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ABSTRACT

A design procedure was devel oped for border
irrigation based on the need to have very high
efficiencies of water distribution while at the sane
time naintai ning an acceptabl e degree of water
application efficiency. The water application
efficiency for the design was estinated from the
anal ysis of a border strip in which a cut back flow
was not used.

The required tinme of advance was estinated from
t he anal ysis of the advance and recession functions,
by ensuring that the advance and recession curves be
parallel. The desired initial flow rate was
estimated fromthe solution of two standard advance
equations, and limting the advance estimate to an
error of + 2% relative to the expected advance.

The performance eval uati ons on the border
strips in current use were in general satisfactory.
The analysis in this study also indicates that a
unit streamsize of 2.5 I/s/f/mwll give an
acceptable field application efficiency. It is
therefore concluded that the unit stream size be
kept at 2.5 I/s/mfor border slope of 0.0/2 percent
obtained from border strip 3.2 - 3,
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1. INTRODUCTION

In surface irrigaticn, two general methods are

uSed; uncontrolled flooding or contrulled floodlng.

In irrigating by uncontrolled flooding or wild 7?;%
X
flooding, water 1s applied to an area whlch has « 2
27
undergone no prior land preparation for irrigation. Eﬁ&
In most cases, this unsysiematic method produces b

inefficient irrigation. Low spots in a field are
over-irrigated whereas high areas are under-irrigated.
In the conilrclled flooding methods, predetermined
rates and quanilities of water are applied to areas
which have been prepared for irrigation. Such methods
include, for example, border dyke, furrow and check
basin systems. For proper deslgn of these systems,
the size of the stream is balanced against the intake
rate of the soll, the depth of water to bLe stored
in the root zone and the area to be covered by the
streanm,

With the Federal Government's accelerated
programme on wheat production, it is expected that
the irrigated acreage in the Kadawa sector of the
" Kano River Project will lncrease substantially,.
Further, it 1s expected that most of the new areag

- coming under irrigation will be irrigated by some

¥
)
x
=
; &
:
[
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o
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=
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surface irrigation method, in psarticular, £he bdrder
dyke method which is most suitable for close-growing
crops. As a result, a comprehensive study on some of
the existing border dyke systems in the Kadaws Seclor
has been done in order to obtain information which can
be used to set up design procedure for border irrigation.

The border irrigation method 1s most suiltable for
close~growing, non-cultivated, sown or drilled crops,
except rice and other crops grown in ponded water.
Legumes, grasses and small grains are commonly
irrigated by the method.

In the border method of lrrigation, the field to
be irrigated is divided into strips that are separated
by parallel borders or levees., At ihe upper end,
water 1s introduced to irrigate the strips. o

The Kadawa Irrigation Hesearch 3tation is one of
the main places where irrigation development has taken
place in Northern Nigeria. The Kano River Project is
a major irrigation scheme of Kano State, c¢overing
about 93,000 ha, comprising 52,000 ha as Kano River
Project area (NEDECO, 1974). It lies between
longitudes 8° 30'E and 9° LO'E and latitudes 120 30'N

and 12° 03'N within the Hadejia Jama'are River Basin



in Nigeria (Nwa, 1980), The boundaries of the project
area are defined by natural features, namely Kano Hiver
in the North, West and South, Guska Hiver in the North-
East and rocky hills near Kano in the Soulh-East
(NEDECO, 1974).

The climate of the area is divided into three main
seasons, namely:
1. The cool dry season from October to February
2. The hot dry season from March to May and

3. The warm rainy season from June to September,

The current study which is aimed at developuent of
design procedure for border irrigation systems was
conducted in this area. The study also includes the
evaluation of the existing border irrigation method. It
is obvious from available literature that adequate work
on the design of border irrigation system has not been
carried out for the Kadawa Sector.

It is thus clear that no design standards have been
established for the border irrigation system in the area,
Thus, there i1s a need for proper design procedures in the
planning of large areas sultable for border irrigation

and in the improvement of existing ones.



1.1

3.

Iy

Ob,jectives

The objectives of this study, therefore, are:

To set up a design procedure that could be used
both for the modification of existing border
irrigation system, and the estallishment of new
ones. The design procedure sup: ested would be
based on the eslimated paramelers: the average
slope of the border strip, the infililration rate
process, the need to ensure uniformity of water
distribution and the prevention of erosion

hazards on the border strips.

To evaluate the performance of the existing border
system with a view Lo ascertaining whetlher the
irrigation is being done efficiently as obtained

from the design procedure being d>veloped; and

To determine any modifications that may be
required in the existing water distribution
network in the project area in order to meet

the requirements of the design procedure,



2. REVIEW OF LITERATUHE

249 Introduction

In the design of a surface irrigation system,
the factors to be counsidered include: the hydraulics
of water application and the measurement of
efficiencies in the water application and distribution
processes. For the purpose of clarity, the review of

literature will be discussed under the subheadings:
1. Hydraulics of surface irrigation and

24 Water application and distribution efficliencies,

2.2 Hydraulics of Surface Irrigation

The rate of water advance down an irrigation border
is affected by the unit inflow q (1/s8/m); the slope 5,
(m/m) of the border strip; the forces retarding the
flow; and the infiltration characteristics ol tLhe
soil, amongst other factors,

The first major Tactor which is the unit inflow
q, may vary throughout the irrigation, or remain
essentially constant. Only the latter situaLiPn will

be considered in the analysis to follow. The water

may be shut off before the advancing flow reaches the
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end of the border, but this represents a non-idealized
case not considered in this study.

The slope of the border determines the rate at
which energy ls added to the flowing water. Although
slopes can, and often do, vary spatially, only a
single averagr for the slope of the eniire irrigation
run is considered in the analysis of this study.

The forces ratarding flow are those due to
resistance - both from the ground surface and vegetation
growing on it. These factors combine to make the
roughiness representation a complicated one. However,
most analysis to date consider only a single roughness
parameter, such as the Manning's roughness coefficient

nr.

