-15 

maintenance 4-7 

Mannings n (friction factor) 2-26, 2-27 

meter gates 9-23 

midsection method 10-31 

modular limit 8-8, 8-35 

Montana flume 8-42 

 

 

N  

nappe 7-4 

Neyrpic meter 10-20 

nonstandard device 5-1 

 

 

O  

open channel flow 2-1 

optical methods 10-1, 10-2  

orifice 2-8, 2-22, 14-6  

        tap locations 14-8 

Ott meter 10-20, 10-21 

overshot gate 7-32 

 

 

P  

Palmer-Bowles flume 8-6 

Parshall flume 8-40  

      discharge of, Tables A8-7 to A8-20  

      effect of submergence 8-46 to 8-57 

partially contracted weirs 7-4, 7-7 

percent full-scale 3-6 

percent registration 3-19 

piezometer 5-13, 14-18 

pipeline 2-2 

pitot tube 13-4, 14-18 

point gauge 8-14 

pressure-time method 14-36 

Price meter 10-12 

primary element 3-1 

propeller meter 13-1, 14-11  

        Neyrpic 10-20  

Price 10-12  

        pygmy 10-16  

Purdue method 14-27 

        pygmy meter 10-16 

 

 

R  

ramp flume 8-18 

random errors 3-3 

range 3-7 

rating curves, rated sections 10-37, 10-

38 

recorder  

        analog-graphical 6-4  

        data logger 6-11  

        digital 6-8  

        water stage 6-11 

rectangular flume 8-33  

        discharge of 8-34 

repeatability 3-7 

Reynolds number 2-26, 14-10 

rotameter 2-6, 14-17 

roughness 2-26, 2-27 

 

S  

Salt-velocity method 12-5 

secondary  

        current 11-7  

        element 3-1 

sediment 4-6, 4-14 

selection of devices 4-1, 4-9, 4-15 
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sensitivity 3-7 

sharp-crested weir 2-8, 7-2, 7-7 and 7-7 

short-crested triangular weir 7-35 

Simpson's parabolic rule 10-31 

siphon 14-30 

sluice gate 13-3 

staff gauge 6-1, 7-6, 8-13 

stage 6-1 and 6-1 and 6-1 

standard deviation estimate 3-4 

standard device 5-1 

Standards of measurement 1-3, 3-7 

stilling well 6-11, 8-15 

subcritical flow 2-16, 8-18, 8-21 

submerged orifice 9-1  

        discharge of 9-5, Table A9-2 

submergence  

       flumes 8-7  

       weirs 7-6, 7-36 

suppressed weir 7-18  

        discharge of 7-19, Table A7-3 

systematic error 3-2 

 

 

T  

top-setting rod 10-22 

totalized flow 2-6 

tracers 12-1 

trajectory methods 14-25 

transit-time flow-meters 11-1, 11-4 

trapezoidal weir (Cipoletti weir) 7-21, 7-

22  

        discharge of Table A7-5 

triangular weir (V-notch) 7-20  

        discharge of Table A7-4 

turbulence 5-4 

turnout 4-14, 7-24  

        CHO turnout 9-10 

 

 

U  

ultrasonic flow-meter (acoustic) 11-1 

uncertainty 3-2 

 

 

V  

V-notch weir 7-13  

        discharge of contracted 7-20, Table 

A7-4 

variable area meters (rotameter) 14-17 

velocity  

        determination of the mean 10-26 

velocity head 2-7, 7-4 

velocity of approach 5-6, 7-6, 7-36, 9-9 

venturi meter 2-20, 2-23, 14-3 

vortex flow-meter 14-18 

 

 

W  

wading rod 10-21 

water management 1-2, 2-1 

waves 2-28, 6-13  

wave suppressor 5-6-5-8 

weeds 5-22, 9-17 

weir  

        aeration 7-18  

        broad-crested 2-17 

        construction and installation 7-39  

        maintenance 7-42  

        sharp-crested 2-8 

weir box 7-24 

weir stick 13-5 

wetted perimeter 2-13, 2-25 

wire weight gauge 6-3 

 

 

__________________________ 

Appendix to the Water Measurement Manual 
Appendix tables are numbered by chapter, beginning with the next number in sequence following the 

tables contained in the main body of each chapter. The following tables are located in the main body 

of the chapters: 7-1, 8-1, 8-2, 8-3, 8-4, 8-5, 8-6, and 9-1. Appendix tables for chapters 7, 8, and 9 begin 

with tables A7-2, A8-7, and A9-2, respectively. 
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Sharp-Crest Weirs 

A7-2.  Discharge of standard contracted rectangular weirs in ft3/sec. 

A7-3.  Discharge of standard suppressed rectangular weirs in ft3/sec. 

A7-4.  Discharge of 90° V-notch weirs, in ft3/sec. 

A7-5.  Discharge of standard Cipoletti weirs in ft3/sec. Shaded entries determined 

experimentally.  

 

Parshall Flumes 

A8-7.  Free-flow discharge through 1-inch Parshall measuring flume in ft3/sec.  

A8-8.  Free-flow discharge through 2-inch Parshall measuring flume in ft3/sec.  

A8-9.  Free-flow discharge through 3-inch Parshall measuring flume in ft3/sec.  

A8-10.  Free-flow discharge through 6-inch Parshall measuring flume in ft3/sec.  

A8-11.  Free-flow discharge through 9-inch Parshall measuring flume in ft3/sec. 

A8-12.  Free-flow discharges in ft3/sec through 1- to 8-foot Parshall flumes. 

A8-13.  Free-flow discharge through 10-ft Parshall measuring flume in ft3/sec. 

A8-14.  Free-flow discharge through 12-ft Parshall measuring flume in ft3/sec. 

A8-15.  Free-flow discharge through 15-ft Parshall measuring flume in ft3/sec.  

A8-16.  Free-flow discharge through 20-ft Parshall measuring flume in ft3/sec.  

A8-17.  Free-flow discharge through 25-ft Parshall measuring flume in ft3/sec.  

A8-18.  Free-flow discharge through 30-ft Parshall measuring flume in ft3/sec.  

A8-19.  Free-flow discharge through 40-ft Parshall measuring flume in ft3/sec.  

A8-20.  Free-flow discharge through 50-ft Parshall measuring flume in ft3/sec.  

 

Submerged Orifice Flow Meters 

A9-2.  Discharge of fully contracted standard submerged rectangular orifice in ft3/sec. 

A9-3.  Discharge of rectangular submerged orifices with bottom and side contractions 

suppressed, in ft3/sec.  

A9-4.  Discharge of constant-head orifice (CHO) turnout in ft3/sec.  

A9-5.  Discharge of constant-head orifice (CHO) turnout in ft3/sec.  

A9-6.  Discharges for standard sized constant-head orifice (CHO) turnouts. 

 

Tables 

3-1 An example of discharge data 

3-2 Determining sample standard deviation  

3-3 Discharge deviation  

 

4-1 Application-based selection of water measurement devices 

4-2 Water measurement device selection guidelines 

 

6-1 Stilling well dimensions for full dampening  

 

7-1 Coefficient and constants used in determining the effective coefficient of 

discharge for the Kindsvater-Carter method  

 

8-1 Common reading errors in flat crest reference head as detected by various 
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devices  

8-2 Long-throated flume sizes and discharge ranges for lined trapezoidal canals  

8-3 Rating equation parameters and ranges of application for flat-crested, long-

throated flumes in lined trapezoidal canals 

8-4 Rating equation parameters and ranges of application for flat-crested, long-

throated flumes with rectangular throat sections 

8-5 Equation and flow range parameters for flat-crested, long-throated flumes in 

partially full circular conduits 

8-6 Coefficients (C) and exponents (n) for Parshall flumes for equation 8-3  

 

9-1 Recommended box sizes and dimensions for a submerged orifice 

 

13-1 Coefficients to correct surface float velocities to mean channel velocities  

 

14-1 Flow from vertical pipes  

14-2 Flow from horizontal pipes  

Figures 

2-1 Pressure definition 

2-2a Orifice flow 

2-2b Contraction at an orifice 

2-3a Energy balance in pipe flow  

2-3b Energy balance in open channel flow 

2-3c Specific energy balance 

2-4 Definitions of hydraulic radius and hydraulic mean depth 

2-5 Venturi meter  

2-6 Pipe orifice meter 

2-7 Typical calibration curve for an 8-in venturi meter 

 

3-1 Histogram of discharge coefficients  

3-2 Percent full-scale deviation of flow rate versus actual (comparison standard) 

flow rate  

3-3 Comparison of actual (comparison standard) and full-scale accuracy  

3-4 Percent registration form of calibration  

 

5-1 Example of poor approach flow conditions upstream from weir 

5-2 Weir proportions  

5-3 Underpass wave suppressor  

5-4 Turbulence and waves in a Parshall flume produced by an outlet works 

stilling basin  

5-5 Underpass-type wave suppressor reduces turbulence and waves in Parshall 

flumes  

5-6 Weir approach flow  

5-7 Sediment deposits in weir pool  

5-8 Poorly maintained weir edge 
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5-9 Examples of piezometer installation 

5-10 Examples of piezometer manifold tubing 

5-11 Manometry system below the hydraulic grade line is desirable 

5-12 Manometry system above the hydraulic grade line is undesirable  

5-13 Cipoletti weir operating with good flow conditions in the approach pool  

 

6-1 Chain gauge  

6-2 Non-recording wire and weight-type gauge  

6-3 Horizontal drum water-stage recorder  

6-4 Continuous recording water-stage recorder with cover raised 

6-5 Typical installation of a continuous water-stage recorder in a wooden shelter 

6-6 Digital recorder  

6-7 Digital recorder punched tape  

6-8 Programmable battery operated recording unit  

6-9 Stilling well and recorder house made of wood  

6-10 Plans for reinforced concrete recorder house and stilling well  

6-11 Current-meter gauging station with cable car, corrugated steel shelter house, 

and stilling well  

6-12 Plans for smooth and corrugated steel pipe recorder housing and stilling 

wells  

 

7-1 Different kinds of sharp-crested weirs  

7-2 Cipoletti weir operating with full contractions at the end and on the crest  

7-3 Suppressed rectangular weir at a canal drop 

7-4 Value of width-adjustment factor from Georgia Institute of Technology tests  

7-5 Effective coefficient of discharge, Ce, as a function of L/B and h1/p, from 

Georgia Institute of Technology tests 

7-6a Head correction factor, kh, for V-notches of any angle 

7-6b Effective coefficient, Ce, for fully contracted V-notches of any angle 

7-7 Effective coefficient, Ce, for partially contracted 90-degree V-notches  

7-8 Section through suppressed weir with air vent in wall  

7-9 Cipoletti weir with a well-type head-measuring station  

7-10 Compound weir with 90-degree notch and suppressed rectangular crest used 

by U.S. Forest Service  

7-11 Weir box turnout with Cipoletti weir  

7-12 Standard designs for 5.0-ft3/s weir box turnout 

7-13 Baffle arrangement and rating table for 12-ft3/s weir box turnout  

7-14 Adjustable Cipoletti weir in a division box 

7-15 Sectional view of an overshot gate  

7-16 Correction factor, Ca, versus gate leaf angle, , for use in equation 7-9  

7-17 Discharge equation for short-crested triangular weir  

 

8-1 Large long-throated flume for left to right flow in Arizona canal  

8-2 Four-foot, short-form Parshall flume, discharging 62 ft3/s under free-flow 

conditions  

8-3 Some typical flumes  
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1.0 BA 

 

Vunamoli Village [23rd June, 2005] 

 

Vunamoli village is located in Ba province on Viti Levu Island. It took about 3 Hours 

from Suva to the village by car. There are 230 people and 60 houses and 1 church and 3 

community hall in the village.  

 

The potential site is on Wairoro Creek. It took about 30 minutes by foot from the village 

to the site. The flow rate measured by current meter was 0.028m3/s at the moment and the 

gross head is about 31m).  

 

The power calculated is approximately 6kW [ 0.028m3/s * 31m * 9.8 * 0.7 ]. Demand 

power is 16kW roughly. Final results of the investigation are shown as follows. 

 

Name of Creek Rukuruku 

Catchment area  (km2) topographical 

map 

Flow rate  (m3/s) 0.028 

Gross head  (m) 31 

Gross power  (kW) 6 

Number of houses (include school and church) 64 

Watts / houses  (W) 94 

 

As the above table, the capacity of electricity generated can provide 94W/house [i.e. 

6kW/ (46houses + 1 church + 3community hall]. From the above result, this site is 

infeasible due to the insufficient amount of water flow. 

 

 According to the villagers, they would like to utilize the electricity not only for their 

lighting but also for Saw mill. 

 

They have a diesel generator but it had been broken approximately two years ago. Right 

now, they have no access to electricity at all.   

 

They also requested FEA to extend their line to the village.  

  

The estimation cost of the project supplied by them was too expensive to the villagers. 

 

In my opinion, the only option which they have now to get electricity is by diesel 

generator in terms of the remoteness from Existing FEA line (15km) and the dry climate 

conditions.  

 

In general the western region in Viti Levu Island has not enough rain which is essential 

for hydro scheme. 
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Navala Village  [21st February, 2002]  

 

Navala village is located in the interior of Ba on the Western side of Viti Levu. The 

village is approximately 30km from Ba town and it has a population of approximately 

350 individuals, with 100 houses which is inclusive of a church, a school and the 

teachers’ quarters within the school. 

 

The potential site is on Yamoto creek a tributary of the Sagunu creek which is 

approximately 1km from the village. On that day, nevertheless heavily rain from the day 

before, the power is estimated 20kW. It’s not enough belongs to Cakaudrove Province 

and is located in the west of Taveuni Island. It took about 30minutes from airport north 

end of Taveuni to Lovonivonu village by car. There are 42 houses in this village. 

Vuniuto, Duivosavosa and Malaga settlement which are located near Lovonivonu had 

also requested for hydro power. The number of house respectively is 37, 15 and 12. The 

total population of village and settlements is 450.  There are also a church and 2 

community halls, which they share.  

  

There are 2 potential sites in which surveys were undertaken. One is in Navure creek and 

the other creek is referred to as creek1. The Project location layout is provided as 

Annex1. 

 

Navure creek site is about 2km far from Vuniuto village. The water flow measured was 

0.045m3/s with the gross head of about 255m. The power calculated is approximately 

78kW. 

 

On the other hand, No.1 creek site is about 2km far from Lovonivonu village. The water 

flow rate was measured to be 0.020m3/s with the gross head of about 278m. The power 

calculated is approximately 38kW. 

These are shown in table 1. 

 

Final results of the investigation are shown in Table 1. 

 

Table 1 

Creek Name Navure     N0.1 

Flow rate  ( m3/s )      0.045 0.020 

Gross head  ( m )        255 278 

Peak load  ( kW )         78 38 

No. of houses (include church, 

community hall) 

        109 109 

Watts / houses  (W )         715 350 

 

From the above table it is clearly indicated that this site is feasible in terms of the 

amount of power available. 
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The capacity of electricity generated can provide 715W/houses i.e. (78 kW/109houses) 

with Navure creek and 350W/houses i.e. (38kW/109houses) with No.1 creek. This is 

more than sufficient to cater for the electricity requirement of individual household in the 

village. 

 

Bucalevu secondary school also requested if hydro could be existed to the school. 

Currently the school has an 80kW generator that powers a school building, 

dormitory and teachers quarter. 

 

 

 

 

Construction cost on Navure creek potential site – estimates only.  

    

Weir     

Concrete volume  3.0 m3  

Height                           0.5 M  

Width  6.0 M  

Depth  1.0 M  

Unit cost 850.0 F$/m3  

Cost 2,550.0 F$  

    

Penstock    

Length 2,000.0 M  

Unit cost 70.0 F$/m  

Cost 140,000.0 F$  

    

Power plant    

Installed capacity (250w*109 houses) 28 KW  

Turbine/alternator cost 35,000.0 F$  

    

Power station building    

Cost 10,000.0 F$  

    

Transmission line    

Length 2.5 Km  

Unit cost 28,000.0 F$/km  

Cost 70,000.0 F$  
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Reticulation in village    

Number of houses 109 Houses  

Unit cost 400.0 F$/house  

Cost 43,600.0 F$  

    

Contingency ( 20% ) 60,230.0 F$  

    

TOTAL 361,380.0 F$  

    

Responsibility of Government ( 90% ) 325,242.0 F$  

    

Responsibility of Village ( 10% ) 36,138.0 F$  

    

Capital cost / house  3,315.0 F$  

 

The construction cost for creek No.1 is expected to be it because penstock length and 

transmission line length is same. 

 

We recommend using No.1 creek because it is easy to go to the site and to construct 

facilities. 

 

Yaloku village [on 14th October, 1999] 

 

Yaloku village belongs to Magodro District of Ba province. It is   located to wards 

Lautoka end of Ba town. It took about 5 hours from Suva to Ba town via Queen’s Road 

by car and about 1 hour from Ba town to Yaloku village by car. This village has 

population of 150 and 18 houses. They have a church and a community hall. Their 

purpose of micro hydro request was to provide for the needs the village. 

  

The potential site is Davetalevu creek. It took about 3 minutes to reach potential site by 

foot. 

 

Its distance is about 50 m from the village to the site. The water flow rate was measured 

to be 0.028 m3/s with the gross head of 27 m. the power of 5.7 kW could be generated as 

shown in Annex 1.  

 

Final result of the investigation is shown in Table 1. 

 

Table 1 

Creek Name   Davetalevu 

Flowrate  ( m3 / s )        0.028 

Gross head  ( m )           27 

Peak load  ( kW )           5.7 

No. of houses           20 

Watts / houses  ( W )          285 
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From the above table it is clearly indicated that this site is feasible in terms of the amount 

of power available. 

 

The capacity of electricity generated can provide 285 W/h i.e. (5.7 kW / 20 houses). This 

is sufficient to cater for the electricity requirement of an individual household in the 

village. 

 

At the moment the power is supplied to the village by a 4.5 kW diesel generator.   

 

 

 

 

Construction cost on Davetalevu creek potential site – estimates only.  

    

Weir     

Concrete volume                  5.0 m3  

Height                           1.0 m  

Width  5.0 m  

Depth  1.0 m  

Unit cost 850.0 F$/m3  

Cost 4,250.0 F$  

    

Penstock    

Length 200.0 m  

Unit cost 70.0 F$/m  

Cost 14,000.0 F$  

    

Power plant    

Installed capacity 5.7 kW  

Unit cost  1,200.0 F$/kW  

Cost 6,840.0 F$  

    

Power station building    

Cost 8,000.0 F$  

    

Transmission line    

Length 0.4 km  

Unit cost 28,000.0 F$/km  

Cost 14,000.0 F$  

    

Reticulation in village    

Number of house 20 houses  

Unit cost 400.0 F$/house  

Cost 8,000.0 F$  



 301 

    

Contingency ( 20% ) 11,018.0 F$  

    

TOTAL 66,108.0 F$  

    

Responsibility of Government ( 90% )   59,497.2 F$  

    

Responsibility of Village ( 10% ) 6,610.8 F$  

    

Capital cost / house  3,305.4 F$  

 

 It should also be noted that as this site is only accessible by boat, the (transportation) of 

materials would have marked cost effect on this scheme. 

Navala, Nadrugu [June 27, 1995] 

 

This feasibility study was undertaken in the province of Ba by PN an IN. Two potential 

sites a creek and a spring were surveyed during this trip, which covered two villages 

namely, Navala and Nadrugu. The survey was undertaken as the result of the request 

forwarded from D. O Ba for the need for electricity in the above villagers. TABLE 1 

 

        

Date  Village name  District  District of 

             Jurisdiction 

 

 

20/06/95  Navala   Qaliyalatina  D.O. Ba 

21/04/95  Nadrugu   Naloto   D. O. Ba 

    

 

Results of this investigation are indicated in the table below. 

VILLAGE NAME OF 

CREEK/ 

SPRING 

WATER  

FLOW 

RATE 

(Mˆ3/S) 

GROSS 

HEAD 

(M) 

AVAILABLE 

LOAD [kW] 

FEASILIBILITY 

*.*.* 

Navala Namoto 0.0273 100 9.370 NF 

Nadrugu Dradrakaiwai 0.0016 188 2.061 NF 

 

*.*.* NF represents not feasible and F for feasible. 

 

Refer Annex 1-6 for the details of the above table 

 

(1) Navala Village [Tuesday 20th June 1995] 
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Navala village is located in the interior of Ba on the Western side of Viti Levu. The 

village is approximately 30km from Ba town and it has a population of approximately 

350 individuals, 100 houses that is inclusive of a church, a school and the teachers’ 

quarters within the school. 

 

There was only one potential site identified near the village, a creek known as Yamoto a 

tributary of the Sagunu creek, which is approximately 1 km from the village. 

 

The water flow rate at Namoto creek was approximately 0.0273mˆ3/s [cubic meters pre 

second, the gross head was about 50m [meters] in height from the top of water fall 

(intake site) to the bottom of the water fall or the proposed power house site. The peak 

load was approximately 9.371 kW [kilowatts], the distance from the top of the waterfall 

to the bottom of water fall was about 500m [= the length of penstock]. 

 

Final results on this investigation are indicated on the table below. 

  

Creek/ Spring Name NAMOTO CREEK 

Water flow rate 

(mˆ3/s) 

0.0273 

Gross Head (m) 50 

Available load (kW) 9.371 

Number of Houses 100 

Watts per House 93.71 

 

From the above table it is indicated that the capacity of electricity generated from this site 

can provide 93.71 watts per house i.e. (9.371 kW/ 8 houses). This is sufficient to cater for 

the electricity [lighting, 2* 40 watts] requirements of an individual household in Navala 

village. 

 

However, since the data collected is an instantaneous one detailed hydrological analysis 

of the site needs to be undertaken before definite conclusions could be drawn on the 

feasibility, of the project. 

 

2) Construction cost on Namoto creek potential site- The figures given below 

are only estimates of the actual construction costs. 

 

(2) Nadrugu Village [on 21st June 1995] 
Nadrugu village is located on the eastern end of the Naloto Range and approximately 

10km from Bukuya village in the Ba Province. It has a population of 50 individuals, with 

20 houses, which is inclusive of a church. 
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There was only one potential site identified near the village, a spring known as 

Dradrakawai, which is approximately 1km from the village and situated approximately 

80 meters from the Naloto Range. 

 

The water flow rate at the above spring was 0.0015mˆ3/s [cubic meters per second]; the 

gross head was about 188m [meters] in height from the top of water fall (intake site) to 

the bottom of water fall or the proposed power house site. The available load at the site 

was approximately 2.06 kW [kilowatts], the distance from the top of water fall to the 

bottom of water fall was 800m [= the length of penstock]. 

 

Final results on this investigation are indicated in the table below: 

 

Creek/ Spring Name DRADRAKAWAI 

Water flow rate 

(mˆ3/s) 

0.0015 

 

Gross Head (m) 188 

Peak Load (kW) 2.06 

Number of Houses 30 

Watts per Houses 68 
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FROM THE ABOVE TABLE IT IS CLEARLY INDICATED THAT THE SITE IS 

FEASIBLE IN TERMS OF THE AMOUNT OF POWER AVAILABLE. THE 

CAPACITY OF ELECTRICITY GENERATED FROM THIS SITE CAN PROVIDE 68 

WATTS PER HOUSE I.E. (2.06 KW/ 30 HOUSES). THIS IS INSUFFICIENT TO 

CATER FOR THE ELECTRICITY REQUIREMENTS OF AN INDIVIDUAL 

HOUSEHOLD IN NADRUGU VILLAGE. 

 

 

 

Nadele, Navilawa, Abaca, Vakabuli – Periphery of Mount Evans Range [February 

28, 1995] 

 

This feasibility study in the province of Ba was undertaken by PN and IN.  Six sites were 

surveyed during this trip which covered four villages namely Nadele, Navilawa, Abaca 

and Vakabuli.  These villages are located in the periphery of the Mount Evans Range near 

Mount Koroyanitu in Lautoka.  The request for the survey was forwarded to the DOE 

from the Native land Trust Board (NLTB).   The request was in line with the 

development plan for the upgrading of the National Park in the above area.  More 

importantly it is a move initiated by NLTB towards the conservation of natural resources 

throughout the country. 

 

Table 1 

 

Date Village Province District of Jurisdiction 

15/02/95 Nadele Ba D O Lautoka 

15/02/95 Navilawa Ba D O Lautoka 

16/02/95 Abaca Ba  D O Lautoka 

17/02/95 Vakabuli Ba D O Lautoka 

 

Results of this investigation are indicated in Table 2. 

 

Table 2 

 

Village Name of 

Creek/Spring 

Water 

Flowrate 

(m3/s) 

Gross 

Head 

(m) 

Peak 

Load 

(kW) 

Feasibility*.*.* 

Nadele Savusiwa 0.004 76.3 2.09 NF 

Navilawa Nagaliyalo 0.100 36.7 25.18 F 

Navilawa Savuleiriqa 0.045 22.5 6.95 F 

Abaca Varaqe 0.118 46.1 37.32 F 
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(Savuione) 

Abaca Tunutunu 0.044 22.7 6.85 F 

Vakabuli Navauvau 0.228 71.2 111.36 F 

 

*.*.* NF represents not feasible and F for feasible 

 

Refer Annex 1 – 6 for the details of the above table. 

 

(1) Nadele Village (on 15th February 1995) 

 

Nadele Village is located on the eastern end of the Mount Evans range it belongs to the 

Tikina of Sabeto in the province of Ba.  The village is approximately 55 km from Nadi 

Airport.  It has a population of 150 individuals, with 44 houses which is inclusive of a 

church. 

 

There was only on potential site identified near the village, a creek known as Savusiwa 

which is beneath the Mota Peak.  The site is approximately 1 km from the village. 

 

The water flowrate at Savusiwa creek was 0.004m3/s, the gross head was about 76.3m in 

height from the top of water fall (intake site) to the bottom of waterfall or the proposed 

powerhouse site.  The peak load was approximately 2.09 kW, the distance from the top of 

the waterfall to the bottom of the waterfall was about 300 m (= the length of the 

penstock). 

 

Final results on this investigation are indicated in Table 3. 

 

Table 3 

 

Creek/Spring Name Savusiwa Creek 

Water Flowrate (m3/s) 0.004 

Gross Head (m) 76.3 

Peak Load (kW) 2.09 

Number of houses 44 

Watts per house 47.5 

 

From the above table it is clearly indicated that the capacity of electricity generated from 

the above site is insufficient to suffice the electrical needs of an individual household in 

the above village. 

 

(2) Navilawa Village (on 15th February 1995) 

 

Navilawa village is also located on the eastern end of the Mount Evans range beneath the 

Mount Koroyanitu.  The village belongs to the Tikina of Nalotawa in the province of Ba 

and it is approximately 80 km from Nadi Airport.  It has a population of 150 individuals, 

with 31 houses which is inclusive of a church. 
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There were two potential sites identified near the village.  A creek known as Nagaliyalo 

which is located on the northern end of the village and the other creek called Savuleiriqa 

which is located on the southern end of the village. Nagaliyalo is approximately 800 

meters from the village while Savuleiriqa is about 1.5km from the village. 

 

 a) Nagaliyalo Creek 

 

The water flowrate at Nagaliyalo creek was 0.100 m3/s, the gross head was about 36.7 m 

in height from the top of waterfall (intake site) to the bottom of the waterfall or the 

proposed (powerhouse site.  The peak load was approximately 25.18kW, the distance 

from the top of the waterfall to the bottom of the waterfall was about 400 m (= the length 

of penstock). 

