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ABSTRACT
Evaluation of seepage losses iIn unlined canals

in Bura Scheme.

Supervisors: Dr. F.N. Gichuki

Mr. K. J. Lenselink

The research project addresses itself to the evaluation
of seepage losses iIn unlined canals iIn the scheme. The
objectives of the study, were; to evaluate seepage losses In
the conveyance and distrilbution system, 1nvestigate and
analyse the factors influencing seepage losses; and develop
management and operational strategies fTor improvement of
conveyance efficiency iIn the supply and distribution systems

of the scheme.

Seepage evaluation was done iIn the major conveyance and
distribution systems of the scheme, using the inflow-outflow,

seepage meter and ponding methods.

Seepage losses iIn the supply canal obtained by inflow-
outflow and seepage meter methods are 22.6 1/s/km (1.1 k/km)
and 9.49 1/s/km (0.38k/Zkm), respectively. These results
represent 39.8* and 14.0k loss of the i1nflow discharge,
respectively, iIn the supply canal, which is about 36.8 kn
long. Results reported from studies on seepage, elsewhere,
indicate that seepage losses iIn the supply canal range from 3

to 86k of the inflow discharge-
. *
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Evaluation iIn the night storage reservoirs indicate
that seepage losses are 0.39 and 0.28 cm/day on average.
Results obtained from other studies on general soils, report

seepage to range from 20 to 58 cm/day.

Assessment of effects of seepage on ground water rise
indicate that the rise range from 0.03 to 0.01 m/year. Thus,
it would take the ground water table (estimated at less or
equal to 30 1 from ground surface) about 1,000 to 3,000 yars
to reach the ground surfacfe- The only adverse effect to be
caused by rising ground water table, in the short run, would
be expected to occur only iIn those sections overlying perched

water table.

Lining considerations on the conveyance and
distribution systems and the consequent unit cost of lining
were assessed. Seepage losses were evaluated to be low.
Lining option could be undertaken i1f cost of lining iIs less
than the unit cost of water lost through seepage, reported,

as Kshs. 2.05 per metre sguare.

Improvement on water use efficiency could be acheived
in Bura Irrigation Settlement Scheme through better operation
and maintenance programme iIn the supply and distribution

system.
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1. INTRODUCTION

1.1 Background information

Water 1is an important resource fTor agricultural
development. The demand for this vital resource continues
to rise with the increasing agricultural production required
to meet the food supply for the rising population. Increase
in agricultural land In a country such as Kenya 1is possible
through development of the Arid and Semi-Arid Lands (ASAL)
which comprise about 80 percent of the total area of the
country. Significant de\;elopment of the ASAL areas for
agricultural production 1is possible through 1rrigated

agriculture. Since water supply is limited, available water

for irrigation needs to be used efficiently.

Water supply for 1irrigation iIn Bura 1irrigation scheme
iIs by pumping from an intake pond fed directly by the Tana
River. Irrigation water is then conveyed by a supply canal
that stretches for about 40 kilometres downstream from the
intake. The supply canal feeds a number of branch canals.
Water 1is further distributed to block feeders, which obtain
the additional water from night storage reservoirs. The
block feeders supply water to unit feeders, from where the
water is siphoned to the furrows which apply water to the
root zone of the crop. In Bura 1irrigation scheme, the
conveyance, storage and distribution network comprise of 40

kilometers of main canal, 29 kilometers of branch canals, 19

«



night storage reservoirs and 78 kilometers of feeder canals.
With such an enormous total wetted perimeter the potential

for seepage losses is high.

1.2 Importance of the study

Conservation of water supplies iIs becoming increasingly
important as the demand for this vital resource continues to
rise rapidly and new sources of supply become scarcer and

more expensive to develop.

In irrigation development, adoption of the most
efficient water conveyance and application systems 1is

therefore receiving more attention.

Since water conveyance 1iIn Bura scheme 1is by UDlined
channels, 1t is inevitable that water losses are incurred
through seepage. Seepage losses are directly proportional
to the wetted perimeter of the conveying channel. In Bura
Irrigation Scheme, the operation and maintenance cost for
pumping and desilting is estimated to be close to one
million Kenya Shillings per month (Sang, 1989). With such
enormous expenses, It Is imperative that the water 1Is used
efficiently. It 1s therefore, necessary to compare actual
losses with design values used iIn design assumptions of
conveyance Jlosses 1In the scheme. This will enable a
statement to be made 1f changes need to be iIncorporated in

the water delivery schedules.



Seepage losses from the canals recharge the soil above
any i1mpermeable layer. This has the effect of raising the
water table. Where the i1mpermeable layer 1is near the ground
surface, this water table rise, soon results iIn waterlogging
the area traversed by the canal. IT the impermeable layer 1is
very deep seepage losses continue to recharge this layer
without evidence of waterlogging being noticed on the surface
initially. Though no waterlogging 1Is evident on the areas
traversed by the supply and branch canals iIn the scheme,
understanding of the level of seepage losses 1is iImportant so
that improvement to minimize seepage could be iInstituted to
prevent waterlogging of the land iIn later years of scheme
operation. During project investigation stage, water table
was not reached after soil augering at 30 m depth from ground

surface.

The information generated by the study will give an
indication on the efficiency with which the water resource 1is
being utilized. The iInformation on seepage losses furnished
by the study will offer the basis on which recommendations
for the 1iImprovements can be done 1f levels of seepage are

found to be high.



1.3 Objectives
The objectives of the research project are:

1. Evaluation of seepage losses iIn the supply canal and the

major distribution system;

2. Investigations and analysis of the fTactors influencing
seepage losses iIn the supply canal and major distribution

system; and

3. Developing management and operational strategies for the
improvement of conveyance efficiency of the water supply

and distribution system of the scheme.
1.4 Scope

As the scheme area 1i1s 2500 ha, an iIntensive
investigation of seepage that covers the whole conveyance
and distribution system, and addressing in detail the
various fTactors influencing seepage, was not feasible. This
was partly due to transport problems and time constraints,
and partly to Ilimitations 1in the methods used In seepage

determination.



This study addresses itself to the seepage evaluation
st five flow measuring points along the supply canal, one
branch canal, and two night storage reservolirs. Seepage
evaluation was done using the inflow-outflow method and
seepage meter for the conveyance system and by ponding

method for the night storage reservoirs.



2. LITERATURE REVIEW
2.1 General view

Different phenomena cause different types of channel
losses. While most losses will occur when the channels are
flowing steadily, a portion are attributable to transient

phenomena.

Channel 1losses can be divided into various broad
categories as shown iIn Table 1.
Table 1: categories of water losses
l. Steady state losses
A Seepage iInto the bed and banks
i Normal infiltration into bed and bank soils
i) Excess seepage iInto bank holes and cracks
B) Visible leakage through and over the banks
) Overtopping
i) Leakage through the banks
i11) Leakage through closed outlets

6)) Evaporation from the water surface
1. Transient Losses

A Initial seeapge iInto dry banks iIn excess of normal
long-terta seepage rates.

B) Dead storage
Short term leakage
) Bank washouts and breaches
1) Outlet breaks.
I11. Wastage
Purposeful wastage due to lack of need
®" Malicious wastage

Source:Trout and Kemper, 198Q.
. .
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It has been estimated that 1/4 to 1/3 of all the water
diverted for 1irrigation purposes 1iIs lost In conveyance. US
Bureau of Reclamation record from 46 irrigation projects show
that losses range from 3 to 8 % (Lauritzen and Terrell,
1960) as mentioned by Hagan et al. (1967). It Is argued that
if only 1/5 of the total water diverted for 1irrigation
purposes In USA is lost to the user, the quantity seeping
from canals would be 27.2 billion m /year. IT the intended
users could retain this watgr, they would be able to 1irrigate
2.2 million additional hectares, using 1220 mm per year.
Experience from other parts of the world have documented the
problems posed by seepage on the availability of water for
increased agricultural production. Thus, seepage 1Is a
serious economic loss when water lost iIs not recoverable for
irrigation or other uses (Hansen et al. 1979). In Kenya,
about 55.0% of the irrigated area 1iIs served by open channels
of which less than 1% of the total length of the channels 1is

lined.
2.2 Theoretical aspects of seepage

Seepage refers to the process of water movement from a
canal Into and through the bed and wall material (Kraatz,
1977). Knowledge of seepage rates 1is required for economic
evaluation and design of conveyance and distribution channels
1n irrigation schemes. Evaluation and redress to seepage

losses iIn irrigation schemes ensures efficient use of the
*
.



limiting water resources necessary for the development of
part of the arid and semi-arid lands of this country. The

theoretical aspects of seepage are thus elucidated below.

2.2.1 Soil water potential

Soil water potential is defined as the work required to
transfer a unit quantity of water from a standard reference
state, where the potential is taken zero, to the situation
where the potential has the defined value (Groenevelt and
Kijne, 1971). Potential, can be taken to have energy status
connotation and thus iIndicates the availability of soil
water. The Qlower the potential, the Ilower is the

availability of the water.

Total potential energy of water, Yt, iIs made up of the
matric potential, Ym,under unsaturated flow conditions, and
pressure potential Yp under-saturated conditions the
osmotic potential Yo and the gravitational potential Yg.
But for normal groundwater flow, related to seepage, the

osmotic potential can be ignored. Thus

Yt - Yp + Yg (a)
Yt = Ym + Yg (Ib)

Equations la and Ib are for saturated and unsaturated

conditions, respectively.
*
.
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2.2.2 Equation of flow

For flJow of water iIn the soil to occur between two
places a driving force 1Is necessary as expressed in the

equation of flow.

The difference in total potential energy of water
between two locations iIn the soil is the driving forces from the
point of high to the low potential Ilocation. The basic

general equations describing this flow iIs given as:

q - - k#dh/ds ()

where q 13 the flow under unsaturated flow (cn/sec) , k 1is
the hydraulic conductivity (cm/sec), dh i1s difference 1in
hydraulic potential between two points separated by a
distance ds where s iIs measured along the direction of flow

(Hi 1lel, 1973).

2-2.3 Seepage process

Seepage loss iIn irrigation water conveyance systems
form the major portion of loss iIn canal (Sharia, 1984). The
loss of water from the canal by seepage 1is illustrated in
Figure 1. The movement of water within the soil may occur by
the filling up of the pores within the limits of the water

bearing horizon, of'te’p referred to as percolation; or It may
.
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occur by downward motion through the aeration zone, often

referred to as iInfiltration [Denisov as reported by Ali

(1986)].

There are many terms used to express amount of seepage;

the following are commonly used, namely;

1) Volume per unit area of wetted perimeter per day (m3/'m2
/day). This con be related to soil type and results
extrapolated for similar soil conditions.

2) Volume per unit length of canal/day (m /m/day)

3 Percentage of total flow per km of canal.

The TfTirst term 1is most applicable iIn seepage

determination by ponding method on a canal section with

regular dimensions.

The second and the third terms are used In seepage
expression on an operational canal system. The Ilatter
expressions allows comparisons on seepage for various

sections of the canal system for purposes of seepage control

measures.

10
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Figure 1: Loss of water due to seepage

2.3 Factors influencing seepage

The survey of the soil profile along the canal has been
reported by Kraatz (1977) as the most important single
technical step in the i1nvestigation of seepage more so during
the pre-construction stage of a project. This survey is made
with the objective of determining the Ilocation, extent and
physical characteristics of the various underlying soil
layers. The sequence of permeable and impermeable strata iIn
the area traversed by the canal and the capability of these

strata to transmit water mainly determine the magnitude of
*
.
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water lost by seepage. Factors influencing seepage have been
reported by Kraatz (1977), Gupta (1983), and Sharma (1984) to

include those discussed below.
2.3.1 Soil characteristics

Two attributes of soil physical properties are soil

texture and soil permeability:

Soil texture refers to the relative proportion of sand,
silt and clay on the soil. The soil texture forms the basic
matrix and the geometry of voids created in this soil matrix
iIs dependent of the class of soil texture. The soil texture
therefore influences considerably the phases (water and air)
contained iIn the spaces iIn the soil matrix. A coarse textured
red soil will allow the flow of water more readily than a
fine textured soil. Soil textural characteristics thus

influence seepage from the canal.
Soil permeability and hydraulic conductivity:

Permeability and conductivity are frequently used
interchangeably (Hansen et al., 1979). Permeability in a
quantitative term is the characteristic of a pervious medium
relating to the readiness with which 1t transmits fluids

(Michael, 1978). Hy‘drauli(‘: conductivity 1is the

12



proportionality factor k iIn Equation Q). The values of k
depend on the properties of the fluid as well as those of the
soil, and they reflect any interactions of the fluid with the
porous medium, such as the swelling of a soil. A soil that
has a high porosity and a coarse open texture has a high
saturated hydraulic conductivity value. For two soils of the
same total porosity, the soil with the smaller pores has the
lower conductivity because of the resistance to flow in small
pores. Thus, the soil characteristics which affect k are the
total porosity, the distribution of pore size, and the
tortuosity (the pore geometry of the soil). The fluid
attributes which affect the conductivity are fluid density
and viscosity (Hillel, 1973). IT the soil surrounding the
canal contains different layers of differing permeability,

the flow (seepage) 1s governed by the least permeable layer.

2.3.2 Design and Operation

The loss of water by seepage depends on the length of
the water course, its wetted perimeter and the intrinsic
permeability of the strata through which the channel passes.
Kruse et al. edited by Jensen (1983) have emphasised that
unlined channels should be well designed and maintained to
minimize water loss by seepage and to allow efficient irriga-
tion. Aspects of design influencing seepage in the canal are

discussed below.

13



Discharge 1influences seepage 1In the canal through
effects of wetted perimeter of the section and the water

depth iIn the canal.

Velocity: The slope of the canal influences flow
velocity and must be low enough so that velocity does not
cause scouring. The maximum velocity 1is determined by
the erosivity of the canal bed material while the minimum
velocity 1is determined by the need to discourage
siltation and weed growth. Weed growth 1increases the
flow resistance and increased flow depths and wetted
perimeter, hence increase the seepage loss of the

channel.

Wetted perimeter: The cross-section of a channel which
carries large flows should be such that i1t will give the
largest possible hydraulic radius under the natural surface
conditions. Theoretically, the most efficient cross-section
for an open channel 1is a semi-circle, as the wetted perimeter
would be minimum and i1ts hydraulic radius maximum. However,
trapezoidal shape are much more common for large flows, thus

d/b ratio iIncreases hence raising wetted perimeter.

14



Depth of water: Bouwer (1962) noted that water depth
affects seepage not only through its effects on pressure
head, but also through the wetted perimeter. Bouwer ((1965),
os reported by Ali (1986), demonstrated that the efficiency
of a canal with uniform flow for conveying water Increases
with 1ncreasing water depth. Bouwer (1962) mentioned that
the hydraulic gradients under which prolonged seepage fTlow
takes place are made up,of pressure (water depth) and
elevation differences between the canal bottom and the
groundwater or some other surface of Ilower potential at a
certain discharge under the canal. When the difference 1is
five times or more the surface width of the canal, seepage
losses reach the upper limit or the infinity condition.
Trout and Kemper (1980) have remarked that if bed and bank
soil are fairly homogeneous, the loss rate should increase
as Tlow depth increases, only because of larger wetted

perimeter length and pressure head (wetted depth).

Flow duration: When canal water infiltrates 1into the
soil and percolates to join the groundwater, the seepage
water accumulates iIn the soil raising the groundwater table.
As the time during which the canal iIs In operation iIncreases
the initial water content of the soil below the canal
increases resulting In a reduced iInfiltration rate. Hence,
the longer the period the canal 1is iIn operation the smaller

the initial seepage rate when the water flows iIn the canal.

15



2.3.3 State of water

The condition of water conveyed influences the seepage
rate of the canal. Three conditions of water have an
attribute to seepage. These are sediment Iload, temperature

and groundwater level.

t

Sediment load: Material suspended iIn canal water 1is
carried by seepage water into the pores of the soil In which
the canal is constructed. IT the water contains considerable
amounts of suspended material, the seepage rate may be
reduced In a relatively short time. Even small amounts of
sediment will have sealing effects over a period of time. |If
the velocity 1s reduced, the sediment carrying capacity of
the water decreases, resulting iIn settlement of part of the
suspended material. This forms a thin, slowly permeable
layer along the wetted perimeter of the canal, which

decreases the seepage. Examples of this effects are:

(1) For the Inter-State canal, Nebraska, 1t was estimated
that a slight mud content of a maximum of 1000 ppm
would reduce the overall seepage by 20 percent (Kraatz,

1977).