Another factor affecting the advance rate is the
infiltration characteristics of the suil. Az with the
other factors mentioned, infiltration rate varies with
time (during and between irrigations) and space
(location within the field).

It bas been shown that the infiltration process can
be approximated by a power function of time given by

Kostiakov - Lewis (1932):

Z = ktn e e nuaaa D T T 211



where Z is the depth infiltrated in time t, and k and
n are constants. However, kq. (2.1) is commenly used
because of the ease with which the parameters can be
determined.

In addition to the above factors, the analysic
of water advance down an irrigation border sirip is
complicated by the fact that as the sheet of water
advances over the land, part of the water infiltrates
into the soil. As a large area of l.und is covered by
the advancing stream, a relatively larger part of the
inflow is required for infiltration and less of it ls
avalilable for advance. Hence, advance rate tends to
decrease with the distance of the advance front from
the border head.

Rawitz (1973) observed that a mathematical
formulation of the advance of water over a sirip of

land would have to involve two phenomenat

1. Open - channel flow described by
equations such as Lhe Manning's equation

given by:

e 1 5/3 % . 3
q n )’ IJD L A T I 2.(,

!



where

qQ = inflow per unit width of border

n, - roughness coefficient
y = mean depLth of [low
S = average slope of border strip

and 2, the infiltration function having the general

form:

D = at+k1tn L R R N e s e se s 2'3

D = accumulated intake
t = time; and

a,k1,n = empirical constants,

Due to the complicated nature of the hydraulics
of surface irrigation a more common aporoach to the
design of border irrigation 1s through field
experimentation which supplies design data after the
system has been constructed. However, numerous
attempts have been made to provide theoretical basis
for the design of border irrigation. Hall (1956)
presented a method for obtaining the advance of the
water front as a function of time, surface roughness,

slope of the field and soil characleristics, amongst
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other factors while Christiansen et al (1906) gave an
evaluation of intake rate constants in relation to the
water front advance, and Hall (1900) presented a design
procedure for a border based on Lhe predicled advance

of water front down the border strip.

The time of advance thal is adequate Lo meet the
irrigation requirements has been one of the constraints
to be satisfied in the design of border irrigation
systems. The solution of the advance preoblem can be
attained by the assumption that Lthe advance distance
can be represented by a power function of time.

Gray and Ahmed (1965) amongst others verified the
validity of the power functlonal relationship. The

resulting expression can be given by:

x = ctm LI B L I R R O ORI I I I IR I A Y 2Iu

X
where

X = advance distance

tx = time of advance to any point x; and

c,m = empirical coefl.clents

The values of ¢ and m in Eq. 2./, are not constant
for a given border strip but vary with the inflow rate

and the infiltration characteristics of the soil.
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The continuily equation has been widely used
in surface irrigation hydraulics. This is based on
the fact that the cummulative inflow at any time,
t, is equal to the sum of the cummulative intake and
the surface storage. bLvaporation losses are

generally very small and can therefore be neglectled.

23 Advance kquations

Fok and Bishop (1965), used the continuity
equation to develop an advance equation for bLorder

irrigation as:

x e gt R R I I 2!5
y + D

where

y = mean depth of flow

- FK tm-‘!
{(n+1) (n+2)

» mean infiltration depth

F = m(n+2,m) (n12,m), a correction factor
after Keifer (19%9).

Beta function of (n+2) and m;

AN
~
=
+
N
3
S

L]

T = time of advance, and all other terms as

defined previously.
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Based on the assumption that the accumulated
intake can be represented by a power function of
time, Phillp and Farell (196lL), developed an

Advance Equation as:

CLw B4

y i=D >3 v ea (3.6

where
T = advance Llime
XA
k,n = accumulated intake coefficlents -3‘?-_?%
Ta%
1 = summation index; and . 1‘5 %
. - = @L@
oA
[ = symbol for the gamma function and . f‘;}v;
K
other terms as previously defined. %
’

Wilke and Smerdon (1955%) observed that Eq.
{2.6) predicts the advance reasonably well when the
value of 5&” is less than 3; and for _l_c__t_n value
greater t%(lan 3 the solution is beLter‘yrepresented

by the expression:

x Y 1 L I I ] 207

1m0 E]—%»nr(hn)]‘ r(1—in)

Strelkoff (1977), solved Lhe well-known volume
balance for advance distance X, as a function of time,

t as;
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X = qu 2.8
ryyo * Tads
where
ry = surface-stream shape factor, set at
r-L
: Yo

Yo " upstream surface depth

Z = infiltration Depth

(&)
rx = subsurface shape factor set at
Ty ™ 1

T+ n

and all other terms as previously delined,

2.4 Irrigation Efficlencies

The over—-all irrigation efficiency 1s often
subdivided into components in order to evaluate the
efficiency of the components of the system. ..crriam
(1900) observed that the aim of evaluating irrigation

systems 1s fourfold:

1. to determine the efficiency of the system as

it is being used.

2e to determine how effectively the systemr can be

operated and whether it can be improved,
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3. to obtain information which can assist engineers

in designing other systems and

L to obtain information to enable comparison of
various methods, svstems and operating procedures

as a basis for economic decisions.

The efficienclies of the system components are usually

expressed as percentages.

2elpe1 Water Application kfficiency

According to Israelson (1902), the water application
efficiency is defined as the ratio of the volume of
waler stored in the so0il root zone during the
irrigation to the volume of waler delivered to Lhe
field. Operationally, Israelson's definition is

given as:

x100’£ & % 8 8 8 8 " B F a8 s e 2.9

=
n
o™

W = amount of water stored in the soil rootzone
during irrigation
¢ = amount of water delivered to the "area being

irrigated.
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Water application efficiencies below 100
percent can be altlributed Lo seepage losses from the
field dislribution channels and also deep
percolation below the crop rootzone.