 

Final results on this investigation are indicated in Table 3. 

 

Table 3 

 

Creek/Spring Name Nagaliyalo Creek 

Water flowrate (m3/s) 0.100 

Gross Head (m) 36.7 

Peak Load (kW) 25.18 

Number of houses 31 

Watts per House 812.25 

 

From the above table it is clearly indicated that the site is feasible in terms of the amount 

of power available.  The capacity of electricity generated from this site can provide 

812.25 Watts per house (25.18kW/31 houses).  This is sufficient to cater for the 

electricity requirements of an individual household in Navilawa village. 

 

 2) Construction cost on Nagaliyalo Creek potential site – The figures given 

below are only estimates of the actual construction costs. 

 

 a) Weir 

  Concrete volume  3m3  

  Height   1.0m (inclusive of the base) 

  Width   6m 

  Depth   0.5m 

  Unit cost  FJD350/m3 

  Cost   FJD350/m3 * 3 m3 = FJD1, 050 

 

 b) Penstock 

  Length  400m 

  Unit cost  FJD60/m 

  Cost   FJD60/m * 400 m = FJD24, 000 

 

 c) Power Plant 
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  Installed Capacity 25.18kW 

  Unit Cost  FJD1, 000/kw 

  Cost   FJD1, 000/kW * 25.18kW = FJD25, 180 

 

 d) Power Station Building 

  Cost      = FJD6, 000 

 

 e) Transmission Line 

  Length  0.1km 

  Unit Cost  FJD25, 000/km 

  Cost   FJD25, 000/km * 0.1 km = FJD2, 500 

 

 f) Reticulation in the Village 

  Number of houses 31 

  Unit cost  FJD700/house 

  Cost   FJD700/house * 31  = FJD21, 700 

 

 g) Contingency 

  20%       = FJD16, 086 

 

     TOTAL   = FJD96, 516 

 

 

i) Responsibility of Government (90%)  = FJD86, 864.40 

ii) Responsibility of Village (10%)   = FJD9, 651.60 

iii) Capital Cost/house     = FJD3113.42 

 

The estimated cost given above could further be reduced due to the fact that the village 

has a diesel scheme and most of the houses have the appropriate electrical house wiring 

installed. 

 

b) Savuleiriqa Creek 

 

The water flowrate at Savuleiriqa creek was 0.045 m3/s, the gross head was about 22.5 m 

in height from the top of waterfall (intake site) to the bottom of waterfall or the proposed 

powerhouse site.  The peak load was approximately 6.95kW, the distance from the top of 

waterfall to the bottom of waterfall was about 300m (= the length of penstock). 

 

Final results on this investigation are indicated in Table 3. 

 

Table 3 

 

Creek/Spring Name Savuleiriqa Creek 

Water flowrate (m3/s) 0.045 

Gross Head (m) 22.5 

Peak Load (kW) 6.95 
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Number of houses 31 

Watts per House 224.19 

 

 

From the above table it is clearly indicated that the site is feasible in terms of the amount 

of power available.  The capacity of electricity generated from this site can provide 

224.19 Watts per house (6.95kW/31 houses).  This is sufficient to cater for the electricity 

requirements of an individual household in the above village. 

 

 

2) Construction cost on Nagaliyalo Creek potential site – The figures given below 

are only estimates of the actual construction costs. 

 

 a) Weir 

  Concrete volume  4m3  

  Height   1.0m (inclusive of the base) 

  Width   8m 

  Depth   0.5m 

  Unit cost  FJD350/m3 

  Cost   FJD350/m3 * 4 m3 = FJD1, 400 

 

 b) Penstock 

  Length  300m 

  Unit cost  FJD60/m 

  Cost   FJD60/m * 300 m = FJD18, 000 

 

 c) Power Plant 

  Installed Capacity 6.95kW 

  Unit Cost  FJD1, 000/kw 

  Cost   FJD1, 000/kW * 6.95kW = FJD6, 950 

 

 d) Power Station Building 

  Cost      = FJD6, 000 

 

 e) Transmission Line 

  Length  2km 

  Unit Cost  FJD25, 000/km 

  Cost   FJD25, 000/km * 2 km = FJD50, 000 

 

 f) Reticulation in the Village 

  Number of houses 31 

  Unit cost  FJD700/house 

  Cost   FJD700/house * 31  = FJD21, 700 

 

 g) Contingency 

  20%      = FJD19, 611.20 
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     TOTAL  = FJD117, 667.20 

 

 

i) Responsibility of Government (90%)  = FJD105, 900.48 

ii) Responsibility of Village (10%)   = FJD11, 766.72 

iii) Capital Cost/house     = FJD3, 795.72 

 

The estimated cost given above could further be reduced due to the fact that the village 

has a diesel scheme and most of the houses have the appropriate electrical house wiring 

installed. 

 

3) Abaca Village (on 16th February 1995) 

 

Abaca Village is located on the western side of the Mount Evans range in the province of 

Ba.  The v village is approximately 16 km from Lautoka Town.  The village has a 

population of about 100 individuals, with 15 houses with is inclusive of a church and a 

lodge at the Abaca National Park. 

 

There were two potential sites identified near the village, a creek known as Tunutunu and 

a waterfall known as Savuione which is in the Varaqe creek.  The distance of the 

potential site with respect to the village is as follows Savuione – 300m and Tunutunu is 

about 800m. 

 

a) Savuione (Varaqe) 

 

The water flowrate at the Savuione was about 0.118 m3/s, the gross head was about 

46.1m in height from the top of waterfall (intake site) to the bottom of water fall or the 

proposed powerhouse site.  The peak load is approximately 37.32 kW, the distance about 

500m (=the length of penstock). 

 

Final results on this investigation are indicated in Table 3. 

 

Creek/Spring Name Savuione 

Water flowrate (m3/s) 0.118 

Gross Head (m) 46.1 

Peak Load (kW) 37.32 

Number of houses 15 

Watts per House 2488 

 

From the above table it is clearly indicated that the site is feasible in terms of the amount 

of power available.  The capacity of electricity generated from this site can provide 2488 

Watts per house (37.32kW/15 houses).  This is sufficient to cater for the electricity 

requirements of an individual household in the above village. 
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Construction cost on Savuione potential site – The figures given below are only estimates 

of the actual construction costs. 

 

a) Weir 

  Concrete volume  4m3  

  Height   1.0m (inclusive of the base) 

  Width   8m 

  Depth   0.5m 

  Unit cost  FJD350/m3 

  Cost   FJD350/m3 * 4 m3 = FJD1, 400 

 

 b) Penstock 

  Length  300m 

  Unit cost  FJD60/m 

  Cost   FJD60/m * 300 m = FJD18, 000 

 

 c) Power Plant 

  Installed Capacity 37.32kW 

  Unit Cost  FJD1, 000/kW 

  Cost   FJD1, 000/kW * 37.32kW = FJD37, 320 

 

 d) Power Station Building 

  Cost      = FJD6, 000 

 

 e) Transmission Line 

  Length  0.05km 

  Unit Cost  FJD25, 000/km 

  Cost   FJD25, 000/km * 0.05 km = FJD1, 250 000 

 

 f) Reticulation in the Village 

  Number of houses 15 

  Unit cost  FJD700/house 

  Cost   FJD700/house * 15  = FJD10, 500 

 

 g) Contingency 

  20%      = FJD14, 894 

 

     TOTAL  = FJD89, 364 

 

 

i) Responsibility of Government (90%)  = FJD80, 427.60 

ii) Responsibility of Village (10%)   = FJD8, 936.40 

iii) Capital Cost/house     = FJD5, 957.60 

 

b) Tunutunu Creek 
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The water flowrate at the Savuione was about 0.044 m3/s, the gross head was about 

22.7m in height from the top of waterfall (intake site) to the bottom of water fall or the 

proposed powerhouse site.  The peak load is approximately 6.85kW, the distance about 

400m (=the length of penstock). 

 

Final results on this investigation are indicated in Table 3. 

 

Creek/Spring Name Tunutunu 

Water flowrate (m3/s) 0.044 

Gross Head (m) 22.7 

Peak Load (kW) 6.85 

Number of houses 15 

Watts per House 456.67 

 

From the above table it is clearly indicated that the site is feasible in terms of the amount 

of power available.  The capacity of electricity generated from this site can provide 

456.67 Watts per house (6.85kW/15 houses).  This is sufficient to cater for the electricity 

requirements of an individual household in the above village. 

 

Construction cost on Tunutunu potential site – The figures given below are only 

estimates of the actual construction costs. 

 

a) Weir 

  Concrete volume  3m3  

  Height   1.0m (inclusive of the base) 

  Width   6m 

  Depth   0.5m 

  Unit cost  FJD350/m3 

  Cost   FJD350/m3 * 3 m3 = FJD1, 050 

 

 b) Penstock 

  Length  500m 

  Unit cost  FJD60/m 

  Cost   FJD60/m * 500 m = FJD30, 000 

 

 c) Power Plant 

  Installed Capacity 6.85kW 

  Unit Cost  FJD1, 000/kW 

  Cost   FJD1, 000/kW * 6.85kW = FJD6, 850 

 

 d) Power Station Building 

  Cost      = FJD6, 000 

 

 e) Transmission Line 

  Length  1km 

  Unit Cost  FJD25, 000/km 
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  Cost   FJD25, 000/km * 1 km = FJD25, 000 

 

 f) Reticulation in the Village 

  Number of houses 15 

  Unit cost  FJD700/house 

  Cost   FJD700/house * 15  = FJD10, 500 

 

 g) Contingency 

  20%      = FJD15, 880 

 

     TOTAL  = FJD95, 280 

 

 

i) Responsibility of Government (90%)  = FJD85, 752 

ii) Responsibility of Village (10%)   = FJD9, 528 

iii) Capital Cost/house     = FJD6, 352 

 

 

2) Vakabuli Village (on 17th February 1995) 

 

Vakabuli village is also located on the North West end of the Mount Evans range.  The 

village is about 25 km from Lautoka Town.  It has an approximate population of 300 

individuals, with 85 houses which is inclusive of a church, community hall and a school. 

 

There was only one potential site identified near the village.  The potential site is located 

at the upper reaches of the Vitogo Creek known as Navauvau.  The potential site is 

approximately 4km from the village. 

 

Navauvau Potential Site 

 

The water flowrate at the Savuione was about 0.228m3/s, the gross head was about 71.2m 

in height from the top of waterfall (intake site) to the bottom of water fall or the proposed 

powerhouse site.  The peak load is approximately 111.36kW, the distance about 700m 

(=the length of penstock). 

 

Final results on this investigation are indicated in Table 3. 

 

Creek/Spring Name Navauvau 

creek 

Water flowrate (m3/s) 0.228 

Gross Head (m) 71.2 

Peak Load (kW) 111.36 

Number of houses 85 

Watts per House 1310.12 
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From the above table it is clearly indicated that the site is feasible in terms of the amount 

of power available.  The capacity of electricity generated from this site can provide 

1310.12 Watts per house (111.36kW/15 houses).   

 

Construction cost on Navauvau potential site – The figures given below are only 

estimates of the actual construction costs. 

 

a) Weir 

  Concrete volume  5m3  

  Height   1.0m (inclusive of the base) 

  Width   10m 

  Depth   0.5m 

  Unit cost  FJD350/m3 

  Cost   FJD350/m3 * 5 m3 = FJD1, 750 

 

 b) Penstock 

  Length  700m 

  Unit cost  FJD60/m 

  Cost   FJD60/m * 700 m = FJD42, 000 

 

 c) Power Plant 

  Installed Capacity 111.36kW 

  Unit Cost  FJD1, 000/kW 

  Cost   FJD1, 000/kW * 111.365kW= FJD111, 360 

 

 d) Power Station Building 

  Cost      = FJD6, 000 

 

 e) Transmission Line 

  Length  4km 

  Unit Cost  FJD25, 000/km 

  Cost   FJD25, 000/km * 1 km = FJD100, 000 

 

 f) Reticulation in the Village 

  Number of houses 85 

  Unit cost  FJD700/house 

  Cost   FJD700/house * 85  = FJD59, 500 

 

 g) Contingency 

  20%      = FJD64, 122 

 

     TOTAL  = FJD384, 732 

 

 

i) Responsibility of Government (90%)  = FJD346, 258.80 

ii) Responsibility of Village (10%)   = FJD38, 473.20 
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iii) Capital Cost/house     = FJD4, 526. 26 

 

Please note the figures given are the construction cost of the above potential site – for the 

village of Vakabuli.  However, the above village has got electricity that is provided to 

them through the grid or from FEA and there is no other village that is of close proximity 

to the above site. 
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Navai trip [1st, 16th June & 2nd September 1994] 

 

Navai village belongs to Tavua Tikina of Ba province and is located to the east of Tavua 

Tikina. It took about 5 hours from Suva to Tavua town and about 1 hour from Tavua 

town to Navai village by car along Queen’s road. This village has a population of 300 

and the number of houses is 68-70. They have 3 churches, 1 community hall, 1 shop and 

1 dispensary. And their purpose for micro hydro is to start a carpentry / welding 

workshop for the timber mill. 

Nabili creek is also a tributary of Wainibuka River. Nabili is located to west of 

Tubeidreketi creek. It took 30 m minutes to walk up there. The potential site of this creek 

was investigated on the 16th of June 1994. 

Qaliwana creek is the main creek in this region and flows near this village. Tubeidreketi 

creek is also a tributary of Wainibuka River. It takes about half an hour to get to the 

potential site. 

This creek has been investigated by Gibbs consultant in November 1985. As the result in 

their report, design discharge was 0.097 m^3/s, net head was 15 m and installed capacity 

was 10 kW. Besides the estimate of cost was F$ 54,600. The potential site of this creek 

was investigated on 2nd September 1994. 

Nabili creek has a potential site which is located in the upper streams of Nabili creek. The 

distance from the potential site to this village is about 0.5 km. The catchment area has 

about 0.2 km^2. Moreover there is a dam below the potential site for water supply. As a 

result, the water flow rate was 0.0015 m^3/s, the gross head was about 79m in height 

from a potential site to the road; the peak load was approximately 0.8322 kW. 

 

Tubeidreketi creek has a potential site which is located in the lower streams of 

Tubeidreketi creek. The distance from the potential site to this village is about 0.7 km. 

The catchment area has about 6.5 km^2. As a result, Tubeidreketi creek had no flow. 

Consequently it is impossible to measure the water flow rate by current meter. 

 

Some results on this investigation are indicated in TABLE 6 – 13. 

 

TABLE 6 – 14 

 

RIVER / CREEK NABILI TUBEIDREKETI 

Water flow rate (m^3/s) 0.0015 No current 

Gross head (m) 79 10 

Peak load (kW) 0.8322 0 

 

 

In conclusion, final results on this investigation run as follows. 

 

1) This water flow rate’s 0.0015 m^3/s at the potential site in Nabili creek is too 

small. Moreover this catchment’s area is 0.2 km^2 at the potential site are also too small. 
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Consequently it will be expected that the water flow rate at the potential site will be also 

little ordinarily. And it is not feasible to construct mini/micro hydro at this site. 

Furthermore if the mini/micro hydro is constructed at the potential site in Nabili creek, 

they will not be able to drink water because of less water. Consequently it is dangerous to 

disturb their water supply. 

2) Tubeidreketi creek was not running at all this time. This result makes a big 

difference in comparison with Gibbs’s report, but Gibbs report has not been written to the 

date that had measured the water flow rate. And it is considered that they measured the 

water flow rate in the rainy season. This water flow [no current] at this time is in the dry 

season for sure and it is suspected that it will be proper. 
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Lewa / Marou [on 5th September 1994] 

 

Lewa village belongs to Tavua Tikina of Ba province and is located to the east of Tavua 

Tikina. It took about one by car. Lewa village has 42 houses, one church, one school and 

one PWD water house. On the other hand Marou village has 22 houses. The number of 

houses of theses villages amount to 64. 

 

Tukubola Spring is located near Marou village. And Tukubola creek runs into Naidadara 

creek, which is a tributary of Ba River. Tukubola Spring is in Marou village. And the 

distance from Lewa village to Tukubola spring is about 1.5 km. And it took about 40 

minutes to the site. This creek is used for water supply by Marou village. But PWD is 

measuring the water flow below the water supply dam regularly. Consequently a water 

flow rate, which was adopted in this calculation, is a minimum water flow rate in the 

observation period. The minimum water flow rate is 0.069 m^3/s on 14th September 

1993. 

 

There is a potential site in Tukubola Creek, which is located in the upper streams of 

Tukubola Creek. The distance from the top of waterfall to the bottom of the waterfall is 

about 0.2 km. As a result, the water flow rate was 0.0690 m^3/s, the gross head was 

about 40 m in height; the peak load was approximately 18.9336 kW. 

 

Some results on this investigation run as follows. 

 

 

1) This village has 32 houses. And it will be possible to provide about 156 watts 

per house (= 18 kW/ 64 houses). 

 

2) The regular water flow rate measurement is being done by PWD. 

Consequently it means that it is possible to get a long-term water flow rate data- October 

1982 to the present. 

 

3) Construction cost (rough estimate) 

 

 

a) Diversion Weir 

Concrete volume 5.0m^3 (cubic meter) 

Height 1.0 m (inclusive of the basis) 

Width 10 m 

Depth 0.5 m 

Unit cost F$ 350/m^3     

Cost  F$ 350/m^3 x 5 m^3  = F$ 1,750 

 

b)  Penstock 

Length 200 m 

Unit Cost F$ 60 / m 

Cost F$ 60 / m x 200 m  =F$ 12,000 
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c) Power plant 

Installed capacity 18 kW 

Unit cost F$ 1,000 / kW 

Cost F$ 1,000 / kW x 18 kW  = F$ 18,000 

 

d) Power station building 

Cost      = F$ 6,000 

 

e) Transmission line 

Length 1.5 km 

Unit cost F$ 25,000 / km 

Cost F$25,000 / km x 1.5 km = F$ 12,500 

 

f) Reticulation in village 

Number of houses 64 

Unit cost F$ 700 / house 

Cost F$ 700 / house x 64  = F$ 43,400 

 

g) Contingency 

20 %      = F$ 18,730 

     TOTAL = F$ 112,380 

h) Responsibility of  

Government (90 %)    = F$ 101,142 

 

 

i) Responsibility of  

                Village (10 %)     = F$ 11,238 

  

     k) Capital cost/house    = F$ 1,756 

 

 

 

Final results on this investigation are indicated TABLE 6-26 

 

TABLE 6 – 24   LEWA / MAROU VILLAGE 

 

River / creek name TUKUBOLA 

Water flow rate (m^3/s) 0.0690 

Gross head (m) 40 

Peak load 18 

Number of houses 64 

Watts / house 281 
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Total Cost F$ 112,380 

Responsibility of Government (90%) F$ 101,142 

Responsibility of village (10%) F$ 11,238 

Capital cost per house F$ 1,756 
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Naiyaca [on 5th September 1994] 

 

Naiyaca village belongs to Tavua Tikina of Ba province and is located to the east end of 

Tavua Tikina. It took about half an hour from Nadarivatu to this village by car. This 

village has a population of 100 and the number of houses is 20. They have one church. 

 

Bukeniwai creek, which is a tributary of Naidadara creek, flows near this village. This 

creek has a potential site and the distance of about 1 km from this village to the potential 

site by foot. 

 

A potential site is located in the lower streams of Bukeniwai creek. The distance from the 

potential site to the lowest streams is about 0.5 km. As a result, the water flow rate was 

0.0839 m^3/s, the gross head was about 16 m in height from a potential site to the road; 

the peak load was approximately 9.2008 kW. 

 

Some results on this investigation run as follows. 

 

 

4) This village has 20 houses. And it will be possible to provide about 450 watts 

per house (= 9 kW/ 20 houses). 

 

5) Construction cost (rough estimate) 

 

a) Diversion Weir 

Concrete volume 5.0m^3 (cubic meter) 

Height 1.0 m (inclusive of the basis) 

Width 10 m 

Depth 0.5 m 

Unit cost F$ 350/m^3     

Cost  F$ 350/m^3 x 5 m^3  = F$ 1,750 

 

j)  Penstock 

Length 100 m 

Unit Cost F$ 60 / m 

Cost F$ 60 / m x 100 m  =F$ 6,000 

  

k) Power plant 

Installed capacity 9 kW 

Unit cost F$ 1,000 / kW 

Cost F$ 1,000 / kW x 9 kW  = F$ 9,000 

 

l) Power station building 

Cost      = F$ 6,000 

 

m) Transmission line 

Length 1.0 km 
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Unit cost F$ 25,000 / km 

Cost F$25,000 / km x 1.0 km = F$ 25,000 

 

n) Reticulation in village 

Number of houses 20 

Unit cost F$ 700 / house 

Cost F$ 700 / house x 20  = F$ 14,000 

 

o) Contingency 

20 %      = F$ 12,350 

     TOTAL = F$ 74,100 

p) Responsibility of  

Government (90 %)    = F$ 66,690 

 

q) Responsibility of  

                Village (10 %)     = F$ 7,410 

  

     k) Capital cost/house    = F$ 3,705 

 

 

Final results on this investigation are indicated TABLE 6-25 

 

 

 

 

 

TABLE 6 – 24 

 

River / creek name BUKENIWAI 

Water flow rate (m^3/s) 0.0839 

Gross head (m) 16 

Peak load 9 

Number of houses 20 

Watts / house 450 

Total Cost F$ 74,100 

Responsibility of Government (90%) F$ 66,690 

Responsibility of village (10%) F$ 7,410 

Capital cost per house F$ 3,705 
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Yaloku, Nanuku, Nalotawa, Tukuraki –Ba [5th November 1994] 
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The hydro feasibility study in Ba was taken by Department of Energy officers. Two sites 

were surveyed during this study, which covered four villages namely Nanuku, Nalotawa, 

Yaloku and Tukuraki. 

The request for the survey was forwarded to the Department of Energy from the D.O Ba 

where the idea for hydro survey originated from the Nalotawa Tikina meeting. The report 

for the survey is as follows: 

 

TABLE 1 

 

Date Village name Province District of 

jurisdiction 

30/11/94 Yaloku Ba D. O. Ba 

01/12/94 Nanuku Ba D. O. Ba 

01/12/94 Nalotawa Ba D. O. Ba 

01/12/94 Tukuraki Ba D. O. Ba 

 

Results of this investigation are indicated in TABLE 2. 

 

TABLE 2 

 

VILLAGE NAME OF 

CREEK / 

SPRING 

WATERFLOW 

RATE (M^3/S) 

GROSS 

HEAD 

(M) 

PEAK 

LOAD 

(KW) 

FEASIBILITY 

Yaloku Yaloku 0.0318 20 4.3680 F 

Nanuku Savuqaro 0.0033 18 0.4126 NF 

*.*.* NF represents not feasible and F for feasible. 

 

The details of the results are provided below. 

 

 

Yaloku village [30th November 1994] 

 

There was only one potential site identified near the village, a waterfall known as Yaloku 

in the Davetalevu creek. The waterfall is approximately 20 meters from the northern end 

of the village. 

 

The water flow rate at the Yaloku creek was 0.0318 m^3/s [cubic meters per second], the 

gross head was about 20 m [meters] in height from the top of waterfall (intake site) to the 

bottom of water fall or the proposed power house site. The peak load was approximately 

4.3629 kW [kilowatts], the distance from the top of waterfall to the bottom of waterfall 

was about 500 m [= the length of penstock]. However, due to the steepness of the slope 

beside the creek it will be difficult to lay the penstock from the weir to the proposed 

power house site, without a major excavation undertaken on the site of the creek. 
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Final results on this investigation are indicated in TABLE 3 

 

RIVER / CREEK YALOKU CREEK 

Water flow rate (m^3/s) 0.0015 

Gross head (m) 20 

Peak load (kW) 4.3629 

Number of houses 25 

Watts per house 174.5 

 

From the above table it is clearly indicated that the site is feasible in terms of the amount 

of power available. The capacity of electricity generated from this site can provide 174.5 

watts per house i.e. (4.3629 kW / 25 houses). This is sufficient to cater for the electricity 

requirements of an individual household in the village. 

 

Construction cost on Yaloku creek potential site – The figures given below is not 

inclusive of the proposed excavation cost. More importantly the figures are only 

estimated. 

 

a) Weir 

Concrete volume 5 m^3 (cubic meter) 

Height 1.0 m (inclusive of the basis) 

Width 10 m 

Depth 0.5 m 

Unit cost F$ 350/m^3     

Cost  F$ 350/m^3 x 5 m^3  = F$ 1,750 

 

r)  Penstock 

Length 500 m 

Unit Cost F$ 60 / m 

Cost F$ 60 / m x 500 m  =F$ 30,000 

  

s) Power plant 

Installed capacity 4.3 kW 

Unit cost F$ 1,000 / kW 

Cost F$ 1,000 / kW x 5 kW  = F$ 4,300 

 

t) Power station building 

Cost      = F$ 6,000 

 

u) Transmission line 
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Length 0.55 km 

Unit cost F$ 25,000 / km 

Cost F$25,000 / km x 0.55 km = F$ 13,750 

 

v) Reticulation in village 

Number of houses 25 

Unit cost F$ 700 / house 

Cost F$ 700 / house x 25  = F$ 17,500 

 

w) Contingency 

20 %      = F$ 19,430 

     TOTAL = F$ 116,580 

x) Responsibility of  

Government (90 %)    = F$ 104,922 

 

y) Responsibility of  

                Village (10 %)     = F$ 11,658 

  

     k) Capital cost/house    = F$ 3,643 
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Waikubukubu [on 1st September 1994] 
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Waikubukubu village belongs to Tavua Tikina of Ba province and is located to the east 

end of Tavua Tikina. It took about half an hour by car from Tavua town to this village. 

This village has a population of 300 and the numbers of houses are 32. They have 2 

churches, 1 school, health center and 1 community hall is being constructed presently. 

 

There is a potential site along the Nasitiu creek, which is accessible by road. It took 30 

minutes to get there. 

 

A potential site is located in the upper stream of Nasitiu creek. The distance is about 0.5 

km from the potential site to the road and 1.5 km from the road to this village. As a result, 

the water flow rate was 0.0136 m^3/s, the gross head was about 54 m in height from a 

potential site to the road and the peak load was approximately 5.0379 kW. 

 

Some results on this investigation run as follows. 

 

 

6) This village has 32 houses. And it will be possible to provide about 156 watts 

per house (= 5 kW/ 32 houses). 

 

7) Construction cost (rough estimate) 

 

a) Diversion Weir 

Concrete volume 5.0m^3 (cubic meter) 

Height 1.0 m (inclusive of the basis) 

Width 10 m 

Depth 0.5 m 

Unit cost F$ 350/m^3     

Cost  F$ 350/m^3 x 5 m^3  = F$ 1,750 

 

z)  Penstock 

Length 200 m 

Unit Cost F$ 60 / m 

Cost F$ 60 / m x 200 m  =F$ 12,000 

  

aa) Power plant 

Installed capacity 5 kW 

Unit cost F$ 1,000 / kW 

Cost F$ 1,000 / kW x 5 kW  = F$ 5,000 

 

bb) Power station building 

Cost      = F$ 6,000 

 

cc) Transmission line 

Length 2.0 km 

Unit cost F$ 25,000 / km 
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Cost F$25,000 / km x 2.0 km = F$ 50,000 

 

dd) Reticulation in village 

Number of houses 32 

Unit cost F$ 700 / house 

Cost F$ 700 / house x 32  = F$ 22,400 

 

ee) Contingency 

20 %      = F$ 19,430 

     TOTAL = F$ 116,580 

ff) Responsibility of  

Government (90 %)    = F$ 104,922 

 

gg) Responsibility of  

                Village (10 %)     = F$ 11,658 

  

     k) Capital cost/house    = F$ 3,643 

 

 

Final results on this investigation are indicated TABLE 6-24 

 

 

 

 

TABLE 6 – 24 

 

River / creek name 
NASITIU 

Water flow rate (m^3/s) 0.0136 

Gross head (m) 54 

Peak load 5 

Number of houses 32 

Watts / house 156 

Total Cost F$ 116,580 

Responsibility of Government (90%) F$ 104,922 

Responsibility of village (10%) F$ 11,658 

Capital cost per house F$ 3,643 
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2.0 BUA 

 

Banikea village [30th June, 2004] 

 

Banikea village is located in Bua province on Vanua Levu. It took about 2 hours from 

Nabouwalu to the village by 4WD car. There are 190 people and 40 houses and also 1 

church and 1 community hall in the village. The potential site is on Banikea River (shown 

as Kavula River on map). It took about 15 minutes walk from the village to the site. 