16



(i1) It 1s recorded by Kraatz (1977) that in 17 kin long
canal of Donzere-Mondrogon, France, seepage losses
immediately after construction amounted to 16 mO/s but
were reduced to 3 m /s (18.85») within Tfive years of
operation by natural sealing effect of the silt-laden
water of the Rhone.

Temperature affects seepage due to its effect on soil
and water with the resultant change iIn viscosity. Bouwer and
Rohwer (1959) as reported hy Ali (1986) have suggested that
changes 1In vapour pressure with temperature may affect the
seepage rate, since vapour pressure changes rapidly with
temperature, air bubbles would be expected to expand and
contract especially within soil material hence changing the
effective porosity. Bouwer and Rohwer (1959), as reported by
Al (1986), have further stated that, although seepage tends
to vary inversely with temperature, seepage should not be
corrected for viscosity changes due to temperature for the

purpose of comparison with other data.

Groundwater level: Seepage rates iIn canals are affected
by the groundwater level in the soil formation in which the
canal 1s constructed. When the water table 1is above the bed

the canal the percolation of water from canal 1s reduced.

When the groundwater level ;is above that flow line the ground
*
.

17



water flow from the perimeter into the canal, resulting In
seepage gain. When the water table 1is shallow, the seepage
from the sides iIs greater than from the bed, and the reverse
iIs true with a deep water table. In all cases the maximum
seepage losses occur at the toe of the slope, 1.e at the
junction of the bed and sides of the canal. The significant
depth within which the nature of the soil affects seepage
losses has been found to be Tive times the bed width of
canal. The effect of seepage losses on the original water
table 1is insignificant (Bouwer, 1962). With a deep
groundwater table, the seepage losses will be larger than
with a high water table in the soil, but the higher water
table will have a much more severe effect on the top soil and

the crops (NugtereD, 1971).

2.4 Determination of seepage losses

The seepage losses can be determined either by direct
measurement or by iIndirect (estimation) from the relevant
hydraulic properties of the soil and the boundary condition,
such as depth to groundwater, canal cross-section and water

depth.

Direct. methods are mainly employed for post-

construction seepage measurements. The objectives are;

* *
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to determine seepage losses from unlined canals and to
locate reaches with excess seepage as a basis for lining

considerations.

to check seepage losses iIn completed reaches of a canal
system under construction with aim of predicting seepage
rates iIn the uncompleted parts of the system and adapting

the design to the findings.
to record seepage rates on lined or unlined canals as
comparative data for the planning and design of other

irrigation projects.

to determine the exact amount of water conveyed in the

canal system iIn order to operate the system properly.

Indirect methods are normally used iIn pre-construction

period and provide a rough estimate of the possible extent of

seepage losses for evaluation of economic benefits of lining

the canal.

2-4_] Direct measurement

Various methods are used for direct measurement of

seepage In canals. These methods are reviewed below.

* *
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2.4.1.1 Inflow-outflow method

The i1nflow-outflow method consists of measuring the
water fTlowing Into and out of a section of canal being tested

as in figure 2.

Q inflow

figure 2: Parameters for inflow-outflow method.
*
.
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The parameters fTor a water balance for reach under

study are shown in figure 2. Water balance equation for the

reach 1is,

gin qout gE t Os + As ®
where;

qin = inflow discharge (1/s)

qout I outflow disgharge (1/s)

qE = Evaporation rate (1/s)

qS — Seepage rate (1/s)

As = change iIn storage (1/s)

For all practical purposes, steady, and uniform Tflow
conditions ore maintained during the study period, thus,

change In storage can be assumed to be zero.

For the considered duration of measurement, g”~, 1S
normally negligible for short reaches of the canal. Hence,

seepage loss iIn 1/s/Km 1s estimated as;

qin gont (G))

S ———

where,
N = seepage rate (1/s/km)

* ~ length of cana] reach (km).
* .
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During measurement the water level iIn the canal iIs kept
constant to eliminate the effect of canal and bank storage.
Webber (1971) observed that iIn the majority of cases, where
relatively long straight channels (of constant cross-section
and bed slope) are i1nvolved, the flow for the most part IS so
nearly uniform that the asgumption of uniform flow condition
IS reasonable. All diversions and leaks within the canal
section being tested must be taken iInto account. The
difference between the quantities of water flowing into and
out of the canal reach 1s attributed to seepage. The
advantage of this method is that the canal 1is not removed
from service, but the accuracy is less than for ponding
method as recorded by French (1985), as reported by Ali
(1986) .

2.4.1 1.1 Flow measurement devices

Several devices are available for flow measurement iIn
open channels. These 1include circular or rectangular
submerged orifices, V-notch, Cipoletti and rectangular
we:irs, Par shall, trapezoidal and cutthroat flumes and
Propeller meters. Each device has certain inherent
sdvantages and disadvantages under Tfield conditions (Trout,

1982).
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A current meter measures the water velocity iIn the
channel directly and consists of a propeller which iIs caused
to revolve by the force of current when Immersed iIn water.

An electrical gadget 1s used to record the number of
revolutions of the propeller (Punmia and Lai, 1986).

The main advantage of current meters 1is that they
create negligible head loss and thus do not disturb the
normal flow. Good quality small propeller meters give
velocity measurements quickly and easily. Comparing current
meters with the devices listed above, current meters are less
accurate especially iIn determining the velocity distribution
in small, 1irregularly shaped channels. Current meters are
generally too inaccurate for loss measurements in small

channels.
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Figure 3: Current meter. Source: Kraatz (1977)

We 1r3 operate under a wide range of flows, but are
accurate only under free flow conditions and thus require a
relatively large head loss. Weirs are commonly used for
permanent installations when head loss 1s not a problem
(Trout, 1982). A Romijn weir 1iIs an outflow structure with
horizontal crest above which the deviation from a hydrostatic
Pressure distribution because of centripetal acceleration may
he neglected (Bos, 1978). In other words, the streamlines
Bre practically straight and parallel. The discharge is
related to the upstream water level over the crest 1In the

following relationship:
*
.

24



Q = cdcrbh1-2 ®)

where Cd= discharge coefficient, Cf = coefficient for
neglecting the velocity head of the approach channel; b =
width of the weir (d) and h = head measured at a point
upstream of the weir crest (mn). Romijn weirs are present iIn
Bura.

t

2.4.1.1.2 Factors influencing accuracy

Trout (1982) mentioned two factors that i1nfluence the
accuracy of inflow-outflow conveyance loss measurements, 1.e:
1. the accuracy of the measuring device and 2. the influence

of the devices on flow conditions.

Trout (1982) remarked that flow measuring devices are
accurate to only within 3 to 8 percent under field
condittons. However, this level of accuracy is optimistic
and 1s only achievable under very good installation
conditions. It is recommended that long enough channel
sections are measured so that the measured loss 1is large

compared to the measurement iInaccuracy.

Measurement devices used 1In channels such as flumes,
Weirs, or orifices create a backwater effect. This backwater

e"fect causes the depth of iwater upstream of the device to
*
.
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increase and the increase extends upstream for several hun-
dred meters depending on the flow and channel characteris-
tics. Consequently, water loss for an earthen channel will

increase as the flow depth increases.

1.4.1.2 Ponding method

The method involves ponding water iIn a canal section to
approximate operating depth and then recording or periodi-
cally measuring the drop in the water surface with time.
This 1s the most accurate method, but large canals must be
taken out of operation for 2 weeks to make the measurements
(Worstell, 1976). To avoid this withdrawal of canals from
operation, measuring could be done on main canals either
before or after the 1irrigation season. However, it is feared
that seepage rates probably differ from the seasonal average.
For long canals (as in the case of Burn), if the ponded
section is long, the average seepage rate measured will not
identify any localized high seepage zones within the ponded

section.

To eliminate the effect of wind, the rate of drop
should be measured at each end of the pool and averaged.
Staff or hook gauges attached to existing structures or
stakes driven iInto the canal bed should be used as shown iIn

Fig. 4.
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Figure 4: Ponded water iIn a canal
All structural Ileaks should be carefully measured and since
the testing may take considerable time, evaporation and
rainfall should be recorded so that the drop in water surface
can be corrected accordingly. Tr]e following formula 1is
suggested for computing the rate of seepage (Kraatz, 1977).

W @ - "2)

S = —————————————— m/day ®)

where S = average seepage In m/m™/day; W = average width of

Kiiter surface of the ponded ~eachCm) ; dj = depth of water at

* *
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beginning of measurement (M) = depth of water after 24
hours (m); and P = average wetted perimeter (m).

Some disadvantages of the ponding method are;

1. Interruption of the normal working of the canal.

2. Heavy expenses involved in the construction of dams to
form the pool and their removal.

3. Large amounts of water lare required to fill the pool and
also during the test to compensate the drop In water
level.

4. It does not show the variation In rates from different

parts of the pool (Kraatz, 1977).

Trout and Kemper (1980) have recommended that the
length of section measured will depend on the slope of the
channel. The variation in the ponded water level from the
operational level should not be more than 2 om. IT channel
slopes are small (less than 0.0005), sections as long as 100
meters should be measured. IT slopes are steep (greater than
0.001), section lengths should be less than 30 meters.
Section lengths should be as long as possible within these
limits so that a larger and more representative sample is
measured. The end effects of seepage into or around the dam

are then minimized.
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2 .4.1.3 Seepage meter method

A seepage meter is a modified version of a constant
head permeameter developed for use under water. Seepage
meters are, 1In principle suitable for measuring local seepage
rates In canals or ponds. They are particularly useful for
locating sections of the canal with excessive seepage. As a
precaution, i1nstallation of seepage meters should be done
with least disturbance. t

Seepage meters should not be used iIn very gravelly soil
due to difficulty of forcing the bell iInto the bed of the
canal . Sandy soils are unsuitable for seepage meters use
since there iIs danger of the seepage meter being washed away
by the current. Various types of seepage meter have been

developed. The most iImportant ore:

J. Constant head seepage meter; (Fig. 5) and
2. Falling head seepage meter (Fig. 6)

The constant head seepage meter with a floating
flexible bag 1is perhaps the simplest and cheapest device as
reE'ards construction and operation. It consist of a water
tight seepage cup connected by a hose to a flexible (plastic)
WOter bag floating on the water surface (See Figure 5). The

ating flexible bag seepage meter was developed by the

S'qzlnity laboratory of the department of Agriculture -USA.
. *
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Figure 5. Seepage meter with submerged plastic bag.

figure 6. Falling head seepage meter. Source: Kraatz (1977).
* .
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Seepage meters are simple and convenient devices for
measuring seepage losses, but it 1iIs recognized that
refinements iIn the techniques are needed to iImprove the
reliability of the results. Seepage 1is determined from head
differences between the seepage meter interior and the
surrounding water, and from the corresponding flow rates iInto
or out of the seepage meter (Bouwer, 1962). IT the head
inside and outside the seepage meter are equal, leakage 1is
not present, and, assuming no disturbance by installation of
the meter, the flow is that of the original seepage fTlow
prior to installation of the meter. IT the head inside the
meter i1s lowered, leakage flow begins to occur and the net
flow leaving the meter through the bottom area enclosed by it
becomes the resultant of the individual components Qs, due to

seepage and QI, due to "leakage™ (Bouwer, 1962).

Water flow during measurement 1is from the bag into the
CUP> where 1t seeps through the canal subgrade area i1solated
ty the cup. By keeping the water bag submerged, It adapts
itself to the shrinking volume so that the heads on the areas
w*thin and outside the cup are equal. Seepage rate 1is
computed from the weight of water lost iIn a known period of

time and the area covered by the meter (Kraatz, 1977).
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Bouwer (1962) experienced that repeating the seepage
measurements every 1/2 hour or so gives consistent results.
Therefore, one or two measurements per seepage meter location
should be sufficient. He cautions that i1f a series of
measurements i1s to be performed in a flowing canal, the
operator should begin downstream and work in the upstream

direct ion.

For the falling head technique, the seepage meter Iis
connected to a falling level reservoir (See Figure 6). In
measuring seepage using this technique, the reservoir 1is
raised approximately 2.5 cm above the water surface iIn the
canal. The subsequent rate of fall of the water level 1In the
reservoir 1S measured by taking the time and water level
readings. The Hlatter reading is expressed iIn terms of the
distance between the water level 1iIn the reservoir and the
free water surface iIn the canal, and the seepage 1is then
calculated from the water level versus time measurements
(Bouwer and Rice, 1963).

Seepage rate, (gs can be estimated using the following

formula,
2
s = H ™
Rel
Where,
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H = rate of water level drop iIn supply (cm/min);

2

radius of reservoir (cm);

Py
D
|

radius of cylinder (cm).

2.4.2 Indirect measurements

A quantitative evaluation of the seepage loss In a
canal can be obtained by calculation using various methods.
This may be done by empirlical, analytical or electrical
analogue methods. These methods are mainly employed 1in
estimation of seepage losses for the economic evaluation of
the benefits of a proposed canal. It is noted that empirical
methods give only rough estimates while analytical methods
give reasonably accurate results 1i1f they are applied to
conditions for which they are developed (Bouwer 1969), as

reported by Kraatz (1977).
2.4.2.1 Empirical formulae

Davis and Wilson, quoted by Dhillon (1967) and reported
by Kraatz (1977), have suggested a relation for estimation of
seepage losses iIn unlined canals. After obtaining the
results of surveys on eight different canals systems, the
United States Bureau of Reclamation derived the following
relationship known as the Moritz formula (1967) and adapted
y the Alberta Department of Agriculture Irrigation Division

N979) as reported by Manz (1985) as iIn equation (8).
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Seepage rates are estimated using the fTollowing formula:

gs = 1.16 x 10-5 C AO0"5 ®)

Where:

gs = seepage rates (m /s/m)

A = cross-sectional area of canal (mg)

C = Coefficient, a TfTunction of the material used to
construct the canal (Appendix vii )
In India, the following formula has been used by

International Commision on Irrigation and Drainage (1968):

gs = 1.923 x 10"6 . QO*0652 . p ©
Where;

gs = seepage rate (m /s/m)

Q = discharge in the canal (m/s)

= wetted perimeter of the canal (n)
Observations made on some of the 1important canals iIn
the Punjab showed that C ranged from 1.1 to 1.8.
Offengenden proposed the following equation for
estimating seepage losses (FAO/UNESCO, 1967) for earthen

canals.

S= — .0, -——-—- (10)

Wetlere s = water los3 per km iIn percent, Q = discharge, (@Mm3/s
length of canal; a and m are empirical constants

Pending on soil permeability (See Appendix vii).
. *
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2.4.2.2 Analytical methods

Analytical methods of estimating seepage give high
accurate results when applied to conditions for which they
were developed. French (1985) as reported by Ali (1986)
gives on example of the analytical method to obtain solution
to the relevant porous media equation for an appropriate set
of boundary conditions. The 1nvestigation 1involves some
assumptions; namely: Thatlthe channel lining be i1mpervious
and the thickness negligible; the porous medio under the
channel 1s to be 1isotropic, homogenous and of infinite depth;
that the capillary action iIs absent. The investigation were
done, TfTirst for channel iIn which the sides were lined but the

bottom was unlined.

The second situation 1involved a channel 1n which the
sides were unlined and the bottom Ilined. The solutions
obtained from the investigations were summarized iIn graphs.
The total seepage loss q per unit length of material
underlying the channel is thus obtained. The parameters of
the open channel that are required iIn order to obtain the
solution are the angle (0) made by the sides of the channel
with the horizontal 1iIn radians, water depth (y) 1In the
channel and the bottom width (b) of the channel, [Subramanya

e* (1973) as reported by Ali (1986)].

* ; university OF Nairobi
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2.4.2.3 Simulation system models

To solve problems of water flow iIn soil a system 1is
derived to simulate the operation of the prototype system.
Such models are differential equations that govern
groundwater flow, hence, simulation of groundwater Tflow
systems 1s done by application of differential equations.
Examples of models that are. applicable for this analysis are
the physical and analogue models (real simulation systems)
and mathematical models which are abstract simulation

systems.

Physical models consist of one dimensional flow in soil
columns and two or three dimensional flow iIn sand tanks. The
porous medium is usually homogenous, isotropic and consists
of artificial or natural granular material. The actual,
physical shape of the medium 1is modelled and the boundary
conditions are simulated as heads of water or as drains.
Measurement is done either by means of piezometer or by using
dye to trace the streamlines. This method gives an
indication of the flow pattern but has a disadvantage iIn that
the difficulty of simulating the true permeability of the
Tledia 1s encountered. For detailed discussion of the

Blulation models, reference iIs made to work done by Prickett

(197?75) De Laat (1980), as reported by Ali (1986).
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2.5 Consequences of seepage
Seepage losses iIn irrigation canals way lead to serious
economic problems not only due to loss of water but due to

other physical effects. These effects are discussed below.