Sometimes, in case of very long fields, there
may be runoff losses at the tail end of borders
and furrows. Generally, water applicalion
efficiency decreases as the amount of water applied
during each irrigation increases. lowever, very
small irrigation may not fill the rootzone
adejuately and may reduce crop yields, and in the
long run give rise to salt problems due to

inadequate leaching (Michael, 1978).

2.4.2 Water Distribution Efficiency

Sharma (1974), observed that the uniformity
with which water is distributed throughout the
rootzone is evaluated by dislribution efficiencye.

It can be expressed as:

- -i y . !
Ed (1 a) x lUtJ L B I O I I B 2.10
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Ed = waler distribution efficiency in percent

d = average depth of water stored alon; the

run during the irrigatltion
¥y = average numerical deviation from d

Uneven distribution of water has many undesirable
characteristics. Drought areas apoear in a field
which is not irrigated uniformly unless excess water
is applied, which in turn results in a waste of
water., Whenever a Lendency exists for salt
accumulation, those areas receiving less than the
desired depths of waler will show the greatest

accunulation of salt.

2.5 Advance Functiion

Cne of the constraints to be sutisfied in the
design of border irrigation system is the time of
advance that is adequate to meet the irrigation
requirements. Gray and Ahmed (1965) in analysing
the rate of advance of the water down the border

to develop a method for determining infiltration
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rates for border systems assumed that the rate of
advance of water down the border could be represented
by a power function of time, The design of a border
irrigation system 1s aimed at equalizing the intake
time at all points along the strip in order to have
high uniformity in water application. This leads to
the requirement that the advance and recession

curves (will have to) be parallel. Therefore, tlie
recession curve can also be described by a power
function of time having the same exponent as the

advance function.

Thus,
m
x = ctx L DN B I O B I T A I IR I U I I T ) 2.1‘
and
m
xr- C1tr @ & & # & ® 4 F & F 8 " 8 E e e Eoa "R b 2'11
where
Xr = recession distance
tr = time of recession; and
CyCq,m = empirical coefficients

In practice the complete recession function

can not be represented by a power fuuction of ,time
because the last part of the recession curve tends
to have a reverse curvature which would make the use

of Eq. (2.11) questionable (Mudiare, 1962). 1In the
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analysis of this study, the recession function is
approximated by a power funclion of time which
represents only the first part uf the recession curve
(that is, ignoring the points on the part with the
reverse curvature). This approach is Justified because
the reverse curvature is small.

In order to limit the intake time to the time
for water flow into the border slrips, the lag time
or the time between the shut off of flow and the
onset of recession must be small. 'This condition
will also reduce runoff losses that may occur. The
assumption of negligible time lag i: not expected to
introduce any appreciable errors in Lhe design under
consideration because, as pointed out by Hart (19060)
lag time may be ignored in the determination of
inflow rates on borders steeper than O,hj%. Since the
advance and recession curves are also to be parallel,
the time for completion of recession, T, would have to be

equal to the time of advance, T. Consequently,

X(T) = xr'('l‘r)-l. i & neeaeRsewed Loet23
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where
T = time to complete advance
Tr = time to complete recession
L = length of field; and

all other terms are as previously defined.

Since Eqs. (2.4) and (2.11) are both subject to the
condition expressed in kq. (2.12), ¢, will have to be
equal to ¢ in the required advance and recession

functions.,

2.6 Surface Storage Expression

From the consideration of continuity equation
that governs the water f{low, {t is necessary that the
volume of water on the soil surface be estimated at all
times during the perliod of advance. In the analysis of
surface irrigation hydrauliecs, the average tlow depth
concept has been used by several investigators with
acceptable degree of accuracy in their predicted values
(Mudiare, 1982).

The average water surface profiles based on the
average depths were oblained for all the border strips
under study. The surface storage is estimated by

determining the area under the curve representing the
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average water-surface profile by graphical integration.
The surface storage at any distance from the border
head is the area under the curve up to that point,

The surface storage can be exvressed as a function

of the advance distance, and hence time of advance by
curve fitting techniques. Mudiare (1982) observed

the surface storage curves developed for border

strips by Ahmed (1963) and suggested that the surface
storage expression can be represented by a polynomial

of the form:

c .
S = éAl( '1.*)1 L R R I I 2.13
i=1

where
S = surface storage per unit width of border
strlpj
T = time of advance; and A's are empirical

coefficients Lo be determined,

For easy computation Eq. (2.13) can be approximated

by a itwo parameter equation of the fora:

S = AT*' exp (BT* QO 2413a



where A and B are empirical coefflicients to be
determined, and the other terms remaln as previously

defined.

b 4 Accumulated Intake Expression

During the period of advance along an irrigation
border, when an inflow of q (m3/s/m) is introduced
at the upper end, the cummulative inflow, Q is equal
to the sum of the surface storage, S and the
cunmulative infiltrated volume, Vf, assuming that
losses due to evaporation are negligible, This can

be expressed as:

Q = S+Vf T I N R ?-"”J,
where
3y
Q = l th L I I I ) - ® & @0 8 e 0w 2-1'13
where

Q = cummulative inflow
= time of advance to a point, L (0<tx<?)
X = distance Lo anv point along the field
(O€. X€ )3 el

all other terms remain as defined previously.
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The quantity, V., in kq (2.14) can be evaluated
by assuming that the infiltration rate can be
represented by a power function of the intake time;
and also that the advance distance can be glven by a

power function of time of advance (lUray and Ahmed,

1965). That is,

1 = ktn ® " 828 g B F B F F R EFEY S L B O B 2.15
and

sus s TR Fewvenares LEeth)

m
X = ctx
where
t = intake time, (T = tx) and

other terms remain as defined previously.