There is not small creek for micro-hydro around the village so we surveyed the river. The 

flow rate measured by current meter was 3.055m3/s at the moment and the gross head is 

about 6m (Between measured site and beside the village). The power calculated is 

approximately 125kW [ 3.055m3/s * 6m * 9.8 * 0.7]. Demand power is 18kW roughly. 

Final results of the investigation are shown as follows. 

 

Name of creek Banikea 

Catchment area  (km2) Big 

Flow rate  (m3/s) 3.055 

Gross head  (m) 6 

Gross power  (kW) 125 

Number of houses (include school and church) 48 

Watts / houses  (W) 2,604 

 

As the above table, the capacity of electricity generated can provide 2,604W/house [i.e. 

125kW/40 houses + 1 church (=4 houses) + 1 community hall (=4 houses)]. Therefore 

it is indicated that this site is feasible in terms of this basic calculation. However, this 

flow rate was measured after rain so it might be estimated bigger than usual. And also 

this type of scheme has to need huge scale structures like a concrete dam, huge iron 

penstock and huge turbine like Monasavu. It means the cost must be huge as well.  
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Nasawana village, Navere and Vanara settlements  [13th July, 2001] 

 

Nasawana village, Navere and Vanara settlements belong to Bua Province in Vanua Levu 

Island. It took us about 40 minutes from Nabouwalu to these village and settlements by 

car in the north east direction. There are 250 people and 50 houses in these village and 

settlements. There are also 3 churches, a community hall and 2 shops in this village. The 

survey was undertaken as the result of the request from Bua Provincial Office to the REU 

(Rural Electrification Unit) for the need of supplying cheaper electricity in this village.  

  

The potential site is on Nasawana creek. It took us about 5 minutes by car and 30 minutes 

by foot from the village to the potential site. The distance from the village to the site is 

about 3km. 

 

The measured water flow rate was 0.056m3/s and the gross head is about 40m. The power 

calculated is approximately 15kW. 

 

Final results of the investigation are shown in Table 1. 

 

Table 1 

Creek Name Nasawana 

Flow rate  ( m3/s )        0.056 

Gross head  ( m )            40 

Gross Power  ( kW )          15.3 

No. of houses (include a church)           56 

Watts / houses  (W )         273 

 

From the above table the capacity of electricity generated can provide 273W/house i.e. 

(15.3 kW/56 houses). The catchment of this creek is much and villagers said the creek 

has never dried-up. From the above, it is indicated that this site has enough potential in 

terms of the amount of power available.  

 

 

At the moment, the power is supplied to the village by the 10.5KVA generator, which 

installed in1997 by PWD. 
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Driti village  [12th July, 2001] 

 

Driti village belongs to Bua Province in Vanua Levu Island. It took us about 50 minutes 

from Nabouwalu to Driti village by car in the north  direction. There are 150 people and 

35 houses in these village and settlements. There are also 2 churches and 2 shops. The 

survey was undertaken as the result of the request from Bua Provincial Office to the REU 

(Rural Electrification Unit) for the need of supplying electricity in this village.  

  

There are 2 potential sites. One (1) is on the Niuvidovido creek with the gross head of 

65m. It took us about 30 minutes from the village to the site by foot and the distance is 

about 1km.  The water flow rate was measured to be 0.008m3/s. The power calculated is 

approximately 3.6kW. 

 

The other site (2) is the juncture of Niuvidovido and other creek. It took us about 20 

minutes from the village to the site by foot and the distance is about 700m.  The water 

flow rate was measured to be 0.016m3/s with the gross head of 45m. The power 

calculated is approximately 5.1kW.  

 

Final results of the investigation are shown in Table 1. 

 

Table 1 

Creek Name Niuvidovido(1) Niuvidovido(2) 

Flow rate  ( m3/s )        0.008           0.016 

Gross head  ( m )            65                45 

Peak load  ( kW )          3.6               5.1 

No. of houses (include a church)           39                39 

Watts / houses  (W )          92              131 

 

From the above table the capacity of electricity generated on the Niuvidovido (1) can 

provide 92W/house i.e. (3.6 kW/39 houses) and that on the Niuvidovido (2) can provide 

131W/house i.e. (5.1kW/39 houses). So it is indicated that this site is infeasible in terms 

of the amount of power available.  

At the moment, the power is supplied to the 4 houses by the individual generators. 

 



 341 

 

 

 

 



 342 

 

Naruwai village  [12th July, 2001] 

 

Naruwai village belongs to Bua Province in Vanua Levu Island. It took us about 40 

minutes from Nabouwalu to Naruwai village by car in the North West direction. There 

are 579 people and 120 houses in this village. There are also a church, a community hall, 

a corporative shop, 2 canteens and Naruwai primary school, which has 7 classrooms and 

7 teachers’ quarters, in this village. The survey was undertaken as the result of the request 

from Bua Provincial Office to the REU (Rural Electrification Unit) for the need of 

supplying electricity in this village.  

  

The potential site is on Naruwai creek. It took us about 30 minutes by car and 30 minutes 

by foot from the village to the potential site on the track road. It takes about 10km. On the 

other hand, the direct distance from the village to the site is about 5km. 

 

The measured water flow rate was 0.288m3/s and the gross head is about 90m. The power 

calculated is approximately 178kW. 

 

Final results of the investigation are shown in Table 1. 

 

Table 1 

Creek Name Naruwai 

Flow rate  ( m3/s )        0.288 

Gross head  ( m )            90 

Gross power ( kW )          178 

No. of houses (include a church)           139 

Watts / houses  (W )         1281 

 

From the above table the capacity of electricity generated can provide 1281W/house i.e. 

(178 kW/139 houses). The catchment of this creek is very much and villagers said the 

creek has never dried-up. From the above, it is clearly indicated that this site has great 

potential in terms of the amount of power available.  

 

 

At the moment, the power is supplied to the church and school by the 1.5KVA generator. 

 

Navakasali village  [11th July, 2001] 

 

Navakasali village belongs to Bua Province in Vanua Levu Island. It took us about 1 and 

half hour from Nabouwalu to Navakasali village by car in the north east direction. There 

are 78 people and 16 houses in this village. There is also a church in this village. The 

survey was undertaken as the result of the request from Bua Provincial Office to the REU 

(Rural Electrification Unit) for the need of supplying maintenance free electricity in this 

village.  
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The potential site is on Nuku creek. It took us about 1 hour by car and 1 hour by foot 

from the village to the potential site. The track distance we followed is about 10km from 

the village to the site. On the other hand the direct distance from village to the site is 

about 4km. 

 

The measured water flow rate was 1.873m3/s and the gross head from the top of the 

waterfall to the bottom of it is about 70m. The power calculated is approximately 900kW 

as shown in Table 1. 

 

Final results of the investigation are shown in Table 1. 

 

Table 1 

Creek Name Nuku 

Flow rate  ( m3/s )        1.873 

Gross head  ( m )            70 

Gross power ( kW )          900 

No. of houses (include a church)           17 

Watts / houses  (W )         52900 

 

From the above table the capacity of electricity generated can provide 52900W/house i.e. 

(900 kW/17 houses). The catchment of this creek is much and villagers said the creek has 

never dried-up. From the above, it is clearly indicated that this site has great potential in 

terms of the amount of power available.  

 

But the waterfall is almost vertical to the ground and the transmission line should come 

across a big hill between the village and the site, the construction is expected to be 

difficult. Nadua village and Cogea village are about 4.5 km from Navakasali village and 

the site has potential to provide these 3 villages with electricity as well.  

 

At the moment, the power is supplied to the village by the 13.5KVA generator. 

 

900kW is a big potential to develop. It would be very irrational to develop this big station 

for Navakasali village only or the other 2 close villages. 2 options may need to be 

considered to develop this scheme apart from mentioned ones include more of 

surrounding villages or develop this for a 100kW system as this potential would be 

enough to cater for those 3 villages. A little more detailed analysis may need to be done 

to determine which of the above option is better.  
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Nasolo village and Mataisolevu, Buresivo settlements  [10th July, 2001] 

 

Nasolo village and Mataisolevu, Buresivo settlements belongs to Bua Province in Vanua 

Levu Island. It took us about 30 minutes from Nabouwalu to Nasolo village by car in the 

north east direction. Nasolo village and Mataisolevu, Buresivo settlements are located 

within 1km of each other. There are 496 people and 98 houses in this village and 

settlements. There is also a church, a community hall and 3 canteens. The survey was 

undertaken as the result of the request from Bua Provincial Office to the REU (Rural 

Electrification Unit) for the need of supplying electricity in this village.  

  

The potential site is on Vunidriki creek. It took us about 15 minutes from the village to 

the potential site by foot. 

 

The distance is about 1km from the village to the site. The water flow rate was measured 

to be 0.042m3/s with the gross head of about 35m. The power calculated is approximately 

10kW. 

 

Final results of the investigation are shown in Table 1. 

 

Table 1 

Creek Name Vunidriki 

Flow rate  ( m3/s )        0.042 

Gross head  ( m )            35 

Gross power  ( kW )          10 

No. of houses (include a church)           103 

Watts / houses  (W )          97 

 

From the above table the capacity of electricity generated can provide 97W/house i.e. (10 

kW/103 houses). So it is indicated that this site is infeasible in terms of the amount of 

power available. 

 

At the moment, the power is supplied to 5 houses by the individual generator. 
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Bua Village [15th July, 1994] 

 

Bua village belongs to Bua Tikina of Bua province and is located in the middle of Bua 

Tikina. It took about half an hour from Makolei village to this village by car. This village 

has a population of 224 and the number of houses arte 62. They have a church, 1 school 

and 2 community halls. Their purpose on micro hydro is to provide the need for the 

village. 

 

There is a waterfall in Navoa (Savu) creek, which is a tributary of Durukinaua creek. 

There is a road nearby the potential site. It took about half an hour to get to a potential 

site by foot. 

 

A potential site in Navoa (Savu) creek was investigated and is located in the middle 

streams of Navoa (Savu) creek. This creek is big and is 20m wide. And the distance from 

the potential site to this village is 6 km. As a result, the water flow rate was 0.1202 

m^3/s, the gross head was about 10 m in height form top of waterfall to bottom of 

waterfall, the peak load was approximately 8.2457 kW. 

 

Some results on this investigation run as follows. 

 

1) The number of houses on this village is 62. It will be possible to provide about 129 

W ( = 8 kW / 62 houses) per house. It will be feasible to accomplish the micro hydro 

here. 

2) Construction cost on Navosa (Savu) creek potential site (rough estimate) 

 

a. Diversion Weir 

Concrete volume 5.0 m^3 (cubic meter) 

Height 1.0 m (inclusive of the basis) 

Width 10 m 

  Depth 0.5 m 

  Unit cost F$ 350 / m^3    

  Cost  F$ 350 / m^3 x 5m^3  = F$ 1,750 

b. Penstock 

Length 20 m 

  Unit cost F$ 60 / m 

  Cost  F$ 60 / m x 20 m  =   F$1,200 

c. Power plant 

Installed capacity 8 kW 

Unit cost F$ 1,000 / kW 

Cost  F$ 1,000 / kW x 8kW  =   F$ 8,000 

d. Power Station 

Cost      =  F$ 6,000 

e. Transmission line 

Length 6 km 

Unit cost F$ 25,000 / km 

Cost  F$ 25,000 / km x 6 km =  F$ 150,000 
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f. Reticulation 

Number of houses 62 

Unit cost F$ 700 / house 

Cost  F$ 700 / house x 62  =  F$ 43,400 

g. Contingency 

20 %      =  F$ 42,070 

     TOTAL  =  F$ 252,420 
 

h. Responsibility of Government (90 %) =  F$ 227,178 

 

i. Responsibility of Village (10 %)  =  F$ 25,242 

 

 j. Capital cost / house    =  F$ 4,071 

 

Final results on this investigation are indicated in TABLE 6-21. 

 

TABLE 6 – 21 

 

River / creek name NAVOA (SAVU) 

Water flow rate (m^3/s) 0.1202 

Gross head (m) 10 

Peak load 8 

Number of houses 62 

Watts / house 129 

Total Cost F$ 252,420 

Responsibility of Government (90%) F$ 227,178 

Responsibility of village (10%) F$ 25,242 

Capital cost per house F$ 4,071 
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Makolei village [13th July 1994] 

 

Makolei village belongs to Solevu Tikina of Bua province and is located to the South end 

of Solevu Tikina. It took about half an hour from Nabouwalu to this village by car. This 

village has a population of 300 and the number of houses is 50. They have 1 school, 1 

community hall and 1 shop. Their purpose on micro hydro is to provide the need for the 

village and to be able to start welding / mechanical / carpentry workshop. 

 

Solevu creek, which is a main creek and flows near this village. Wailou creek has two 

hopeful waterfalls in the river basin. One is located at the upper streams of Solevu creek 

and the other one is located at the upper streams of Naiqili creek, which is a tributary of 

Solevu creek. On Solevu creek it took two hours to get to a potential site by walk. On 

Naiqili creek it took 45 minutes to get to a potential site by walk. 

 

Firstly a potential site in Solevu creek was investigated. This is located in the upper 

streams of Solevu creek. The distance is about 3.5 km. Moreover there is a good reservoir 

below the potential site. As a result, the water flow rate was 0.007 m^3/s, the gross head 

was about 212 m in height from the potential site to a junction which meets to Naiqili 

creek, the peak load was approximately 10.180 kW. 

 

Secondly a potential site in Naiqili creek was investigated. This is located in the upper 

streams of Naiqili creek. The distance is about 3.5 km. Moreover there is a good reservoir 

below the potential site. As a result, the water flow rate was 0.0189 m^3/s, the gross head 

was about 12 m in height from a potential site to a junction which meets to Sorevi creek, 

the peak load was approximately 1.556 kW. 

 

 

 

River/ Creek Name  Solevu    

 

Naiqili 

Water Flow rate  (m^3 / s) 

 

0.007 0.0189 

Gross head  (m) 

 

212 12 

Peak load  (kW) 

 

10.180 1.556 

 

Some results on this investigation run as follows: 

 

1. On Solevu creek it is not impossible to accomplish micro hydro there. On Naiqili 

creek it is too small peak load to provide for whole household. 

2. The number of houses on this village is 50. On Solevu creek it will be possible to 

provide about 200 watts (= 10 kW / 50 houses) per house. 

3. Construction costs on Solevu creek potential site (rough estimate) 

a. Diversion Weir 

Concrete volume  5.0 m^3 (cubic meter) 
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Height   1.0 m (inclusive of the basis) 

Width   10 m 

 Depth   0.5 m 

 Unit cost  F$ 350 / m^3    

 Cost   F$ 350 / m^3 x 5m^3  =  F$ 1,750 

b. Penstock 

Length   500 m 

 Unit cost  F$ 60 / m 

 Cost   F$ 60 / m x 800 m  =  F$ 30,000 

 

c. Power plant 

Installed capacity 10 kW 

Unit cost  F$ 1,000 / kW 

Cost   F$ 1,000 / kW x 10 kW =  F$ 10,000 

 

d. Power Station Building 

Cost       =  F$ 6,000 

 

e. Transmission line 

Length 3.5 km 

Unit cost  F$ 25,000 / km 

Cost   F$ 25,000 / km x 3.5 km =  F$ 87,500 

 

f. Reticulation 

Number of houses 50 

Unit cost  F$ 700 / house 

Cost   F$ 700 / house x 50  =  F$ 35,000 

 

g. Contingency 

20 %       =  F$ 34,050 

      

TOTAL   =  F$ 204,300 

 

h. Responsibility of Government (90 %)  =  F$ 183,870 

 

i. Responsibility of Village (10 %)   =  F$ 20,430 

 

j) Capital cost / house     =  F$ 4,086 

 

Final results on this investigation are indicated in TABLE 6-20. 

 

TABLE 6 – 20 

 

River / creek name 
SOLEVU 

Water flow rate (m^3/s) 0.007 
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Gross head (m) 212 

Peak load 10 

Number of houses 50 

Watts / house 200 

Total Cost F$ 204,300 

Responsibility of Government (90%) F$ 183,870 

Responsibility of village (10%) F$ 20,430 

Capital cost per house F$ 4,086 
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3.0 CAKAUDROVE 
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Kocoma village, Laucala, Taveuni [9th March, 2005] 

 

Kocoma village is located in Laucala province on Qamea Island. It took about 35 minutes 

from Wai to the village by boat. There are 295 people and 60 houses 1 school and 1 

church in the village. The potential site is on Qaranilakeba creek. It took about 20 

minutes walk from the village to the site. The flow rate measured by current meter was 

0.092m3/s at the moment and the gross head is about 30m). The power calculated is 

approximately 19kW [ 0.092m3/s * 30m * 9.8 * 0.7 ]. Demand power is 16kW roughly. 

Final results of the investigation are shown as follows. 

 

Name of creek Qaranilakeba 

Catchment area  (km2) No 

topographical 

map 

Flow rate  (m3/s) 0.092 

Gross head  (m) 30 

Gross power  (kW) 19 

Number of houses (include school and church) 60 

Watts / houses  (W) 317 

 

As the above table, the capacity of electricity generated can provide 317W/house [i.e. 

19kW/(60 houses + 1 church+1school (=300W)]. From the above result this site is 

estimated as feasible. The cost of construction would be cheap since the distance from 

intake place and powerhouse site to the village are not so far, and they have already had 

transmission lines which were provided by our department for diesel generator which was 

installed on December 2004.  

 

Some villagers have an experience to make weir, penstock ext for their water supply. It 

seems like that they are able to do almost of all the civil work for hydro project by 

themselves. But I worry about the amount of flow. We checked this site on March. The 

month is generally said rainy season in Fiji. And a villager said to me that the flow will 

be less than this flow in a year. The critical flow rate is 0.078 (m3/s).The allowance is 

only 0.014(m3/s). [0.092-0.078 m3/s]. 

 

It is very possible that the site would be estimated as unfeasible due to insufficient of 

water flow if be conducted long term monitoring.  

 

They have two tanks to produce living water to their village. One is for the school and the 

other is for each houses. The capacity of each tanks are estimated about 7m3 . They made 

a weir to correct flow which is about 2.5m length, 50cm height. Those tanks had 

constructed by other contractors. The living water is provided with 2numbers of steel 

penstocks (Diameter 100mm). 

 

Since we should put priority to living water, the useable water from the creek for hydro is 

also limited.  
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As a result, in my point of view, the site is maybe feasible but I don’t recommend going 

to next step, because of insufficient of water flow. It would be waste of time and money. 

 

Nakolo/Nukudrasi Village, Rabi [19th October 2004] 

 

Nakolo/Nukudrasi village is located on Rabi Island in the province of Cakaudrove.  It 

took about 10 minutes to drive from Nuku Jetty to the village by car.  There are 100 

villagers and 40 houses and also 1 school in the two villages.  A community hall will be 

built in the coming years. 

 

The potential site is on Nakolo Creek.  It took about 15 minutes to walk from the village 

to the site, where there is a big waterfall.  The flow rate measured by the current meter 

was 0.008 m3/s and the gross head is about 40 m.  The calculated gross power is 

approximately 2.2 kW [i.e. 0.008 m3/s * 40 m * (9.8 m/s)2 * 0.7] against the expected 

demand power is about 18 kW.  Final results of the investigation are as follows:- 

 

Name of creek Nakolo 

Catchment Area (km2) 2 

Flow rate (m3/s) 0.008 

Gross Head (m) 40 

Gross Power (kW) 2.2 

Number of houses (includes school & church 48 

Watts/house (W) 46 

 

As the above table shows, the capacity of electricity generated can provide 46 W/house 

[i.e. 2.2 kW/40 houses + 1 community hall (= 4 houses) + 1 school (= 4 houses)].  

Therefore it is indicated that this site is not feasible in terms of Watt/house.  

 

However during the dry season, it is difficult to provide electricity for the whole village.  

The land form is suitable for micro-hydro because the waterfall is steep and accessible 

hence the distance between the intake and powerhouse is not so far.  It means the 

construction cost could be cheap.   

 

The best option I think is that SHS could be installed in each house and hydro to be 

utilized only for the school.  Because each house is located separately and also their 

purpose of usage of electricity is for education mainly so I think this 2.2 kW can meet the 

school energy demands.  The distance between the proposed powerhouse site and the 

school is about 500 m. 

Domokavu and Ravita village  [29th May, 2002] 

 

Domokavu and Ravita village belongs to Vaturova Tikina of Cakaudrove Province in 

Vanua Levu Island. It took us about 1hour 30 minutes from Savusavu to Domokavu 

village by car. There are 100 people and 18 houses in these villages. There are also 2 

churches and 2 shops. The survey was undertaken as the result of the request from 

Cakaudrove Provincial Office to the REU (Rural Electrification Unit).  
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There are 2 potential sites. One (1) is on the Nubuleka creek with the gross head of 13m. 

It took us about 10 minutes from the village to the site on foot and the distance is about 

200m.  The water flow rate was measured to be 0.024m3/s. The power calculated is 

approximately 2.1kW. 

 

The other site is on the Natimo creek. It took us about 30 minutes from the village to the 

site on foot and the distance is about 1km.  The water flow rate was measured to be 

0.022m3/s with the gross head of 49m. The power calculated is approximately 7.6kW.  

 

Final results of the investigation are shown in Table 1. 

 

Table 1 

Creek Name      Nubuleka         Natimo 

Flow rate  ( m3/s ) 0.024           0.018  

Gross head  ( m ) 13                45 

Peak load  ( kW ) 2.1               6.1 

No. of houses  22                22 

Watts / houses  (W )          95              277 

 

From the above table the capacity of electricity generated on the Nubuleka can provide 

95W/house i.e. (2.1 kW/22 houses) and that on the Natimo can provide 277W/house i.e. 

(6.1kW/22 houses). At a moment the village has 10 kW diesel generator, which installed 

in 1999. The peak load on both creeks is less than 10kW. So it is indicated that this site is 

infeasible in terms of the amount of power available.  

 

Lovonivonu village  [25th January, 2001] 

 

Lovonivonu village belongs to Cakaudrove Province and is located in the west of 

Taveuni Island. It took about 30minutes from airport north end of Taveuni to Lovonivonu 

village by car. There are 42 houses in this village. Vuniuto, Duivosavosa and Malaga 

settlement which are located near Lovonivonu had also requested for hydro power. The 

number of house respectively is 37, 15 and 12. The total population of village and 

settlements is 450.  There are also a church and 2 community halls, which they share.  

There are 2 potential sites in which surveys were undertaken. One is in Navure creek and 

the other creek is referred to as creek1. The Project location layout is provided as 

Annex1. 

 

Navure creek site is about 2km far from Vuniuto village. The water flow measured was 

0.045m3/s with the gross head of about 255m. The power calculated is approximately 

78kW. 
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On the other hand, No.1 creek site is about 2km far from Lovonivonu village. The water 

flow rate was measured to be 0.020m3/s with the gross head of about 278m. The power 

calculated is approximately 38kW. 

These are shown in table 1. 

 

Final results of the investigation are shown in Table 1. 

 

Table 1 

Creek Name Navure     N0.1 

Flow rate  ( m3/s )      0.045 0.020 

Gross head  ( m )        255 278 

Peak load  ( kW )         78 38 

No. of houses (include church, 

community hall) 

        109 109 

Watts / houses  (W )         715 350 

 

From the above table it is clearly indicated that this site is feasible in terms of the amount 

of power available. 

 

The capacity of electricity generated can provide 715W/houses i.e. (78 kW/109houses) 

with Navure creek and 350W/houses i.e. (38kW/109houses) with No.1 creek. This is 

more than sufficient to cater for the electricity requirement of individual household in the 

village. 

 

Bucalevu secondary school also requested if hydro could be existed to the school. 

Currently the school has an 80kW generator that powers a school building, dormitory and 

teachers quarter. 

 

Construction cost on Navure creek potential site  – estimates only.  

    

Weir     

Concrete volume  3.0 m3  

Height                           0.5 M  

Width  6.0 M  

Depth  1.0 M  

Unit cost 850.0 F$/m3  

Cost 2,550.0 F$  

    

Penstock    

Length 2,000.0 M  

Unit cost 70.0 F$/m  

Cost 140,000.0 F$  

    

Power plant    
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Installed capacity (250w*109 houses) 28 KW  

Turbine/alternator cost 35,000.0 F$  

    

Power station building    

Cost 10,000.0 F$  

    

Transmission line    

Length 2.5 Km  

Unit cost 28,000.0 F$/km  

Cost 70,000.0 F$  

    

Reticulation in village    

Number of houses 109 Houses  

Unit cost 400.0 F$/house  

Cost 43,600.0 F$  

    

Contingency ( 20% ) 60,230.0 F$  

    

TOTAL 361,380.0 F$  

    

Responsibility of Government ( 90% ) 325,242.0 F$  

    

Responsibility of Village ( 10% ) 36,138.0 F$  

    

Capital cost / house  3,315.0 F$  

 

The construction cost for creek No.1 is expected to be it because penstock length and 

transmission line length is same. 

 

We recommend using No.1 creek because it is easy to go to the site and to construct 

facilities. 

 

Waitabu village [20th August, 1999] 

 

Waitabu village belongs to Wainikeli Tikina of Cakaudrove Province and is located in 

the middle of eastern of Wainikeli Tikina. It took about 1 hour from Nausori to Taveuni 

by airplane and about 40 minutes from Taveuni airport to Wai village by car. This village 

has the population of 140 and 23 houses. They have a canteen, a church, a community 

hall and a tourist accommodation. Their purpose of micro hydro was to provide for the 

needs of the village. 

  

The potential site is Wailalabi creek. It took about 70 minutes to walk to the potential 

site. The site was located at the upper streams of Wailalabi creek. 
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The distance is about 3 km from the village to the site. The water flow rate was measured 

to be 0.253 m3/s with the gross head of about 46 m. The power calculated was 

approximately 79.9 kW as shown in Annex 1. 

 

Final results of the investigation are shown in Table 1. 

 

Table 1 

Creek Name    Wailalabi 

Flowrate  ( m3 / s )        0.253 

Gross head  ( m )           46 

Peak load  ( kW )         79.9 

No. of houses           27 

Watts / houses  ( kW )          2.96 

 

From the above table it is clearly indicated that this site is feasible in terms of the amount 

of power available. 

 

The capacity of electricity generated can provide 2.96 kW/h i.e. ( 79.9 kW / 27 houses ). 

This is sufficient to cater for the electricity requirement of an individual household in the 

village. 

 

At the moment the power is supplied to the village by 7.6 kVA diesel generator.   