Water losses from seepage on pervious soils can reduce
the quantity available for ,irrigation to inadequate amounts
(Booher, 1974). A review and summary of 765 seepage tests
made iIn the Western United States showed that an average unit
seepage loss rate range from 0.03 - 0.6 m/day (Worstell,
1976) .

A study on seepage losses iIn canals passing through
black cotton soil (Montmorillonitic clay) iIn Mwea, Kenya,
reported the range to be 0.65 - 1.44 m™/m™/day (Mulwa, 1981).
A similar test done iIn unlined canals traversing through red
soils (Nitosols) gave seepage losses 3 to 4 times higher than
those obtained iIn black cotton soils. Kwenjanga (1984), in
a study on canal seepage in Lower Tigondo (Kajiado), Kenya,
obtained average seepage losses in clay loan soils of 2.49
1/s/km of canal section. Seepage rates for Bura Irrigation
Settlement Scheme’s supply/main canal were determined by Ali
(1986), using both analytical methods and empirical fTormulae

0S shown iIn Table 2.
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Table 2. Seepage rates in the main canal BISP

Method of analysis Seepage rate (m™/s/million N

Empirical formulae

Davis and Storenson (1969) 2.89
USBR (Dhillon, 1967) 7.26
ICID (1968) l 3.00
Offengenden (FAO/UNESCO, 1967) 6.12

Analytical methods
Subramanya et al. (1973) 7.27
Vendernikov (ILRI, 1979) 15.52

Source: Ali1 (1986)

Average seepage obtained in Table 2 converted to
comparable units i1s 60.11 cm per day. This 1is much higher

than results obtained through direct measurement (see table
13).

The cost of water losses from 1irrigation conveyance
systems depend upon where the lost water eventually ends up,
ether 1t can be beneficially reused, or whether it creates
~Ndjtional problems and costs. The other important aspect to
Cor>sider js -the value of the lost water for agricultural

Deduction (Trout and Kemper, 1980).
* .
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When evaluating the cost of conveyance losses, Trout
and Kemper (1980) recommended that reuse values which roust

be subtracted from the cost could include:

1. the value of beneficial plants growing near the channels
which derive their water from channel losses;

2. the value of water pumped from the groundwater or
diverted from return flgw to the river minus the cost of
repumping and any water quality decrease.

The costs which must be added to the sacrificed value of
the lost water could include:

1. the decreased value of crops near the channels due to
leakage; and

2. the cost of land degradation and depressed crop yields
caused by salinity and waterlogging attributed to channel

deep percolation.

Damage to adjacent land: Seepage loss adds to the
groundwater leading to a rise In groundwater table. When the
groundwater table reaches the ground surface this leads to
waterlogging of the adjacent areas to the canal rendering
hem unsuitable for farming. This may be accompanied by
saHnity problem. According to Kraatz (1977), in one project
n the Western United States some 8500 ha of cultivated land

~ to be abandoned due to waterlogging by seepage from

In the Punjab area,, India considerable decrease iIn
*
.
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crop yields and determination iIn the general health of the
people caused by malaria and other water borne diseases were
attributed to seepage loss induced water logging. In
addition, the effects of water-logging can result 1iIn
decreased yield. Effects of water-logging by seepage from
canals have been observed along the main canal In New Mutaro
Irrigation Project, Laikipia, Kenya (Personal Observations,

1987 ).

Increased dimensions of canal: Worstell (1976) reported
that the designer of the 1irrigation canal need to provide
sufficient capacity in the canals to allow for the seepage
losses. Consequently, the unlined canal dimensions are
increased to cater for seepage losses 1incurred during the

conveyance of water.

Increased maintenance cost : Seepage from irrigation
canals results iIn weed growth along the banks and adjacent to
the canal. This iIncreases the cost of the maintenance of the
canal. The banks of the canal may also be subjected to slips

®&d sloughing which result iIn canal breaches.
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2.6 Lining Options
The type of lining options can be grouped into six
broad categories, namely;
(@) Hard - surface lining
() Exposed membranes
(©)) Buried lmembranes
@ Earth lining
(©) Soil Sealants and

®) Flumes and pipes.

2.6.1 Hard - Surface Lining

For example, Precast cement concrete, unreinforced
with a thickness of 5 cm acts os a hard-surface lining. This
type of lining has an estimated life of 50 years. Seepage
losses (mJ/m™/24hr) varies between 0.03 to 0.15 depending on
how well construction was done and subsequent level of
maintenance. This type of lining is suitable for all sizes
°f canals, topographical, climaticol and operational

conditions (Kraatz, 1977).

The other example 1is Precast concrete block of 7 cm
Width. The durability is similar to that of Portland cement
°ncrete. The range of seepage iIs iIn the order of 0.03 - 0.06

/24hr. However, construction requires special equipment.
. .
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2.6.2 Exposed Membranes

An example of these is the Polyvinyl with a thickness
of 0.19 mm. The Ulife of the membrane takes only a few
irrigation seasons. The effectiveness of the membranes vary
widely depending on weed penetration and other mechanical
damage as well as weathering. The membranes are suitable

only as temporary lining for seepage control.

2.6.3 Buried Membranes

The example here i1s sprayed-in-place asphat. The
durability depends Ilargely on erosion resistance of cover
material, maintenance, and operation. The effectiveness range
between 0.03 to 0.06 m3A02/24hr . The membranes have the

advantage of being easily transported.

2-6.4 Earth Lining

The lining 1s In three classes based on thickness.
These are thick compacted (90 cm), thin compacted (30 cn) and
loosely placed earth such as loam and clay. Suitable soil
ron c®nal excavation or nearby borrow pit area 1iIs essentia]

economy. The measured seepage losses through the material

rane from 0.08 to 0.02 m3/m2/24hr.
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2.6.5 Soil Sealants

The examples of the sealants are waterborne bentonite,
sodium carbonate and resinuous polymers. The life of the soil
sealants 1is relatively short, taking one or two irrigation
seasons. The sealants offer a means of temporary control of

seepage iIn unlined canals.

2.6.6 Flumes and Pipe3

The examples of these are concrete flumes, pipes and
lay-flat tubing. There Ilife 1is relatively long lasting for
about 50 years. Flumes and pipes are particularly suitable
for areas with 1irregular or rolling topography and intensive

cultivation.

~N N Pre-Construction Seepage Studies

Soil mechanical 1investigations in the supply, main
canal and iIn the command areas were done during the planning
and construction stages of the project. The soil mechanical

estigations of relevance to this study are the soil tex-

and the permeability tests.

4 4
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2.7.1 Soil texture

Soil textural analysis was done at the planning stage
of the project. Soil textural analysis was done for soils 1iIn
the sites where soil permeability tests were done.

Profile pits up to three metres below the ground surface were
dug. Soil textural composition per metre of profile pit was
analyzed and recorded. Relative proportions of clay, silt,

sand and gravel were then analyzed and recorded. (Appendix

11.)
2.7.2 Soil permeability tests

For the determination of permeability, auger holes were
made along the designed supply and main canal during the
project implementation stage. The auger hole tests were done
Ot an intensity of about 1.5 km throughout the entire section
°f the canal. The auger holes were then TfTilled with water
Qnd replenished until the replenishment became more or less
constant. This procedure used by ILACO (1975) 1s that
rerommended by United States Bureau of Reclamation. The
INdunt °F water used was then measured. The permeability of

I*I* iIs calculated using formula:
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k = Q/(Cu*r*H) on)

where k = permeability coefficient of Darcy (cra/s); Q =
measured water supply In (enr/s); r = radius of auger holes
(cm); H = water depth iIn auger hole (on); and Cu =
unsaturated conductivity coefficient depending on H:r, 1n

this case 84; CurH = 105,000 cm2.

The measured permeability coefficient are presented on

Fig. 7.
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figure 7; Permeability coefficients iIn main canal
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2.7.3 Recommendations

The permeability tests proved that the subsoil 1is
suitable for the construction of an unlined canal. It was
found that the permeability of the soil is low (ILACO, 1975).
The study further indicated that some seepage loss may occur,
but this was expected to decline markedly when the canal was

in operation and cracks were closed by swelling.

Further reduction was expected to take place iIn course
of time through sealing by the fine sediments carried by the
water. At some locations, notably at or near the laga
crossings, the canal cut through permeable, sandy layers.
However, these sections were considered to be short and
combined to beneficial effect of sealing, no much seepage was

expected (ILACO, 1975).
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3. METHODOLOGY

3.1 Description of the study area

Bura Irrigation Settlement Scheme was developed to open
up new areas fTor crop production through irrigation and to
settle landless people recruited from all parts of the

country

3.1.1 Location

Bura Irrigation Settlement Scheme 1is situated
administratively, in Tana River district iIn Coast Province of
Kenya. The scheme area 1i1s situated on Latitude 1° 97 S and
Longitude 39° 52”7 E. The scheme 1s about 300 kmn east of
Nairobi and 350 km north of Mombasa. The study area, Bura
West, abbreviated BW, on Figure 8 1is situated on the west

bank of the Tana River.

3.1.2 Climate

Rainfall in Bura i1s low (300-400 mm per annum) and
erratic. Rainfall comes mainly in the two rainy seasons,
namely March to May and October to December. The Hlatter
Seoson iIs wetter than the first on average. Temperatures are

high an year round with little seasonal variation.
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Mean maximum temperatures do not fall below 31° C.
Average minimum temperatures are above 20° C. The hottest
months are February and March (Muchena, 1987). The mean
measured annual evaporation using US Weather Bureau Class A
evaporation pans for Garissa and Hola i1s 2,712 and 2,490 mm
respectively. Bura irrigation settlement scheme 1is situated
between these two meteorological stations. The estimated
open water evaporation (Eo) according to Penman, for Garissa
add Hola 1is 2,374 and 2,2f93 mm per annum respectively
(Woodhead, 1968). This means an average of about 6.4 mm per

day.
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.1.3

Topography

The area lies on an old alluvial terrace of Tana river
which flows iIn a north-south direction across a vast plait,
stretching from the foothills of Mt. Kenya to the Indian
Ocean. The plain slopes gently and evenly iIn west-cast
direction In the scheme area. This area is cut by a fe
major depressions formed by" seasonal 1y flowing tributaries of

the Tana river (lagas) as shown iIn Figure 9.
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3.1 4 Scheme description

Bura irrigation settlement project originally consisted
of two schemes, namely Bura west and Bura east each
comprising of a total net area of 6,700 hectares. Bura west
was to be i1mplemented iIn two phases. The scheme was
developed for growing cotton and food crops (mnaize, cowpeas,
groundnuts) by irrigation (World Bank, 1977). Implementation
of phase 1 started 1n i979, but by 1986 only an area
totalling 3,900 ha had been prepared, of which only 2,500 1is
cropped to date. The major constraint is insufficient water
due to lack of adequate pumping plant to supply to the 3,900
ha prepared.

Nel 4.1 Water conveyance and distribution system

Irrigation water 113 conveyed from the pumping station
and distributed to the farms by earthen canals. The canal

system is divided into conveyance and distribution system.

Conveyance system: This is sub-divided into supply
ad yain canals. The supply canal conveys water from the
Pumping station (downstream of the settling basin) to the
P *nt of water diversion to the forest branch canal (36.8 km

stieam). The main canal conveys water from the point of

fi
water diversion (Forest branch canal) to the Ilast
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command area (Masabubu). The main canal supplies water to
Bura, Chewele and Pumwani command areas as shown in Figure

0.

Distribution system; The distribution system consists
of the branch canals which distribute water to the command
areas, block feeders and the unit Tfeeders. Branch canals
obtain their flow from mair! canal. Block feeders start from
the night storage reservoir offtake gates and distribute the
flow to a number of unit feeders. As an exception,there are
sore, direct off-take block feeders. The direct off-take
block feeders obtain their flows directly from the main canal
through the regulating Romijn gates at the head of the block
feeder. Unit feeders take water from block feeders to the
unit during daytime 1irrigation period only. Bach unit
consist of 30.24 ha net area. Water 1is siphoned from the
unit feeders into the furrow, which apply water to the root

zone of the crop (Standard for furrow s 280 m long and 0.9

m spaced) as shown iIn figure 10.



Figure 10: Unit feeder canal

Source > NIB (1981)

Night storage reservoirs: Night storage reservolirs
(NSR) are constructed at the head of the block feeder canals.
The reservoirs are supplied by the branch canal through an
inlet (Romijn weir) gate during night time. Several night
storage reservoirs are constructed on either side of the
ranch canal. The storage capacity of the reservoir 1is

:Cient to contain the night water supply from the branch
Cand _f6r a water level range of 75 cm (ILACO, 1975). The

ime flow from the branch canal passes directly iInto the

~eeter* The off-takeigate at the reservoir is closed
» *
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during night time and open during the day, thus

supplementing the direct inflow to the block feeder during

day time.

block feeder unit feeder canal
flgure H; Night storage and block feeder canal
source

NIB (1981)



3.1.4.2 Scheme intake requirements

The possibility of water abstraction was studied and
documented by ILACO (1975). A comparison of the annual cost
showed that the saving In iInvestment costs (resulting from
the fact that the supply canal could be 23 km shorter) are
negated by the higher operation costs (fuel and spares
parts). It was concluded that a gravity intake would be the

most economical solution to the water need of the scheme.

IT the future 1irrigation developments on the east bank
are taken 1iInto account, this tips the scale even more iIn
favour of a gravity intake. A weir across the river was
envisaged, but was never constructed. This explains the
anomaly of a long supply canal and a pumping station. The
current pumping capacity on average is 3.25 m /s. However,
in 1988 only 2.50 mO/s could be pumped for a period of 9
months because of iI1nadequate pumping capacity with the

subsequent scheme operation below optimum.

Crop water requirements for the scheme during the time
°f this study have been calculated. The cropped area used
In the irrigation water requirements 1is that of 1988.
OBPari sons have been made between the 1rrigation
rpduirements computed for 1988, the revised 1irrigation
~ui>ement In Table 3 computed at the design stage of the

W Ject and the current pumping capacity of the scheme.
.
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The monthly irrigation requirements for the scheme was
calculated to form part of the basis of the design criteria
for irrigation and drainage works (MacDonald, 1979). The
crops considered were cotton, groundnuts, maize and cowpeas.
The resulting irrigation water requirements distribution
throughout the year 1is iIndicated iIn Table 3. The values iIn
Table 3 have been obtained after adjusting the irrigation
requirements for the initially planned area (6700 ha) to the

presently cropped area (2500 ha).

Table 3. Monthly 1irrigation requirement schedule for

2500 ha.
Total water Reqd. Canal
Moth m * 103 m3/s Gardens A B C D nm3/s
Jan 309 0.12 0.08 0.15 o0.22 0.37 0.05 0.64
Feb 2261 0.4 003 0.99 139 054 0.05 1.9
Mar 3478 1.30 0.03 113 191 060 0.056 2.5
Aor 1987 0.77 0.03 0.80 1.15 050 0.05 1.7
May 4124 154 0.03 1.5/ 2.26 0.62 0.056 2.93
Jn 3925 151 003 154 221 056 00 2.8
Jul 2832 1.06 003 1.0 157 0.5 0.06 2.18
Ag 1068 004 0.04 044 063 0.5 0.05 1.15
Sep 1550 0.05 0.05 065 0.93 047 0.056 1.46
act 2245 0.05 0.06 0.7 1.08 0.48 0.056 1.61
Nov 1406 0.04 0.04 058 0.8 0.5 0.05 1.38
Dec 987 0.03 0.03 040 058 0.48 0.05 1.11
Notes :

Nfumn (A) 1s obtained by adding column () and (4).
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Colum (B) 1is obtained by dividing column A by 0.8 (field-

efficiency) and multiplying by 1.15 (branch and

block feeder losses).

Column C 1s estimated losses In the supply and main canal

onlj

Column D gives the water requirements for wildlife and rural <

Canal head discharge = Column B + C + D

Source: MacDonald and Partners,* 1979.

32 Seepage measurements in the supply canal
Seepage measurements in the supply canal were done by
infFlow-outflow and seepage meter methods.

321 Inflow-out Flow measurement

This method was considered suitable for this study
because there are no additional inflows iIn the section of the
caal selected for seepage analysis. The cross-section of
the supply canal 1i1s large (width of water surface at design

~ePth for discharge of 8.6 m/s at canal head is 12 6, and
Bom average fTlow depth 1.0 m& for a discharge of 2.5 m\/s
1
Ine time of the study) and as such ponding method would

havg 1 ;
een cumbersome and expensive. The supply canal conveys

wter _ ,
the time and hence putting the canal out of opera-

a
@ r 2 weeks (necessary if ponding is done) would not be

fe*sible.
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In the i1nflow-outflow method, measurement involved
determining the flow rate at various sections of the supply
canal. The measuring points were selected at equal intervals

along the supply canal.