By assuming that the iufiltration rate and the
advance distance can be expressed as a function of time,
Mudiare (1982), gave an expression four the

accumulated depth inflltrated, Da, as:

n+l

Da = mk/(n+1) T P,(n*ﬂ,m) envevass 1B

The solution of Eq. ?2.16 for Lhe intake coefficients,
k and n, requires determination of the advance functlion,
the cummulative Inflow, W, and the surface storage

expression,
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Volume Balance kquation

continuity equation can be given as:
cumk el = & W
n+1 '1 P (ﬂ'c,m) * 0 - e e e (_-17

By putting 8 = yX in which y is the average flow

depth, and Q@ = qT,

qT
Since X

qT

which is

cmk pm+n+l . 5
= E;—'i"r P (nfz.m) ¥ yl{ EEE R (.|18
= o™

- (% il P(mz,m) + Y) X veseee 2419

the volume balance equaltion for estimating

the inflow rate.

2.9

Water Requirement kguation

In the operation of surface irrigation sysiem,

it is conventional to raise the moisture content of

the rootz

The avail

one to its value at the field capaclity,

able moisture capacity is generally used as

a basis for estimating the waler requirement of the

crops, sometimes, it may be required to over-irrigate

in order

rootzone,

to leach out undesirable salts from the

and since it is difficult to make surface
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irrigation systems flexible enough Lo respond to varying
water demands of the crops, the operational requirement
posses some problems. What could be done in Lhis
respect is to design the supply channel for a
conservatively high flow rate, using the maximum
allowable flow rate into the strips. The amount of
water needed at each irrigation can be controlled by
adjustment of the duration of water supply and/or the
inflow rate., However, the waler requirement in the
current study is taken as the available moisture
capacity of the soil.

If the available moisture capacity of the soil is
dav, then the volume of water Vr requtred per unit

width of border is given by

V = dTa'?_l." LR O O L O I IR B I A A 2.20

Ea = waler application efficiency, and

other terms remain as previously defined.
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2.10 The Flow iHale kguation

The flow of water along a border strip Is a kind
of open-channel flow and can therefore be represented
by any of the existing equalions describing this kind
of flow. Hydraulic calculations in border irrigation
design are normally based on the Manning's equation,
which includes a coefficient, n_, that expresses the
flow retardance effects of different hydraulic
boundary conditions (Hartz, 1980). The coefficient
varies with the types of crop, stage of crop growth,
and degree of roughness of Lhe soll suriace,

As pointed out by Hall (1956), when water is
introduced into a border sirip at a flow rate q (m3/s/m),
a depth y, will be reached such that the flow rate down
the strip is equal to inflow rate. The flow rate can

be given by
5/3 G s

y w2 I I I B )

1
qQ = o

Chow (1959) stated that the flow of water through
vegetations is adequately described by Eq. (2.2), thus
it could be used to estimate average flow depths for

use in estimating the advance of the water front,



3. FIELD DATA COLLECTION AND MATERIALS

3.1 Introduction

The current study on border irrigation system
was conducted at the Kadawa Sectlor of lhe hano Hiver
project where the field layout has been limited to a
maximum length of irrigation run of 100m. The
experimental field was divided into strips lm wide and
90m long separated by low parallel dykes or border
ridges. The lower end of the strips were open to
allow for free drainage of surface runoff, Water was
applied at the upper end of the stiips by means of
syphon tubes and flowed down the field as sheet flow.
The inflow rate was measured by means of the syphon
tubes and parshal flumes were installed at the lower
end of the field for runoff measurements., The field
was seeded to wheat crop (Siele cerros) during the
dry cool season of bLecember, 1987 to April, 1988.

The following measurements were taken on the

experimental plots during the study.
; I Advance and recession rales

P4 Ground water-table

3. Volumetric soil moisture content
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h. Inflow rate
5. Flow depth
L. Field slopes in the direclion of waler flow

on the border strips.

3.2 Advance and Hecession Curves Development

In any method of water application to a field,
the objective is to achieve a high level of
application and distribution efficiencies. Efficient
and uniform water application in surface irrigation
can be achieved by equalizing the intake at all
points along the strip. The advance and recession
curves would have to be parallel for this to be
possible; thus giving an indicalion that the
recession function could also be reoresented by a
power function of time (Mudiare, 1992).

The recession curve has been found to be
reasonably independent of the inflow rate
(Michael, 1978). Thus, when the intake time is
known from knowledge of the available s0il molsture
capacity of the soil, the required advance curve
can be developed parallel to the recession curve using

the intake time, The design advauce equation can



therefore be determined and subsequently uced to estimate
the Inflow rate from some of Lhe exisling advance
equations (Philip and Farell, 190}y and Strelkeff, 1377).

From actual field operation, an advance curve
was obtained from field data; by oblaining the times
of advance of the waler f{ront Lo warked points al a
spacing of 15m intervals along the centre-line of the
border strip on three border strips. The times during
which the water receded Lo Lhe established points afler
cut-off of supply were also noted,

The water requirement of crops vary with the stage
of growth. When waler supply is liwited, it is
necessary to Lake into account the stages at which the
crop is severely affected by water stress. The
flowering stage (anthesis) is found to be the stage at
which the crop yleld is considerably reduced in
cereal grain crops (Michael, 1978). Thus, the
flowering stage has been wused for the purpose of the
design under consideration herein.

During the period of advance along the irrigation
border, when an inflow of g was introduced at the upper
end, the rate of advance of Lhe water Iront wa;

determined by noting the times of advance of the water
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front to marked points at a spacing of 1%m intervals
along the centre-~line of the border strip. After the
irrigation stream was cut off, the Lail water receded
downstream. 7The rate of recession of the tail watler
was also determined by noting the times at which water
disappeared from the upstream end and receded Lo the
established points at 15m intervals along the border
strip.