 

 

 

Construction cost on Wailalabi creek potential site – estimates only. 

 

    

Weir     

Concrete volume                  10.0 m3  

Height                           1.0 m  

Width  10.0 m  

Depth  1.0 m  

Unit cost 850.0 F$/m3  

Cost 8,500.0 F$  

    

Penstock    

Length 1,000.0 m  

Unit cost 70.0 F$/m  

Cost 70,000.0 F$  

    

Power plant    

Installed capacity 79.9 kW  

Unit cost  1,200.0 F$/kW  

Cost 95,880.0 F$  

    

Power station building    
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Cost 25,000.0 F$  

    

Transmission line    

Length 2.0 km  

Unit cost 28,000.0 F$/km  

Cost 56,400.0 F$  

    

Reticulation in village    

Number of house 27 houses  

Unit cost 400.0 F$/house  

Cost 10,800.0 F$  

    

Contingency ( 20% ) 53,316.0 F$  

    

TOTAL 319,896.0 F$  

    

Responsibility of Government ( 90% ) 287,906.4 F$  

    

Responsibility of Village ( 10% ) 31,989.6 F$  

    

Capital cost / house  11,848.0 F$  

  

 

Vidawa village  [19th August, 1999] 

 

Vidawa village belongs to Wainikeli Tikina of Cakaudrove Province and is located in the 

middle of eastern of Wainikeli Tikina. It took about 1 hour from Nausori to Taveuni by 

airplane and about 40 minutes from Taveuni airport to Vidawa village by car. This 

village has population of 141 and 20 houses. They have a community hall and 2 canteens. 

Their purpose of micro hydro request was to provide for the needs the village. 

  

The potential site is Tavoro creek. It took about 40 minutes to walk to the potential site. 

 

The distance is about 1.6 km from the village to the site. The water flow rate was 

measured to be 0.454 m3/s with the gross head of about 6 m. The power calculated is 

approximately 18.7 kW as shown in Annex 1. 

 

Final results of the investigation are shown in Table 1. 

 

Table 1 

Creek Name       Tavoro 

Flowrate  ( m3 / s )        0.454 

Gross head  ( m )            6 

Peak load  ( kW )          18.7 

No. of houses           23 

Watts / houses  ( W )          813 
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From the above table it is clearly indicated that this site is feasible in terms of the amount 

of power available. 

 

The capacity of electricity generated can provide 813 W/h i.e. ( 18.7 kW / 23 houses ). 

This is sufficient to cater for the electricity requirement of an individual household in the 

village. 

 

At the moment the power is supplied to the village by 20 kVA diesel generator.   

 

Construction cost on Navonovono creek potential site – estimates only.  

    

Weir     

Concrete volume                  6.5 m3  

Height                           1.0 M  

Width  6.5 M  

Depth  1.0 M  

Unit cost 850.0 F$/m3  

Cost 5,525.0 F$  

    

Penstock    

Length 800.0 M  

Unit cost 70.0 F$/m  

Cost 56,000.0 F$  

    

Power plant    

Installed capacity 18.7 KW  

Unit cost  1,200.0 F$/kW  

Cost   22,440.0 F$  

    

Power station building    

Cost 15,000.0 F$  

    

Transmission line    

Length 0.8 Km  

Unit cost 28,000.0 F$/km  

Cost 22,400.0 F$  

    

Reticulation in village    

Number of house 23 Houses  

Unit cost 400.0 F$/house  

Cost 9,200.0 F$  

    

Contingency ( 20% ) 26,113.0 F$  

    

TOTAL 156,678.0 F$  
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Responsibility of Government ( 90% ) 141,010.2 F$  

    

Responsibility of Village ( 10% ) 15,667.8 F$  

    

Capital cost / house  6812.1 F$  

 

Vurevure village [19th August, 1999] 

 

Vurevure village belongs to Wainikeli Tikina of Cakaudrove Province and is located in 

the middle of eastern of Wainikeli Tikina. It took about 1 hour from Nausori to Taveuni 

by airplane and about 30 minutes from Taveuni airport to Wai village by car. This village 

has the population of 90 and 15 houses. They have a grocery shop. Their purpose of 

micro hydro was to provide for the needs of the village. 

  

The potential site is called Wailalabi creek. It took about 40 minutes to walk to the 

potential site. The site was located at the upper streams of Wailalabi creek. 

 

The distance is about 1.3 km from the village to the site. The water flow rate was 

measured to be 0.253 m3/s with the gross head of about 46 m. The power calculated is 

approximately 79.9 kW as shown in Annex 1. 

 

Final results of the investigation are shown in Table 1. 

 

Table 1 

Creek Name    Wailalabi 

Flowrate  ( m3 / s )        0.253 

Gross head  ( m )           46 

Peak load  ( kW )         79.9 

No. of houses           16 

Watts / houses  ( kW )          4.99 

 

From the above table it is clearly indicated that this site is feasible in terms of the amount 

of power available. 

 

The capacity of electricity generated can provide 4.99 kW/h i.e. ( 79.9 kW / 16 houses ). 

This is sufficient to cater for the electricity requirement of an individual household in the 

village. 

 

At the moment the power is supplied to the village by 12 kVA diesel generator.   

 

Weir     

Concrete volume                  10.0 m3  

Height                           1.0 M  

Width  10.0 M  
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Depth  1.0 M  

Unit cost 850.0 F$/m3  

Cost 8,500.0 F$  

    

Penstock    

Length 1,000.0 M  

Unit cost 70.0 F$/m  

Cost 70,000.0 F$  

    

Power plant    

Installed capacity 79.9 KW  

Unit cost  1,200.0 F$/kW  

Cost 95,880.0 F$  

    

Power station building    

Cost 25,000.0 F$  

    

Transmission line    

Length 0.3 Km  

Unit cost 28,000.0 F$/km  

Cost 8,400.0 F$  

    

Reticulation in village    

Number of house 16 Houses  

Unit cost 400.0 F$/house  

Cost 12,800.0 F$  

    

Contingency ( 20% ) 44,116.0 F$  

    

TOTAL 264,696.0 F$  

    

Responsibility of Government ( 90% ) 238,226.4 F$  

    

Responsibility of Village ( 10% ) 26,469.6 F$  

    

Capital cost / house  16,543.5 F$  

 

Lavena village  [18th August, 1999] 

 

Lavena village belongs to Wainikeli Tikina of Cakaudrove province and is located in the 

southern end of Wainikeli Tikina. It took about 1 hour from Nausori to Taveuni by 

airplane and about 50 minutes from Taveuni airport to Lavena village by car. This village 

has population of 391 and 67 houses. They have a dispensary, a church, 3 canteens and a 

tourist station. Their purpose of micro hydro request was to provide for the needs the 

village. 
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The potential site is called Waiyabe creek. It took about 20 minutes to reach potential site 

by foot. 

 

Its distance is about 1.5 km from the village. The water flow rate was measured to be 

0.013 m3/s with the gross head of 18 m. the power of 1.6kW could be generated as 

shown in Annex 1.  

 

Final result of the investigation is shown in Table 1. 

 

Table 1 

Creek Name     Waiyabe 

Flowrate  ( m3 / s )        0.013 

Gross head  ( m )           18 

Peak load  ( kW )          1.6 

No. of houses           73 

Watts / houses  ( W )           22 

 

From the above table it is clearly indicated that this site is infeasible in terms of the 

amount of power available. 

 

The capacity of electricity generated can provide 22 W/h i.e. ( 1.6 kW / 73 houses ). This 

is sufficient to cater for the electricity requirement of an individual household in the 

village. 

 

At the moment the power is supplied to the village by 60 kW diesel generator.   

 

Construction cost on Waiyabe creek potential site – estimates only.  

    

Weir     

Concrete volume                  1.5 M3  

Height                           0.5 M  

Width  3.0 M  

Depth  1.0 M  

Unit cost 850.0 F$/m3  

Cost 1,275 F$  

    

Penstock    

Length 200.0 M  

Unit cost 70.0 F$/m  

Cost 14,000.0 F$  

    

Power plant    

Installed capacity 1.6 KW  

Unit cost  1,200.0 F$/kW  

Cost 1,920.0 F$  
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Power station building    

Cost 5,000.0 F$  

    

Transmission line    

Length 1.3 Km  

Unit cost 28,000.0 F$/km  

Cost 36,400.0 F$  

    

Reticulation in village    

Number of house 73 Houses  

Unit cost 400.0 F$/house  

Cost 29,200.0 F$  

    

Contingency ( 20% ) 17,559.0 F$  

    

TOTAL 105,354.0 F$  

    

Responsibility of Government ( 90% ) 94,818.6 F$  

    

Responsibility of Village ( 10% ) 10,535.4 F$  

    

Capital cost / house  1,443.2 F$  

 

Bouma village [17th August, 1999] 

 

Bouma village belongs to Wainikeli Tikina of Cakaudrove province and is located in the 

middle of eastern of Wainikeli Tikina. It took about 1 hour from Nausori to Taveuni by 

airplane and about 45 minutes from Taveuni airport to Bouma village by car. This village 

has population of 437 and 65 houses. They have a school, a dispensary, a canteen, 2 

churches, a community hall and a tourist station. Their purpose of micro hydro request 

was to provide for the needs the village. 

  

The waterfall in Tavoro creek was the potential site. It took about 10 minutes to reach 

potential site by foot. 

 

Its distance is about 1 km form the village. The water flow rate was measured to be 0.454 

m3/s with the gross head of 6 m. the power of 18.7 kW could be generated as shown in 

Annex 1.  

 

Final result of the investigation is shown in Table 1. 

 

Table 1 

Creek Name      Tavoro 

Flowrate  ( m3 / s )        0.454 

Gross head  ( m )            6 
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Peak load  ( kW )          18.7 

No. of houses           72 

Watts / houses  ( W )          260 

 

From the above table it is clearly indicated that this site is feasible in terms of the amount 

of power available. 

 

The capacity of electricity generated can provide 260 W/h i.e. ( 18.7 kW / 72 houses ). 

This is sufficient to cater for the electricity requirement of an individual household in the 

village. 

 

Construction cost on Tavoro creek potential site – estimates only.  

    

Weir     

Concrete volume                  6.5 m3  

Height                           1.0 m  

Width  6.5 m  

Depth  1.0 m  

Unit cost 850.0 F$/m3  

Cost 5,525.0 F$  

    

Penstock    

Length 800.0 m  

Unit cost 70.0 F$/m  

Cost 56,000.0 F$  

    

Power plant    

Installed capacity 18.7 kW  

Unit cost  1,200.0 F$/kW  

Cost 22,440.0 F$  

    

Power station building    

Cost 15,000.0 F$  

    

Transmission line    

Length 0.2 km  

Unit cost 28,000.0 F$/km  

Cost 5,600.0 F$  

    

Reticulation in village    

Number of house 72 houses  

Unit cost 800.0 F$/house  

Cost 57,600.0 F$  

    

Contingency ( 20% ) 32,433.0 F$  
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TOTAL 194,598.0 F$  

    

Responsibility of Government ( 90% ) 175,138.2 F$  

    

Responsibility of Village ( 10% ) 19,459.8 F$  

    

Capital cost / house  2,702.8 F$  

 

 

Wai village [17th August, 1999] 

 

Wai village belongs to Wainikeli Tikina of Cakaudrove Province and is                located 

in the middle of eastern of Wainikeli Tikina. It took about 1 hour from Nausori to 

Taveuni by airplane and about 50 minutes from Taveuni airport to Wai village by car. 

This village has the population of 90 and 33 houses. They have a village dispensary, a 

canteen and 2 churches. Their purpose of micro hydro was to provide for the needs of the 

village. 

  

The potential site is called Wailalabi creek. It took about 40 minutes to walk to the 

potential site. The site was located at the upper streams of Wailalabi creek. 

 

The distance is about 1.8 km from the village to the site. The water flow rate was 

measured to be 0.253 m3/s with the gross head of about 46 m. The power calculated is 

approximately 79.9 kW as shown in Annex 1. 

 

Final results of the investigation are shown in Table 1. 

 

Table 1 

Creek Name    Wailalabi 

Flowrate  ( m3 / s )        0.253 

Gross head  ( m )           46 

Peak load  ( kW )         79.9 

No. of houses           37 

Watts / houses  ( kW )          2.16 

 

From the above table it is clearly indicated that this site is feasible in terms of the amount 

of power available. 

 

The capacity of electricity generated can provide 2.16 kW/h i.e. ( 79.9 kW / 37 houses ). 

This is sufficient to cater for the electricity requirement of an individual household in the 

village. 

 

At the moment the power is supplied to the village by 10.5 kVA diesel generator.   
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Construction cost on Wailalabi creek potential site – estimates only. 

    

Weir     

Concrete volume                  10.0 m3  

Height                           1.0 m  

Width  10.0 m  

Depth  1.0 m  

Unit cost 850.0 F$/m3  

Cost 8,500.0 F$  

    

Penstock    

Length 1,000.0 m  

Unit cost 70.0 F$/m  

Cost 70,000.0 F$  

    

Power plant    

Installed capacity 79.9 kW  

Unit cost  1,200.0 F$/kW  

Cost 95,880.0 F$  

    

Power station building    

Cost 25,000.0 F$  

    

Transmission line    

Length 0.8 km  

Unit cost 28,000.0 F$/km  

Cost 22,400.0 F$  

    

Reticulation in village    

Number of house 37 houses  

Unit cost 400.0 F$/house  

Cost 14,800.0 F$  

    

Contingency ( 20% ) 47,316.0 F$  

    

TOTAL 283,896.0 F$  

    

Responsibility of Government ( 90% ) 255,506.4 F$  

    

Responsibility of Village ( 10% ) 28,389.6 F$  

    

Capital cost / house  7672.9 F$  

 

 

Wai, Vurevure and Waitabu village 
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Wai, Vurevure and Waitabu villages belong to Wainikeli Tikina of Cakaudrove Province 

and are located in the middle of eastern of Wainikeli Tikina. It took about 1 hour from 

Nausori to Taveuni by airplane and about 50 minutes from Taveuni airport to these 

villages by car. These villages have population of 320 and 71 houses. They have a village 

dispensary, a grocery shop, 2 canteens, a community hall, a tourist accommodation and 3 

churches. Their purpose of micro hydro was to provide for the needs of the village. 

  

The potential site is called Wailalabi creek. It took about 40 minutes to walk to the 

potential site.  

 

The distance is about 1.8 km from the Wai village which is middle of this area to the site. 

The water flow rate was measured to be 0.253 m3/s with the gross head of about 46 m. 

The power calculated is approximately 79.9 kW as shown in Annex 1. 

 

Final results of the investigation are shown in Table 1. 

 

Table 1 

Creek Name    Wailalabi 

Flowrate  ( m3 / s )        0.253 

Gross head  ( m )           46 

Peak load  ( kW )         79.9 

No. of houses           80 

Watts / houses  ( W )          999 

 

From the above table it is clearly indicated that this site is feasible in terms of the amount 

of power available. 

 

The capacity of electricity generated can provide 999 W/h i.e. ( 79.9 kW / 80 houses ). 

This is sufficient to cater for the electricity requirement of an individual household in 

these villages. 

 

 

Construction cost on Wailalabi creek potential site – estimates only. 

 

    

Weir     

Concrete volume                  10.0 m3  

Height                           1.0 m  

Width  10.0 m  

Depth  1.0 m  

Unit cost 850.0 F$/m3  

Cost 8,500.0 F$  

    

Penstock    

Length 1,000.0 m  

Unit cost 70.0 F$/m  
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Cost 70,000.0 F$  

    

Power plant    

Installed capacity 79.9 kW  

Unit cost  1,200.0 F$/kW  

Cost 95,880.0 F$  

    

Power station building    

Cost 25,000.0 F$  

    

Transmission line    

Length 2.0 km  

Unit cost 28,000.0 F$/km  

Cost 56,000.0 F$  

    

Reticulation in village    

Number of house 80 houses  

Unit cost 400.0 F$/house  

Cost 32,000.0 F$  

    

Contingency ( 20% ) 57,476.0 F$  

    

TOTAL 344,856.0 F$  

    

Responsibility of Government ( 90% ) 310,370.4 F$  

    

Responsibility of Village ( 10% ) 34,485.6 F$  

    

Capital cost / house  4310.7 F$  

  

  

4.0 KADAVU 

 

Namalata Village, Kadavu [12th October 2004] 

 

Namalata Village is located just beside Vunisea Airport on Kadavu.  It took about 10 

minutes to drive from the Vunisea Government Station to the village by car.  There are 

207 villagers and 74 houses and also 4 churches, 3 community halls and 2 schools in the 

village. 

 

The potential site is on Waikana Creek.  It took about 3 minutes by car to drive and 10 

minutes to walk from the village to the site.  There is a waterfall.  The flow rate measured 

by the current meter was 0.039 m3/s and the gross head is about 28 m.   
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The calculate gross power is approximately 7.5 kW [i.e. 0.039 m3/s * 28 m * (9.8 m/s)2 * 

0.7] against the expected demand power is about 40 kW.  The final results of the 

investigation are as follows:- 

 

Name of Creek Waikana 

Catchment Area (km2) 4 

Flow rate (m3/s) 0.039 

Gross head (m) 28 

Gross power (kW) 7.5 

Number of houses (includes school & church) 108 

Watts/house (W) 69 

 

As the above table shows, the capacity of electricity generated can provide 69 W/house 

[i.e. 7.5 kW/74 houses + 4 churches (=16 houses) + 3 community halls (=12 houses) + 2 

schools (=6 houses)]. 

 

Therefore this indicates that the site is not feasible.  However in my view, this site is 

suitable for a micro hydro project because it is easy to access and the construction costs 

won’t be high. 

 

If the village needs additional power source, 7.5 kW from this site can provide power for 

the churches, community hall and the schools for 24 hours on a daily basis. 

 

Nacomoto village  [on 26th April, 2002] 

 

Nacomoto village belongs to Kadavu Province. It took us about 30 minutes from Vunisea 

to Nacomoto village by boat. There are 42 houses and 300 people in the village. There 

are 3 churches and 1 community hall, 2 shops, 1 RT station and 1 dispensary. A villager 

will construct a fish market and lodges, which require 3kW, in this village.  They 

requested for a hydro because hydro is cheaper than a generator.  

  

The potential site is on Savukoto creek. It took us about 1hour from the village to the site 

on foot and the distance is about 2.5km. The gross head is 70m and water flow is 

0.081m3/s. The power calculated is approximately 38.9kW. The catchment area at the 

location of the proposed intake is 0.7km2. The water supply is used by another resource.     

 

 Final results of the investigation are shown in the below Table. 

 

Creek Name Savukoto 

Flow rate  ( m3/s )        0.081 

Gross head  ( m ) 70 

Peak load  ( kW ) 38.9 

No. of houses (include a church etc.) 50 

Watts / houses  (W ) 1780 
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From the above table the capacity of electricity generated can provide 1780W/house i.e. 

(38.9kW/50 houses). So it is clearly indicated that this site has potential in terms of the 

amount of power available.  

 

At a moment, the village has 9.2 kVA generator. It was installed in 1990. The Heat 

appliance iron is used from only one power point.  
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Levuka-i-Yale village  [on 25th April, 2002] 
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Levuka-i-Yale village belongs to Kadavu Province. It took us about 1 hour from Vunisea 

to Levuka-i-Yale village by boat. There are 20 houses and 40 people in the village. There 

are 1 church and 1 dispensary. They requested for hydro because there is a big creek near 

the village.   

  

The potential site is on Wailevu creek. It took us about 40 minutes from the village to the 

site on foot and the distance is about 1.5km. The track to the site is very stiff. After 

climbed up to 160m then went down and reach the creek. The gross head is 80m and 

water flow is 0.053m3/s. The power calculated is approximately 29kW. The catchment 

area at the location of the proposed intake is 1.3km2. The water supply is used by another 

resource.   

 

 Final results of the investigation are shown in the below Table. 

 

Creek Name          Wailevu 

Flow rate  ( m3/s )        0.053 

Gross head  ( m ) 80 

Peak load  ( kW ) 29.06 

No. of houses (include a church etc.)           20 

Watts / houses  (W ) 1453 

 

From the above table the capacity of electricity generated can provide 1453W/house i.e. 

(29 kW/20 houses). So it is clearly indicated that this site has potential in terms of the 

amount of power available.  

 

In 1999, the village also requests a diesel generator.  

At a moment, the village has a 4kW diesel generator for a church service only. 
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Gasele, Nauciwai village  [on 24th April, 2002] 
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Gasele, Nauciwai village belongs to Kadavu Province. It took us about 1 hour from 

Vunisea to Gasele village by boat. There are 20 houses and 100 people in Gasele, 25 

houses and 70 people in Nauciwai village. There are 1 primary school, 1 church, 1 RT 

station and 1 dispensary. They requested for a hydro to supply electricity to the villages 

since there is a steady flow at the creek near the village.   

  

The potential site is on Waikonatawa creek. It took us about 1hour from the village to the 

site on foot and the distance is about 2.5km. The gross head is 55m and water flow is 

0.446m3/s. The power calculated is approximately 168kW. The catchment area at the 

location of the proposed intake is 5.8km2. The water supply is used by another resource.     

 

 Final results of the investigation are shown in the below Table. 

 

Creek Name Waikonatawa 

Flow rate  ( m3/s )        0.446 

Gross head  ( m ) 55 

Peak load  ( kW ) 168 

No. of houses (include a church etc.)           49 

Watts / houses  (W ) 3429 

 

From the above table the capacity of electricity generated can provide 3429W/house i.e. 

(168 kW/49 houses). So it is clearly indicated that this site has potential in terms of the 

amount of power available.  

 

At a moment, the villages also request a diesel generator.  

    Villagers said there was micro hydro plan in the 90’s by India High Commission and 

they monitored there was no water flow everyday available data on hand. 
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Richmond High School [on 23rd April, 2002] 

 

Richmond High School belongs to Kadavu Province. It took us about 30 minutes from 

Vunisea to Richmond High School by boat. The approximate area is 74 acres and 35 

acres is being utilized by the school. Number of buildings in the school is 18 staff 

quarters, 2 barracks, 4 school buildings, and 8 dormitories and so on. The number of 

students is 153. At a moment, the school has 20kVA diesel generator for only 4hours per 

night. The school requested for hybrid survey involving hydro, wind and solar to get 24 

hours electricity. 

  

The potential site is on Vunivadai creek. It took us about 2.5hour from the school to the 

site on foot and the track distance is about 5km. The gross head is 160m and water flow 

is 0.011m3/s. The power calculated is approximately 12.0kW. The catchment area at the 

location of the intake is 0.7km2. 

 

From the load analysis, electrical equipment load is 8.9kW and lighting load is 4.8kW. 
  

 Final results of the investigation are shown in the below Table. 

 

Creek Name Vunivadai 

Flow rate  ( m3/s )        0.011 

Gross head  ( m ) 160 

Peak load  ( kW ) 12.0 

Electrical Demand (kW) 14.7           

 

From the above table the capacity of electricity generated can provide 12.0kW. So it is 

indicated that this site is not feasible in terms of the amount of power available.  

 

We can recommend based on the hybrid survey analysis that 10 kW centralized solar 

array is installed. Based on the lighting load, this can be powered by the 10kW 

centralized solar array whilst the 20kVA diesel generator can power the electrical 

equipment load of the school community.  
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Naikorokoro village  [on 31st January, 2001] 
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Naikorokoro village belongs to Kadavu Province and is located in the central of Kadavu 

Island. It took about 30 minutes from Vunisea to Naikorokoro village by boat. There are 

30 people and 12 houses in this village. There is also a church in the village. They 

requested for a mini hydro project to get to them cheap and reliable electricity and to use 

the water potential available. 

  

The potential site is on Waimavana creek. It took about 1 hour from the village to the 

potential site by foot. 

 

The distance is about 2km from the village to the site. The water flow rate was measured 

to be 0.031m3/s (gauge reading is 0.22m) with the gross head of about 161m. The power 

calculated is approximately 34kW as shown in Table 1. 

 

Final results of the investigation are shown in Table 1. 

 

Table 1 

Creek Name Wainavana 

Flow rate  ( m3/s )        0.031 

Gross head  ( m )            161 

Peak load  ( kW )          34 

No. of houses (include church, 

community hall) 

          13 

Watts / houses  (kW )          2.6 

 

From the above table it is clearly indicated that this site has great potential in terms of the 

amount of power available. 

 

The capacity of electricity generated can provide 2.6kW/houses i.e. (34 kW/13 houses). 

This is more than sufficient to cater for the electricity requirement of individual 

household in the village. 

 

 

D.O.E has monitored this site since 4/12/96. But the data is not still enough. So we 

need to keep on monitoring for more period.  

 

 

Construction cost on Wainavana creek potential site – estimates only.  

    

Weir     

Concrete volume  3.0 m3  

Height                           0.5 M  
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Width  6.0 M  

Depth  1.0 M  

Unit cost 850.0 F$/m3  

Cost 2,550.0 F$  

    

Penstock    

Length 2000.0 M  

Unit cost 70.0 F$/m  

Cost 140,000.0 F$  

    

Power plant    

Installed capacity (250w*13house) 5 KW  

Turbine/alternator cost 10,000.0 F$  

    

Power station building    

Cost 10,000.0 F$  

    

Transmission line    

Length 0.5 Km  

Unit cost 28,000.0 F$/km  

Cost 14,000.0 F$  

    

Reticulation in village    

Number of houses 13 Houses  

Unit cost 400.0 F$/houses  

Cost 5,200.0 F$  

    

Contingency ( 20% ) 36,350.0 F$  

    

TOTAL 218,100.0 F$  

    

Responsibility of Government ( 90% ) 196,290.0 F$  

    

Responsibility of Village ( 10% ) 21,810.0 F$  

    

Capital cost / house  16,777.0 F$  

 

Monitoring 31/01/01 

 

Gauge value 0.38m 

Actually depth 0.22m 

 

The weir form 
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80cm 

 

40cm 

57cm 

16cm 

 

 
 

5.0 LOMAIVITI 

 

GAU 

 

 

Navukailagi village, Gau [on 26th October, 2006] 

 

Navukailagi village belongs to the Lomaiviti province and is located in the Northern 

coast of Gau. It took about 30 minutes from Nausori to Gau by airplane and about 1 hr 

and 30 minutes from Gau airport to Navukailagi village by car. This village has 

population of 145 with 31 houses. They have a nursing station, a school, a community 

hall and a church. The purpose of micro hydro feasibility study request was to provide for 

general electricity needs. 

  

The proposed site was at Nukubolo creek. It took about 35 minutes to reach potential site 

by foot. Its distance is about 2 km from the village.  

 

The water flow rate was measured to be 0.250 m3/s at the moment with the gross head of 

24 m. The power calculated is approximately 41kW [0.250m3/s * 24m * 9.8 * 0.7]. 

Demand power is approximately 15kW at .25kW per house. At the moment the village 

has a 16kVA Lister generator. Final results of the investigation are shown as follows. 

 

Name of Creek Nukubolo 

Flow rate  (m3/s) 0.250 

Gross head  (m) 24 

Gross power  (kW) 41 

Number of houses (include school and 

church) 

35 

Watts / houses  (W) 1,171 
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The capacity of electricity generated can provide 1,171 W/h i.e. (41 kW / 48 houses). 

This is more than sufficient to cater for the electricity requirement of an individual 

household in the village. 

 

It is to be noted that a change in weather caused a heavy downpour when we were 

arriving in the village. As such, creek flow was considerably above normal for this creek 

on the date of survey. Minimal discharge would therefore be much less. 