For the purposes of this study, sections of 10 km were
selected. Due to the remoteness of the area, together with
the vastness of the distance to be covered (40.15 km), 10 km
reaches were considered representative for the entire canal
section. Location of the measuring points was facilitated by
the already existing chainage works for every 1 km iIn the

supply and the main canal.

Four measuring points were selected for the water Tlow

rate determination as shown iIn Figure 12.
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At each measuring point, both the cross-sectional area
of flow and flow velocity were determined in a number of

vertical sections. A C-2 A_OTT current meter wss used.

The width of water surface In the canal at various flow
depths during the study period ranged from 6.0 to 8.4 meters.
The average width of water surface for all measurements along
the supply canal was 7.6 m. The width was divided iInto ver-

tical sections selected at : m intervals.

Marking of the vertical sections was started from east
to west bank of the supply canal. The first vertical section
was consistently selected 0.5 m away from the east bank 1iIn
all the measuring points along the canal. The last vertical
section was selected at variable interval from the west bank,
but ranged between 0.3 to 0.5 1 depending on the extent of
vegetation growth from the bank to water surface. Marking of
vertical sections was fTacilitated by tying a rope to two
wooden posts across the canal as shown iIn Figure 13. Felt-
Pen or tying green grass stems on the rope were used to mark

the vertical sections.
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Figure 13: Current meter and rope.

At each vertical section, Tlow depth O V“as measured
Computation of 0.2D and 0.8D at each vertical section was
hence done.  Velocity at o.2D and o0 .8D was measured using a
current meter. This 1wo-point method enables average
velocity to be obtained i.e 0.5(Vq 2 + Vo g) which is more
rpliable than veiocity obtained at one point (0.6D per
vartical section.  Multi plying the cross-sectional area of
flov wit]y velocity div<ss the discharge in the vertical
Action.  These discharges are then added to give canal

discharge « procedure for current meter computations are shown
"n append ix V.
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A C-2 A.OTT small current meter was used in the
determination of the velocity iIn the vertical sections. The
current meter was equipped with 6 propellers of varying
sizes. Only propeller number 1 was Tound appropriate for
velocity measurement on basis of consistency. Other
propellers would work either at certain vertical sections and
not In others at the same flow measuring point.

*

The number of revolutions per 30 second were then
recorded iIn the data sheet. Velocity (V) in m/s was computed
using the equation (2).

V = 0.0577n + 0.006 2
where n = revolutions per second. Equation 12 was obtained

after calibration using a calibrated propellor.

Propel lor number 3 was was used for calibration, whose
equation Is shown as,

V = 0.252n + 0.006 s

After flow measurements at subsequent points in the
Car>al, seepage was computed by getting the difference between
inflow and outflow from the successive points iIn the
8llal (Egn. 4). The difference between the two fTlows 1is

ttributed to seepage.*



Seepage losses 1In canals are expressed iIn three ways
namely; In 1/s/km; fToAo; and m/day. In this study seepage
losses are expressed in 1/s/km and m/day for the data
obtained from inflow-outflow and seepage meter and ponding
methods. Seepage losses expressed iIin m/day only, was adopted
for ponding method used iIn storage reservoirs. Due to
variations iIn wetted area during operation stage of the canal
as a result of sedimentati%n and vegetation growth, mo/s/mo
of wetted area was not used as a unit of seepage for this

study.

Expressing seepage in 1/s/km and m/day was found
desirable as i1t allows comparison to be drawn between the
results of the study and those documented during pre-
construction stage of the project on seepage and permeability

coefficients of the soils.
2 Seepage meter measurements

A seepage meter was used for seepage loss evaluation
In the supply canal. Representative measuring points were
chosen along the canal. The chosen points were chainage 11,

n1
» 31 and 38.6 along the supply canal. This method was

recommended for use In order to provide a set of comparative

N

0 on seepage In the canal with that collected using

Fflow—out fFlow method.
* *
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A constant head seepage meter was used. Seepage meter
consist of a water tight cylinder (30 cm diameter and 20 cm
height). The top i1s closed with a conical shaped cover on
which an 1ron rod (1.25 cm diameter) 1iIs connected. Conical
shape 1s to ensure there iIs no ailrentrapment iIn the cylinder
and to allow more stable flow over and around the seepage
meter 1in case of a fast flowing canal. A hose pipe is
connected from the top of,cylinder to a container with
measured volume of water. The handle and hose pipe vary with
local conditions (1.0 - 1.5 m).The cylinder of 30 cm
diameter was pushed only a small distance into canal subgrade
in order to avoid, as fTar as possible, disturbance of the
existing soil structure. Penetration of approximately 2.5 cm
iIs recommended as adequate for good seal. While submerging
and pushing the cylinder 1into the soil, the hose was kept
open at 1ts upper end to allow air and excess water from the
cylinder to escape. When equilibrium was achieved, the hose
was then connected to the container with a measured volume of

water .

This container was then released to settle on the water
surface iIn the canal. The experiment was allowed to continue
Or one hour, after which the volume of water remaining In
e container was measured. The difference between the
°riginal volume and the remaining volume of water 1iIn the

°ntainer was obtained after "a known period of time. Seepage
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rate was computed from the volume of water that seeped per
hour through the canal wetted area covered by the seepage
meter. In order to make seepage comparable to that obtained

from canal section, the rate was converted to seepage 1In

1/s/Kkm.

Seepage measurement > the Bura branch canal

Bura branch canal was selected for discharge
measurement. Selection was based on the following criteria:
1. Comparison between soil types traversed by Bura and
pUnw.ani branch canals show a close similarity. Profile
analysis for the two dominant soil units (pf 2.1 and
2.2) showed that they are chromic-calcaric CAMBISOLS.
The textural analysis for depths 0-155 cm in both soil
units gave similar results (Muchena, 1987). Similar

soil units are also found iIin Chewele command area.

However, unlike iIn Bura and Pumwani command areas where
dominant units arc clearly delineated, 1in Chewele

command, the soil units appear In a jig-saw pattern.

2. At the time of data collection, irrigation was mainly
going on in Bura command. This hence, TfTitted iIn the

plan °f the actiyities™intended for the study.
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3. Pumwani branch canal was found unsuitable due to

clogging by weeds and excessive accumulation of

sediment deposits.

Flow rate measurements 1in the branch canal were taken
at 1.5 km interval along the canal. Flow rate measurements
at the head of the canal were done by use of Romijn weir.
For other successive measuring points, the current meter was
used. Due to the shallow water depths 1iIn the branch canal,
two point measurements per vertical section was not feasible.
The propeller movement would glide to a halt at 0.2D. Hence
flow velocity determination was done at 0.6D only. The flow
vertical sections were selected at o .5m iIntervals across the
branch canal. Inflow-outflow method was then used for
seepage rate computation. However, problems were encountered
since iIntake to the reservoirs were open iIn various sections
hence invalidating collected data. Only seepage measurements
in the Tfirst reach (1.5 km) was used in evaluation of

seepage.

Seepage measurement iIn the night storage reservoirs

The reservoirs selected for seepage analysis are 1iIn
Pumwani branch canal. In Pumwani branch canal 9 storage
reservoirs are operational. Two reservoirs were selected for

eePQge evaluation. In the”project design documents the
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reservoirs selected for seepage evaluation are referred to
according to their systematic nomenclatures namely NSPU4 and
NSPUs 1.e. night storage reservoir in Pumwani canal numbers 4

and 6 respectively.

figure 14: Pumwani branch canal.
*
.
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Selection of the two reservoirs was based on the

following criteria, namely;

1 The reservoir NSPU4 1s located about 500 m from the
meteorological station. The station was envisaged to
provide rainfall data (at the time of experiment) to be
used In the water balance computations Tfor the
reservoirs. However, experience gained at the time of
the study showed that rainfall 1n Bura 1is highly
variable within short distances. The rainfall data
from the meteorological station was therefore found not
representative of the experimental area. A rain-gauge
was therefore installed near the second reservolir

(NSPUs ) to correct this anomaly.

Selection of the second reservoir (NSPUs) was on the
basis of i1ts Ilocation on the dominant soil unit
traversed by the branch canal (Chromic-calcaric
CAMBISOL). Seepage results would therefore be
representative of the area traversed by the branch

canal.

The ponding method was used In seepage analysis iIn the
reservoir. Periodic measurement of the drop iIn water surface
time was done. A staff gauge at reduced levels above

ea level (already insl:alled) was used for measuring the
*
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subsidence of the water surface over 24-hr period. Both
intake and outlet gates were closed water-tight to ensure
that no water was added to or removed from the reservoir
during the duration of the experiment 1i.e. within 14 days.
Use of gunny bags filled with soil was used to ensure that no

leakage from the gates to the reservoir.

A class A evaporation pan was installed at the reser-
voir embankment. A rain gauge was also installed to record
any rain that would fall during the duration of the experi-
ment. Stray domestic and wild animals, and curious local
people were kept away from interfering with the experiment by

engaging a day and night watchman.

Figure 15: Water balance for"reservoir



Readings on surface water level and evaporation was
done at 9.00 amn. consistently during the duration of the
experiments. Raln gauge readings were also done at the same

time In case of reception of any rain.

Average water depth in the reservoir was determined by
use of levelling staff, Iovyered by two men from a boat. To
facilitate depth measurements, the Ilength of the reservoir
was subdivided in equal intervals. The same was done on the
width of the reservoir. The results on depth of water were
read directly by use of levelling staff and the readings

recorded.

The study period for the water balance equation: was
approximately 1 day. The water balance 1s presented in

Equation (14). Parameters for water balance are shown in

figure ().
Inflow ~Rain™ Nd™M+j-dj) + KMSp™ + Outflow (@)

During the 3tudy period the reservoir inflow - outflow gates

were closed and hence equation (14) reduces to equation (15);

Spi = Rain4 - Ex +(dj - dj+J) (15)

where;
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3.5.

Ssph = Seepage depth (mm/day) for day i
Rain™® =Rainfall during day 1 (mm/day)
Ej -Evaporation during day 1 (mm/day)
dj =Water level during day 1 (mm)

d—=~1 -Water level during d™+j day
Crop water requiremem;)s

Crop water requirements were computed for the purpoise
of estimating irrigation water requirements and hence compare
the planned 1rrigation requirement at the pre-construction

stage of the project.

The data for weather parameters necessary 1In
computation of crop water requirements were obtained from
Bura Meteorological Station. Meteorological data from this
station covered the data recorded from 1983 to 1988. The
weather parameters recorded 1In the station are; daily
rainfall, maximum and minimum temperature, relative

humidity, evaporation, sunshine hours and wind run values.

Penman method (1948) was adopted for crop water
requirements. Penman method 1is suggested for areas where
Measured data on temperature, humidity, wind and sunshine or

radiation 1is available (Doorpnbos and Pruitt, 1977).
*
.
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From this data reference crop evapotranspiration in min/day is

computed by the equation:

ETo = c[W.Rn + (1-WFf(u)(ea - ed)j as

where ETo = reference crop evapotranspiration in mm/day; W =

temperature-related weighting factor; Rn = net radiation 1in
equivalent evaporation (mm/day); f(u) = wind related
function; (ea - ed) = difference between the saturation

vapour pressure at mean ailr temperature and the mean actual
vapour pressure of the air, both In mbar; c¢ = adjustment
factor to compensate for the effect of day and night weather

condi tions .
The description of variables and their method of

calculation is elaborated by Doorenbos and Pruitt (1977) and

presented iIn Appendix 111.

74



4. RESULTS AND DISCUSSIONS

4.1 Supply Canal

Seepage evaluation in the supply canal was done using
inflow-outflow and seepage meter methods. The results
obtained from the two methods are presented iIn the subsequent

sect 1ons.

4.1.1 Inflow-outflow results in supply canal

The details apertaining to the iInflow-outflow
measurements are shown iIn Appendix VI. The details 1include
the date of measurement, width of channel, depth of water 1in
the channel at the four measuring points. The results on

seepage iIn the supply canal are presented in Table 4.



Inflow-_.outflow results

Seepage rate

Date Inflow 1-11 km 11-21km ~21-31km
I

m'Vs L/S/km mm/day 1/s/km mm/day 1/s/km mm/day

t

15/11/88  1.083  39.3 9.3 26.6 340.4 2.0 21.9
23/11/88  2.447 39.6  382.2 32.1 410.8  12.6 138.7
25/11/88  2.002  15.7  151.2 w61y 364.6  28.0  308.1
10/12/88 2.157 1 ¢ 130.2 17.5 223.9  36.6  402.8
12/12/88  2.397  24.9  240.3 5.4 69.1  25.1 276.2
14/12/88 2a61 16.2  156.3 1la 156.1  Pa= 2443
Average  2.075 24.7 178.3 21.7 2775 21.1 232.0

As can be deduced from Table 4 average seepage rates
for the three reaches under consideration show that seepage
rates are almost a constant (24.9, 21.7 and 21.1 1/s/km).
Seepage rates show a slight wider variation for the same
reaches as expressed iIn mm per day (178.3, 277.5 and 232.0 mm
per day>. Seepage rates equal to or higher than 50 1/s/km are

considered high. Figure 16 represents a scatter diagram for

seepage readings. * .



As can be observed from figure 16, the distribution of
seepage 1Is equally spread around the mean seepage. Variations
on seepage measured In the same day could be attributed to
lack of attainance of steady flow conditions iIn the canal and

errors iIn taking readings.
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The results 1i1ndicate that there i1s a significant
variations between seepage rates taken on different dates In
the same reach- In the first reach (1 - 11km) seepage rates
range from 13.5 to 39.6 1/s/km. In the second reach (11 -
21km) the range i1s from 5.4 to 36.3 1/s/km while the third
reach (@1 - 31km) seepage ranges from 2.0 to 36.6 1/s/km. The
temporal variations are not directly related to the iInflow
rates as can be observed iIn the table. Though there 1is some
variation between seepage rates In a reach for different
dates, there 1is little variation between the means for the
three reaches. Thus variations iIn flow conditions such as
flow depth or due to errors iIn taking readings could have
contributed to variations observed iIn the reach for

different readings.

Variations of inflow rates influence seepage rate
through the influence of wetted perimeter. Increased inflow
rates increase the wetted perimeter thus 1Increasing seepage
rate iIn the canal. However, as can be observed iIn Table 4
there i1s no consistent direct relation between i1nflow and

seepage rates .

Representative wetted perimeter of the canal 1s shown

in Figure 17. - .
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The differences between lengths for wetted perimeter
of the canal as measured from figure 17 show that the
difference among the four plotted sections 1Is not
significant. The results of lengths of wetted perimeter
expressed as ratios was obtained as 1.3: 1.3: 1.2:1. Thus it
can be concluded that influence of seepage rates by wetted

area of the main canal is not significant.

4,1.2 Seepage meter results ,

Seepage meter readings fTor evaluation of seepage rate
were recorded in millilitres per hour. The readings were then
converted from millilitres per hour iInto litres per second
per kilometre (1/s/km). A sample calculation to 1illustrate

the procedure of conversion is shown iIn Appendix VIIL.
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The results of seepage obtained by seepage meter method

IS presented in Table 5.

Table 5: Seepage meter results

Seepage in 1/s/kro at chainage (km)

*

Rep licate 11.0 21.0 31.0 41.0
1 9.44 9.48 9.50 9.70
2 9.30 9.29 9.58 9.65
3 9.56 9.15 9.73 9.55
Average 9.43 9.31 9.60 9.63

Seepage results obtained at four points along the
supply canal using a seepage meter gave a consistent level of
seepage In the supply canal (See Table 5). The level of
seepage iIs almost constant as can be deduced from the four

averages, namely, 9.43, 9.31, 9.60 and 9.63 1/s/km.

n n o] _

Taking on average inflow of 2.525 /s obtained from
SIx consistent inflow rates measured with the current meter,
8eePage rates obtained by seepage meter are expressed as a

*ercentage of the inflow rate. These give 0.37, 0.37, 0.38
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4.2

per cent per kilometre of the inflow respectively. Total
length of supply canal i1s 36.8 km. Therefore total water lost
in the supply canal i1s 14.0 per cent of the discharge of the
head of supply canal. The results of seepage rate iIn the

supply canal are indicative of low levels of seepage.