The advance and recession curves were plotied on a
logarithmic paper with distance being the ordinate and
time the abscissa. The best fit line was determined by
curve~-fitting techniques, 7The intercept on the y-axis
of the logarithmic paper and the slope of the line gave
the values of ¢ and m respectively ol igs. (2.4) and

(2.11) given previously as

L I I ) & % B 8 8 % 8 8 8 8 moaa s 2'1‘
and

® % 8 2% 0 80 e e e e s e e 2.11

which approximate the advance and recession functions
for the border strip. The advance and recession curves

for the three border strips are given in Flgs. 3.1 to 3.3.
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In Figs. 3.1 to 3.3, the observed points during
the period of advance and recession are shown together
with the fitted curves obtained using the advauce and
recession functions for all the Lhree border strips
under study. The degree of association belween the
observed points and the fitted data is represented by
the coefficient of determination (Mz), obtained
through regression method, 7The curves Indicate that
the advance and recession curves were reasonably
parallel (see Fig. 3.1 - 3.3). This shows that the
water intakes at all points along Lhe strips were
approximately equal which indicates that an
efficient and uniform water application was achieved
for all the border irrigation trials. The advance
functions for Figs. 3.1, 3.2 and 3.3 are given in
Table 3.1 for the test conducted on 20th February, 1988
on the border strips at the 2-week irrigation intervals
recommended for the khadawa Scoctor where high water

table has been reported,
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Table 3.1: Fltled Advance Functions of the

three Border Sirips.

Border strip No Advance Functions )
Ly
3.2-1 X = .11 ¢ 9097
X
3.2-2 K= 379 ¢ 007
Nk X
T 7,
EENS
-
Z %
3.3 Determination of SHurface Storage ﬁ%ﬁ;%
20%
For the determination eof surface storage in g

F

A

this study, five values of waler depths were measured q%
e

at established points at a spacing of 1%m intervals
along the strip during the period of advance., The
depth of flow at each established point was taken as
the average of the measured deplhs at Lhe point., The
surface storage estimate is required for the purpose

of solving the continuity equation that governs the
water flow, The average flow depth at each established
point was used to develop water surface profile by
plotting the flow depth against the distance along

the border strip length (see Figs. 3. - 3.6), The
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scafter of the points may he attributed to the changes

in the slopes and infiltraticn rate. b
Mudiare {(1982) observed that results obtained

from trial regression analyslis have shown that

surface storage estimate can be adenualely

represented by the expression.

S * AT% exp (BTi) trt et en s nthad 2.0133

where all terms are as previously defined.

The surface storage was determined by
graphically integrating the curve representing the
water surface profile shown in Figs. 3.4-3.6, The
surface storage curves shown in Iigs 3.7 -~ 3.9 were
cbtained by plotiing the cumulative surface storage
at the established poinbt against the time of advance.
The expressions for the surface storage and the
coefficient of determination R2 were obtained through
regression method. A summary of the surface storage

equation is given in Table 3.2,
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Table 3.2: Surface Storage bkquations

Border Surface storage Coefficient of
strip Expression, 5 (m3/m) determination Rz
3.2=1 S = 0.334 T* exp (0.067 'r’") 0.911

3.2-2 5 = 0.316 T"]* exp (0,051 Té) 0.975

3.2-3 S = 0.209 73 exp (0.04L T*) 0.987

3.4 Accumulated Intake Expression

For each border strip, the inflow was estimated
by applying Lhe orifice flow formula to the turnout
syphone The cumulative inflow at any time during the
advance was therefore determined. The accumulsted
intake at any time was obtained by subtracting the
surface storage from the cumulative inflow (that is by
solving the continuity equation). The procedure is
set oul as shown in Table 3.3, The accunulated depths
(col. 6) for all the bLorder strips tested were plotted
against the time of advance on a logarithmic paper,
and the best fit line obtained by curve fittiqg
. techniques. The intake coefficients of Eq, (2.16) were

then delermined. 'The equation obtained for the
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Table 3.3: Evaluation of Intake Coefficients: DBorder
Strip 3.2-1
(1) (2) (3) (L) (5) (0)
Date of Advance Time of Cumulative Sur- Cunu- Accu-
measurement distance advance inflow fnce lative mulated
storage infil- infil-
trated trated
‘volume depth
X T 3Q 3S -8 (0-8)Y/%
(m) (min) {(m~/m) {(mn~/m} {(m3/m) ( mm
20/2/88 15 7 1.12 0.95 .17 11
30 16 2.56 1.86 0.70 23
LS 29 h.6h © 2.81 1.83 )
60 L 7.0l 3.67 3.37 56
75 6H6 10.56 .77 5.79 77
90 1440 . 559 8.81 a7

90




Tavle 3.4t Evaluatlion of Iulake Coefficients: Border
Strip 3.2-2
(1) (2) (3) () (5) (6)
Date of Advance Time Cumula- Surface Cumula- Accu-
measurement distance tive storage tive mulated
advance inflow inrfil- infil-
trated trated
. volume depth
X T Q 5 : Q-5 (Q-8)/x
{m) (min} (mB/m) (ma/m) (ma/m) (mm )
20/2/88 15 7 1.12 0.93 .92 13
30 18 2.88 1.72 1.16 28
us 32 5.12 2.7 2.76 61
60 L6 7.36 - 3,01 L.35 72
75 63 10.08 3.89 6.19 82
Q0 Q0 14,40 .72 9.68 97
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Table 3.5: Evaluation of Intake Coetlficients: DBorder
Strip 3.2-3 |
(1) (2) (3) (1) - (5) (6)
Date of Advance Time Cumula- Surface Cumula- Accu-
measurement distance of tive storage tive mulated
advance inflow infil- infil-
trated trated
- volume depth
X T Q S Q-5 (Q=8)/%
(m) (min) (mB/m) (m3/m) m3/m (mm)
20/2/88 15 9.4 1.15 0.95 0.19 13
30 22 2.68 1.78 0.50 30
L5 37 Y.51 2.3 2.20 48
60 54 6.58 2.87 3.7 61
75 70 8.5 3.49 5.05 b7
90 10.98 .12 0. 00 76

90
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average accumulated intake using this procedure was

found to be

Da = 2.68 TO'?"‘) DR R I I Y 2-1b

for time of advance and for intake Lime the expression

n+1
kty e e 3.1

(n+1)(n+2)

Da =

was used Lo obtain

Da = 2.1}5?‘100‘?(}9 TR I O I I ) - 3.1

where
ti = intake time and other terms as previously

defined.