 

The topography at Navukailagi is not suitable with losses imminent from an expected 

long penstock. A gentle slope resulting in the long distance to the site will also require a 

diametrically wide penstock to reduce distance induced friction. This will be a major 

contributing factor to the overall cost of the project. In light of this, the proposed site is 

infeasible.  

 

 

 

Nukuloa village, Gau [on 25th October, 2006] 

 

Nukuloa village belongs to Lomaiviti province and is located in the west of Gau. It took 

about 30 minutes from Nausori to Gau by airplane and about 30 minutes from Gau 

airport to Nukuloa village by car. This village has population of 138 with 45 houses. 

They have a nursing station, a school and 2 churches. The purpose of micro hydro 

feasibility study request was to provide for general electricity needs. 

  

The proposed site was at Waivadela creek. It took about 17 minutes to reach potential site 

by foot. Its distance is about 1 km from the village.  

 

The water flow rate was measured to be 0.083 m3/s at the moment with the gross head of 

56 m. The power calculated is approximately 32kW [0.08372m3/s * 56m * 9.8 * 0.7]. 

Demand power is approximately 19kW at .25kW per house. At the moment the village 

has a 6 year old 25kVA Deutz generator. Final results of the investigation are shown as 

follows. 

 

Name of Creek Waivadela 

Flow rate  (m3/s) 0.08372 

Gross head  (m) 56 

Gross power  (kW) 32 

Number of houses (include school and 

church) 

48 

Watts / houses  (W) 670 

 

The capacity of electricity generated can provide 670 W/h i.e. (32 kW / 48 houses). This 

is sufficient to cater for the electricity requirement of an individual household in the 

village. 
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According to the villagers, creek flow was above normal for this creek on the date of 

survey. The topography at Nukuloa is suitable with penstock expected to be easy to 

construct without a lot of bends. It is recommended that further monitoring be carried out 

to confirm capacity.  

 

However the economics of installing a hydroelectric power plant in Nukuloa would be an 

important factor in deciding on long-term monitoring considering also logistic costs when 

actually implementing the project.  

 

 

Construction cost on Waivadela creek potential site – estimates only.  

    

Weir     

Concrete volume                  2.5 m3  

Height                           0.5 m  

Width  5.0 m  

Depth  1.0 m  

Unit cost 850.0 F$/m3  

Cost 2,125.0 F$  

    

Penstock    

Length 800.0 m  

Unit cost 70.0 F$/m  

Cost 56,000.0 F$  

    

Power plant    

Installed capacity 32 KW  

Unit cost  1,200.0 F$/kW  

Cost 38,400.0 F$  

    

Power station building    

Cost 10,000.0 F$  

    

Transmission line    

Length 0.1 Km  

Unit cost 28,000.0 F$/km  

Cost 2,800.0 F$  

    

Reticulation in village    

Number of house 48 Houses  

Unit cost 400.0 F$/house  

Cost 19,200.0 F$  

    

Contingency ( 20% ) 25,705.0 F$  

    

TOTAL 154,230.0 F$  
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Responsibility of Government ( 90% ) 138,807.0 F$  

    

Responsibility of Village ( 10% ) 15,423.0 F$  

    

Capital cost / house  3,213.1 F$  

 

 

 

Vanuaso village, Gau Island [on 29th October, 1999] 

 

Vanuaso village belongs to Lomaiviti province and is located in the western of Gau. It 

took about 30 minutes from Nausori to Gau by airplane and about 1.5 hours from Gau 

airport to Yadua village by car. This village has population of 165 and 47 houses. They 

have a school, a grocery shop, a church and a community hall. Their purpose of micro 

hydro request was to provide for the needs the village. 

  

The potential site called Naselei creek. It took about 20 minutes to reach potential site by 

foot. 

 

Its distance is about 1.2 km from the village. The water flow rate was measured to be 

0.018 m3/s with the gross head of 97 m. The power of 12.6 kW could be generated as 

shown in Annex 1.  

 

Final result of the investigation is shown in Table 1. 

 

Table 1 

Creek Name      Naselei 

Flowrate  ( m3 / s )        0.018 

Gross head  ( m )           97 

Peak load  ( kW )         12.6 

No. of houses           51 

Watts / houses  ( W )          247 

 

From the above table it is indicated that this site may be infeasible in terms of the amount 

of power available. 

 

The capacity of electricity generated can provide 247 W/h i.e. ( 12.6 kW / 51 houses ). 

This is sufficient to cater for the electricity requirement of an individual household in the 

village. 

 

At the moment the power is supplied to the village by 35 kVA diesel generator.   
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Construction cost on Wainiqa creek potential site – estimates only.  

    

Weir     

Concrete volume                  1.5 m3  

Height                           0.5 M  

Width  3.0 M  

Depth  1.0 M  

Unit cost 850.0 F$/m3  

Cost 1,275.0 F$  

    

Penstock    

Length 1,000.0 M  

Unit cost 70.0 F$/m  

Cost 70,000.0 F$  

    

Power plant    

Installed capacity 12.6 KW  

Unit cost  1,200.0 F$/kW  

Cost 15,120.0 F$  

    

Power station building    

Cost 10,000.0 F$  

    

Transmission line    

Length 0.2 Km  

Unit cost 28,000.0 F$/km  

Cost 5,600.0 F$  

    

Reticulation in village    

Number of house 51 Houses  

Unit cost 400.0 F$/house  

Cost   20,400.0 F$  

    

Contingency ( 20% ) 24,479.0 F$  

    

TOTAL 146,874.0 F$  

    

Responsibility of Government ( 90% ) 132,286.6 F$  
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Responsibility of Village ( 10% ) 14,687.4 F$  

    

Capital cost / house  2,879.9 F$  
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Nawaikama village, Gau Island [on 28th October, 1999] 
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Nawaikama village belongs to Lomaiviti province and is located in the western of Gau. It 

took about 30 minutes from Nausori to Gau by airplane and about 45 minutes from Gau 

airport to Yadua village by car. This village has population of 364 and 82 houses. They 

have 2 schools, 4 grocery shops, a health worker’s office, a church, a community hall and 

a cargo shed. Their purpose of micro hydro request was to provide for the needs the 

village. 

  

The potential site is called Wainiqa creek. It took about 40 minutes to reach potential site 

by foot. 

 

Its distance is about 1.8 km from the village. The water flow rate was measured to be 

0.015 m3/s with the gross head of 61 m. The power of 6.1 kW could be generated as 

shown in Annex 1.  

 

Final result of the investigation is shown in Table 1. 

 

Table 1 

Creek Name      Wainiqa 

Flowrate  ( m3 / s )        0.015 

Gross head  ( m )           61 

Peak load  ( kW )          6.1 

No. of houses           92 

Watts / houses  ( W )           66 

 

From the above table it is clearly indicated that this site is infeasible in terms of the 

amount of power available. 

 

The capacity of electricity generated can provide 66 W/h i.e. ( 6.1 kW / 92 houses ). This 

is sufficient to cater for the electricity requirement of an individual household in the 

village. 

 

At the moment the power is supplied to the village by 70 kVA diesel generator.   

 

 

 

 

 

 

 

 

 

Construction cost on Wainiqa creek potential site – estimates only.  
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Weir     

Concrete volume                  1.5 m3  

Height                           0.5 M  

Width  3.0 M  

Depth  1.0 M  

Unit cost 850.0 F$/m3  

Cost 1,275.0 F$  

    

Penstock    

Length 1,000.0 M  

Unit cost 70.0 F$/m  

Cost 70,000.0 F$  

    

Power plant    

Installed capacity 6.1 KW  

Unit cost  1,200.0 F$/kW  

Cost 7,320.0 F$  

    

Power station building    

Cost 8,000.0 F$  

    

Transmission line    

Length 0.8 Km  

Unit cost 28,000.0 F$/km  

Cost 22,400.0 F$  

    

Reticulation in village    

Number of house 92 Houses  

Unit cost 400.0 F$/house  

Cost 36,800.0 F$  

    

Contingency ( 20% ) 29,159.0 F$  

    

TOTAL 174,954.0 F$  

    

Responsibility of Government ( 90% ) 157,458.6 F$  

    

Responsibility of Village ( 10% ) 17,495.4 F$  

    

Capital cost / house  1,901.7 F$  
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Nukuloa village, Gau Island [on 28th October, 1999] 

 

Nukuloa village belongs to Lomaiviti province and is located in the west of Gau. It took 

about 30 minutes from Nausori to Gau by airplane and about 30 minutes from Gau 

airport to Nukuloa village by car. This village has population of 215 and 48 houses. They 

have a nursing station, a school, 2 shops, and a radio transmitting station, agriculture 

quarters and a church. Their purpose of micro hydro request was to provide for the needs 

the village. 

  

The proposed site was a waterfall in Vatukalou creek Tobutakona. It took about 10 

minutes to reach potential site by foot. 

 

Its distance is about 300 m from the village. The water flow rate was measured to be 

0.018 m3/s with the gross head of 55 m. The power of 6.6 kW could be generated as 

shown in Annex 1.  

 

A final result of the investigation is shown in Table 1. 

 

Table 1 

Creek Name    Vatukalou 

Flowrate  ( m3 / s )        0.018 

Gross head  ( m )           55 

Peak load  ( kW )           6.6 

No. of houses           55 

Watts / houses  ( W )          120 

 

From the above table it is clearly indicated that this site is infeasible in terms of the 

amount of power available. 

 

The capacity of electricity generated can provide 120 W/h i.e. ( 6.6 kW / 55 houses ). 

This is sufficient to cater for the electricity requirement of an individual household in the 

village. 

 

At the moment the power is supplied to the village by diesel generator.   
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Construction cost on Vatukalou creek potential site – estimates only.  

    

Weir     

Concrete volume                  2.5 m3  

Height                           0.5 M  

Width  5.0 M  

Depth  1.0 M  

Unit cost 850.0 F$/m3  

Cost 2,125.0 F$  

    

Penstock    

Length 200.0 M  

Unit cost 70.0 F$/m  

Cost 14,000.0 F$  

    

Power plant    

Installed capacity 6.6 KW  

Unit cost  1,200.0 F$/kW  

Cost 7,920.0 F$  

    

Power station building    

Cost 10,000.0 F$  

    

Transmission line    

Length 0.1 Km  

Unit cost 28,000.0 F$/km  

Cost 2,800.0 F$  

    

Reticulation in village    

Number of house 55 Houses  

Unit cost 400.0 F$/house  

Cost 22,000.0 F$  

    

Contingency ( 20% ) 11,774.0 F$  

    

TOTAL 70,710.0 F$  

    

Responsibility of Government ( 90% ) 63,639.0 F$  

    

Responsibility of Village ( 10% ) 7,071.0 F$  

    

Capital cost / house  1,285.6 F$  
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Yadua village, Gau Island [27th October, 1999] 

 

Yadua village belongs to Lomaiviti province and is located in the southeastern of Gau. It 

took about 30 minutes from Nausori to Gau by airplane and about 15 minutes from Gau 

airport to Yadua village by car. This village has population of 134 and 26 houses. They 

have a Methodist training center, a dispensary, a church and a community hall. Their 

purpose of micro hydro request was to provide for the needs the village. 

  

The potential site is Naisogoua creek. It took about 30 minutes to reach potential site by 

foot. 

 

Its distance is about 1.7 km from the village. The water flow rate was measured to be 

0.045 m3/s with the gross head of 22 m. The power of 6.8 kW could be generated as 

shown in Annex 1.  

 

Final result of the investigation is shown in Table 1. 

 

Table 1 

Creek Name   Naisogoua 

Flowrate  ( m3 / s )        0.142 

Gross head  ( m )           22 

Peak load  ( kW )          21.5 

No. of houses           30 

Watts / houses  ( W )          717 

 

From the above table it is clearly indicated that this site is feasible in terms of the amount 

of power available. 

 

The capacity of electricity generated can provide 717 W/h i.e. (21.5 kW / 30 houses). 

This is sufficient to cater for the electricity requirement of an individual household in the 

village. 

 

At the moment the power is supplied to the Methodist training center by diesel generator.  

  

 

 

Construction cost on Naisogoua creek potential site – estimates only.  

    

Weir     

Concrete volume                  3.0 m3  

Height                           1.0 m  

Width  3.0 m  

Depth  1.0 m  
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Unit cost 850.0 F$/m3  

Cost 2,550.0 F$  

    

Penstock    

Length 1,200.0 m  

Unit cost 70.0 F$/m  

Cost 84,000.0 F$  

    

Power plant    

Installed capacity 21.5 kW  

Unit cost  1,200.0 F$/kW  

Cost 25,800.0 F$  

    

Power station building    

Cost 15,000.0 F$  

    

Transmission line    

Length 1.0 km  

Unit cost 28,000.0 F$/km  

Cost 28,000.0 F$  

    

Reticulation in village    

Number of house 30 houses  

Unit cost 800.0 F$/house  

Cost 24,000.0 F$  

    

Contingency ( 20% ) 35,870.0 F$  

    

TOTAL 215,220.0 F$  

    

Responsibility of Government ( 90% ) 193,698.0 F$  

    

Responsibility of Village ( 10% ) 21,552.0 F$  

    

Capital cost / house  7,174.0 F$  
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KORO 

 

 

OVALAU 

 

Lovoni village  [on 26th September, 2001] 

 

Lovoni village is located at the center of Ovalau Island and belongs to Lomaiviti 

Province. It took us about 50 minutes from Levuka to Lovoni village by car. There are 37 

houses in this village. There is 1 church, 1 community hall, 1 canteen and 1 school. The 

school, whose name is Lovoni Fijian School, has 6 class rooms with 150 students and 5 

teacher quarters. Nasumatua and Vuniivisavu villages are close to Lovoni village. They 

have 25 and 32 houses and these 3 villages share the school and church. These 2 villages 

are also keen to get hydro power. They requested for a hydro to get electricity for 24 

hours. 

  

The potential site is the juncture of Wailevu creek (Lovoni River) and Wainarewa creek. 

It took us about 10 minutes from the village to the site by car and the distance is about 

2.4km. The gross head is 50m and total water flow of these 2 creeks is 0.184m3/s. The 

power calculated is approximately 63kW. As remarkable the catchment area at the 

location of the intake is 10.5km2  

 

  

 

Final results of the investigation are shown in Table 1. 

 

Table 1 

Creek Name Wailevu (Lovoni River)      

          

            

  

Flow rate  ( m3/s )        0.184 

Gross head  ( m ) 50 

Peak load  ( kW ) 63 

No. of houses (include a church)           40 

Watts / houses  (W )          1575 

 

From the above table the capacity of electricity generated can provide 1575W/house i.e. 

(63 kW/40 houses). So it is clearly indicated that this site has great potential in terms of 

the amount of power available.  

The villagers said if Lovoni could be electrified excluding 2 villages we ought to go 

ahead for development of the Lovoni site and if the power is enough for 3 villages(94 

houses) they request to supply to 3 villages. 

 

At the moment, the power is supplied to Nasumatua and      Vuniivisavu villages include 

Lovoni Fijian School by 2 of 8.7kVA generator, which installed in 2000.  
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6.0 MACUATA 
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Saivou Village, Macuata [on 13th November 2006] 

 

Saivou village belongs to the province of Macuata in the Seaqaqa district.  The traveling 

time by vehicle from Labasa to the village is approximately 1 hr. The village has a 

population of about 160 individuals with a total number of 32 households.  Apart from 

the individual households the village also has a church. The purpose of micro hydro 

feasibility study request was to provide for general electricity needs for Saivou village 

and 4 other villages (Lomaloma (20 h/h), Nacereyaga (26 h/h), Naravuka (40 h/h) and 

Wasavulu (16 h/h)). 

  

The proposed site was at Volivoli Creek.  The traveling time by vehicle from the village 

and halfway to the site is approximately 4 minutes and by foot from the parked vehicle to 

the site is 15minutes.  The total distance from the village to the site is approximately 3 

and a half kilometers. 

 

The water flow rate was measured to be 0.2212m3/s at the moment with a gross head of 

10 m. The power calculated is approximately 15kW [0.2212m3/s * 10m * 9.8 * 0.7]. 

Demand power is approximately 35kW at .25kW per house for the 5 villages.  Final 

results of the investigation are shown as follows. 

 

Name of Creek Volivoli Creek 

Flow rate  (m3/s) 0.2212 

Gross head  (m) 10 

Gross power  (kW) 15 

Number of houses (include school and church) 134 

Watts / houses  (W) 112W 

 

The capacity of electricity generated can provide 112 W/h i.e. (15 kW / 134 houses). This 

is insufficient in terms of catering for the electricity requirement of an individual 

household for the whole 5 villages. 

 

The capacity is sufficient for Saivou village only, with the provision of 469W per 

household (15kw / 32 houses).  However when taking into account the topography of the 

site and surrounding areas, the site is not feasible for further works in terms of hydro-

electric development. The topography is such that the penstock route would be confined 

to the banks of the creek as both sides of the creek are elevated to points much higher 

(~70 meters higher) than the intake. As such the penstock is prone to flooding.   

 

The gradual drop in elevation of only 10 meters over a line of sight distance of 1.5 km to 

the powerhouse means large diameter penstock would have to be used. The transmission 

lines to the village from the penstock would also be very lengthy contributing to the 

overall large capital cost.  
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 Vunisea site visit report (on January 27th 2005)  

 

I and PKA visited Vunisea village in Macuata province on Vanua Levu on 27th Jan 2005. 

The site was visited for preliminary survey by PKA and Kuni in 30th June 2004. The 

result conducted by them was feasible. Gross Head was 31m.Flow late was 0.073 m/s2.As 

a result Watts/house was 517w. 

Actuary I visited this site this time and l found that the site condition was very suitable 

for hydrogenation. Because of the creek which we are going to use for hydro is located 

very close from Vunisea village that we intended to deliver electricity. And accessibility 

is also very easy. Car is able to access as near to the intake place. In my view, the scale of 

this site is suitable for first construction. It can be applied for fund like glass-roots aid.  

 So I recommend this site should be long term monitoring as soon as possible. And the 

way of monitoring is preferable conducted by weir gauging reading method(actuary 

reading the depth the height of the water flow from bottom of crest to surface by villagers 

one time a day. it is one of the most accurate measure method. this way of measurement 

can be done because of the easy access from village ) 

 If we could purchase the necessary material of the weir (like cement, sand, wood flame, 

re-bar, tools and so on) we would be able to make the weir by ourselves and villagers. 

That mean cost will be less than asking other construction company.  

Please consider making weir for long term monitoring of Vunisea village.  

 

 

 

Nacereyaga Village  [01st July, 2004] 

 

Nacereyaga village is located in Macuata province on Vanua Levu. It took about 1.5 

hours from Nabouwalu to the village by 4WD car. There are 140 people and 22 

houses and also 2 churches and 1 school (Seaqaqa Dist. School) in the village. One of 

church has solar home system that was installed by DOE before. The potential site is 

on Saumaka creek. It took about 1 hour walk from the village to the site. There is no 

access path from the village to the site so we had to walk in bush. There is a waterfall 

that has 14m height and also there is a cascade on upstream of the fall. The flow rate 

measured by current meter was 0.296m3/s at the moment and the gross head is about 

14m (Between on top and down of the fall). The power calculated is approximately 

28kW [ 0.296m3/s * 14m * 9.8 * 0.7 ]. Demand power is 13kW roughly. Final 

results of the investigation are shown as follows. 

 

Name of creek Saumaka 

Catchment area  (km2) 4 

Flow rate  (m3/s) 0.296 

Gross head  (m) 14 

Gross power  (kW) 28 

Number of houses (include school and church) 34 

Watts / houses  (W) 823 
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As the above table, the capacity of electricity generated can provide 823W/house [i.e. 

28kW/22 houses + 2 churches (=8 houses) + 1 school (=4 houses)]. Therefore it is 

indicated that this site is feasible. However, the distance from the village to the site is 

very far. Transmission line must be so long hence construction cost might be big. It 

might not be cost-effective. 
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Vunisea village in Macuata  [30th June, 2004] 

 

Vunisea village is located in Macuata province on Vanua Levu. It took about 2.5 

hours from Nabouwalu to the village by 4WD car. There are 185 people and 25 

houses and also 1 church in the village. The potential site is on Vunisea creek (shown 

as Domonisavu creek on map). It took about 5 minutes walk from the village to the 

site. There is big waterfall called Domonisavu fall. The flow rate measured by current 

meter was 0.073m3/s at the moment and the gross head is about 31m (Between top 

and down of the fall). The power calculated is approximately 15kW [ 0.073m3/s * 

31m * 9.8 * 0.7 ]. Demand power is 11kW roughly. Final results of the investigation 

are shown as follows. 

 

Name of creek Vunisea 

Catchment area  (km2) No 

topographical 

map 

Flow rate  (m3/s) 0.073 

Gross head  (m) 31 

Gross power  (kW) 15 

Number of houses (include school and church) 29 

Watts / houses  (W) 517 

 

As the above table, the capacity of electricity generated can provide 517W/house [i.e. 

15kW/25 houses + 1 church (=4 houses)]. Therefore it is indicated that this site is 

feasible. This site is quite suitable for micro-hydro scheme in my view. An iron pipe 

that was used as water supply pipe for one of school before was beside the waterfall. It 

means that the construction work can be done. I think this site should be carried out 

soon.  

 

 

7.0 NADROGA-NAVOSA 

 

Draubuta Village in Nadroga [ on 25th July, 2006] 

 

Draubuta village is located in Nadroga/Navosa province on Viti Levu Island. It took 

about 2 Hours and half from Sigatoka to the village by car. There are about 500 

people and 60 houses and 1 church and 1 school in the village. And the village has no 

electricity right now. 

They requested the hydro survey for their lighting and electric appliances.  

The potential site is on Tokosa Creek. It took about 30 minutes by car from the 

village to the site. The distance is appreciatory 7km. 

They are planning to distribute the electricity to other two villages, Nakoro village 

and Navitilevu village. 

Nakoro village has 40 houses and Navitilevu village has 14 houses. 
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The distances from the site to each village are about 1.5km and 3km. (Refer attached 

map) 

The flow rate measured by current meter was 0.066m3/s at the moment and the gross 

head was about 84m.  

The power calculated is approximately 22kW [ 0.066m3/s * 76m * 9.8 * 0.6 ]. 

Demand power is 22kW in total roughly.  

 

Final results of the investigation are shown as follows. 

Name of Creek Tokosa 

Catchment area  (km2) 3.5 

Flow rate  (m3/s) 0.066 

Gross head  (m) 84 

Gross power  (kW) 30 

Number of houses (include school and church) 122 

Watts / houses  (W) 245 

 

As the above table, the capacity of electricity generated can provide 245W/houses. 

From the above result, this site is estimated as feasible. 

90% Design flow would be about half of the measured flow rate 0.066m3/s,0.03m3/s by 

the calculation based on Catchments area and rainfall data in adjacent Korolevu. (Please 

refer attached sheet.) 

Therefore Gross power should be about 17kw. 

This survey was requested by Draubuta village. But I guess this scale of electricity 

supposed to be generated by this micro hydro would be able to cater only Nakoro 

village and Navitilevu village. 

And also considering from economical aspect, it is reasonable to provide the electricity 

only to those two villages since the distance between proposed power house site and 

Draubuta village is as quite far as about 7km. 

The ownership of Tokosa creek is not possessed only by Draubuta village but also 

Nakoro and Navitilevu village. (Refer attached hydro feasibility question sheet.)  

 

 



 405 

 
 

 
Korolevu Village (on 6th April 2004) 
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Korolevu Village is located in the center of Viti Levu in Nadroga-Navosa Province.  It 

took about 2 hours from Sigatoka Town to the village by our car.  There are more than 

500 villagers and 120  houses and also 3 churches and 2 community halls in the village. 

 

The potential site is on Savua Creek.  It took about 1 hour walk from the village to the 

site.  There is a big waterfall called Savua Falls just upstream of the proposed intake site.  

We couldn’t climb up the fall because of its steepness.   

 

The flowrate measured by the current meter was 0.303m3/s and the gross head is about 41 

m.  The calculated gross power is approximately 85kW (i.e. 0.303m3/s * 41m * 9.8m/s 

*0.7) against the expected demand power which is about 53 kW.  Final results of the 

investigation are as follows:- 

 

Name of Creek Savua 

Catchment Area (km2) 9 

Flowrate (m3/s) 0.303 

Gross Head (m) 41 

Gross Power (kW) 85 

Number of houses (include school & 

church) 

140 

Watts/houses (W) 607 

 

As the above table indicates, the capacity of electricity generated can provide 

607W/house (i.e. 85kW/120 houses + 3 churches (=12 houses) + 2 community halls (=8 

houses)). 

 

Therefore it is indicated that this site is feasible.  However, this result depends on the 

flowrate that was measured after heavy rain so it might be estimated better than usual. 

 

This village is surrounded by mountains so it could be suitable for hydro project and also 

this village has a lot of population.  Therefore this site should be monitored for long term 

soon. 
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Nadrau / Nabouwaqa [on 6th September 1994] 
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Nadrau / Nabouwaqa villages belong to Navosa Tikina of Nadroga / Navosa province and 

are located to the North of Navosa Tikina. It took about one hour from Nadarivatu by car. 

These villages have the population of 273 and the numbers of houses are 62. They have a 

church at each village. Nadrau has a school too. 

 

Qaliqali creek, which is a main river and flows nearby these villages. And this creek has a 

potential site. The distance of this village to Qaliqali creek is about 0.5 km. It took about 

half an hour to get to the top of the waterfall by walk. 

 

A potential site in Qaliqali creek, which is located in the upper streams of Qaliqali creek. 

The distance from the top of waterfall to the bottom of waterfall is about 0.2 km. The 

catchment area is about 0.5km^2 and it is too small. As a result, the water flow rate was 

0.0173 m^3/s, the gross head was about 50 m in height; the peak load was approximately 

5.9339 kW. 

 

Some results on this investigation run as follows. 

 

 

8) This village has 62 houses. And it will be possible to provide about 81 watts 

per house (= 5 kW/ 62 houses). 

 

 

9) Construction cost  

 

a) Diversion Weir 

Concrete volume 5.0m^3 (cubic meter) 

Height 1.0 m (inclusive of the basis) 

Width 10 m 

Depth 0.5 m 

Unit cost F$ 350/m^3     

Cost  F$ 350/m^3 x 5 m^3  = F$ 1,750 

 

hh)  Penstock 

Length 200 m 

Unit Cost F$ 60 / m 

Cost F$ 60 / m x 200 m  =F$ 12,000 

  

ii) Power plant 

Installed capacity 5 kW 

Unit cost F$ 1,000 / kW 

Cost F$ 1,000 / kW x 5 kW  = F$ 5,000 

 

jj) Power station building 

Cost      = F$ 6,000 
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kk) Transmission line 

Length 0.5 km 

Unit cost F$ 25,000 / km 

Cost F$25,000 / km x 0.5 km = F$ 12,500 

 

ll) Reticulation in village 

Number of houses 62 

Unit cost F$ 700 / house 

Cost F$ 700 / house x 62  = F$ 43,400 

 

mm) Contingency 

20 %      = F$ 16,130 

     TOTAL = F$ 96,780 

nn) Responsibility of  

Government (90 %)    = F$ 87,102 

 

 

oo) Responsibility of  

                Village (10 %)     = F$ 9,678 

  

     k) Capital cost/house    = F$ 1,561 

 

 

 

Final results on this investigation are indicated TABLE 6-27 

 

TABLE 6 – 24   LEWA / MAROU VILLAGE 

 

River / creek name QALIQALI 

Water flow rate (m^3/s) 0.0173 

Gross head (m) 50 

Peak load 5 

Number of houses 62 

Watts / house 81 

Total Cost F$ 96,780 

Responsibility of Government (90%) F$ 87,102 

Responsibility of village (10%) F$ 9,678 

Capital cost per house F$ 1,561 
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Naga [on 6th September 1994] 

 

Naga village belongs to Navosa Tikina of Nadroga / Navosa province and is located to 

the north of Navosa Tikina. It took about one and half an hour from Nadarivatu by car. 