Bura Branch Canal

Seepage losses iIn Bura Branch Canal using inflow-
outflow method have been computed for the first canal reach (O
- 1.5 km) downstream of the canal off-take. Flow measurements
at the other two points downstream were affected by
abstraction of water to the night reservoirs. Closure of the
reservoirs 1iIntake gates, during time of study was not
feasible since supply for 1irrigation water was 1iIn great

demand iIn the scheme.
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Table 6: Seepage losses in 1/s/lkm in the Bura brarich canal

Replicate
Inflow m’ /s Outflow m"Vs Seepage
0. Okm 1.5 km 1/s km
1 0.750 0.661 59.3
2 0.653 0.579 49.3
3 0.586 0.486 66.7
4 0.591 0.589 1.3
5 0.574 0.520 36.0
6 0.556 0.435 80.7
7 0.677 0.560 78.0
8 0.322 0.295 18.0
Average 0.5e9 0.516 55.43

As deduced from Table 6 seepage rates are high in the
measured reach of the Bura branch canal. The average wetted
perimeter for the reach is 4.23 m. Seepage losses expressed

as 1/s/m™ are shown in Table .
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Table 7:Wetted area of Bura branch canal

wetted
Replicate Perimeter
m
1 4.25
2 4-29
3 4.25
Average 4.23

reach (O 1.5 km)

wetted
area

m2

6375
6300

637
6350

Table 8 : Seepage losses In lkyﬁnz of Bura branch canal

seepage

Replicate 1 /s/km

1 59.3
49.3

N

66.7
36.0

aa M~ W

80.7
78.0

»

7 18.0

Average 55.4
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losses

1/s/m2

14.0 10-3

12.0 10~3
16.0 10"3
8.5 10-3

18.0

4.3

X
X
X
X
19.0 X o8
X
X 10~3
X

13.0 10-3



Comparing seepage rates In Table 8 with seepage rates
from the general soils surrounding the canal iIn Table 11-4,
shows that seepage losses iIn the Bura branch canal are on the
higher Ilevel. The average seepage loss 55.0 1/s/km for the
average inflow of 0.589 m/s correspond to 9.41 per cent
water loss per kilometre. The values of seepage are high as
compared to soil permeability coefficients for soils
traversed by the branch 'canal (0.028 m/day) which 1is
equivalent to 3.24 x 10 ™~ Vs/ra®

Using the empirical formula (Egn 10), seepage losses in
the branch canal are iIn the order of 0.03 per cent per
kilometre as compared to an average of 9.41 per cent per km
obtainted from exeperimental results iIn this study. Seepage
losses from the branch canal are bound to be lower than
obtained from the iInflow-outflow method. This discrepancy
could be attributed to errors during time of measurements.
Low discharges recorded at the downstream measuring station
would be attributed to the low number of revolutions made by
the current meter as read from the counter due to greatly
reduced water velocity at 0.8D due to increased friction of

WOter with the canal bed at shallow water depths.
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4.3 Night storage reservoir

Two night storage reservoirs were analysed for

losses.

results on seepage are presented

Table 9.

Date

Average
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NB:
J. Datum above sea level (A.S.L); NSPUM = 101.0 m, NSPUo

= 97.0 .
2. E* =Epan readings (n/day) x 0.83.
3. C.F. =0.83 for pan evaporation (correction factor)
4. P =Precipitation l(mm/day) iIs not shown 1iIn
the table 9.

The column on precipitation (p) was ommitted because
only very few days experienced rain. Secondly, run-off from
the reservior, embankment had the effect of raising water
level iIn the reservior. Control of run-off iInflow to the
reservoir was not feasible and hence this caused discrepancy
in the computation of seepage rates from water balance

equat i1on.
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The water level change 1iIn the reservior for 24 hours
period was obtained by reading the graduations on the already
installed staff gauge at the reservior. Corrections for
evaporation and rainfall within the similar period were also
tafcen Into consideration. The readings for evaporation losses
and rainfall are recorded n mm/day. Since evaporation rate
in the evaporation pan is higher than the pond (evaporation
pan effect), evaporation loss readings from the evaporation
pan are adjusted by multipying readings with a correction of
0.83.

Seepage losses In the reservior were computed Tfrom

equation (7).

S =Aw + P - B an
S = Seepage loss mm/day

Aw = Change of water level 1In mm/day

P = Precipitation In mm

E = Evaporation rate ininmw/day

As observed iIn Table 9 seepage losses iIn NSFU4 range

fron 3.2 to 4.6 mm per day. In NSPUg seepage range from 1.4
4.8 mm/day. The average seepage rates for NSPUN and NSPUg
aie 3.9 and 2.8 mm per day respectively. This represents a

lov rate of seepage i1nthe reserviors.
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The wetted perimeters of the two reserviors, namely
NSPUN and NSPUg were determined at the time of this study.

The results obtained are shown in Table 10 and Table 11.

Table 10: Water depth (m) in NSPUM

Measuring points Measuring points at 100m interval on
breadth of reservoir reservior length
A B C D E

1 0.62 0.67 0.67 0.69 0.60

2 1.60 1.57 1.64 1.52 1.50
3 1.53 2. 17 1.84 1.72 1.47
4 1 .10 1 .10 1 .10 0.80 0.60
Average 1.21 1.38 1.31 1.18 1.04

Data was collected on 5th December 1988.

The average water depth in the reservior at the time of
measurements was obtained as 1.22m. Water surface area was
(450 x 50) 22500 m~. Thus, the wvolume of stored water was

27450 m3.

The wvolume of water Ilost through seepage per day is
(0.0039 x 22500) 87m3. This represents 0.52 percent loss per

day of the stored volume. »
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Table 11; Water depth @n) in NSPUO

Measuring Measuring points at 60m interval on the

points on length of resenvoir

the breadth at

12 om interval A B C D E F G H

1 1.00 151 160 164 15 149 160 1.20

2 160 153 190 195 18 1.5 1.86 1.26
3 1.50 1.86 2.10 1.97 1.9 225 200 1.69
4 150 1.9 195 18 170 19% 158 1.5
5 1.18 1.70 1.62 1.70 15 1.60 1.13 0.2

Average 1.36 1.717 18 18 1.70 1.76 1.63 1.33

Data collected on 3rd February 1989.

The average water depth iIn the reservoir at the time
of measurement was 1.64m. Water surface area @455 x 55m)
was 25025 mo- Average seepage loss i1s 0.0028 m/day.This
represents a volume of 70.1 m /day. Taking the average
water depth iIn the reservoir os 1.64m, volume of water
stored at the time of measurement was 41041 m" . Comparing
the volume of stored water and seepage Mloss per day, this

rePresents 0.17 per cegnt of‘.the stored volume of water.
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The level of seepage In the two reservoirs is low.
Looking at the soil unit In which NSPUM is located (pf
2 .2 )the permeability coefficient for this unit as given 1In
the reference i1s 5 cm/day which is classified as low. Taking
into consideration the sediment deposition iIn the reservoir
wetted perimeter, seepage nates are lower than corresponding
soil permeability coefficient due to this effect. The
location of N.SPbb iIn relation to soil types is soil unit
2.1 which is reported iIn the reference to have a permeability
coefficient of 15 cm/day. The soil texture iIn this unit is
sandy clay to clay. The effect of sediment deposition on
the wetted perimeter has the effect of the reduction of

seepage losses.

Comparisions of seepage rates from methods used

For effective comparisons seepage rates have been

presented iIn mm/day in Table 12.
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Table 12: Seepage Rates Comparisons (mm/day)

Sect 1o/ Seepage per reach (mm/day)
Method 0-11 km 11-21 km 21-31 km
Main canal:

Inflow-outflow 222 89.9 297.2
Seepage meter 91.0 119.0 105.6
Mean soil permeability

coefficients 18.5 19.4 18.5
Branch canal: (.0 - 1 .5km) :

Inflow-outflow 1132.0

Mean soil permeability 48.0

Reserviors (NSPUM & 6): t

Ponding method ~ 3.9 2.8

Mean soil permeability

@fF 2.2,2.1) 100.0 100.0

As can be deduced from Table 12, seepage rates measured
by inflow-outflow are higher iIn the main canal as compared to
results obtained from corresponding reaches measured by
seepage meter. The rates of seepage from seepage meter show
consistency, ranging from 91.0 to 119 mm/day. The average
rate 1s 105.2 mm/day. Seepage rates for both inflow-outflow
and seepage meter methods are much higher than the average
soil permeability rates. This variation could be attributed
to the effects of water depth iIn the canal 1In operation.
Water depth has a direct relationship with seepage rate In

the unlined canal.

The same trend can be observed for the branch canal
J*e, seepage rates measured by inflow-outflow method are
higher (1132.0 mm/day) than average soil permeability coeffi-
cients (48 mm/day) .
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In the case of the reserviors, seepage rates are much
lower than the mean soil permeability coefficients. This 1is
contrary to the deductions made for the main and branch
canals. This variation could be attributed to sealing of
pores in the wetted area of the reservior by sediment
deposition. While the same could be said for both main and
branch canal, In the case /of the reserviors, the rate of
sediment deposition 1iIs highest since water movement 1Is

minimal as compared to the canals.

Reasons for high variations between i1nflow-outflow and
seepage meter methods as compared to permeability

coefficients In the corresponding reach are discussed below.

4.4.1 Inflow-outflow (current meter) method

In the process of taking flow measurements by use of
current meter, errors iIn flow measurement are attributed to;
(@ The propcllor could be tiltedeither vertically or
angled. This would result 1In underestimation of
velocity readings.

() Interference of flow by thedata collector. For
optimal data collection, thecollector should not
obstruct the flow movement downstream of the

propel lor position. N
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(©) Obstructions and entanglement of the propel lor by weeds.
(d Changes 1iIn canal water level. For optimal conditions,

steady state conditions may not have been met adequately

in this study.

4.2 Seepage meter

(@ The reasons fTor Ilow values can be attributed to
lack of optimal Jlocation of meter on the canal
wetted area.

(®) Errors could have been introduced during water

level measurements by the collector.

4.5 Computation of annual seepage and evaporation losses

Computations were made iIn order to provide information
on relative proportions in which water is lost In the supply
and the distribution systems of the scheme. This iInformation
is vital 1f mitigation i1s to be proposed aimed at minimizing

the water losses iIn the scheme.

Nel Water losses iIn the reservoirs

Water losses iIn the reservoir are attributed to
evaporation and seepage losses. Average pan evaporation
rate during the time of the experiment (December 1988 and

February 1989) was 4.7 mm/da-y. Jt 1iIs worthy noting, however,
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that the short rains of 1988 were exceptionally wet and
longer than is usual iIn Burn (semi-arid) area. The average
annual open water evaporation for Bura obtained over a large
number of years i1s 6.4 mm/day (section 3.1.2). The latter
evaporation rate was used to compute the amount of water lost
annually through evaporation iIn both canals and the
reservoirs. A standard reservoir dimension was adopted 1In
the computation, namely, 450 m by 50 m, which 1is the

dimensions of most of the reservoirs iIn the scheme.

The total number of operational reservoirs is nineteen.
Annual seepage and evaporation losses are tabulated iIn Table
14.

Table 13: Distribution of NSR3 in Various Soil Units.

Soil unit Branch No of Measured Soil
canal reservolirs seepage pernea-
cm/day biitity
coefficient
cm/day
PF 2.1 Pumwan i 6 0.28 15
PF 2.2 Bura, 11 0.42 5
Chewel e,
Pumwan 1

PF 3.2 Chewele 2 0.42 0.4



Table 14: Annual seepage and evaporation losses in NSRs

Branch No. of seepage seepage voiune Total loss

reser- rate Evap.

voir losses

m/day m3¢yr- m3/yr. m3/yr.
*1000 *1000 *1000

Pumwan i 6 0.0028 138 315 453
Fura,
Pumwan i 11 0.0042 380 578 958
Chewele
Chewele 2 0.0042 69 105 174
Percentage 37% 63% 100%
2 Computation of water loss from supply canal

Seepage meter results in Table 5 have been used iIn the
computation of the water losses by seepage in the supply
canal. The data obtained from seepage meter were adopted on
the basis of i1ts consistency. Calculation of water loss by
evaporation from the supply canal follow subsequently.

Water lost by seepage:

~ength of supply canal is 36.8 km.

* .
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Average wetted area of the supply canal (Appendix. IX)
iIs 78500 h2- Average seepage rote iIn the supply canal is
9.49 1/s/km which 1is equivalent to 0.0012 1/s/m2. Total
wetted area of supply canal (36.8 km) i1s (78500 x 36.8/10)
1288,880 m2.

The rate of seepage 11s37.8 m3/ra2/yr in the supply
canal. Volume of water lost inthe supply canal i1s 10,920,000
m2/year.

Water loss by evaporation:

Average width of water surface is 7.1m at the time of
experiment (November/Decembcr 1988). Average open water
evaporation iIn Bura i1s 0.0064 ro/day. Volume of water Ilost

per year i1s 610,350 m /year.

5.3 Water losses iIn the branch canals

Water lost by seepage:

Seepage rate adopted for computation of water Hloss iIn
Bura branch canal is 0.03 per cent of inflow as calculated
using empirical formula (Eq.10). Average inflow rate at the
time of the experiment was 0.589 mgls (Table 6). This gave
seepage rate as 0.118 1/s/km. Average wetted area per knm
derived from Table 7 is 4233 m2/o. Therefore water loss
from the branch canals per year from seepage loss 1Is 2.8 X

10 ~ 1/s/m2 . This i1s equivalent to 373 m2/yr/km.

t
* .
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The total Ilength of three operational branch canals to date

iIs 29 kn. Water loss is 108,373 m"Vyear.

Water losses by evaporation:
Average width of water surface (it the time of
experiment) was 2.5ra.

t

Average open water evaporation fTor Bura is 0.0064

m/day - Therefore volume of water lost per year is 113,216
m3/yr.
4.5.4 Crop and irrigation water requirements

Crop water requirements 1In the scheme were calculated
during the period of the study (1988). The maximum cropped
area for 1988 was in May (2374 ha).
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Table 15:. Crop water requirements (1988)

Month ETO Crop factor ETcrop
mra/day kc mm/day

Jan 7.84 l

Feb 6.56 0.20 1.31

Mar 7.01 0.34 2.38

Apr 6.91 0.65 4.49

May 8.44 1.01 8.53

Jun 6.66 1.09 7.26

Jul 7. 18 1.09 7.82

Aug 7.04 1.03 7.26

Sept 7.40 1.03 7.62

Oct 8 .11

Nov 5.71

Dec 4.92

Note: The crop fTactor used is for cotton only. The crop

factor for cotton was computed for Hola by Lenselink
K.J. (1985). The dash refers to months when cotton 1is

not grown in the scheme.
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Table 16: Irrigation water requirements (1988)

Month Cropped ETc Net water
area ) req./month
ha mm/day m3

Feb 643 1.31 235,822

Mar 1286 2.38 984,810

Apr 1830 4.49 2,465,010

May 2374 8.53 6,277,568

Jun 2137 7.26 4,654 _386

Jul 1781 7.82 4,317,500

Aug 1187 7.26 267,146

Sep 119 7.62 9,068

* .
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The crop coefficient used in the calculation of ETcrop

iIs for cotton. Cotton grows in the scheme from February to

September. Other crops grown iIn the scheme are maize and
groundnuts. Using the ETcrop of cotton, peak water
requirements 1In the scheme are then computed. Hence,

considerations are made fTor months of April, May, June and

July when crop water requirements are highest and then

compared with pumped volume iIn the same year (1988).

Table 17: . Comparison of gross irrigation requirements

with pumped volume ((1988)

Month GIR Volumc
(2500 ha) pumped
m3X10 3 m3x10 3
Apr 1,987 1,832
May 4,124 5,263
Jun 3,925 4,288

Jul 2,832 4,896



From Table 17 1t can be observed that gross irrigation
requirements and the pumped water volume iIn 1988, the values
are close to each other. However, the peak gross 1irrigation
requirements, iIn April are higher than the pumped water

volume for the same month. ,

The pumped water volume iIn the other months indicate
adequate water supply to the scheme os determined at the

pumping station.
The total 1irrigated area under cotton iIn 1988 was 2374

ho. Cotton is the major crop during the first growing season

in the scheme.
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5.