16

3.5 Ground water Table Measurements

PVC piezometer tubes were installed at a depth
of 1.3m below the soil surface al different locations
in the study area. Ground waler levels in Lhe tubes
were measured by employing the use of a locally
made water level sounder to which a graduated stalk
was attached as developed by Nwn (1482). Water table
measurements were taken at Lwo week intervals during
the irrigation season.

Table 3.6 shows the positions of ground water
table during the flowering stage of the wheat crop.
As shown, when ti o water table deplh during the period
after irrigation is less than Lhat bLelore irrigation,
it means that part of the irrigation waler applied
has contributed to the ground water thereby resulting
to a rise in the water table, A constant water table
depth hefore and after irrigation indicates that there
has been no appreciable contribution to ground water

table by the irrigation.
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Tavle 1,6: Distance to Ground Water Table on

20th February 1988,

b e M L T e e e AR a = 4 o W

rround water table
Border S5Strip Border Strip Before irrigation After irrigation

No. reglon {mmn) (mm)
3.2~1 upper end 720 . - 630
mid=-field ' 800 6B0

lower end 750 , ule!

3.2-2 upper end . 650 \ 630
mid-field 810 | 780

lower end . 700 650

3e2=3 upper and o © 1020 : 1020
mid-field 750 750

lower end ' © 6L0 6135
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3.6 Measurement of 50il Moisture Deficicncy

The soll moisture content was determined beflovre
and after 1rrlgation using the gravimetric method,

Soil samples.were taken at incremental depths of 200mm.
Sampling was limited to a depith of 600mn because the
5011 was saturated below Lhe point in the experimential
area. Sampling was done Jjust before and two days after
irrigation for each trial. Kruse et al. (1978) suguested
that field capacity is water remaining in a soll two

to three days after the soll has been saturated and
after free drainage has practically ceased, The
irrigation interval was put at two weeks interval as
sugpested by Dalhat (1988) for borders and basins al the
experimental area. The dry densities of the soil mass
for the various soil depth ranges In the sampled
horizons were also determined snd used to determine

the equivalent depth of water held on Lhe various

s0il depth.

The 501l moisture added (Ma) shown In column 3 of
Tableg3.7-3.9, was obtained as Lhe difference Lulween
the moisture contents btefore and after irrigations and
expressed in millimetres of water. Column !} of »the
Table shows the values of the soil moisture used (Mu) by

the crop within ¢-weeks interval and was obtained as the
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Table 3.7: Bulk bensity and M.D at llowering Siage

of the Crop for Forder Strip 3,2-1

Sampling Soil Bulk Soil Moisture Meoisture
point depth density moisture used deficit
(m) (g/cm¥) added (om) (mm) (24)
(1) (2) (3) (L ()
Upper 0-0.20 1.45 3.9 30.0 60.1
fnd 0.20-0.40 1.38 29.5 12.0 0.6
0.1,0-0.60 1. 30 23.1 8.0 3.6
Mid- 0=0.20 1.5 2.0 15.0 7.0
Field 0.20-0.40 1.38 19.9 13.0 65.3
0.“0""0'60 1.30 13.8 ) 900 65.2
Lower G-0.20  1.45 38,60 2h.5 £6,0
End 0.20-Q0.40 1.38 28.60 16.0 55.9

0.40-0,60 1.30 177 9.0 50.8




Table 3.8: Bulk Density and M.D at Flowering Stage

of the Crop for Border Strip 3.2-2

Sampling Soil Bulk Soil Molsture Moisture
point depth density moisture used deficit
3 added
(1) (g/cm”’)  (mm) () (%)
(1) (2) (3) (4) (5)
Upper 0-0.20 1.45 1.7 28,0 67.1
0.40-0,60 1.30 2.7 10,0 LO.S
Mid~ 0-0.20 1.45 36.0 25.0 9.4
Field 0,20-0.40 1,38 3.0 20.0 58.8
0.‘40-0.60 1-30 29-0 11-5 .59-5
E.nd 0.20-0-}40 1-38 36-5 1\500 h933

-

OchU"OcBO 1.30 ?105 1000 hb.s
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Table 3.9: Bulk Density and M.D at Flowering Stage

of Crop for Border Strip 3.2-3

Sampling Soil Bulk Soil Moisture Moisture
point depth density moisture used deficit
3 added
(m) (g/em”)  (mm) (mm) (%)

Upper 0-0.20 1.45 39.3 28.5 72.5
End 0.20-0.40 1.38 26.3 17.0 6l .6

0-“0-0.60 1.30 2003 1‘1-0 5’*.2
Mid- 0-0.20 1.45 39.0 28.0 71.6
Field 0.20-0.4L40 1.38 22,0 15.0 66.2

0.&0"‘0-60 1.30 20.0 11.5 5?.5
Lower 0-0.20 1.45 25.9 13.6 75.6
tnd 0.20-0.40 1.38 14.0 10.0 71.4

0.1.‘.0-0160 1030 13.0 8.0 6105




difference between tLhe moisture content after one
irrigation and that just before the next irrigation.
This was also expressed in millimetres of waler.

The percentages of the soil moisture added used from
the s0il before the next irrigation was also
calculated Jor the various depths. This was taken as
the moisture deficit (M.D) expressed thus:

M
HD = u R I ) 3.2

M

An average value of the soil moisLure used within the
irrigation interval was obtained [or the strips
and used to estimate the design water application depth.