This village has a population of 127 and the 27 houses. They have 2 churches, one school 

and P & T. 

 

Naqalitoro creek, which is a tributary of Sigatoka river and flows near this village. 

Naqalitoro creek has a waterfall. It took about half an hour to get to the potential site. The 

distance of the potential site to this village is 0.5 km. 

 

A potential site in Naqalitoro creek is located in the upper streams of Naqalitoro creek. 

The distance from the top of waterfall to the bottom of waterfall is 0.2 km [= length of 

penstock]. As a result, the water flow rate was 0.0014 m^3/s, the gross head was about 46 

m; peak load was approximately 0.4117 kW. 

 

Some results on this investigation are indicated in TABLE 6-28 

 

TABLE 6 – 28 

 

River / creek name NAQALITORO 

Water flow rate (m^3/s) 0.0014 

Gross head (m) 46 

Peak load (kW) 0.4 

Number of houses 27 

Watts / house 15 

 

In conclusion it is not feasible to accomplish micro hydro here because of few peak loads. 
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8.0 NAITASIRI 
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Botenaulu Village in Naitasiri [05th July, 2005] 

 

 

Botenaulu village is located in Naitasiri province on Viti Levu Island. It took about 3 

Hours from Suva to the village by car. There are 106 people and 26 houses and 3 

churches and 1 community hall in the village.  

And the village has no electricity right now. 

They requested the hydro survey for their lighting and electric appliances.  

The potential site is on Waisala Creek. It took about 15 minutes by foot from the 

village to the site. The flow rate measured by current meter was 0.017m3/s at the 

moment and the gross head was about 46m.  

They have not had rain for more than a month as we checked the amount of flow of 

the creek. Therefore the above flow rate is able to be assumed as minimum condition.  

The power calculated is approximately 5kW [ 0.017m3/s * 46m * 9.8 * 0.7 ]. 

Demand power is 9kW roughly. Final results of the investigation are shown as 

follows. 

 

Name of Creek Waisala 

Catchment area  (km2) 0.5km2 

Flow rate  (m3/s) 0.017 

Gross head  (m) 46 

Gross power  (kW) 5 

Number of houses (include school and church) 34 

Watts / houses  (W) 147 

 

As the above table, the capacity of electricity generated can provide 147W/house [i.e. 

5kW/ (26houses + 3 church + 1community hall]. From the above result, this site is 

estimated as infeasible due to insufficient amount of flow and Head. 

And also the potential creek has a lot of bend. The alignment of the creek is not 

suitable for hydro scheme since the length of the penstock from the intake site to the 

generator site would be long. The net power should be less than the 5kw gross power 

due to the friction loss and the bend loss of the Penstock. 

The Existing FEA grid named Wailoa Power Station is located more than 6km away 

from the village. 

Considering the remoteness and tough topography condition, it should be taken so long 

time to reach them the grid.  

So we recommended them to apply for diesel generator for their electricity. 

  

 

 

Navolau village in Naitasiri [16th June, 2005] 
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Navolau village is located in Naitasiri province on Viti Levu Island. It took about 45 

minutes from Suva to the village by car. There are 400 people and 46 houses 1 school 

and 1 church and 1 community hall in the village. The potential site is on Wairoro 

Creek. It took about 10 minutes by boat from the village to the site. The flow rate 

measured by current meter was 0.574m3/s at the moment and the gross head is about 

75m). The power calculated is approximately 295kW [ 0.574m3/s * 75m * 9.8 * 0.7 

]. Demand power is 16kW roughly. Final results of the investigation are shown as 

follows. 

 

Name of Creek Wairoro 

Catchment area  (km2) topographical 

map 

Flow rate  (m3/s) 0.574 

Gross head  (m) 75 

Gross power  (kW) 295 

Number of houses (include school and church) 46 

Watts / houses  (W) 5673 

 

As the above table, the capacity of electricity generated can provide 5673W/house [i.e. 

295kW/ (46houses + 1 church+1school+1community hall (=300W)]. From the above 

result, this site is estimated as feasible. According to the villagers, the amount of the 

flow when we surveyed was minimum condition through a year. The cost of 

construction would be cheap since the distance from intake place and powerhouse site 

to the village are very near. From the above result, the water fall is capable to provide 

electricity not only Navolau village but also Natavera, village, Natuva village, Nameka 

village, and Meatei village around this region. (Natuva and Nameka are in Tailevu 

province)  

 

But this hydro project would face two problems to implement. One is FEA line. 

According to the villagers, The nearest FEA line is existing 4.3km from the village 

Vatukarasa village. But the extension cost of the FEA line would be expensive because 

the line had to over the Rewa River to reach Navolau village. In my opinion, even 

though FEA is planning to extend their line to the village, it is worth to utilize the 

water fall for to reduce the expenditure of fossil oil cost.  

Anyway, I will ask FEA whether they have a plan of extension of their line to the 

village or not. If so I would like to talk to them about this potential hydro site. 

Another problem is that the village has about 400 tourists a year, and the water fall has 

been used as a sight seeing spot. But it is very possible that the hydro project would not 

need all of the flow through a year. 

Above very feasible result, it is better to shift long term monitoring but according to 

the villagers, PWD had already implemented long term monitoring about 15 years ago. 

And I actually confirmed a staff gage at the upstream of the water fall. 

I already called and asked senior hydro gist of PWD Mr. Faga Finiasi whether they 

have the long term monitoring data of the  Creek or not. And if so, why had they 

stopped the project. Now I am waiting for their reply. 
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Delailasakau village  [on 31st January, 2002] 
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Delailasakau village belongs to Naitasiri Province. It took us about 2 hours from Suva to 

Delailasakau village via Sawani Road by car. There are 33 houses and 180 people in this 

village. There is 1 church, 1 community hall and 1 shop. They requested for a hydro to 

get electricity for 24 hours. 

  

The potential site is on Wainamoli creek. It took us about 1hour from the village to the 

site on foot and the distance is about 2km. The gross head is 55m and water flow is 

0.178m3/s. The power calculated is approximately 67kW. The catchment area at the 

location of the intake is 3.5km2  

 

 Final results of the investigation are shown in the below Table. 

 

Creek Name Wainamoli 

Flow rate  ( m3/s )        0.178 

Gross head  ( m ) 55 

Peak load  ( kW ) 67 

No. of houses (include a church)           36 

Watts / houses  (W ) 1861 

 

From the above table the capacity of electricity generated can provide 1861W/house i.e. 

(67 kW/36 houses). So it is clearly indicated that this site has potential in terms of the 

amount of power available.  

 

At a moment, the village also requests a diesel generator.  
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Waisasavu Village in Naitasiri [13th June, 2006] 

 

 

Waisasavu village is located in Naitasiri province on Viti Levu Island. It took about 1 

Hours from Suva to the village by car. There are 130 people and 21 houses and 1 

churches and 1 community hall in the village.  

And the village has no electricity right now. 

They requested the hydro survey for their lighting and electric appliances and for 

sawmill.  

The potential site is on Savu Creek. It took about 30 minutes by foot from the village 

to the site. The flow rate measured by current meter was 0.007m3/s at the moment and 

the gross head was about 36m.  

It seems like around the area had rain before our visit because the ground was wetted. 

Therefore it is forecasted that the creeks flow rate should be less than above amount 

during the year especially in dry seasons. 

The power calculated is approximately 2kW [ 0.007m3/s * 36m * 9.8 * 0.7 ]. 

Demand power is 5kW roughly.  

Final results of the investigation are shown as follows. 

 

Name of Creek Savu 

Catchment area  (km2) 0.25 

Flow rate  (m3/s) 0.007 

Gross head  (m) 36 

Gross power  (kW) 2 

Number of houses (include school and church) 21 

Watts / houses  (W) 73 

 

 

As the above table, the capacity of electricity generated can provide 73W/house [i.e. 

1kW/ (21houses + 1 church + 1 community hall]. From the above result, this site is 

estimated as infeasible due to insufficient amount of flow 0.007 m3/s in spite of good 

topography condition for hydro scheme. 
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Naivucini village [on 30th November 1994] 
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Naivucini village belongs to Wainimala Tikina of Naitasiri province and is located to the 

east end of Wainimala Tikina. This village has a population of about 390 and the 

numbers of houses are 80. They have 1 church, 1 school and 1 community hall. 

Incidentally details of school inside are five classrooms and 6 teacher’s quarters. 

 

There is a waterfall in Nasili creek. It took about two hours to get a potential site by walk. 

 

Nasili creek has a potential site, which is located to the upper streams of Nasili creek. The 

distance from the potential site to this village is about 3 km. As a result, the water flow 

rate was 0.1378 m^3/S, the gross head was about 36 m in height from the top of waterfall 

to this village, the distance from the top of the waterfall to the bottom of the waterfall is 

300m and the peak load was approximately 42.92 kW. 

 

As all results on this investigation, some potentials of this village are considered like 

below. 

 

10) The numbers of houses in this village is 80. It means it will be possible to 

provide about 525 w (= 42 kW/ 80 houses) and it is very strong. But there is a problem 

that the distance from this village to the potential site is very far. 

 

11) Construction cost on Nasili creek potential site- rough estimate 

 

a) Weir 

Concrete volume 5.0m^3 (cubic meter) 

Height 1.0 m (inclusive of the basis) 

Width 10 m 

Depth 0.5 m 

Unit cost F$ 350/m^3     

Cost  F$ 350/m^3 x 5 m^3  = F$ 1,750 

 

 

 

pp)  Penstock 

Length 300 m 

Unit Cost F$ 60 / m 

Cost F$ 60 / m x 500 m  =F$ 18,000 

  

qq) Power plant 

Installed capacity 42 kW 

Unit cost F$ 1,000 / kW 

Cost F$ 1,000 / kW x 24 kW  = F$ 42,000 

 

rr) Power station building 
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Cost      = F$ 6,000 

 

ss) Transmission line 

Length 3 km 

Unit cost F$ 25,000 / km 

Cost F$25,000 / km x 3 km = F$ 75,000 

 

tt) Reticulation in village 

Number of houses 80 

Unit cost F$ 700 / house 

Cost F$ 700 / house x 80  = F$ 56,000 

 

uu) Contingency 

20 %      = F$ 39,750 

     TOTAL = F$ 238,500 

vv) Responsibility of  

Government (90 %)    = F$ 214,650 

 

ww) Responsibility of  

                Village (10 %)     = F$ 23,850 

  

     k) Capital cost/house    = F$ 2,981 

 

 

Final results on this investigation are indicated TABLE 6-34 

 

TABLE 6 – 34 

 

River / creek name NASILI 

Water flow rate (m^3/s) 0.1738 

Gross head (m) 36 

Peak load 42 

Number of houses 80 

Watts / house 525 

Total Cost F$ 238,500 

Responsibility of Government (90%) F$ 214,650 

Responsibility of village (10%) F$ 23,850 

Capital cost per house F$ 2,981 
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Naivucini village [on 30th November 1994] 
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Naivucini village belongs to Wainimala Tikina of Naitasiri province and is located to the 

east end of Wainimala Tikina. This village has a population of about 390 and the 

numbers of houses are 80. They have 1 church, 1 school and 1 community hall. 

Incidentally details of school inside are five classrooms and 6 teacher’s quarters. 

 

There is a waterfall in Nasili creek. It took about two hours to get a potential site by walk. 

 

Nasili creek has a potential site, which is located to the upper streams of Nasili creek. The 

distance from the potential site to this village is about 3 km. As a result, the water flow 

rate was 0.1378 m^3/S, the gross head was about 36 m in height from the top of waterfall 

to this village, the distance from the top of the waterfall to the bottom of the waterfall is 

300m and the peak load was approximately 42.92 kW. 

 

As all results on this investigation, some potentials of this village are considered like 

below. 

 

12) The numbers of houses in this village is 80. It means it will be possible to 

provide about 525 w (= 42 kW/ 80 houses) and it is very strong. But there is a problem 

that the distance from this village to the potential site is very far. 

 

13) Construction cost on Nasili creek potential site- rough estimate 

 

a) Weir 

Concrete volume 5.0m^3 (cubic meter) 

Height 1.0 m (inclusive of the basis) 

Width 10 m 

Depth 0.5 m 

Unit cost F$ 350/m^3     

Cost  F$ 350/m^3 x 5 m^3  = F$ 1,750 

 

 

 

xx)  Penstock 

Length 300 m 

Unit Cost F$ 60 / m 

Cost F$ 60 / m x 500 m  =F$ 18,000 

  

yy) Power plant 

Installed capacity 42 kW 

Unit cost F$ 1,000 / kW 

Cost F$ 1,000 / kW x 24 kW  = F$ 42,000 
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zz) Power station building 

Cost      = F$ 6,000 

 

aaa) Transmission line 

Length 3 km 

Unit cost F$ 25,000 / km 

Cost F$25,000 / km x 3 km = F$ 75,000 

 

bbb) Reticulation in village 

Number of houses 80 

Unit cost F$ 700 / house 

Cost F$ 700 / house x 80  = F$ 56,000 

 

ccc) Contingency 

20 %      = F$ 39,750 

     TOTAL = F$ 238,500 

ddd) Responsibility of  

Government (90 %)    = F$ 214,650 

 

eee) Responsibility of  

                Village (10 %)     = F$ 23,850 

  

     k) Capital cost/house    = F$ 2,981 

 

 

Final results on this investigation are indicated TABLE 6-34 

 

TABLE 6 – 34 

 

River / creek name NASILI 

Water flow rate (m^3/s) 0.1738 

Gross head (m) 36 

Peak load 42 

Number of houses 80 

Watts / house 525 

Total Cost F$ 238,500 

Responsibility of Government (90%) F$ 214,650 

Responsibility of village (10%) F$ 23,850 

Capital cost per house F$ 2,981 
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Navurevure village [on 28th September 1994] 
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Navurevure village belongs to Waimaro Tikina of Naitasiri province and is located in the 

middle of Waimaro Tikina. This village has a population of 470 and the number of 

houses of this village is 45. They have 1 church, 2 schools, 1 community hall and 1 

teacher’s quarters. 

 

There is a waterfall in Wainasavu creek. It took about two hours to get to a potential site 

by walk. 

 

Wainasavu creek has a potential site, which is located to the upper streams of Wainasavu 

creek. The distance from the potential site to this village is about 2.5 km. As a result, the 

water flow rate was 0.0081 m^3/s, the gross head was about 54 m in height from the top 

of waterfall to this village; the peak load was approximately 3.0005 kW. 

 

Final results on this investigation are indicated in TABLE 6-33. 

 

TABLE 6 – 33 

 

River / creek name WAINASAVU 

Water flow rate (m^3/s) 0.0081 

Gross head (m) 54 

Peak load (kW) 3 

Number of houses 45 

Watts / house 67 

 

The numbers of houses in this village are 45. It means it will be possible to provide about 

67 watts [= 3 kW / 45 houses] per house. It is too small for this village and in conclusion 

this peak load means that it is not feasible to accomplish the micro hydro. 
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Nasevou village [on 28th September 1994] 

 

Nasevou village belongs to Waimaro Tikina of Naitasiri province and is to the east of 

Waimaro Tikina. The numbers of houses of this village are 60. They have 1 church and 1 

school, 1 community hall and 1 radio station. 

 

There is a waterfall in Wainidairo creek. It took about half an hour to get a potential site 

by walk. 

 

Wailagi creek has a potential site, which is located to the upper streams of Wailagi creek. 

The distance from the potential site to this village is about 1.0 km. As a result, the water 

flow rate was 0.0011 m^3/s, the gross head was about 22 m in height from the top of 

waterfall to this village, the peak load was approximately 1.6601 kW. 

 

Final results on this investigation are indicated in TABLE 6-32. 

 

TABLE 6 – 32 

 

River / creek name WAILAGI 

Water flow rate (m^3/s) 0.0011 

Gross head (m) 22 

Peak load (kW) 1.6 

Number of houses 60 

Watts / house 27 

 

The numbers of houses in this village are 60. It means it will be possible to provide about 

27 watts [= 1.6 kW / 60 houses] per house. It is too small for this village and in 

conclusion this peak load means that it is not feasible to accomplish the micro hydro. 
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Nadakuni village [on 28th September 1994] 
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Nadakuni village belongs to Waimaro Tikina of Naitasiri province and is located in the 

middle of Waimaro Tikina. This village has a population of about 364 and the numbers of 

houses are 74. They have 2 churched and one school and one community hall. 

 

There is a waterfall in Wainimaro creek. It took about 15 minutes to get a potential site 

by walk. 

 

Wainidairo creek has a potential site, which is located to the upper streams of Wainidairo 

creek. The distance from the potential site to this village is about 0.3 km. As a result, the 

water flow rate was 0.0023 m^3/s, the gross head was about 98 m in height from the top 

of waterfall to this village; the peak load was approximately 1.5462 kW. 

 

 

Final results on this investigation are indicated in TABLE 6-31 

 

TABLE 6 – 31 

 

River / creek name WAINIDAIRO 

Water flow rate (m^3/s) 0.0023 

Gross head (m) 98 

Peak load (kW) 1.5 

Number of houses 74 

Watts / house 20 

 

The numbers of houses in this village are 74. It means it will be possible to provide about 

21 watts (= 1.5 kW / 74 houses) per house. It is too small for this village and in 

conclusion this peak load means that it is not feasible to accomplish the micro hydro. 
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Delailasakau village [on 27th September 1994] 

 

Delailasakau village belongs to Waimaro Tikina of Naitasiri province and is located to 

the west of Waimaro Tikina. This village has a population of about 384 and the numbers 

of houses are 30. They have 1 church and nothing else. 

 

There is a waterfall in Wainaveli creek. It took about two hours to get a potential site by 

walk. 

 

Wainaveli creek has a potential site, which is located to the upper streams of Wainaveli 

creek. The distance from the potential site to this village is about 3.5 km. As a result, the 

water flow rate was 0.0058 m^3/S, the gross head was about 16 m in height from the top 

of waterfall to this village; the peak load was approximately 0.6366 kW. 

 

Final results on this investigation are indicated in TABLE 6-30 

 

TABLE 6 – 30 

 

River / creek name WAINAVELI 

Water flow rate (m^3/s) 0.0058 

Gross head (m) 16 

Peak load (kW) 0.60 

Number of houses 30 

Watts / house 20 

 

The numbers of houses in this village are 30. It means it will be possible to provide about 

21 watts (= 0.6 kW / 30 houses) per house. It is too small for this village and in 

conclusion this peak load means that it is not feasible to accomplish the micro hydro. 
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Waitolu Village [on 1st July 1994] 

 

Waitolu village belongs to Naitasiri Tikina of Naitasiri province and is located to the west 

of Naitasiri Tikina. It took about 40 minutes from Suva to Waitolu village by car along 

Kings Road. This village has a population of 115 and 25 houses. They have I church, 1 

community hall and 2 shops. 

 

Savu creek has a potential site which is located in the lower streams of Savu creek. The 

distance from the potential site to this village is about 1 km. Moreover there is a good 

reservoir below the potential site. As a result, the water flow rate was 0.085 m^3/s, the 

gross head was about 42 m in height from the potential site to the lowest reaches of Savu 

creek, the peak load was approximately 24.490 kW. 

 

Some results on this investigation run as follows. 

 

14) It will be possible to install the water level station and rainfall station because 

Savu creek has a good reservoir. 

 

15) The numbers of houses from the two villages amount to about 90 (inclusive of 

Savu village). And it will be possible to provide about 267 w (= 24 kW/ 90 houses). 

 

16) Construction cost (rough estimate) 

 

a) Weir 

Concrete volume 5.0m^3 (cubic meter) 

Height 1.0 m (inclusive of the basis) 

Width 10 m 

Depth 0.5 m 

Unit cost F$ 350/m^3     

Cost  F$ 350/m^3 x 5 m^3  = F$ 1,750 

 

fff) Aqueduct 

Length 500m 

Unit cost F$ 60/m 

Cost  F$ 60/m x 500m    = F$30,000 

 

 

ggg)  Penstock 

Length 250 m 

Unit Cost F$ 60 / m 

Cost F$ 60 / m x 500 m  =F$ 15,000 

  

hhh) Power plant 

Installed capacity 24 kW 

Unit cost F$ 1,000 / kW 

Cost F$ 1,000 / kW x 24 kW  = F$ 24,000 
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iii) Power station building 

Cost      = F$ 6,000 

 

jjj) Transmission line 

Length 2.5 km (Waitolu + Savu) 

Unit cost F$ 25,000 / km 

Cost F$25,000 / km x 2.5 km = F$ 62,500 

 

kkk) Reticulation in village 

Number of houses 90 (Waitolu+ Savu) 

Unit cost F$ 700 / house 

Cost F$ 700 / house x 90  = F$ 63,000 

 

lll) Contingency 

20 %      = F$ 40,450 

     TOTAL = F$ 242,700 

mmm) Responsibility of  

Government (90 %)    = F$ 218,430 

 

nnn) Responsibility of  

                Village (10 %)     = F$ 24,270 

  

     k) Capital cost/house    = F$ 2,697 

 

 

Final results on this investigation are indicated TABLE 6-19 

 

TABLE 6 – 19 

 

River / creek name 
SAVU 

Water flow rate (m^3/s) 0.085 

Gross head (m) 42 

Peak load 24 

Number of houses 90 

Watts / house 267 

Total Cost F$ 242,700 

Responsibility of Government (90%) F$ 218,430 

Responsibility of village (10%) F$ 24,270 

Capital cost per house F$ 2,697 
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9.0 NAMOSI 

 

Navunikabi Village in Namosi [22nd Aug, 2006] 

 

Navunikabi village is located in Namosi province on Viti Levu Island.  

It took about 2 hours from Suva to the village by car.  

Existing FEA lines are located about 40km away from the village. 

There are about 600 people and 75 houses. 

They requested the hydro survey for their lighting and appliances and to reduce 

expense of the fuel cost of their diesel generator. They also want electricity for 24 

hours the generator currently operates from 6pm to 10pm. 

The potential creel was Waiwitogotisi creek and Wainiseba creek. 

They intend to utilize the generated power by the micro hydro for their own use. Both 

creeks have not been utilized any purpose by the villagers. 

Each creek took about 30min by foot from the village to the site. The flow rate of 

Waiwitogotisi creek measured by current meter was 0.010m3/s at the moment and the 

gross head was about 42m.  

The power calculated is approximately 2.4kW [ 0.010m3/s * 42m * 9.8 * 0.6 ].  

The flow rate of Wainiseba creek measured by current meter was 0.025m3/s at the 

moment and the gross head was about 30m. 

The power calculated is approximately 4.5kW [ 0.025m3/s * 30m * 9.8 * 0.6 ].  

On the other hand Demand power is 19kW roughly [75houses* 250W].  

 

Final results of the investigation are shown as follows. 

Name of Creek Waiwitogotisi Wainiseba 

Catchment area  (km2) 0.25 1.0 

Flow rate  (m3/s) 0.010 0.025 

Gross head  (m) 42 30 

Gross power  (kW) 2.4 4.5 

Number of houses (include school and church) 75 75 

Watts / houses  (W) 32 59 

 

As the above table, the capacity of electricity generated can provide 91W/house in 

terms of both creeks were utilized [32 watts/houses + 59 watts/houses].  

From the above result, this site is estimated as infeasible due to insufficient power 

calculated from the amount of flow and the Gross head on 22nd August 2006 

compared with demand calculated by number of houses in the village.  

 

 

Navunikabi village Hydro survey Map 
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Catchments Area  

Waiwitogotisi creek A=0.25m2 

Wainiseba      creek A=1.00m2 

 

Saliadrau Village in Namosi [12th July, 2005] 

 

 

Saliadrau village is located in Namosi province on Viti Levu Island. It took about 3 

Hours from Suva to the village by car. There are 380 people and 53 houses and 1 

churches and 1 community hall in the village.  

And the village has no electricity right now. 

They requested the hydro survey for their lighting and electric appliances.  

The potential site is on Waiquaqua Creek. It took about 30 minutes by foot from the 

village to the site. The flow rate measured by current meter was 0.002m3/s at the 

moment and the gross head was about 70m.  

According to the villagers, they have not had rain for more than two months as we 

checked the amount of flow of the creek. Therefore the above flow rate is able to be 

assumed as minimum condition.  

The creek has been utilized for their irrigation purpose.  

The power calculated is approximately 1kW [ 0.002m3/s * 70m * 9.8 * 0.7 ]. 

Demand power is 13kW roughly.  

Final results of the investigation are shown as follows. 

Name of Creek Waiquaqua 

Catchment area  (km2) 0.25 

Flow rate  (m3/s) 0.002 

Gross head  (m) 70 

Gross power  (kW) 1 

Number of houses (include school and church) 53 

Watts / houses  (W) 21 
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As the above table, the capacity of electricity generated can provide 21W/house [i.e. 

1kW/ (53houses + 1 church + 1 community hall]. From the above result, this site is 

estimated as infeasible due to insufficient amount of flow 0.002 m3/s in spite of good 

topography condition for hydro scheme. 

 

 

Namosi village [on 26th September 1994] 

 

Namosi village belongs to Namosi Tikina of Namosi province and is located in the 

middle of Namosi Tikina. It took about two hours from Suva town by car. This village 

has a population of 378 and the numbers of houses are 58. They have 1 church, 1 school 

and 1 community hall. 

 

There is a waterfall in Wainiura creek, which is tributary of Waidina creek. The distance 

from this village to the potential site is 1 km [kilo meter] and it took about half an hour to 

get a potential site by walk.  

 

Wainiura creek has a potential site which is located in the middle of Wainiura creek. As a 

result, the water flow rate was 0.031 m^3/s [cubic meters per second], the gross head was 

about 24 m [meters] in height from the top of waterfall to the bottom of waterfall, the 

distance from the top of waterfall to the bottom of waterfall is 400 m [= the length of 

penstock], the peak load was approximately 5.1038 kW [kilo watts]. 

 

As a result on this investigation, some potentials of this village are considered like below. 

 

1. The number of houses in this village is 80. It means it will be possible to provide 

about 86 watts per house [= 5 kW / 58 houses] and it is very strong. But there is a 

problem that the distance from this village to the potential site is very far. 