5 Implications of seepage losses to the scheme

4551 Extent of water loss

Seepage and evaporation losses In the various sections
of the scheme are expressed as a percentage of the total
seepage and evaporation iIn the scheme respectively. The
results are presented iIn Table 18.

t
Table 18: Comparison of water loss In the sections of the

scheme

Section Seepage per cent Evaporation per cent

loss m2/yr loss m2 /yr loss

* 103 * 103

NSR 587 5.1 999 56.3
Branch Canals 108 0.9 113 6.4
Supply Canal 10,919 94.0 610 37.4
Total 11,614 100.0 1,722 100.0

From Table 18 i1t can be deduced that seepage losses are
highest iIn the supply canal (94.0*) followed by NSRs (5.1%)
and the least i1s from branch canals (0.9%). Evaporation

bosses are highest 1iIn night storage reservoirs (56.0%)
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followed by supply canal contributing®™ (37.4%) and branch
canals with the least (6.4 %) of the total evaporation Iloss

in the scheme. Variation(

in percentage Jlosses are
attributed to corresponding variations 1iIn length of wetted
perimeter (seepage) and corresponding size variations of
water surfaces iIn case of evaporation losses for various

sections of the scheme.

5.5.2 Effects of seepage losses to groundwater table

Groundwater recharge was computed from supply and
branch canals/night storage reservoirs. In the case of
branch canals, effects from block and unit feeders from
furrows have been neglected for the sake of simplifying the
calculations since they do not. carry water all the time.
Since no information was available on groundwater aquifer,
hypothetical values were adopted for computation of seepage
effect to groundwater rise.

b

Soil i1nvestigations during planning stage of the
Project showed that water table was far below 30 meters of
augering along the area traversed by the supply canal. For

c°niputot 1on, groundwater table was assumed to be at least 30

elers or deeper from the ground surface.
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The rate of groundwater rise was calculated as shown

be1ow; i

Rate of groundwater rise

Volume of seepage water (canals and reservoirs)

Area of aquifer x Drainable porosity.

The effective porosity ranges fTor different soils was
chosen using the table of classification developed by Johnson
(1966). The effective porosity percentage chosen for
corresponding soils iIn Burn was 3 - 12% (sandy clay soils)
with a mean porosity of 7.0 percent (See appendix XlI).
Volume of seepage water iIs obtained from Table 18. Results of

computation of effects of seepage on groundwater rise are

summarised in Table 19.

Table 19: Rate of groundwater rise

Hypothetical area Rate of rise No. of years for water
°t aquifer (km*ri) m/yr to reach surface

0 0.03 1000

HO 0.02 1500

Joo.L 0.02 1500

120 0.01 3000
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From Table 19 1t can be concluded that the effects of
seepage losses on the groundwater rise are negligible.
Observations on the surrounding areas traversed by the supply

canals showed no evidence of rising water table.

Since the land slopes gently towards Tana river,
(Section 3.1.3.) there may also be drainage towards the river
which would further remove any effects of seepage on the

t

groundwater rise.

4.5.5.3 Impl icat 1ons of seepage losses for cost of pumping

Cost of pumping 1includes bolh fixed and opernt. iIng
costs. Due to unavailability of the pump details at
installation period, only fuel costs have been estimated 1In
this study.

For diesel or petrol engines, power required 1is

obtained from equation 18.

0O X Hx SN X X ™
P
102 X E X Et (18)
Where;
p

~ Power required (kw)

Flow rate (1/s)
= Total pumping head (m)
t

* 4
107



Ep = Pump Efficiency

. = Transmission Efficiency

St = Safetly factor (nhormully taken as 1.20)

Kj = Altitude derating factor (1% reduction for energy 100
above sea level) ¢

TF - Temperature derating factor (2X reduction for every 5

deg C above 30 deg.)

Average flow rate Q for the 3 4 pumps used iIn Burn 1is
2.13 in"/s. Total pumping head i1s 5.0m. Water is pumped iInto
a siltation basin from where i1t flows by gravity to the head
of the supply canal and subsequently to the distribution
system.

Mean temperature is less than 30°C since mean maximum
tempel ature i1s 31 C. Altitude al the pumping station 1is
about 120m above sea level. Transmission 1i1s by 7V’ -belt
drives. Pump efficiency was taken to be 0.75.

2130 x 5 x 1.2 x 1.01 x 1

P =
102 x 0.7 5 x 0.95
= 177.G Kw
RUE 1 Kw = 1.34 Hp

Py Power = 238 Hp

fuel consumption by pump iIs estimated as 0.23 1/BHPh

(Hichoel, 1978).

Hh - Brake horse power-hour.



The total number of hours the 3-4 pumps were
operational, calculated from the pump records of the pump

attendant is 6549 hours.

Price of fuel (diesel) was Ksh 6.00 per litre 1iIn

1988. Rate of fuel consumption was thus calculated as;

0.23 1/BHh x 238 = 55 1/hour".

Fuel consumption iIn 6549 hours - 55 x 6549
= 360195 1

Cost of fuel for pumping only = 360195 X 6
= 2161170

2.2 million Ksh/yr.

Irom Table 18 seepage losses per year for various
sections of the scheme are summarized. Total seepage loss
Pei year is 1.16x10 m'". Total pumped water volume for the
sane period is 4.39x10"n”. Seepage loss represents 26.5 per
ccnt of the total pumped water. Fuel costs for various

Actions of the scheme are summarised iIn Table 20.
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Table 20: Seepage losses per year for sections of the

scheme.

Section Volume Volure Cost of Maintenance Total

seepage  of fuel fuel cost (1w of cost

Oon3) (1988) fuel cost

*103 Ksh 6/1 f Ksh
NSR 587 4,791 28746 2875 31621
Branch Canal 108 900 5400 540 5940
Supply Canal 10,919 89,688 538128 53813 50141
Grand Total 629502

It 1s thus, necessary to compute unit cost of seep*age In
terms of fuel 1In order to make a decision whether or not
lining the canals should be done. The unit cost is used to
determine the break-even point for making a decision on
QIining or not to line. For the computation of the unit cost
°1 seepage surface area of the channel 1Is necessary. The

wetted area of the supply, branch canals and night storage

reservoirs were obtained as 288 880, 122 757 and 450 680 mA

respect ivcly.
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Cost due to seepage loss

Unit cost of seepage

surface area

The unit cost of seepage for various sections of the

conveyance and distribution systems are summarized in Table

21.

t

TajJde 21 : Unit cost of seepage for conveyance and

distribution systems

Section Seepage Cost due to Unit cost
area seepage Ksh/m2
m2 Ksh
NSRs 450 680 21621 0.07
Branch Canals 122 757 5940 0.05
Suppty Canal 288 880 501 941 2.05

It is therefore concluded that 1ining could be
undertaken If the lining costs were less than the unit cost

water lost by seepage as shown in table 21 .
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5. SUMMARY AND CONCLUSIONS

Summary

1 After evaluation of seepage losses iIn the supply and
distribution systems of the scheme, seepage losses 1In the
supply canal were found to be on average 14.0 percent of the

inflow. This represents an average seepage loss of 0.38 per

cent per kilometre. *

1 Seepage losses iIn the branch canal are iIn the order

of 0.03 per cent per kilometre.

3 Seepage losses 1In the night storage reserviors were
found to be al average 0.39 and 0.28 cm/day iIn the two

storage reservoirs analysed. This represents a low seepage

rate In the reserviors.

Water losses by seepage iIn NSPU4 and NSPUg storage
reservoirs represent. 0.52 and 0.17 per cent per day loss of

the maximum stored volume respectively.

Comparisons between seepage and evaporation losses 1n
ke

the

reservoirs showed, that, out of the total water Ilost, In
reservoirs, seepage losses contribute 37% while

Vahoration Qlosses constitute to 63 per cent. This
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evaporation to seepage losses iIn the storage reservoirs are
(1.7:1), that 1is, about twice as high evaporation than

seepage losses from the reservoirs.

6 Comparing seepage losses iIn the supply and distribution
systems of the scheme, the results showed that 94% of the
seepage losses occur In the suppLy canal while 5.1 and 0.9
per cent occur iIn the night ,storage reserviors and branch
canals respectively. For evaporation Jlosses from water
distribution system, however, results 1indicate that 56.3,
37.4 und 6.4 per cent occur iIn the night storage reservoirs,

supply canal and branch canals, respectively.

7 Computing the effects of seepage losses to groundwater
water table, results showed that the effect of seepage losses

to groundwater rise was negligible. Considering hypothetical

aquifer areas, ranging from 50 to 120 I<m'p, the rate of rise
of the groundwater table ranged from 0.03 to 0.01 metres per
year, respectively. This 1s extremely low rate and would

take 3000 - 1000 years for the groundwater table to reach the

ground level.
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8 Implications of seepage losses on cost of pumping were
evaluated iIn this study by computing unit cost of seepage iIn
Ksh/m for the night storage reservoirs, branch and supply
canals. The highest unit cost of seepage (Ksh 2.05/m") was
obtained for the supply canal. Considering the current cost

of lining I % of the wetted ar'ea, costs of lining are bound

to be much higher than Ksh 2.0 per metre square.

9 Lining as an option to reduce seepage losses 1s not
attractive since the rates of seepage are low. It would not
be economical to line the canals considering the amount of
water to be saved. This concurs with the design assumptions

of the scheme that seepage losses were anticipated to be low

and thus no need for lining.
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5.2  CONCLUSIONS

From the afore mentioned, conclusions are drawn that
S€Epage MNosses iIn the supply, branch canals and night
storage reserviors arc low. Improvements on water use
efficiency can be attained’if the supply and the

distribution systems arc well operated and maintained.

Lining should not be considered as an option to
isprove conveyance and distribution efficiencies iIn the
scheme. It 1s more beneficial to expend on maintenance of

the system than to line the conveyance and distribution

systems.
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6. RECOMMENDAT IONS

6.1 Detailed study on conveyance and distribution effi-
ciencies of the scheme should be carried iInorder to give an
elaborate indication of efficiencies 1In various sections of
the scheme. These would be precedent to working out a water

management programme necessary for effective operation of

the scheme.

6.2 The present pumping capacity 1iIs not adequate. A
bigger and more reliable water supply iIs necessary to meet

the irrigation water requirements.

6.3 Night storage reservoirs are efficient iIn water
distribution as the losses are very low. They are
recommended for further use iIn water distribution system

when the scheme expansion is done.

6.4 A water management programme needs to be prepared with

an aim of improving water use efficiency In the scheme.
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8. APPENDICES

Appendix 1. Soil Description

Table 1 -1 Soil textural results

Chainage (km) Soil type

1.2 sandy clay
loam loamy sand

3.0 clay soil

4.5 clay soil
loamy sand
sandy loam

7.6 clay soil

9.2 clay soil

10.5 sandy loam

12.0 loamy sand, sandy loam
clay loam

14.0 sandy laom, clay soil

16 sandy clay loam

18 sandy clay laain
loamy sand

20.0 clay soil.

22.2 sandy loam, loam
gravel clay

23.9 sandy clay loanm

25.3

sandy clay loam

27.2 sandy loam
clay, gravel/sand

2.0 loany sand
sandy clay loam
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Tablc 1 -1 Cont *d

29.6 loamy sand

30.8 loamy sand
gravel/sand

32.5 loamy sand

34.0 sandy loam
gravel/sand

37.0 loamy sand
sandy clay loam

39.0 loamy sand
sandy clay loam
gravel/sand

40.5 sandy clay loam

Source: ILACO (1975) .

Table 1 - 2: Soil texture (Bura and Pumwani Canals).

Bura branch canal Pumwani branch canal
Chainage (km) Soil unit Chainage Soil unit
Unit (km)

0 PF 1.2 0 PF 1 22
1.5 pf 2.2 1.5 PF 2.4
3.0 pf 2.2 3.0 Pf 2.2
pf 2.3 PF 2.2
4.5 pfF 2.3 4.5 PF 2.1
6.0 6.0 PF 2.
PF 2.4
7.5 PF 2.5
9.0 PF 2.5

Source: [1LACO (1975)
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Table 1 - 3 Legend

Soil Unit

PF 1.2

PF 2.1

PF 2.2

PF 2.3
PF 2.4

PF 2.5
PF 3.2

Soil type FAO-Revised
classjfication

Moderately well drained Calcaric-haplic SOLENETZ
to imperfectly drained, Salic phase

very deep, dark reddish

brown to brown, firm

sandy clay to clay

Well drained, very deep Chromic calcaric
dark reddish brown to CAMBISOLS

dark brown, friable Partly sodic phase
sandy clay to clay

Well drained, very deep Chromic calcaric
dark red to dark reddish CAMBISOLS

brown, friable to firm, Salic-sodic phase
sandy clay to clay

as in PF 2.2

Well drained to moderately Calcaric-haplic
well drained, very deep SOLONETZ

dark reddish, Salic phase
brown firm clay

as In PF 2.4

Moderately well drained Chromic-calic and chro-
to imperfectly drained mic haplic VERTISOLS
very deep, dark reddish salic sodic phase
brown, firm to very firm

cracking®™ clay

Source: ILACO (1975)

124



Appendix Il  Soil permeability data

Tabic Il - 1 Soil permeability coefficients

supply canal.

along the

Chainage Permeab 111ty Chairnage Permeab 1lity
(kin) (m/day) (km) (m/day)
1.2 0.004 22.2 0.010

3.0 0.002 23.9 0.010
4.5 0.041 25.3 0.016
5.9 0.027 27.2 0.013
7.6 - 29.0 0.035
9.2 29.6 0.027
10.5 - 30.8 -

12.0 0.023 32.0 0.047
14.0 0.023 34.0 0.110
16.0 0.016 37.0 0.660
18.0 0.016 39.0 -

20.0 0.019 ' 40.5 0.018
Table 11 - 2: Soil permeability coefficients along the

branch canal.

Mapping unit Permeability coefficients (n/day)

PF 2. 0.150

PF 2.2 0.050

PF 2.3 0.030

PF 3.1 0.005

rf 3.2 0.004

Source: Muchena ((1987)

Table Il - 3: Seepage rates of general soil groups.

General Soil Group
Clay

Silty

Loamy

Sandy

UnspeciTied

Source: Worstell (1976)
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Average rate (n/day)

0.20

0.17
0.26
0.58
0.35



Table 11- 4 Seepage losses per m“ of wet canal perimeter

for various soils.

Surrounding soils 1/s/m2

Clay l.o* X 10-3

Loamy clay 2 .1* X 10-3

Sandy clay 2.3* X 103 -4.6* x 10-3
Sand 5.8% X 10-3

Sand-gravel 8.7 X 0’9

Gravel 1.2* X 102 - 2.1* X 10 3

Source:Nugteren J. (1977).

Appendix I11l1. Computation of crop water requirements.

Penman method.

Penman method (1948) 1is suggested for aeas where
measured data on temperature, humidity, wind and sunshine
duration or radiation are available. Compared to other
methods for crop water requirements computations, 1t 1is
likely to provide the most satisfactory results (Doorenbos

and Pruitt, 1977). This 1is obtained by the formula;
ETo=c[W.Rn + (I-W).F(u). (ea-cd)] (see Egn 14)
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where:

ETQ = reference crop evapotranspiration iIn nun/day

w = temperature related weighting factor

Rn = net radiation iIn equivalent evaporation in rawday
1{()) = wind - related function

(ea-ed) - difference between the satuvation vapour pressure at
mean air temperature and the mean actual vapour

pressure of the air, both iIn robar.

C - adjustment fTactor to compensate for the effect of

day and night weather conditions.

Vapour pressure (ea - ed)

This 1is obtained from the table after the following
weather parameters have been measured, namely, T max. T min,

RH max and RH min.

Wind function T().

The effect of wind on ETo has been studies for differ-

ent climates resulting iIn a revised wind function and defined

as:

f(U)=0.27 (L + U/100)

where;

U-24 - hr wind run in km/day at 2m height.
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Where wind data are not collected at 2n height, the
appropriate corrections for wind measurements taken at

different height are read from a table (Doorenbos and Pruitt,

1977).

Weighting factor (1 - w)

(1 - w) 1Is a weighting factor for the effect of wind
and humudity on ETo. Valued of (1 - w) as related to

temperature and altitude and altitude are given iIn a table.

Weighting factor (W)

W 1s the weighting factor for the effect of radiation
on ETo. Values of W as related to temperature and altitude

are given in prepared tables.

Net radiation (Rn)

Net radiation (Rn) 1is the difference between all
incoming and outcoming radiation. It can be measured, but
such data areseldom available. Rn can be calculated from
solar radiation or sunshine hours (or degree of cloud cover),

temperature and humidity data.
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Total net radiation (Rn) is equal to the difference Rns

and Rnl i1.e. Rn=Rns - Rnl.