Tables 3.7 to 3.9 present the average bulk
density and moisture deficit for the various soil
depths for the border strips considered in this
study. Observation of Lhe Lables shows a low moisture
use by the crop at some sites in the border strip.

This may be altributed to varying degree of moisture

contribution from the ground water table.



A7 Water Application and Dislribution Llliciencies

The water application and distribution elfficiencies
in this study were determined on the experimental
border sirips using Lgs (2.9) and (2.10) respcciively

W -

i ':.::- T OUR [ B B BE BN B BB B “~
i - = 1 W . . I9

a wf

E

d = (1 —)a’-)x"luu% LI N R I I B R B :’.’.10

where all terms remain as previously defined.

The water application efficiency oblained from the border
strips ranged from 50,2% to 61.73 which are lower than
the range of CU% to 7Y% suggested by Ogrosky and

Mockus (190l)), (see Table 3.10). The low values of tLhe
water application effliciency may be attributed to
Saturated conditions below the rootzone and coulritution
from the groundwater table, as evidenced by the high
runoff values measured al the time of irrigation. ‘The
high seepage rate from the channel may also have
contributed to the low application efficliency on the

border slirips.
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The distribution efficlency was generally found to
be quite satisfactory. The values ranged from 69% to
89% for all the three border strips under counsideratlon,
The uniformity of water distribution is more important
than the application efficlency in terms ol malntaining
uniform crop growth and so the irrigation performance In
this study can still be Laken as being satisfactory.
Qther values of water applicalion and distribution

efficieuncies are given in Appendix A,

Table 3.10: Water Applicaticn and Distribution
Efficlencies at Fluwering Stage of Crop.

(Eight weeks after planting).

Date : Border sirip Application Distribution
No. efficiency efficiency
(%) (%)
20/2/68 o 3.2-1 - 50,2 87.7
3.2"'2 (3015 85-0

3.2-3 66.0 72.0




3.8 Measurement of Inflow Hate

The amount of waler applied to Lhe field was
measured by calibrated syphon tubes. The flow rate

through a syphon tube was computed using Eq. (3.3).

qs = ac 2gh CRC R A A O L B I I N B 3'5

q, = discharge from a syphon tube in m3/sec.
a = cross-sectiu'nal area ol the syphon tube in m2
C = coefficient of discharge for syphon tutbe

= acceleration due to gravity in m/32

= elevation difference between water surface

elevation in the channel snd elevation of the

outlet point of application in the field in m.

A graph of q agaiust h was plotled in which

ac,' fg becomes the slope ol the curve. The value of ¢

was therefore determined as 31__4_[}9()
' 7
T3
slope of the curve =zt
C - L I I S 3.!.', ';?1
8‘33 el 9.-
2’
The value of ¢ was then substituted in Bq. (3.3) to '%'};'-tr
or
determine the amount of water applied Lo the (ield. The b2

amount of waler obtained from the above procedure gave the

discharge from one single syphon tube, The total amount



LY . . . .
of water entering the field depends on the number of
syphon tubes being used., In this sludy, four syphon

tubes were used. The equation obtained for the discharge

of one syphon tube was

g = 0.21 Ho eeeseneesnnnecnennnn 3.5

The discharge per unlt width g into Lthe wvarious border

strips in Lhis sludy are given in Table 3.11.

Table 3.11: Discharges inte Border Strips

Border sirip No. .. Inflow, q
mj/min/m
3e2=2 | | 0.160

3.2-3 | - 0,122
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3.9 Measuremenls of Slopes ol Border S$trips

The slopes of the different borders under study
were measured using surveying equipment. [The values

obtalned are given in Table 3.12,

Table 3.12: Slopes of Border Sirips

Border Strip Slope
No. (5)
3.2"2 ’ 0-697




be DESIGN OF BORDER IRKRIGATION SYST =M

lj.1 Introduction

In the design of surface irrigation system, the
length and slope are usually fixed for a particular
field while other parameters need Lo be estimated or
determined. Design parameters in surface irrigation
systems are difficult to estimate with a nigh degree of
certainty, because of the wide variability of the
parameters both spatially and temporally. This
situation is complicated by the lack of homogeneity
of soils which introduces variation in the parameters
desired. This problem is often resolved by conducting
preliminary irrigation trials for s given design and
then modifying the design accordingly. The fore-going
method is illustrated with data obiained from trial
runs conducted on border strips at the Kadawa

Irrigation Research Station.
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4.2 Determination of Design Parameters

4e2.1 Required Advance Function

e i .

The times_afﬂédVahce of the water front to marked
points at a spacing of 15m intervals along the centre
line of the border strip were determined for three
border strips. The times during which the water
receded to the established points after the cut-off of
supply were also noted. The recession curve is known
to depend on the slope of the border. However, in this
study, the slopes of the border strips were found to bLe
close, hence the recession functions of the strips would
be expected to be approximalely equal. [hus, an
average curve was oblained from the recession data for
the three strips. The recession data obtained for all
the border strips under study were plotted on a
logarithmic paper and the best fit line obtained by
curve-fitting techniques. The result obtained from the

procedure was

0,79%
L]

r. L L B B B 2.11

-

%. = 2.359 %

which approximates the required recession function

shown in Fig. l.1.
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The required time of ponding was determined from
the moisture holding capacity and the accumulaled Intake
expresslion. The required advance curve wag estimated
from the required recession curve because the
recession curve does not completely depend on inflow
rate (Michael, 1978). Thus, the requlred advance casve
was drawn parallel to the recession curve at a distance
equal to the time of ponding, since the two curves are
to be approximately parallel to ensure efficient water
distribution at all points along the border length.

The design advance and recession curves are shown in

Fige Lh.1. The required advance function was found to be:

O
x - 2.359 txo“?g) R R R N R 2.1‘

From Eq. (2.4), the time of advance for a distance

L_ = 90m was obtained as 97/min.