2. Construction cost on Rukuruku creek potential site – rough estimate. 

 

a) Weir 

Concrete volume 5.0m^3 (cubic meter) 

Height 1.0 m (inclusive of the basis) 

Width 10 m 

Depth 0.5 m 

Unit cost F$ 350/m^3     

Cost  F$ 350/m^3 x 5 m^3  = F$ 1,750 

 

ooo)  Penstock 

Length 400 m 

Unit Cost F$ 60 / m 

Cost F$ 60 / m x 400 m  =F$ 24,000 

  

ppp) Power plant 

Installed capacity 5 kW 

Unit cost F$ 1,000 / kW 
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Cost F$ 1,000 / kW x 9 kW  = F$ 5,000 

 

qqq) Power station building 

Cost      = F$ 6,000 

 

rrr) Transmission line 

Length 0.6 km 

Unit cost F$ 25,000 / km 

Cost F$25,000 / km x 0.6 km = F$ 15,000 

 

sss) Reticulation in village 

Number of houses 58 

Unit cost F$ 700 / house 

Cost F$ 700 / house x 58  = F$ 40,600 

 

ttt) Contingency 

20 %      = F$ 18,470 

     TOTAL = F$ 110,820 

uuu) Responsibility of  

Government (90 %)    = F$ 99,738 

 

vvv) Responsibility of  

                Village (10 %)     = F$ 11,082 

  

     k) Capital cost/house    = F$ 1,911 

 

 

Final results on this investigation are indicated TABLE 6-29 

 

TABLE 6 – 29 

 

River / creek name WAINIURA 

Water flow rate (m^3/s) 0.0310 

Gross head (m) 24 

Peak load 5 

Number of houses 58 

Watts / house 86 

Total Cost F$ 110,820 

Responsibility of Government (90%) F$ 99,738 

Responsibility of village (10%) F$ 11,082 

Capital cost per house F$ 1,911 
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Naqarawai village [on 7th June 1994] 

 

Naqarawai village belongs to Wainikoroiluva Tikina of Namosi province and is located 

to the north of Wainikoroiluva Tikina. It took about two and half hour from Suva to 

Naqarawai road by car. This village has the population of 300 and the number of houses 

is 41. They have 2 churches, a school and a community hall. 

 

Wainikoroiluva river, which is a main river in this region and flows near this village. 

Wainakoba creek which is a tributary of Wainikoroiluva river has two water fall. One is 

in Wainakoba creek and the other one is in a tributary of Wainakoba creek. This creek 

has the distance of about 3 km from the lowest stream to the source and this river basin is 

about 3.5km^2. It took about 2 hours from this village to a top of the first waterfall by 

walk. And then it took 1 hour from the first water fall to the second waterfall. 

 

Wainakoba creek has two potential sites. The first potential site is located in the upper 

streams of Wainakoba creek. The distance the potential site to this village is about 2.5 

km. The catchment area has about 1 km^2. Moreover there is a good reservoir to install a 

water-level station below the potential site. As a result, the water flow rate was 0.047 

m^3/s,  the gross head was about 141 m in height at the top of the waterfall to a junction, 

the peak load was approximately 45.461 kW. 

 

The second potential site is located in the middle of a tributary of Wainakoba creek. The 

distance of the potential site to this village is about 2.5 km and it took us 1 hour from the 

first potential site to here. The catchment area is about 1 km^2. Moreover this site also 

has a good reservoir. As a result, the water flow rate was 0.047 m^3/s, the gross head was 

about 146m in height a potential site to on the road, the peak load was approximately 

47.073 kW. 

 

River / creek WAINAKOBA STATION 1 WAINAKOBA STATION 2 

Water flow rate (m^3/s) 0.047 0.047 

Gross head (m) 141 146 

Peak load (kW) 45.461 47.073 

 

As some results on this investigation, some potentials of this village are considered like 

below. 

 

1) Both of these creek has a high potential. 

2) It is too far from this village to these potential sites. If we construct here 

micro hydro, we have to construct the transmission line of the distance of 2 km (kilo 

meter). And the construction cost will be very expensive. 

3) The number of houses on this village is 41. And it will be possible to 

provide about 1146 watts ( = 47 kW / 41 houses) per house. 

4) Construction cost at Wainakoba station 2 (rough estimate) 

 

a) Weir 

Concrete volume 5.0 m^3 (cubic meter) 
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Height 1.0m (inclusive of the basis) 

Width 10 m 

Depth 0.5 m 

Unit cost F$ 350 / m^3 

Cost  F$ 350 / m^3 x 5 m^3 = F$ 1,750 

  

b) Penstock 

Length 500 m 

Unit cost F$ 60 / m 

Cost  F$ 60 / m x 500 m  = F$ 30,000 

 

c) Power plant 

Installed capacity 47 kW 

Unit cost F$ 1,000 / kW 

Cost  F$ 1,000 / kW x 47 kW = F$ 47,000 

 

d) Power station building 

Cost       = F$ 6,000 

 

e) Transmission Line 

Length 2 km 

Unit cost F$ 25,000 / km 

Cost  F$ 25,000 / km x 2km = F$50,000 

 

f) Reticulation in Village 

Number of houses 41 

Unit cost F$ 700 / house 

Cost  F$ 700 / house x 41  = F$ 28,700 

   

g) Contingency 

20 %       = F$ 32,690 

 

       = F$ 196,140 

 

Responsibility of 

Government (90 %)    = F$ 176,526 

 

Responsibility of 

Village (10 %)     = F$ 19,614 

 

  j) Capital cost/house    = F$ 4,784  
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Final Results on this investigation are indicated TABLE 6-11 

 

TABLE 6-11 

 

River / creek name WAINAKOBA ST.2 

Water flow rate (m^3/s) 0.0470 

Gross head (m) 146 

Peak Load 147 

Number of Houses 41 

Watts / house 1146 

Total Cost F$ 196,140 

Responsibility of Government (90%) F$ 176,526 

Responsibility of village (10%) F$ 19,614 

Capital cost per house F$ 4,784 
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Wainimakutu village [on 8th June 1994] 

 

This village is located near Naqarawai village. It took 5 minutes from Naqarawai village 

to this village by car. This village has a population of 400 and the number of houses is 56. 

They have 2 churches, 1 school, 1 community hall and 2 shops. Beside the diesel 

generator for this village has been paid for and is in process of being installed. 

Wainikoroiluva river, which is a main river in this region and flows near this village. And 

Wainimotorabi creek, which is a tributary of Wainikoroiluva river, has a waterfall. This 

creek has a distance of about 8 km from the lowest stream to the source and this river 

basin is about 20 km^2. It took about 2 hours from this village to a top of waterfall by 

walk. There was a track road along the creek, which has the distance of 3.5km. 

Wainimotorabi creek that is located in the upper streams of Wainimotorabi creek. The 

distance the potential site to this Wainimotorabi creek is about 4.75km- too far. The 

catchment area is about 2km^2. Moreover there is a good reservoir to install a water-level 

station below the potential. As a result, the water flow rate was 0.0739 m^3, the gross 

head was about 98m in height a potential site to on the road, and the peak load was 

approximately 49.681 kW. 

As some results on this investigation, some potentials of this village are considered like 

below. 

 

1) The number of houses on this village is 56. And it will be possible to provide 

about 875W (= 49 kW / 56 houses) per house. But the distance the potential site to this 

village is too far. 

2) Construction cost (rough estimate) 

a) Weir 

Concrete volume 5.0 m^3 (cubic meter) 

Height 1.0 m (inclusive of the basis) 

Width 10m 

Depth 0.5m 

Unit cost F$ 350/m^3 

Cost  F$350/m^3 x 5m^3  =F$1,750 

 

b) Penstock 

Length 750m  

Unit cost F$ 60/m 

Cost  F$ 60/m x 750m  = F$45,000 

 

c) Power 

Installed capacity 49 kW 

Unit cost F$ 1,000 / kW 

Cost  F$ 1,000 / kW x 49 kW = F$ 49,000 

 

d) Power station building 

Cost       = F$ 6,000 

 

e) Transmission line 
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Length 4 km 

Unit cost F$ 25,000 / km 

Cost  F$ 25,000 / km x 4km = F$ 100,000 

 

f) Reticulation in village 

Number of houses 56 

Unit cost F$ 700 / house 

Cost  F$ 700 / house x 56  = F$ 39,200 

 

g) Contingency 

20 %       = F$ 48,190 

     TOTAL = F$ 289,140 

h) Responsibility of 

Government (90%)    = F$ 260,226 

 

 

i) Responsibility of 

of village (10%)     = F$ 28,914 

 

 j)  Capital cost / house    = F$ 5,163 

 

Final results on this investigation are indicated in TABLE 6-12 

TABLE 6 – 12 

 

River / creek name WAINIMOTORABI 

Water flow rate (m^3/s) 0.0739 

Gross head (m) 98 

Peak load (km) 48 

Number of houses  56 

Watts / houses 875 

Total cost F$ 289,140 

Responsibility of Government (90%) F$ 260,226 

Responsibility of village (10%) F$ 28,914 

Capital cost per house F$ 5,163 
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10.0 RA 

 

Saioko and Verevere Villages [on 22nd June 2006] 

 

On the 22nd of June, 2006 we had undertook a hydro preliminary survey in Saioko and 

Verevere village in the Ra Province. We (Kazu, MB,SA, MD, and JF) left Suva at about 

6.00am early Thursday morning. MD and JF were engaged in Rural Electrification 

Survey for Vunidogoloa and generator maintenance for Nativi village in the Ra Province. 

We had first visited Nativi village for generator maintenance before proceeding to the 

other villagers. The results of our hydro survey are as follows: 

 

Saioko Village   

 

Saioko Village belongs to Nakorotubu Tikina of Ra province. It took us about 3hours to 

travel from Suva to the village via Kings Highway. The Village has the population of 150 

with 24 houses, 1 school and a community hall. Their main intention for hydro is mainly 

to supply them with lighting and other domestic use. The villagers rely on subsistence 

farming and fishing as their main source of income. At the moment the village is been 

electrified by a diesel generator which normally works 3 hours each night. According to 

the village headmen that the villager’s could not withstand the price of diesel at the 

market. The installation of hydro will eventually ease their burden on buying fuel for 

their generator. 

 

Tuinamea creek is the potential site which is located about 45minutes from the main 

road. By the time we visited the site, the villager accompanying us said that there has 

been no rain for the past few weeks. We measured the flowrate using the current meter 

and flow was calculated to be 0.028m3/s, the effective head was 17m from the top of the 

waterfall to the bottom of the waterfall. Therefore power calculated was approximately 

3Kw i.e.[9.8*17m*0.028*0.7] . This power will be expected to be less through out the 

year since the dry hasn’t over yet. Therefore site is infeasible in terms of the power 

available. Another drawback that will be faced is the remoteness of the site from the 

village which will adversely affect the construction costs. 

 

Verevere Village 

 

Verevere Village also belongs to the Nakorotubu Tikina of Ra province. The village is 

close to Saioko village about 10minutes drive by car. There were 40 houses, 1 church and 

1 community hall with a population of 234. Similar to Saioko village, the villagers also 

rely on farming and fishing as their main source of income. In addition, their main 

intention of having a hydro power was to supply them with electricity for lighting and 

other domestic use. 
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Wailuku creek is the potential site which is just a few meters away from the main road. 

When we visited the site the flowrate was sufficient even though there were o rain for the 

past few weeks. The villagers leading us said that we cannot proceed upstream because 

the village old site is just situated along the stream and it is forbidden for anyone to cross 

that site. We had also checked a spring just off Wailuku creek where the villagers had 

been using for their drinking purposes. So for that matter we took the flowrate 

downstream and it was calculated to be 0.148m3/s. The effective head from the top of the 

waterfall to the bottom was 4m. The power calculated was approximately 4Kw 

[9.8*4m*0.148m3/s*0.7]. Although the site got amount of flowrate but there is a 

drawback that the head is too small for hydro therefore the site is infeasible. 

 

We departed Verevere village at about 3.00m towards Nadogoloa village for REU survey 

before traveling back to Suva. 

 

 

Nayavuira village  [on 28th March, 2003] 

 

Nayavuira village belongs to Ra Province. It took us about 30 minutes by car and 1 hour 

by boat from Rakiraki to Nayavuira village. There are 35 houses and 112 people in this 

village. There is 1 church and 1 community hall. They already have a generator, which 

can generate 10.5kVA. It was installed by PWD in 1998. They requested for a hydro to 

get electricity for 24 hours. 

 

The potential site is on Nasawana creek. It took us about 40 minutes on foot from the 

village and the distance is about 0.5km. The way is wholly slope. There are some springs 

at upper the creek and it has never dried up. The gross head is 90m and water flow is 

0.235m3/s. The power calculated is approximately 145 kW. 

 

 Final results of the investigation are shown in the below Table. 

 

Creek Name Nasawana 

Flow rate  ( m3/s )        0.235 

Gross head  ( m ) 90 

Gross power  ( kW ) 145 

No. of houses (include a church)           36 

Watts / houses  (W ) 4,027 

 

From the above table the capacity of electricity generated can provide 4,027 W / house 

i.e. (145 kW/ 36 houses). So it is indicated that this site has great potential in terms of the 

amount of power available. 

      Furthermore, the creek is really located near by the village, so powerhouse will be 

able to set up close the village. And length of channel (headrace and penstock) will be 

able to make a short (about 300m), because the landform is ideal conditions for 

hydro. 
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Nalaba District School  [on 27th March, 2003] 

 

Nalaba district school belongs to Ra Province. It took us about 1.5 hours from Rakiraki to 

Nalaba district school by car. There are 2 schoolhouses and 6 quarters for teachers in the 

school. 

  

The potential site is on Waisamo creek. It is near by Matavikai village. It took us about 5 

minutes by car and 15 minutes by foot from the village to the site and the distance is 

about 3km. There is a path to near by potential site, so we can get there easily. There is a 

waterfall, which has about 10m in height and it is climbed up by detour. The gross head 

is 42m and water flow is 0.210m3/s. The power calculated is approximately 60 kW. 

 

 Final results of the investigation are shown in the below Table. 

 

Creek Name Waisamo 

Flow rate  ( m3/s )        0.210 

Gross head  ( m ) 42 

Gross power  ( kW ) 60 

No. of houses (1 schoolhouse = 4 houses)           14 

Watts / houses  (W ) 4,285 

 

From the above table the capacity of electricity generated can provide 4,285 W / house 

i.e. (60 kW / 14 houses). So it is indicated that this site has great potential in terms of the 

amount of power available. It is enough to supply electric power for more than 200 

houses. Therefore, it should be included another village around the site e.g. Matavikai. 

 

 

Nacokasere village  [on 25th March, 2003] 

 

Nacokasere village belongs to Tailevu Province. It took us about 2.5 hours from Suva to 

Nacokasere village via Kings Road by car. There are 20 houses and 150 people in this 

village. There is 1 church, 1 school, 1 community hall. They requested for a hydro to get 

electricity for 24 hours. 

  

The potential site is on Wainimara creek. It took us about 1hour from the village to the 

site on foot and the distance is about 2km. The gross head is 10m and water flow is 

0.010m3/s. The power calculated is approximately 0.7kW. 

 

 Final results of the investigation are shown in the below Table. 

 

Creek Name Wainimara 
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Flow rate  ( m3/s )        0.010 

Gross head  ( m ) 10 

Gross power  ( kW ) 0.7 

No. of houses (include a church)           21 

Watts / houses  (W ) 34 

 

From the above table the capacity of electricity generated can provide only 34W / house 

i.e. (686W / 21 houses). So it is indicated that this site is infeasible in terms of the amount 

of power available.  

The topography around there is not so undulated, besides after raining, the flow was very 

small. From what we can see, this site is not suitable for hydro. 

 

 

 

Tokaimalo district school  [on 2nd November, 2000] 

 

Tokaimalo district school belongs to Saivou Tikina of Ra Province and is located in the 

middle of Saivou Tikina. It took about 3 hours from Suva to Ra provincial office and 

about 50 minutes from Ra provincial office to Tokaimalo district school by car. This 

school has 165 students and 8 classrooms. There is a schoolhouse and the 5 teacher’s 

quarters in the school area which has 7 hectares. Their purpose of micro hydro request 

was to provide for the lighting needs of the school. 

  

The potential site is in Karaba creek. It took about 10 minutes from the school to the 

potential site by car and foot. 

 

The distance is about 1km from the school to the site. The water flow rate was measured 

to be 0.019m3/s with the gross head of about 19m. The power calculated is approximately 

2.5kW as shown in Annex 1. 

 

Final results of the investigation are shown in Table 1. 

 

Table 1 

Creek Name       Karaba 

Flowrate  ( m3/s )        0.019 

Gross head  ( m )            19 

Peak load  ( kW )          2.5 

No. of classrooms           8 

Watts / rooms  ( W )          312 

 

From the above table it is clearly indicated that this site is feasible in terms of the amount 

of power available. 
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The capacity of electricity generated can provide 312W/rooms i.e. (2.5 kW/8classrooms). 

This is sufficient to cater for the electricity requirement of an individual household in the 

school. 

 

The school has the source of water supplied from Karaba creek too. They say that this 

creek never dries. We should not be relying on what the villagers have to say. We need to 

confirm his statement ourselves by doing long term measure. It is also essential to know 

what the maximum output is to see if school demand could be met in future for some 

years or not. Or if possible some village would also be electrified.  

 

 

Construction cost on Karaba creek potential site – estimates only.  

    

Weir     

Concrete volume                  3.0 m3  

Height                           0.5 m  

Width  6.0 m  

Depth  1.0 m  

Unit cost 850.0 F$/m3  

Cost 2,550.0 F$  

    

Penstock    

Length 800.0 m  

Unit cost 70.0 F$/m  

Cost 56,000.0 F$  

    

Power plant    

Installed capacity 2.5 kW  

Unit cost  1,200.0 F$/kW  

Cost   3,000.0 F$  

    

Power station building    

Cost 10,000.0 F$  

    

Transmission line    

Length 0.2 km  

Unit cost 28,000.0 F$/km  

Cost 5,600.0 F$  

    

Reticulation in school    

Number of classroom 8 Rooms  

Unit cost 400.0 F$/room  

Cost 3,200.0 F$  

    

Contingency ( 20% ) 16,070.0 F$  
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TOTAL 96,420.0 F$  

    

Responsibility of Government ( 90% ) 86,778.0 F$  

    

Responsibility of Village ( 10% ) 9,642.0 F$  

    

Capital cost / school  9,642.0 F$  

 

 

Nacokasere village  [on 25th March, 2003] 

 

Nacokasere village belongs to Tailevu Province. It took us about 2.5 hours from Suva to 

Nacokasere village via Kings Road by car. There are 20 houses and 150 people in this 

village. There is 1 church, 1 school, 1 community hall. They requested for a hydro to get 

electricity for 24 hours. 

  

The potential site is on Wainimara creek. It took us about 1hour from the village to the 

site on foot and the distance is about 2km. The gross head is 10m and water flow is 

0.010m3/s. The power calculated is approximately 0.7kW. 

 

 Final results of the investigation are shown in the below Table. 

 

Creek Name Wainimara 

Flow rate  ( m3/s )        0.010 

Gross head  ( m ) 10 

Gross power  ( kW ) 0.7 

No. of houses (include a church)           21 

Watts / houses  (W ) 34 

 

From the above table the capacity of electricity generated can provide only 34W / house 

i.e. (686W / 21 houses). So it is indicated that this site is infeasible in terms of the amount 

of power available.  

The topography around there is not so undulated, besides after raining, the flow was very 

small. From what we can see, this site is not suitable for hydro. 

 

 

Tokaimalo district school  [on 2nd November, 2000] 

 

Tokaimalo district school belongs to Saivou Tikina of Ra Province and is located in the 

middle of Saivou Tikina. It took about 3 hours from Suva to Ra provincial office and 

about 50 minutes from Ra provincial office to Tokaimalo district school by car. This 

school has 165 students and 8 classrooms. There is a schoolhouse and the 5 teacher’s 
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quarters in the school area which has 7 hectares. Their purpose of micro hydro request 

was to provide for the lighting needs of the school. 

  

The potential site is in Karaba creek. It took about 10 minutes from the school to the 

potential site by car and foot. 

 

The distance is about 1km from the school to the site. The water flow rate was measured 

to be 0.019m3/s with the gross head of about 19m. The power calculated is approximately 

2.5kW as shown in Annex 1. 

 

Final results of the investigation are shown in Table 1. 

 

Table 1 

Creek Name       Karaba 

Flowrate  ( m3/s )        0.019 

Gross head  ( m )            19 

Peak load  ( kW )          2.5 

No. of classrooms           8 

Watts / rooms  ( W )          312 

 

From the above table it is clearly indicated that this site is feasible in terms of the amount 

of power available. 

 

The capacity of electricity generated can provide 312W/rooms i.e. (2.5 kW/8classrooms). 

This is sufficient to cater for the electricity requirement of an individual household in the 

school. 

 

The school has the source of water supplied from Karaba creek too. They say that this 

creek never dries. We should not be only relying on what the villages have to say. We 

need to confirm his statement ourselves by doing long term measure. It is also essential to 

know what the maximum output is to see if school demand could be met in future for 

some years or not. Or if possible some village would also be electrified.  

 

 

Construction cost on Karaba creek potential site – estimates only.  

    

Weir     

Concrete volume                  3.0 m3  

Height                           0.5 m  

Width  6.0 m  

Depth  1.0 m  

Unit cost 850.0 F$/m3  

Cost 2,550.0 F$  

    

Penstock    

Length 800.0 m  
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Unit cost 70.0 F$/m  

Cost 56,000.0 F$  

    

Power plant    

Installed capacity 2.5 kW  

Unit cost  1,200.0 F$/kW  

Cost   3,000.0 F$  

    

Power station building    

Cost 10,000.0 F$  

    

Transmission line    

Length 0.2 km  

Unit cost 28,000.0 F$/km  

Cost 5,600.0 F$  

    

Reticulation in school    

Number of classroom 8 Rooms  

Unit cost 400.0 F$/room  

Cost 3,200.0 F$  

    

Contingency ( 20% ) 16,070.0 F$  

    

TOTAL 96,420.0 F$  

    

Responsibility of Government ( 90% ) 86,778.0 F$  

    

Responsibility of Village ( 10% ) 9,642.0 F$  

    

Capital cost / school  9,642.0 F$  

 

 

Sawanivo village  [on 27th March, 2003] 

 

Sawanivo village belongs to Ra Province. It took us about 1.5 hours from Rakiraki to 

Sawanivo village by car. There are 33 houses and 90 people in this village. There are 3 

churches and 2 community halls. They requested for a hydro to get electricity for 24 

hours. 

 

The potential site is on Waimako creek. It took us about 10 minutes by car and 50 

minutes by foot from the village to the site and the distance is about 3.5km. There is a 

small waterfall, which has about 3m in height. The gross head is 42m and water flow is 

0.151m3/s. The power calculated is approximately 43 kW. 

 

 Final results of the investigation are shown in the below Table. 
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Creek Name Waimako 

Flow rate  ( m3/s )        0.149 

Gross head  ( m ) 42 

Gross power  ( kW ) 43 

No. of houses (include a church)           36 

Watts / houses  (W ) 1,194 

 

From the above table the capacity of electricity generated can provide 1,194 W / house 

i.e. (43 kW / 36 houses). So it is indicated that this site has great potential in terms of the 

amount of power available. 

And the villagers have been depositing money for a development of own village. It is 

accumulated F$3,000 at the moment. 
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Nawairuku village [on 1st November, 2000] 

 

Nawairuku, Nakorovou and Namara villages belong to Nalawa Tikina of Ra province and 

are located in the middle of Nalawa Tikina. It took about 3 hours from Suva to the road 

branches on the Kings Road which is called Lau Dawa Lawaki road and about 40 

minutes from the diverging point to Nawairuku village. These villages have population of 

740 and 140 houses. They have a primary school, 6 churches, and 3 community halls and 

are intending to have dispensaries in each village. Their purpose of micro hydro request 

was to provide for the needs the villages. 

  

The waterfall in Veilava creek was the potential site. It took about 3 minutes to reach 

potential site by the car. 

 

Its distance is about 800m from the village. The water flow rate was measured to be 

0.064m3/s with the gross head of 12m. the power of 5.3kW could be generated as shown 

in Annex 1.  

 

Final result of the investigation is shown in Table 1. 

 

Table 1 

Creek Name Veilava 

Flowrate  ( m3/ s ) 0.064 

Gross head  ( m ) 12 

Peak load  ( kW ) 5.3 

No. of houses 153 

Watts / houses  ( W ) 35 

 

From the above table it is clearly indicated that this site is not feasible in terms of the 

amount of power available. 

 

The capacity of electricity generated can provide 35W/h i.e. (5.3kW/153houses). This is 

insufficient to cater for the electricity requirement of an individual household in these 

villages. 

 

 

Navuniivi village [ on 16th July, 1999 ] 

 

Navuniivi village belongs to Nakorotubu Tikina of Ra Province and is                located 

in the northern end of Nakorotubu Tikina. It took about 2 hours from Suva to Nanukuloa 

Provincial Office via Kings Road by car and about 30 minutes from Nanukuloa to 

Navuniivi village by boat. This village has the population of 200 and 50 houses. They 

have a church and a community hall. Their purpose of micro hydro was to provide for the 

needs of the village. 
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The potential site called Vatavata creek which is tributary of Namunamu creek was 

surveyed. It took about 40 minutes to walk to the potential site. The site was located at 

the upper streams of Vatavata creek. 

 

The distance is about 1.5 km from the village to the site. The water flow rate was 0.045 

m3/s with the  gross head of about 15 m in height. The power calculated is  

approximately 4.62 kW as shown in Annex 1. 

 

Final results of the investigation are shown in Table 1. 

 

Table 1 

Creek Name     Vatavata 

Flowrate  ( m3 / s )        0.045 

Gross head  ( m )           15 

Peak load  ( kW )         4.62 

No. of houses           50 

Watts / houses  ( W )         92.4 

 

From the above table it is clearly indicated that this site will only be able to provide for 

the lightening needs of the village i.e. 2*20 W fluorescent lights per house. The capacity 

of electricity generated from this site can only provide 92.4 W / house i.e. 4.62 kW / 50 

houses. This would be insufficient to cater for other electrical equipment uses only the 

lightening needs.   

 

 

 

 

 

 

 

 

 

 

 

Construction cost on Navonovono creek potential site – estimates 

only. 

 

    

Weir     

Concrete volume                  1.5 m3  

Height                           1.0 m  

Width  3.0 m  

Depth  0.5 m  

Unit cost 850.0 F$/m3  

Cost 1,275.0 F$  

    

Penstock    
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Length 500.0 m  

Unit cost 70.0 F$/m  

Cost 35,000.0 F$  

    

Power plant    

Installed capacity 4.6 kW  

Unit cost  1,200.0 F$/kW  

Cost 5,520.0 F$  

    

Power station building    

Cost 6,000.0 F$  

    

Transmission line    

Length 2.0 km  

Unit cost 28,000.0 F$/km  

Cost 56,000.0 F$  

    

Reticulation in village    

Number of house 50.0 houses  

Unit cost 800.0 F$/house  

Cost 40,000.0 F$  

    

Contingency ( 20% ) 28,759.0 F$  

    

TOTAL 172,554.0 F$  

    

Responsibility of Government ( 90% ) 155,299.0 F$  

    

Responsibility of Village ( 10% ) 17,255.0 F$  

    

Capital cost / house  345.4 F$  

  



 463 

 
 

 

 



 464 

Waidrata and Culanuku village  [on 26th March, 2003] 

 

Waidrata and Culanuku village belongs to Ra Province. It took us about 1.5 hours from 

Rakiraki to Culanuku village by car. Waidrata village is near by Culanuku village. There 

are 15 houses in Waidrata and 10 houses in Culanuku. The population of these villages is 

66 people. There is 1 church, 1 community hall. They requested for a hydro to get 

electricity for 24 hours. 

  

The potential site is on Waidrata creek. It is near by Culanuku village. It took us about 40 

minutes from the village to the site on foot and the distance is about 1.5km. There is a tall 

waterfall (30m height by the my eye). But it cannot be climbed up because the cliff is so 

steep. 

The gross head is 30m and water flow is 0.493m3/s. The power calculated is 

approximately 101kW. 

 

 Final results of the investigation are shown in the below Table. 