Adjustment factor (©)

The Penain equation (egn 14) assures the most common
conditions where radiation 1i1s medium to high, maximum
relative humidity 1is medium to high and moderated daytime
wind about double the night time wind. However, there

conditions are not always net.
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Table

Month
Jan
Feb
Mar
Apr
May
Jun
Jul
Aug
Sep
Oct
Nov

Dec

1983

0.60
0.60
0.57
0.58
0.61

1984
0.65
0.57

0.65
0.59
0.56
0.52
0.40
0.59
0.59
0.63
0.55
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Year

1985
0.56
0.65
0.60
0.62
0.50
0.51
0.54
0.52
0.64
0.61
0.66

0.58

RATIO OF n/N LATITUDE 5-

1986
0.59
0.64
0.62
0.57
0.49
0.53
0.51
0.60
0.55
0.67
0.59
0.57

1987
0.59
0.64
0.63
0.64
0.56
0.56
0.67
0.54
0.55

0.60
0.57

1988
0.58
0.64
0.63
0.39
0.65
0.46
0.57
1
0.543
0.59

0.61
0.58



Table

- 3

Crop

water

month.

Weather parameters

Tinax

36.00
35.80
36.00
34.80
32.30
31.70
30.80
31.20
32.00
34.70
33.40
32.70

Tinin

23.90
24.40
24.60
24.80
23.40
21.80
21.20

21.30
20.90
22.70
23.10
22.30

Tinean

29.95
30.10
30.30
29.80
27.85
26.75
26.00
26.15
26.45
28.70
28.25
27.50

Rhmax

0.86

0.73
0.65
0.74
0.69
0.74
0.69
0.72
0.69
0.65
0.74
0.77
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Rhmin

0.63
0.42
10.45
0.51
0.46
0.54
0.46
0.45
0.43
0.37
0.49
0.56

Rhmean

0.75
0.58
0.55
0.63
0.58
0.64
0.58
0.59
0.56
0.51
0.62
0.67

ea

42 .40
42.40
42.40
42.40
37.80
35.70
33.60
33.60
33.60
37.80
37.80
35.70

requirements computation per

31.59
24.60
23.30
26.70
21.90
22.80
19.50
19.80
18.80
19.30
23.40
23.90



Table
ea- ed
10.81
17.80
19.10
15.70
15.90
12.90
14.90
13.80
14.80
18.50
14.40
11.80

(M

16.70
16.70
16.70
16.30
16.30
15.90
15.90
15.90
15.90
16.30
16.30
16.30

ITT 3 Cont*

U24hrs
394.00
116.00
138.00
261.00
352.00
295.00
299.00
270.00
264.00
242 .00
95.00
39.00

f(ed)
0.10
0.12

0.13

0. 13
0. 13
0. 15
0. 14
0.15
0.15
0.13

(W

1.33
0.58
0.64
0.97
1.22

1.07
1.08
1.00

0.99
0.92
0.53
0.38

F(/N)

0.60
0.69
0.64
0.42
0.69
0.51
0.60
0.60
0.64
0.69
0.64
0.60

L36

w
0.78
0.78
0.78
0.78
0.77
0.75
0.75
0.75
0.75"°
0.77
0.77
0.76

Rn1
1.00
1.38
1.39
0.82
1.46
1.05
1.43
1.34
1.53
1.69
1.36
1.17

1-w
0.22

0.22

0.22

0.23
0.25
0.25
0.25
0.25
0.23
0.23
0.24

Rn

5.07
5.24
5.26
4.28
4.75
3.95
4.23
4.44
4.73
5.13
4.93
4.82

n/N

0.58
0.64
0.63
0-39
0.56
0.46
0.57
0.54
0.59

0.61
0.58

1.03
1.03
1.03
1.04
1.04
1.03
1.04
1.03
1.03
1.03
1.04

Ra

15.00
15.50
15.70
15.30
14._40
13.90
14.90
14.80

15.30
15.40

15.10
14.80

ETo

7.84
6.56
7.01
6.91
8.44

7.18
7.04
7.40

5.71
4.92

Rns

6.08
6.63
6.65
5.11

5.00

5.77
6.25
6.81
6.29
5.99

kc

0.20

0.34
0.65
1.01

1.09
1.09
1.03
1.03

0.00



Table 111 3 Cont

T(A)(ha) ETc Days ET -Mon EFF-Rain NIR(m3)

X 104
0.00 0.00 31.00 0 .00 11.00 0.00
643 1.31 29.00 38 .08 5.00 33.08
1286 2.38 31.00 73 .88 34.00 39.88

18.30 4.49 30.00 134 .75° 81.00 53.75

2374 8.53 31.00 264 .37 14.00 250.37
2137 7.26 30.00 217 .72 5.00 212.71
1781 7.82 31.00 242 .49 7.00 235.49
1187 7.26 31.00 224 94 2.00 222.94
119 7.62 30.00 228 .58 19.00 209.58
0.00 0.00 31.00 0 .00 26.00 0 .00
0.00 0.00 30.00 0 .00 58.00 0 .00
0.00 0.00 31.00 0 .00 45.00 0.00
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AFEDIX M- Mnthly pged voluee of vater (D)

Teble M1 - Rrp qeration Gri - D, 199

Rup Metei/dity ¢35)
Rup Nutter
Date 1 2 3 4
215 215105106 25 2570A

4.1.88 B = D5
51838 7 B DO 05
6.1.8 0 B B 7.0
718 2 B 30
8.1.8 B B D5
9.1.88 2 22 43
101.8 B 22 B0
11.1.8 5 B A .2
12.1.8 B3 B B B
13.1.8 B3 B D b7
14.1.8 3 B n2
1518 3 B 2
16.1.88 B B A2
17.1.8 B B A2
19.1.8 B3 =B A2
.18 B B A2
21.1.88 B B A2
218 D D» 23
2318 D © 23
24.1.8 D © 23
518 n n 55
56.1.8 n n 35
27118 D D 23
28.1.8 0 D 23
2018 0 © 23
0.1.8 0 D 23
3188 0 D 23

e,

145-.6



Table IV «

128
228
32.8
4283
528
6.2.88
72.8
8.2.8
9.2.8
1028
na8
228
132838
14283
528
16.2.8
728
1828
1928
D286
228
228
8B28
2428
528
528
2128
828
028

| Cont

i CROBRECRGRNGBEBEBB

S

SRS

oM BOREORENGBEBE

PR BR s BRRRREB

S

&S
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23

23
L84
a7
A5
A5
A5
A5
430

&5
4.5

3.6
.3
A5
8
00
00
00
B7
00
00
52
D3
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Table TV - | Cont’

138 D D 2 86.0
2.3.8 5 B 4.5
33838 5 B -5 4.5
438 5 B 5 4.5
5338 D D 2 86.0
6.3.8 D D 20 86.0
73838 B B B 7Aa
8.3.88 B B B 7a
9.3.8 5 B b &5
038 D D 2 86.0
1388 D2 0 A 86.0
238 D A 6.5
13.3.38 2 2.7
14.3.8 0.0
153.8 2 2.7
16.3.88 D B D1
17.3.8 B 6 312
18.3.38 D B 52
19338 B B D5
2.) .38 D 2 430
21.3.8 B 3 D5
23838 B 3B 05
2338 B B 05
238 B = M5
5. >B B = D5
jB B 3 /5
21.3.8 B »n D5
B33 B B @5
20.3.8 B B D5
D538 B B D5
338 D 2 830



Table IV -

148
248
34.8

1848
1048
048
248
248
BASB
2448

258

3.5.8

458

55.8

6.5.8

758

858

958

1058
5838
538
1358
U588
1558
16.5.8
758
1858
1958
5.8
2158
258
258
A58
558
558
2158
858
058
D5V
a1 5.3
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S®

S 8
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BB BB

BBERERBRERSBNR B

BB

376
20

0.0
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572
572
572
572
572

516
5.6
5.6
5.6
516
5.6
516
4
4
166
73
Lo
A4
14
450
450

8.7
538
560
560
D5

L2
00
0.0
00
00
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Table V- 1 Coot’

168

2.6.8

368

46.83

568

6.6.8

7683

8.6.8

9.6.8

10.6.88
11.6.8
6.8
13.6.8
146.8
1568
166.8
176.88
1868
1968
2068
21.6.8
268
23638
268
568
5638
27.6.8
2.6.8
20.6.8
0.6.8

142

BAaSBRRRBRRARBEBREBBEBERBREBEEE

0.0

55
5.5
5.5
575
575
00
00
00
00
00
00

00
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Table IV - | Cont’

1.7.38

278

3.7.8

4.7.8

578

6.7.83

7.7.83

8.7.8

9.7.8

10.7.88
1n.7.8
78
13.7.88
1478
5.7.8
16.7.8
17.7.88
18.7.8
19.7.8
20.7.8
2.7.8
2.7.8
878
2A.7.8
5.7.8
5.7.8
271.7.8
B.7.8
07838
D.7.8
3738

BNEENNEBENNNBENEN RRRIGRRISRKSRRKBRRR

0.0

3.0

DO
L5
DO
LS5
00
375

@.0
@.0
6.0
%.0
%.0
00
%.0
%.0
%50

375
%.0
375
%0
25
375
575
0.0

13300



Table IV - [ Cent’

a8

2.8.8

3838

4883

5.8.8

©8.8

7.8.8

8.8.8

9.8.8

10888
hiah
1288
1388
1488
1588
16.8.8
17838
18838
8.8
20.8.8
21.1.88
288
23.8.8
24.8.8
5.88
25.8.8
21888
28.8.8
2088
0838
3.8.8

144

S EBEEEERNBEEAREEBEN

B BEErRBREBSREBEBRB

200
400
00
00
00
2.0
00
00
00
0.0
L0
L0
200
L0
L0
3O
00
3.0
400
400
3O
200
30
450
450
3O
L0
L0
50

00
575

12475



Table IV - |

1.9.88
2.9.88
3.9.88
4.9.88
5.9.88
6.9.88
7.9.88
8.9.88
9.9.88
10.9.88
11.9.88
12.9.88
13.9.88
14.9.88
15.9.88
16.9.88
17.9.88
18.9.88
19.9.88
20.9.88
21.9.88
22.9.88
23.9.88
24.9.88
25.9.88
26.9.88
27.9.88
28.9.88
29.9.88
30.9.88

Cent’

19
14

20

145

mmoﬁm\lk‘)

14
16
14
20
14
14
20
14

10

10

10

10
10

10

10

10

40.9
30.1
8.6
43.0
35.0
40.0
35.0
50.0
35.0
35.0
50.0
35.0
30.0
25.0
25.0
25.0
25.0
25.0
25.0
30.0
17.5
15.0
15.0
15.0
15.0
25.0
15.0
25.0
15.0
25.0

830.1



Table IV -

i.10.88
2.10.9
3.10.88
4.10.88
5.10.88
6.10.83
7.10.88
8.10.88
11.10.83
12.10.88
13.10.8
14.10.88
15.1u8
i16.10.88
17.10.88
1I8.10.83
19.10.83
2.10.88
21.10.88
2.10.88
23.10.88
24.10.88
5.10.88
2.10.88
27.10.88
28.10.88
2.10.83
30.10.88
31.10.83

I Coni’

146

cooproBRBooBoBoBuBoowo BB

(O

Bo

150

50
50
50
iisY0)
200
50
50

50
550
50
50
50
50
150
50
2r5
50
150
150
150

00
75



Table IV

1.11.88
2.11.8
3.11.8
4.11.8
5.iiee
6.ii.ee
7.11.8
8.ii.ee
9.11.88
0N
11183
12.1l.8
i3.ii.ee
(2N TR
15.11.88
e i
17.11.88
1I8.11.88
19.11.88
20.11.88
21118
218
23.11.8
24.11.88
5.11.8
2.8
27.11.88
2.11.88
20118
0.11.8

- [ Cent’

147

&)}

0w e

T

oOOTCT oo

00
25

100
25
72
108
00
00
00
00
00
75

00
00
00
00
00
00
150

50

00
50
50

150



Table IV -

1128

2128

3.12.8

4128

5.12.8

6.12.88

7.12.88

8.12.8

9.12.8

10.12.88
11.12.8
P8
13.12.8
14128
15.12.8
16.12.83
7128
18128
0128
0.12.8
2.12.8
2128
28128
24128
5128
5.2.8
211288
283128
0128
0.12.8
3.12.8

| Cent

coooBRRBo

148

oo O

ZOOO O

SRAPDMNDOOO®

WhAND

U1 0

50
50
150

9
58
58
29
9
29
50
50
50
200
200
200
200
200
200
50

00

00

200
200

00
00
100

2



Appendix - V r

(A) Procedure on current meter.
The following precautions were taken:-

1. The conditions of the current meter bearings were
checked at the beginning of each measurement by a spin

test to ensure no damage had occurred.

2. The stop watch was checked regularly for accuracy.

3. At every point three’observations were made and

recording was done for consistent readings.

4. For Blow and 1irregular readings, the period of
observation was lengthened to obtain a more accurate

average count.

((®) Formular for computing discharge.

The midsection method of computing discharge was
applied as suggested by USBR (1984). In this method the
depth and mean velocity were measured for each of a number of

verticals along the cross section.

The depth at each vertical 1is applied to a sectional
width which extends half way to the preceeding vertical and
half way to the Tfollowing vertical to develop a cross-
scctional area. The TfTollowing formula was applied to

determine the discharge:-
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KL2 - D) + (L3 - L2)]

2
where
1M» L2 and L3 - distances in metre from the initial point,
for any consequtive verticals; d2 = depth of water at

vertical 2, Vj and V2 = velocities (wWs) at 0.2 and 0.8 of

the water depth, respectively, at vertical L2.

Canal discharge 1s obtained by

i =n
i = i
Where;
n = number of sections;
qJ = section discharge.

Seepage rate computation formular:

This is computed using the equation below:

S seepage (1/s/km)
Q- incoming flow (me/s)

outgoing flow (m/s)
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r = length of the reach (m).

Velocity determination

The counter readings are made (revolutions/time)

Lot r = number of revolutions
t time lapse (e.g 30 sec)
n = revoluti. ons/second
n = r/t
it r = 180 revolutions
t 30 seconds
n - 180/30 = 6.00 revolutions/second.

Velocity iIn m/s 1is then computed using®™ current meter

equat 1ons:

Exainp le:

Equat ions of Neyrpic current meter are given as:

i
0.0617n + 0.017 (Ws) *

:hl
=]
N
)

3

<
|

ifn >2_.00

< B..gg V = 0.0577n + 0.025 (m/s)

ifn > 5.88 Vv

0.0543n + 0.045 (m/s)



Appendix VI:
Table VI-1

Measuring

Point

Measuring

Point

~NOOPWNRO

©JONPWNRO

o

Gl U1 G U1t T G T
Ooooogogoo

o

0.0
.50
.50
.50
.50
-50
.50
.50
.00

Current
Station 1+000

Depth

0.00
0.51
0.89
0.95
1.02
1.09
1.05
0.90
0.59
0.00

Depth

.00
.24
.56
.71
.72
.58
.41
.34
.00

O0o00o0o0Co00O0o
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Inflaw-outflow

results

Current Meter
Reading
0.2D 0.8D
0.00 0.00
37.40 13.50
93.00 40.50
99.00 89.00
103.50 89.00
109.00 83.00
83.00 67.00
44 .00 24.00
39.00 31.00
0.00 0.00

Station 11+00

Current Meter
Reading
0.2D 0.8D
0.00 0.00
37.40 26. 18
118.06 82.64
115.50 80.85
112.94 79.06
126.50 88.55
121.74 85.22
70.40 49.28
0.00 0.00

Date: 15-11-88
Velocity
0.2D 0.8D
0.000 0.000
0.094 0.045
0.204 0.100
0.215 0 .196
0.224 0. 196
0.235 0. 185
0. 185 0. 14
0.107 0.066
0.097 0.081
Total
Date: 15-11-88
Velocity
0.2D 0.8D
0.000 0.000
0.094 0.071
0.252 0.184
0.247 0.181
0.242 0. 177
0.268 0. 195
0.259 0.189
0. 160 0.118
0.000 0.000
Total

meter flow measurements

Discharge
(m/3/s)

0.000
0.033
0. 123
0. 196
0.214
0.223
0. 173
0.075
0.046

1.083

Discharge
{nf"3/s)

-000
.021
-113
. 144
-143
-133
.097
.038
.000

-890

O 00000000000



Stilt ion 2 1*000 Dn le: 15 11 88
Current Meter i
Measuring® Depth Reading Veloci ty Discharg
Point 0.2D 0.8D 0.2D 0.8D (M/3/s)
0.0 0.00 0.00 0.00 0.000 0.000 0.000
0.50 0.24 37.00 10.00 0.093 0.038 0.0 16
1.50 0.65 56.33 31.25 0.133 0.081 0.070
2.50 0.77 67.00 52.00 0. 154 0.124 0.107
3.50 0.95 71.67 48.00 0. 163 0.116 0. 132
4.50 0.74 55.33 26.40 0. 131 0.071 0.075
5.50 0.41 29.25 13.20 0.077 0.044 0.025
6.50 0.00 0.00 0.00 0.017 0.017 0.000
Total 0.424
t
Station 3l *000 Dmte: 15-11 88
Current Meter
Measuring Depth Readind Velocity Discharg
Point 0.2D 0.8D 0.2D 0.8D (n-3/s)
0.00 0.000 0.000 0.000
0. 50 0.32 17.00 1 .50 0 .052 0.020 0.012
1.50 0.62 33.00 23.33 0.085 0.065 0.046
2 .50 0.74 52_.50 25.67 0 .125 0.070 0.072
3 50 0.85 56.33 34.00 0. 133 0.087 0.093
4, 50 0.81 52.00 37.33 0.124 0.094 0.0 88
5 50 0.67 4500 39.20 0.310 0.098 0.069
6.50 0.47 25.50 5.50 0.069 0.028 0.023
7.50 0.00 0.00 0.00 0.000 0.000 0.000

Total 0.404

153



Station 04930 Date: 23-11-88

Current Meter .

Measuring™ Depth Reading Velocity Discharge
Point 0.2D 0.8D 0.2D 0.8D (m~3/3)
0.0 0.00 0.00 0.000 0.000 0.000
0.50 0.69 121.88 65.65 0.259 0.151 0.122
1.50 1.00 187.61 121.20 0.385 0.258 0.310
2.50 1.17 187.61 155.54 0.385 0.324 0.400
3.50 1.18 182.13 150.49 0.375 0.314 0.406
4.50 1.18 181.30 160.34 0.373 0.333 0.435
5.50 1.38 185.84 157 .36 0.381 0.328 0.472
6.50 1.38 157 .50 120.44 0.328 0.257 0.303
7.00 0.00 0.00 0.00 0.000 0.000 0.000
Total 2.447

Station O 11.00 Date: 23-11-88
Current Meter

Measuring Depth Reading Velocity Discharge
Point U.20 0.8D 0.2D 0.8D @/ 3/s)
0.0 0.00 0.00 0.000 0.000 6 000
0.50 0.61 120.67 11 1.00 0.257 0.238 0.131
1.50 0.89 185.75 161.00 0.381 0.335 0.321
2.50 1.20 175.50 154.00 0.363 0.321 0.375
3.50 1 .10 180.33 149.00 0.371 0.312 0.384
4.50 1.10 179.50 158.75 0.370 0.330 0.367
5.50 0.89 184.00 155.80 0.378 0.325 0.304
6.50 0.58 150.00 119.25 0.314 0.254 0.169
7.50 0.33 119.40 103.00 0.000 0.000 0.000

8.40 0.00 0.00 0.00

Total 2.051
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Station O 21.00 Date: 23-11-88

Current Meter

@suring Depth Reading Velocity Discharge
lint 0.2D 0.8D 0.2D 0.8D (m"3/s)
0.00 6.00 0.00 0.000 0.000 0.000
0.50 0.67 142 .00 121.00 0.298 0.258 0.170
]-50 1 .10 190.00 145.00 0.389 0.304 0.344
2.50 1 .10 211.60 191.00 0.428 0.391 0.450
3.50 1 .10 182.00 145.00 0.374 0.304 0.354
4.50 0.87 176.25 132.00 0.364 0.279 0.284
5.50 0.69 109.00 99.00 0.235 0.215 0. 127
6.10 0.00 0.00 0.00 0.017 0.017 0.003
Total 1.730

Station 031+000 Date: 23-1 1-88

1_ ——— —

Current Meter

Luring Depth Reading Velocity Discharge
nt 0.2D 0.8D 0.2D 0.8D (m~3/s)
0.0 0.00 0.00 0.00 0.000 0.000 0.000
0.50 0.60 121.00 112.53 0.25s8 0.241 0.132
1.50 0.92 145 .00 134.85 0.304 0.284 0.257
2.50 1.05 191.00 177 .63 0.391 0.367 0.390
3.50 1 .10 145 .00 134.85 0.304 0.284 0.320
4.50 1.10 132.00 122.76 0.279 0.261 0.287
5.50 0.95 99.00 92.07 0.215 0.202 0 .181
0.50 0.47 31.33 29.14 0.081 0.077 0.037
7.50 0.00 0.00 0.00 6 000 6 000 0.000
Total 1.604
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Stat 1ton 4930 Date: 25 -11- 88

Current Meter

Measuring Depth Read ing Velocity Discharge
Point 0.2D 0.8D 0.2D 0.8D (/' 3/s)
0.0 0.00 0.00 0.00 0.000 0.000 0 .000
0.50 0.78 26.00 20.00 0.070 0.058 0.044
1.50 1.15 79.75 76.33 0. 178 0.172 0. 194
2.50 1.35 150.20 137.00 0.314 0.288 0.393
3.50 1.37 153.00 127.00 0.319 0.269 0.399
4.50 1.34 143.00 123.00 0.300 0.262 0.378
5.50 1.33 12J.00 111.00 0.258 0.238 0.333
6.50 1.37 78.00 63.00 0. 175 0.146 0.193
7.50 0.73 44.00 34.00 0.107 0.087 0.069
7.90 0.00 0.00 0.00 -
Total 2.002
Station O 11.00 Date: 25-11-88
Current Meter i )
Measuring Depth Reading Velocity Discharge
Point 0.2D 0.8D 0.2D 0.8D (nTS/s)
0.0 0.00 0.00 0.00 0.000 0.000 0.000
0.50 0.40 65.33 48.33 0.151 0.116 0.048
1.50 0.64 150.00 129.00 0.314 0.273 0. 190
2.50 0.91 210.33 172.67 0.426 0.357 0.343
3.50 1.05 202.00 168.33 0.411 0.349 0.381
4.50 1 .00 205.00 158.33 0.416 0.330 0.369
5.50 0.91 196.00 181.33 0.400 0.373 0.334
8.50 0.64 151.75 118.67 0.317 0.253 0.180
7.20 0.33 80.33 65.00 0.000 0.000 0 .000
8.40 0.00 0.00 0.00
al 1.845

156



Station 0+930 Date: 10.12.88

Current Meter

Measuring Depth Reading Velocity Discharge
Point 0-21) 0.8D 0.2D 0.8D (m™/s)
0.00 0 .00 0.00 0.000 0.000 6.000

0.50 1.16 95 ,00 78.33 0.208 0. 176 0.177
1.50 1.38 117 .67 82.33 0.251 0.183 0.286
2.50 1.34 125. .00 129.75 0.265 0.275 0.364
3.50 1.33 151 .00 126.67 0.315 0.269 0.384
4.50 1.26 140 .75 126.67 0.296 0.269 0.370
5.50 1.39 128. oo 137.00 0.271 0.288 0.371
6.50 1.26 109. ,00 84.00 0.235 0. 187 0.206
7.50 0.00 0 .00 0.00 0.000 0.000 0.000
Total 2. 157

Station O it.00 Date: 10.12.88
Current Meter

Measuring Depth Reading Velocity Discharge
Point °_2D 0.8D 0.2D 0.8D (Mm~3/s)
0.0 0.00 0.00 0.00 0.000 0.000 0 .000
0.50 0.46 78.00 75.33 0.171 0.170 0.082
1.50 0 .99 172.00 108.00 0.35s 0.233 0.262
2.50 1.11 198.00 151.00 0.403 0.315 0.392
3.50 1.14 212.33 182.00 0.429 0.337 0.435
4.50 1.14 188.00 127.87 0.385 0.271 0.370
5.50 1.08 182.00 144 .00 0.374 0.302 0.334
6.50 0.65 134.33 97.87 0.283 0.213 0.147
7.50 0.00 0.00 0.00 0 .000 0.000 0.000

Total 2.022
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Station O 21.00 Date: 10.12.88

Current Meter

Measuring” Depth Reading Velocity Discharge
Point 0.2D 0.8D 0.2D 0.81) (In~-3/s)
0.0 0.00 0.00 0.00 0.000 0.000 0.000
0.50 0.58 81.67 72.00 0.182 0.1a& 0.110
1.50 1.38 138.67 121.00 0.292 0.258 0.327
2.50 1.43 196 .50 180.00 0.401 0.371 0.547
3.50 1.44 150.00 135.00 0.314 0.285 0.425

4; 50 1.38 133.67 111.00 0.282 0.238 0.319
5.50 0.71 76.00 = 65.67 0.171 0. 151 0.113

6 -10 0.00 0.00 0.o00 , 0.017 0.017 0.003
Total 1.843

Station O 31.00 Date: 10 .12.88
Current Meter

Measuring Depth Reading Velocity Discharge
Point 0.2D 0.8D 0.2D 0.8D (mAB/s)
0.0 0.00 0.00 0.00 0.000 0 .000 0 .000
0.50 0.85 117.45 81.00 0.251 0.181 0.154
1.50 1.16 169.65 117.00 0.351 0.250 0.335
2.50 1.30 164.21 113.25 0.341 0.243 0.367
3.50 1.27 148.44 102.38 0.311 0.222 0.326
4.50 1.05 107.66 74.25 0.232 0.168 0.209
5.50 0.79 63.08 43.50 0.146 0 .106 0.083
6.50 0.00 0.00 0.00 0.017 0.017 0.003
Total 1.477
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Station 04930 Date: 14.12.88

Current Meter

Measuring Depth Reading Velocity
t 0.2D 0.8D 0.2D 0.8D (n"3/s7
(.o 0.00 0.00 0.000 0.000 0 .000
0.5 1.24 105.50 95.33 0.228 0.208 0.210
1.50 1.37 104.83 115.75 0.227 0.248 0.316
2 .50 1.35 171.00 170.00 0.354 0.352 0.471
3.50 1.27 172.00 174.00 0.356 0.360 0.464
4.50 1.30 158.67 141.00 0.330 0.296 0.410
5.50 1.37 135.00 136.00 0.285 0.287 0.363
6.50 1.05 68.00 57.75 0. 156 0. 136 0 .126
7.00 0.00 0.00 0.00 0.000 0.000 0 .000
Total 2.361

Station O 11.00 Date: 14.12.88
Current Meter-

Measuring Depth Reading’ Velocity Discharge
Point 0.2D 0.8D 0.2D 0.8D (m/3/s)
0.0 0.00 0 .00 0.00 0.000 0.000 0 .000
0.50 0.52 83.00 71.00 0.185 0 .162 0.092
1.50 1.10 148.75 123.00 0.311 0.262 0.283
2.50 1.24 192.25 146.75 0.393 0.307 0.424
3.50 1.27 184 .50 133.50 0.379 0.282 0.417
4.50 1.27 187.80 J55.25 0.385 0.324 0.444
5.50 1.20 175.50 152 .67 0.363 0.319 0.374
6.50 0.72 129.00 104.00 0.273 0.225 0.164
7.50 0.00 0.00 0.00 0.000 0 .000 0.000
Total 2. 199
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Station 21.00 Date: 14.12.88

Current Meter

Measuring Depth Heading Ve loc ity Discharge
Point 0.2D 0.8D) 0.2D 0.8D (-3/5)
0.0 0.00 0.00 0.00 0.000 0.000 0.000
0.50 0.53 80.23 71.00 0. 179 0 .162 0.098
J.50 1.25 168.09 148.75 0.348 0.311 0.357
2.50 1.30 217 .24 192.25 0.438 0.393 0.536
3.50 1 .31 208.49 184 .50 0.422 0.379 0.517
4.50 1.25 212.21 187.80 0.429 0.385 0.453
5.50 0.65 86.45 76.50 0.191 0. 172 0.116
6.00 0.00 0.00 0.00 0.000 0.000 0.000
Total 2.077
Station 31.00 Date: 14.12 .88
Current Meter
Measuring Depth Reading Velocity Discharge
Point 0.2D 0 .8D 0.2D 0.8D (i~3/s)
0.00 0.000 0.000 0.000
0.50 0. 85113.20 94.33 0.243 0.206 0 .160
1.50 1.16 161.04 134.20 0.335 0.283 0.344
2.50 1.30 146.80 122.33 0.307 0.260 0.363
3.50 37 152.80 127 .33 0.319 0.270 0.390
4.50 27  115.60 96.33 0.247 0.210 0.284
5.50 05  100.50 83.75 0.218 0.186 0.211
6.50 0.79 73.50 61.25 0.166 0. 143 0.102
7.50 0.00 0.00 0.00 0 .000 0 .000 0 .000

Total 1. 855
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Appendix VII: Soil constants

Table VTl - 1: Constants in 1noritz formula
Roil type Value of C
Cemented gravel and
hardpan with sandy loam 0.34
i
Clay and clay loam 0.4]
Sandy loam 0.66
Volcanic ash 0.68
Sand or volcanic ash or clay 1.20
Sandy soil with rock 1.68
Sandy and grave]ly soil 2.20
Tabic VII - 2 Soil permeability constants
Low Med 1un High
a 0.70 1.90 3.40
m 0.30 0.40 0.50
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Appendix VIII: Seepage meter computations

Table VIII - I Seepage meter reading

Measuring points Average seepage rate
km mi1/hr

15.00 240.0

20.00 237.0

26.00 243.0

38.60 245.0

Average 241.3

Determination of area covered by the seepage meter.

Diameter of meter = 0.30 n
d by the meter 1is obtained as:

3.14* 0.302/74 m2
0.0707 me

Determination of wetted area of supply canal per kn:
Dimensions of the canal (before operation):

Bed width (B) 4.0 n

Slope 2:1

Depth of flow 1.40 m

Length side slope (X) 3.13 m

Surface water width W) 9.60 N

Wetted perimeter - (313 + 4.0 + 3.13) n
= 10.26 m

Wetted area of the canal per knm
0.26* Looo n
026@ m2
Computation of seepage (1/s/km).

Average seepage rate recorded = 241.3 ml/hr.
Tpis iIs equivalent to 241.3*1 * 1/1000* 3600 = 6.70*10-"
1/s.

But 6.70* 10 J 1/s 1is seepage through the area covered b
the seepage cup (0.0707 m2).

Therefore seepage rate per km,

= 6.70* 10 5 * 10260/0.0707
- 9.68 1/s/km.
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Appendix IX

Table 6 : Seepage rates iIn 1/s/m2

Canal wotted wetted seepage
roach perimeter area 1/s/m2

km m m2

o - LO 8.95 89500 8 .8% 10 2
10 - 20 6.75 67500 10 .0* 10~3
20 - 30 7.85 78500 5.8 10'3
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Appendix X

Table 7: . Effective porosity ranges for different materials

(after Johnson, 1966).

Material Effective porosity %
Range Mean
Clay o -5 2
Silt 3 - 19 8
Sandy clay 3 - 12 7
Fine sand 10 - 32 21
Medium sand 15 - 32 26
Coarse sand 20 - 35 27
Gravelly sand 20 - 35 25
Fine gravel 17 - 35 25
Medium gravel 13 - 26 23
Coarse gravel 12 - 26 22
Source: ILRI Publication Vol.lll, Drainage Principles

and Applications.
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Appendix Xl

Tabic 8.

i £E& 7 % &

Fuel

Feb - July, 1988.

Reip 2

RPP 3

Rep 4

Litres/ Queratirg AT /aoth Qoeratirg AT L/Amth Qerating AT

consumption at Nanigt pump station for

NB .

1
2.

5.

nmoth  hr/imnth hs/iaith
|0 AL 29 160 >4
M0 24 56 I 56

80 W t43 - - -
AR 42 B7 - - -
480 5P 76 - - -

hrs/amth
PS5 4D L/ 53
B8 108 53 20
;D A L9

Average fuel consumption = 52.1 L/hr (Table 8).

Price of diesel
per
litre.

Total

in 1988 at Bura was Kshs.

litre on transport.

4.839 + 1.00

Total cost = Kshs. 5.84 per

number of hours of pumping from & months of cotton

crop production = 4636 hours.

Total

Cost of pumping

fuel consumption

in 6 months

166

= 4636 * 52_.1 litres/hour

241,535.6 litres.
= 241,535.6 * 5.84

= Kshs. 1,410,567.90.
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Appendix

Table I m

Agellor

G2 suil
AQIT
anmat ater

e caliat=d

AQIT

anat ster
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G2 e
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amat aster

St

X1

Flow velocities fTor calibration.

Distence fra  Deoth of

Eestark (.

30

40

30

30

flov @

10 02, 8.8

10202, 8.8

10202 8.8

0202 898

101 02 8.8

0202 8.8

167

t

\elacity
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