 

Creek Name Waidrata 

Flow rate  ( m3/s )        0.493 

Gross head  ( m ) 30 

Gross power  ( kW ) 101 

No. of houses (include a church)           26 

Watts / houses  (W ) 3,884 

 

From the above table the capacity of electricity generated can provide 3,884 W / house 

i.e. (101 kW / 26 houses). So it is indicated that this site has great potential in terms of the 

amount of power available. 

It is expected that channel structures (headrace and penstock) will be so long (more than 

1km) because of complexity of contour. It might be made a few problems in economic 

side. 

 

Nacokasere village  [on 25th March, 2003] 

 

Nacokasere village belongs to Tailevu Province. It took us about 2.5 hours from Suva to 

Nacokasere village via Kings Road by car. There are 20 houses and 150 people in this 

village. There is 1 church, 1 school, 1 community hall. They requested for a hydro to get 

electricity for 24 hours. 

  

The potential site is on Wainimara creek. It took us about 1hour from the village to the 

site on foot and the distance is about 2km. The gross head is 10m and water flow is 

0.010m3/s. The power calculated is approximately 0.7kW. 

 

 Final results of the investigation are shown in the below Table. 
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Creek Name Wainimara 

Flow rate  ( m3/s )        0.010 

Gross head  ( m ) 10 

Gross power  ( kW ) 0.7 

No. of houses (include a church)           21 

Watts / houses  (W ) 34 

 

From the above table the capacity of electricity generated can provide only 34W / house 

i.e. (686W / 21 houses). So it is indicated that this site is infeasible in terms of the amount 

of power available.  

The topography around there is not so undulated, besides after raining, the flow was very 

small. From what we can see, this site is not suitable for hydro. 

 

 

 

Tokaimalo District School  [on 2nd November, 2000] 

 

Tokaimalo district school belongs to Saivou Tikina of Ra Province and is located in the 

middle of Saivou Tikina. It took about 3 hours from Suva to Ra provincial office and 

about 50 minutes from Ra provincial office to Tokaimalo district school by car. This 

school has 165 students and 8 classrooms. There is a schoolhouse and the 5 teacher’s 

quarters in the school area which has 7 hectares. Their purpose of micro hydro request 

was to provide for the lighting needs of the school. 

   

The potential site is in Karaba creek. It took about 10 minutes from the school to the 

potential site by car and foot. 

 

The distance is about 1km from the school to the site. The water flow rate was measured 

to be 0.019m3/s with the gross head of about 19m. The power calculated is approximately 

2.5kW as shown in Annex 1. 

 

Final results of the investigation are shown in Table 1. 

 

Table 1 

Creek Name       Karaba 

Flowrate  ( m3/s )        0.019 

Gross head  ( m )            19 

Peak load  ( kW )          2.5 

No. of classrooms           8 

Watts / rooms  ( W )          312 

 

From the above table it is clearly indicated that this site is feasible in terms of the amount 

of power available. 



 466 

 

The capacity of electricity generated can provide 312W/rooms i.e. (2.5 kW/8classrooms). 

This is sufficient to cater for the electricity requirement of an individual household in the 

school. 

 

The school has the source of water supplied from Karaba creek too. They say that this 

creek never dries. We should not be only relying on what the villages have to say. We 

need to confirm his statement ourselves by doing long term measure. It is also essential to 

know what the maximum output is to see if school demand could be met in future for 

some years or not. Or if possible some village would also be electrified.  

 

 

Construction cost on karaba creek potential site – estimates only.  

    

Weir     

Concrete volume                  3.0 m3  

Height                           0.5 m  

Width  6.0 m  

Depth  1.0 m  

Unit cost 850.0 F$/m3  

Cost 2,550.0 F$  

    

Penstock    

Length 800.0 m  

Unit cost 70.0 F$/m  

Cost 56,000.0 F$  

    

Power plant    

Installed capacity 2.5 kW  

Unit cost  1,200.0 F$/kW  

Cost   3,000.0 F$  

    

Power station building    

Cost 10,000.0 F$  

    

Transmission line    

Length 0.2 km  

Unit cost 28,000.0 F$/km  

Cost 5,600.0 F$  

    

Reticulation in school    

Number of classroom 8 Rooms  

Unit cost 400.0 F$/room  

Cost 3,200.0 F$  

    

Contingency ( 20% ) 16,070.0 F$  
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TOTAL 96,420.0 F$  

    

Responsibility of Government ( 90% ) 86,778.0 F$  

    

Responsibility of Village ( 10% ) 9,642.0 F$  

    

Capital cost / school  9,642.0 F$  

 

 

 

 

Nawairuku village [on 1st November, 2000] 

 

Nawairuku, Nakorovou and Namara villages belong to Nalawa Tikina of Ra province and 

are located in the middle of Nalawa Tikina. It took about 3 hours from Suva to the road 

branches on the Kings Road which is called Lau Dawa Lawaki road and about 40 

minutes from the diverging point to Nawairuku village. These villages have population of 

740 and 140 houses. They have a primary school, 6 churches, and 3 community halls and 

are intending to have dispensaries in each village. Their purpose of micro hydro request 

was to provide for the needs the villages. 

  

The waterfall in Veilava creek was the potential site. It took about 3 minutes to reach 

potential site by the car. 

 

Its distance is about 800m from the village. The water flow rate was measured to be 

0.064m3/s with the gross head of 12m. the power of 5.3kW could be generated as shown 

in Annex 1.  

 

Final result of the investigation is shown in Table 1. 

 

Table 1 

Creek Name Veilava 

Flowrate  ( m3/ s ) 0.064 

Gross head  ( m ) 12 

Peak load  ( kW ) 5.3 

No. of houses 153 

Watts / houses  ( W ) 35 

 

From the above table it is clearly indicated that this site is not feasible in terms of the 

amount of power available. 

 

The capacity of electricity generated can provide 35W/h i.e. (5.3kW/153houses). This is 

insufficient to cater for the electricity requirement of an individual household in these 

villages. 
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Navuniivi village [ on 16th July, 1999 ] 

 

Navuniivi village belongs to Nakorotubu Tikina of Ra Province and is                located 

in the northern end of Nakorotubu Tikina. It took about 2 hours from Suva to Nanukuloa 

Provincial Office via Kings Road by car and about 30 minutes from Nanukuloa to 

Navuniivi village by boat. This village has the population of 200 and 50 houses. They 

have a church and a community hall. Their purpose of micro hydro was to provide for the 

needs of the village. 

  

The potential site called Vatavata creek which is tributary of Namunamu creek was 

surveyed. It took about 40 minutes to walk to the potential site. The site was located at 

the upper streams of Vatavata creek. 

 

The distance is about 1.5 km from the village to the site. The water flow rate was 0.045 

m3/s with the  gross head of about 15 m in height. The power calculated is  

approximately 4.62 kW as shown in Annex 1. 

 

Final results of the investigation are shown in Table 1. 

 

Table 1 

Creek Name     Vatavata 

Flowrate  ( m3 / s )        0.045 

Gross head  ( m )           15 

Peak load  ( kW )         4.62 

No. of houses           50 

Watts / houses  ( W )         92.4 

 

From the above table it is clearly indicated that this site will only be able to provide for 

the lightening needs of the village i.e. 2*20 W fluorescent lights per house. The capacity 

of electricity generated from this site can only provide 92.4 W / house i.e. 4.62 kW / 50 

houses. This would be insufficient to cater for other electrical equipment uses only the 

lightening needs.   

 

 

 

 

 

Construction cost on Navonovono creek potential site – estimates 

only. 

 

    

Weir     

Concrete volume                  1.5 m3  

Height                           1.0 m  

Width  3.0 m  
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Depth  0.5 m  

Unit cost 850.0 F$/m3  

Cost 1,275.0 F$  

    

Penstock    

Length 500.0 m  

Unit cost 70.0 F$/m  

Cost 35,000.0 F$  

    

Power plant    

Installed capacity 4.6 kW  

Unit cost  1,200.0 F$/kW  

Cost 5,520.0 F$  

    

Power station building    

Cost 6,000.0 F$  

    

Transmission line    

Length 2.0 km  

Unit cost 28,000.0 F$/km  

Cost 56,000.0 F$  

    

Reticulation in village    

Number of house 50.0 houses  

Unit cost 800.0 F$/house  

Cost 40,000.0 F$  

    

Contingency ( 20% ) 28,759.0 F$  

    

TOTAL 172,554.0 F$  

    

Responsibility of Government ( 90% ) 155,299.0 F$  

    

Responsibility of Village ( 10% ) 17,255.0 F$  

    

Capital cost / house  345.4 F$  
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Nasau village [on 14th July, 1999] 

 

Nasau village belongs to Nakorotubu Tikina of Ra province and is located in the northern 

end of Nakorotubu Tikina. It took about 2 hours from Suva to Nanukuloa Provincial 

Office via Kings Road by car and about 1 hour from Nanukuloa to Nasau village by boat. 

This village has population of 150 and 17 houses. They have 1 community hall and 1 co-

shop. Their purpose of micro hydro request was to provide for the needs the village. 

  

The waterfall in Navonovono creek, which is tributary of main creek, was surveyed. It 

took about 20 minutes to reach potential site by foot. 

 

Its distance is about 300-m form the village. The water flow rate was 0.343 m3/s with the 

gross head of 18 m. the power of 42.39 kW could be generated as shown in Annex 1. 

However due to the big boulders and stiffness of the proposed site to the powerhouse it 

will be difficult to lay the penstock unless some excavation is undertaken. 

 

A final result of the investigation is shown in Table 1. 

 

Table 1 

Creek Name Navonovono 

Flowrate  ( m3 / s )        0.343 

Gross head  ( m )           18 

Peak load  ( kW )        42.39 

No. of houses           17 

Watts / houses  ( kW )         2.49 

 

From the above table it is clearly indicated that the site is feasible in terms of the amount 

of power available. The capacity of electricity generated can provide 7.49 kW/house i.e. 

(42.39 kW/17 houses). This is sufficient to cater for the electricity requirements of an 

individual household in the village. 

 

 

Construction cost on Navonovono creek potential site – estimates only.  

    

Weir     

Concrete volume                  5.0 m3  

Height                           1.0 m  

Width  5.0 m  

Depth  1.0 m  

Unit cost 850.0 F$/m3  

Cost 4,250.0 F$  

    

Penstock    

Length 200.0 m  

Unit cost 70.0 F$/m  

Cost 14,000.0 F$  
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Power plant    

Installed capacity 42.0 kW  

Unit cost  1,200.0 F$/kW  

Cost 50,400.0 F$  

    

Power station building    

Cost 18,000.0 F$  

    

Transmission line    

Length 0.1 km  

Unit cost 28,000.0 F$/km  

Cost 2,800.0 F$  

    

Reticulation in village    

Number of house 17.0 houses  

Unit cost 800.0 F$/house  

Cost 13,600.0 F$  

    

Contingency ( 20% ) 20,610.0 F$  

    

TOTAL 123,660.0 F$  

    

Responsibility of Government ( 90% ) 111,294.0 F$  

    

Responsibility of Village ( 10% ) 12,366.0 F$  

    

Capital cost / house  727.4 F$  

 

 

 

 It should also be noted that as this site is only accessible by boat, the  (transportation) of 

materials would have marked cost effect on this scheme. 
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Soa Village, Ra [on 21st March 1997] 
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A hydro pre-feasibility study was undertaken at Soa Village in Ra on 19/03/07 by 

Hiromatsu Takeda and IN.  Soa Village is located 44 kilometers far from Korovou Town.  

The village requested for micro hydro and some gauging equipments was installed 

before.  But the project was cancelled because they constructed a weir for water supply.   

 

The name of the creek that was visited is Sawalu Creek and is located about 1.2 

kilometers from the village school.  The walk to the site took about 30 minutes along the 

mountain ridges which were not steep. 

 

Name of the Village: Soa 

Name of province:  Ra 

Name of Creek:  Sawalu Creek 

Distance from nearest town: 44 kilometers from Korovou 

Distance from main road:  5 kilometers from Kings Road 

Number of houses   81 (includes 1 school. 3 churches and 3 community 

halls) 

Altitude at weir site: 93.6 meters 

Altitude at powerhouse site: 53.8 meters 

Gross Head:  39.8 meters 

Discharge:   40 liters per second 

Capacity:   11.5 kilowatts 

Construction costs: FJD221, 028.00 

Watts per House:  141.97 Watts/house 
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Nakorovou village [on 24th June 1994] 
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Nakorovou village belongs to Nalawa Tikina of Ra province and is located to the east of 

Nalawa Tikina. It took about 1 hour from Nasukamai village by car. This village has a 

population of 300 and numbers of houses are 30 – 40. They have 4 churches and 1 

community hall. 

 

Leilava creek is a tributary of Lawaki river. It took 5 minutes to near the potential site by 

car and 5 minutes to the potential site by foot. 

 

The distance from the potential site to this village is about 1 km. The catchment area is 

about 3 km^2. As some results, the water flow rate at a potential site in Leilava creek was 

0.0123 m^3/s, the gross head was about 16 m in height from a potential site to the 

junction which join to Korosavaulevu creek and this peak load was approximately 1.35 

kW. 

 

Some results on this investigation are indicated in TABLE 6-18 

 

TABLE 6 – 18 

 

River / creek name LEILAVA 

Water flow rate (m^3/s) 0.0123 

Gross head (m) 16 

Peak load (kW) 1 

Number of houses 40 

Watts / house 25 

 

In conclusion it is not feasible to accomplish micro hydro here because of few peak loads. 
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Nasukamai village [on 23rd June 1994] 

 

Nasukamai village belongs to Nalawa Tikina of Ra province and is located to the north 

end of Nalawa Tikina. It took about 30 minutes from Nailuva village by car. This village 

has a population of 450 and 72 houses. They have 2 churches, 1 school, 1 community 

hall, 2 stores and 1 dispensary. 

 

Wairuku creek, which is a tributary of Nalova creek. It takes 40 minutes to walk up to a 

potential site. 

 

Wairuku creek has a potential site, which is a tributary of Nalova creek. The distance 

from the potential site to this village is about 0.8 km. The catchment area has about 0.1 

km^2. As a result, the water flow rate at a potential site in Wairuku creek was 0.0004 

m^3/s, the gross head was about 74 m in height from a potential site to the junction which 

joins to Nalova creek and this peak load was approximately 0.2030 kW. 

 

Some results on this investigation are indicated in TABLE 6-17 

 

TABLE 6 – 17 

 

River / creek name WAIKURU 

Water flow rate (m^3/s) 0.0004 

Gross head (m) 74 

Peak load (kW) 0.20 

Number of houses 72 

Watts / house 3 

 

In conclusion it is not feasible to accomplish micro hydro here because of few peak loads. 
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Nailuva Village [on 22nd June 1994] 

 

Nailuva belongs to Saivou Tikina of Ra province and is located to the south end of 

Saivou Tikina. It took about 1 hour from Raviravi village by car. This village has a 

population of 469 and 94 houses. They have 1 church, 1 school, and 2 community halls. 

 

The name of school is Nailuva Catholic School and has 210 students. And to electrify 

their school is their purpose. 

 

Matavoki creek which is a tributary of Korosavaulevu creek was investigated this time. It 

took 40 minutes to walk up to the potential site. 

 

Matavoki creek which is a tributary if Korosavaulevu creek. The distance from the 

potential site to this village is about 0.9 km. The catchment area is about 0.25km^2. As 

some results, the water flow rate at a potential site in Matavoki was 0.0046 m^3/s, the 

gross head was about 46 m in height from a potential site to the junction which join to 

Korosavaulevu creek and this peak load was approximately 1.4515 kW. 

 

Some results on this investigation are indicated in TABLE 6-16 

 

TABLE 6 – 16 

 

River / creek name MATAVOKI 

Water flow rate (m^3/s) 0.0046 

Gross head (m) 46 

Peak load (kW) 1 

Number of houses 94 

Watts / house 11 

 

In conclusion it is not feasible to accomplish micro hydro here because of few peak loads. 
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Raviravi village [on 21st June 1994] 
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Raviravi village belongs to Saivou Tikina of Ra province and is located in the middle of 

Saivou Tikina. It took about 2 hours from Suva to Nanukuloa provincial office by car 

along King road and about 1 hour from Nanukuloa to Raviravi village. There is a rainfall 

station near this village, which PWD is operating in. This village has a population of 175 

and 35 houses. They have 1 church, 1 community hall, and 1 kitchen. On the other hand 

two villages very adjacent to Raviravi village are also requesting for micro hydro. One is 

Naivutu village and the other one is Navuniyaumunu village. Naivutu village has the 

population of 175 and the number of houses is 35. Navuniyaumunu village has the 

population of 200 and 40 houses. They share one church and one community hall in 

Raviravi village. 

 

Wainibuka river, which is a main river in this region and flows near this village. We 

investigated in Vaturave creek, which is a tributary of Wainibuka river. It took us 20 

minutes to walk up a potential site. As a result on 30th May, the peak load was 4 kW. So 

they suggested that they are willing to form one water from three creeks adjacent to 

Vaturave creek. Consequently we measured four creeks at this time. 

 

Vaturave creek and another three creeks adjacent to Vaturave creek are tributaries of 

Wainibuka river. The distance is about 0.8 km from the potential site to this village. The 

catchment area has about 0.1km^2. Moreover there is a dam above the potential site for 

water supply. As some results, the water flow rate at a potential site in Vaturave creek 

(No.2) was 0.0092 m^3/s, creek No. 1 0.0049 m^3/s, creek No.3 was 0.0127 m^3/s, creek 

No.4 was 0.0015m^3/s and the gross head was about 60 m in height from a potential site 

to the junction which join to Nasolo creek. If we combine four creeks, the peak load will 

be approximately 11.730 kW. 

  

As a result on this investigation, some potentials of this village are considered like below. 

 

1) If they form one way from three creeks, it is feasible to construct the micro hydro 

here. But as the natural creek changed its own course, it will be necessary to observe new 

water way carefully. 

2) The number of houses from three villages amount to 110. If three villages all 

desire to use the electricity, it will be possible to provide about 100W (= 11 kW / 110 

houses) per house. But as this population must increase in the future, this peak load might 

not be enough for this village. 

3) Construction Cost 

 

a) Weir 

Concrete volume 5.0 m^3 (cubic meter) 

Height  1.0m (inclusive of the basis) 

Width  10m 

Depth  0.5m 

Unit cost F$ 350/ m^3 

Cost  F$ 350/ m^3 x 5m^3  = F$ 1,750 

 

b) Penstock 
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Length  400m 

Unit cost F$ 60 / m 

Cost  F$ 60 / m x 400 m  = F$ 24,000 

 

Power plant 

Installed capacity  11 kW 

Unit Cost F$ 1,000 / kW 

Cost  F$ 1,000 / kW x 11 kW =F$ 11,000 

 

 

Power station building 

Cost       = F$ 6,000 

 

Transmission line 

Length 0.4km  (Raviravi + Naivutu + Navuniyaumunu) 

Unit cost F$ 25,000 / km 

Cost  F$ 25,000 /km x 0.4 km = F$10,000 

 

Reticulation in village 

Number of houses 110 (Raviravi+Naivutu+Navuniyaumunu) 

Unit cost F$ 700 / house 

Cost  F$ 700 / house x 110  = F$ 77,000 

 

Contingency 

20 %       = F$ 25,950 

 

        TOTAL = F$ 155,700 

 

Responsibility of 

Government (90%)     = F$ 140,130 

 

Responsibility of 

Village (10%)      = F$ 15,570 

 

 j) Capital cost / house     = F$ 1,415 

 

Some results on this investigation are indicated in TABLE 6 – 15 
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TABLE 6 – 15 

River / creek name VATURAVE 

No. 1 No. 2 No. 3 No. 4 

Water flow rate (m^3/s) 0.0049 0.0092 0.0127 0.0015 

Total water flow rate (m^3/s) 0.0285 

Gross head (m) 60  

Peak load (kW) 11  

Number of houses 110 

Watts/house 100 

Capital Cost F$ 155,700 

Responsibility of Government F$ 140,130 

Responsibility of village F$ 15,570 

Capital Cost per house 1,415 
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Soa Village [on 1st June 1994] 
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Soa village belongs to Nakorotubu Tikina of Ra province and is located to the South end 

of Nakorotubu Tikina. It took about three hours by way of Kings Road by car from Suva 

to Soa. This village has the population of 442 and the numbers of houses are 89. They 

have three churches, 1 school and three community halls. The name of the school is 

Burevanua District School and there are 115 students and 4 teachers. Moreover they have 

a dispensary, Agricultural Solar Station, P&T Sub-station, A Cocoa Dryer and 4 shops. 

 

Wailou creek, which is a main creek and flows through this village. Wailou creek has the 

catchment area of about 44 km2 (square kilo meter). A tributary of this creek has a 

waterfall. The name of a tributary is Kasanisila creek. This creek is second tributary to 

Wailou creek. It took 10 minutes from Soa village to the lowest reaches of Kasanisila 

creek by car and about 10 minutes from the lowest reaches to the potential site in 

Kasanisila creek by walk. 

 

Kasanisila creek has a potential site, which is located in the upper stream of Kasanisila 

creek. The distance is about 3.0 km from this village to the lowest streams and 0.5 km to 

the potential site. Moreover there is a good reservoir below the potential site. As a result, 

the water flow rate was 0.0375 m3/s; the gross head was about 62m in height from a 

potential site to the lowest reaches of Kasanisila, the peak load was approximately 15.949 

kW. As all result on this investigation, some potentials of this village area are considered 

like below. 

 

1) The number of houses on this villages is 89. And it will be possible to provide 

about 169 watts per house (= 15 kW/ 89 houses). 

2) Construction cost (rough estimate) 

 

a) Weir 

Concrete volume 5.0m^3 (cubic meter) 

Height 1.0 m (inclusive of the basis) 

Width 10 m 

Depth 0.5 m 

Unit cost F$ 350/m^3     

Cost F$ 350/m^3 x 5 m^3  = F$ 1,750 

 

b) Penstock 

Length 500 m 

Unit Cost F$ 60 / m 

Cost F$ 60 / m x 500 m   = F$ 30,000 

  

c) Power plant 

Installed capacity 15 kW 

Unit cost F$ 1,000 / kW 

Cost F$ 1,000 / kW x 15 kW  = F$ 15,000 

 

d) Power station building 
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Cost      = F$ 6,000 

 

e) Transmission line 

Length 3.0 km 

Unit cost F$ 25,000 / km 

Cost F$25,000 / km x 3.0 km  = F$ 75,000 

 

f) Reticulation in village 

Number of houses 89  

Unit cost F$ 700 / house 

Cost F$ 700 / house x 89  = F$ 62,300 

 

g) Contingency 

20 %      = F$ 38,010 

     TOTAL = F$ 228,060 

h) Responsibility of  

Government (90 %)    = F$ 205,254 

 

i) Responsibility of  

Village (10 %)     = F$ 22,806 

  

     j)     Capital cost/house    = F$ 2,562 

Final results on this investigation are indicated TABLE 6-8 

 

TABLE 6 – 8 

River / creek name KASANISILA 

Water flow rate (m^3/s) 0.0375 

Gross head (m) 62 

Peak load 15 

Number of houses 89 

Watts / house 169 

Total Cost F$ 228,060 

Responsibility of Government (90%) F$ 205,254 

Responsibility of village (10%) F$ 13,770 

Capital cost per house F$ 2,562 

 

  



 488 

 



 489 

 
 

 

10.0 SERUA 

 
Masi village  [on 27th April, 2001] 

 

Masi village belongs to Serua Province in Viti Levu Island. It took us about 1 hour 

from Navua town to Masi village by boat along Navua River. There are 150 people and 

17 houses in this village. There is also a church in the village. The survey was 

undertaken as the result of the request from the village directly to the REU (Rural 

Electrification Unit) for the need of supplying electricity in this village.  

  

The potential site is on Wainitu creek. It took us about 20 minutes from the village to 

the potential site by foot. 

 

The distance is about 1km from the village to the site. The water flow rate was 

measured to be 0.366m3/s with the gross head of about 60m. The power calculated is 

approximately 150kW as shown in Table 1. 

 

Final results of the investigation are shown in Table 1. 

 

Table 1 

Creek Name Wainitu 

Flow rate  ( m3/s )        0.366 

Gross head  ( m )            60 

Peak load  ( kW )          150 

No. of houses (include a church)           18 

Watts / houses  (W )          8300 

 

But on the day of survey was heavy rain and waterflow was very much. From the 

above table the capacity of electricity generated can provide 8300W/houses i.e. (150 

kW/18 houses). Villagers also said the creek has never dried-up. So it is clearly 

indicated that this site has great potential in terms of the amount of power available.  

 

This is more than sufficient to cater for the electricity requirement of individual 

household in the village. 
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11.0 TAILEVU 

 

Nacokasere Village, Tailevu (on 25th March, 2003) 

 

 

Nacokasere Village belongs to the Tailevu Province.  It took us about 2.5 hours from 

Suva to Nacokasere Village via Kings Road by car.  There are 20 houses and 150 people 

in this village.  There is 1 church, 1 school, 1 community hall.  They requested for a 

hydro to get electricity for 24 hours. 

 

The potential site is on Wainimara Creek.  It took us about 1 hour from the village to the 

site on foot and the distance is about 2km.  The gross head is 10m and the waterflow is 

0.010m3/s.  The power calculated is approximately 0.7kW. 

 

Final results of the investigation are shown in the table below:- 

 

Creek Name Wainimara 

Flow rate (m3/s) 0.010 

Gross Head (m) 10 

Gross Power (kW) 0.7 

No. of houses (include a church) 21 

Watts/houses (W) 34 

 

From the above table, the capacity of electricity generated can provide only 34W/house 

i.e. (686W/21 houses).  So it is indicated that this site is infeasible in terms of the amount 

of power available. 

 

The topography around there is not so undulated, besides after raining, the flow was very 

small.  From what we can see, this site is not suitable for hydro 

 

 

Nayavu village [on 1st June 1994] 

 

Nayavu village belongs to Wainibuka Tikina of Tailevu province and is located to the 

north end of Nakorotumbu Tikina. It took about three hours from Suva to Nayavu by way 

of Kings Road by car and this village is along Kings Road. This village has the 

population of 111 and the numbers of houses are 21. Besides there is a PED branch office 

on the opposite side of Kings road. That office has an own diesel generator and is 

working for the office.  

 

Wainibuka river, which is a main river in this region and flows near this village. Wairuku 

creek which is a tributary of Wainibuka river has a water fall. This creek has the distance 

of about 2 km from the lowest stream to the source and this river basin is about 2.5 km^2. 

It took about 30 minutes this village to a top of water fall by walk. 
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Wairuku creek has a potential site which is located in the upper streams of Wairuku 

creek. The distance the potential site to this village is about 1.5 km. The catchment area is 

about 0.5 km^2. Moreover there is a dam for water supply. As a result, the water flow 

rate was 0.0066m^3/s, the gross head was about 29m in height a potential site to on the 

road, the peak load was approximately 1.3130 kW. 

 

Final results on this investigation are indicated TABLE 6-9 

 

TABLE 6 – 9 

 

River / creek name WAIRUKU 

Water flow rate (m^3/s) 0.0066 

Gross head (m) 29 

Peak load (kW) 1 

Number of houses 21 

Watts / house 48 

 

1) The catchment area’s 0.5 km^2 at the potential site is too small. Consequently 

it is expected that the water flow rate at the potential site will be also little 

ordinarily. 

2) It is dangerous to disturb their water supply. After water has gone through the 

turbine, apart from they think they want to drink that water. 

In conclusion it is not feasible to accomplish mini/micro hydro because of few 

peak loads.  
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