L.3 Retardance Coefficient LEstimatle

In order to analyse the flow of water on the border
strip, it is desirable to have an estimate of the
retardance coefficient for the soil-crop complex. In
the present analysis, Manning's roughness coef}icient
of 0.25 taken from Table lj.1 was used. The value was

used so as to take into account possible changes that
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might occur due to stage of crop growtih,

Table l.1: Common Retardance Coefficlents Used

in Border bDesign (Hart, 1980)

S0il Surface Condition Manuing's n

- —

Smeoth, bare soil surface

noncultivated, oil-mulch-treated citrus Q.04

Small grain, drill rows parallel

to border strip S 0410

Alfalfa, mint, boradcast small grain

and similar crops 0.15

Dense food crops, small grain with

drill rows across the border strip : 0.25




(13

Loly Summary of Design Parameters and Equations
Average slope of border strip, S5y = 0.00672

Average accumuinted intake expression,

0,799
- ¢
b, 2.5t (mm)

Manning's Equation is given as

1_.5/3 . 3
q = FI.: y L)n .............. - ?nz

Required Advance bquation,

X = 2.3':91:,(0”"" I vosse 2okt

Advance tquation (Philip and farell, 190)),

ol
x = 3 - ]
y 16,0 [—k_;ﬁr(un)—]i r(1-1n)

......... ceves 247

x = Sl"}':______z LR R I . e 2.8
ryyo +r,l,
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T o Design Calculations

Equation (2.2) was solved for the inflow rate q
for different flow depths using a value of ihe Mannlng's
roughness coefftcient of 0.25 taken {rom lable ).1.
The wvalue ul q was then substituted In iqg. (2.7) and
solved simultaneously with Eq. (2.}4) until the desired
advance dlstance of 90m was obtained, 'he corresponding
flow rate g was taken as the.required estimated flow.
Similarly, the value of ¢ obtalned In Egq., (2.2) was
substituted in Eq. (2.8) and solved simultaneously with
183, (é.h) until the advance distance of Yum was obtained,
In estimating advance in border irrigation using
Eq. (2.8), strelkoff (1977) ouserved that errors Letween
computed and measured advance are significantly small,
and around 1%. Michael and Pandya (1971), in using
Eq. (2.7), noted that the percentage deviation hetween
measured and computed advance values range between 2
and 10%. Thus, the errcr in the advance estimate
relative to the field length at the end of the design
advance time was limited to about +1i4 for the Strelkoff

method and about +2% for the method of Philip and
Farell, (1904). The results obtained from this

procedure gre presen{ed in Tables .2 and l. 3.
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Table 4.3: Solution of Advance Equation (Strelkoff, 1977)

Design Parameters

Manning's roughness ccefficient, n, = 0.25
Time of advance, T = 97min

Required Advance function, X = 2,359 tx0.795

Inflow Flow Estimated kstimated

rate depth advance Error Remeris
q Yo X

(p¥/min-m  (m) (m) (4)
0.125 0.060 80.3 +10.8 Low flow
0.135 0.063 85.4 +5.2 Low flow
0.147% 0.066 91.0 -1.1 Satisfactory

flow

0.156 0.069 95.4 -6,0 High flow

* Required Estimated flow.
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4.6 Adequacy of Inflow

The method of Philip and Farell (1964) resulted
in an inflow rate of 0.108 m3/mln-m while that of
Strelkoff (1977) gave a value of 0.147 m3/min-m. The
required estimate was taken as the higher value of
the two flow rate estimates which is 0.147 mj/min-m.
in order not to under design the capacity of Lhe
field channels.

An impeortanl constraint on Lhe flow rate is the
need to prevent erosion on the irrigated strip,

The maximum non-erosive flow rate per unit width
of a border strip is given by Hart (1280) for small

grains and pasture, as

- e vl
(1.059 x 107°) 5_ 02 ivbenes Bt

qmax

where
R maximum inflow rate, m3/mln-m and

SO

slope of border sirip; m/m.

For the current example, Upa, = 0.451
m3/m1n-m. Since the desired inflow rate, q = 0.147

m3/m1n-m, is much less than q it is congidered

max”’
safe against erosion hazards. Thus the estimated

inflow rate q = 0.147 m3/min~m is consideuered

adequate for the design.
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h.7 Water Applicalion Effliclency

The application efficiency obtalned from actual
field operation is given 1n Toble 3.10. The eff{iciency
range between 50.2 to 61.3% for flow rates ranging
from 0.122 to 0.160 m3/min—m, at the current
management level of ilie farmers at Kadawa Irrigastion
Project. Nwa {(1982), showed that an application
efficiency of 60 to 65% may be achieved with an
inflow rate of 0.15 m3/min-m. ln addition, the
farmers in the projecl area are nol likely Lo be able
to manage the irrigation practices well enough to
ensure high water application efficiency wvalues.
Furthermore, Lhe advance and recessiou curves (fig. 3.3)
obtained from Border Strip 3.2-3 and whose slope
value was used in the design calculations were found
to be approximately parallel, which indicated that ihe
water applied wags uniformly distributed along lhe length
of the border strip. The water application efficiency
value corresponding to the bLorder strip was found to
be €0%., Thus, a water application efficiency value

of 60% is considered adequate for the present.design.
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.8 Summary of Design Procedure

For proper understanding, the steps to be

followed in using the design procedure are gilven

sequentially as follows:

Te The first step is to carry out an advance and
recession test including measurements of flow depths

on one or more border sirips.

2. From data obtained in step 1, plol advance and
recession curves and using curve fitting
techniques determine the advance and recession

functions, and Lhus obtain values of c, ¢, and m,

3. The required recession curve is obtained from
the average of the recession curves for the three
strips tested and thus the required recession

m
function (Xr = ¢t Yo

ke The required advance function (£ = ctxm), is then
obtained for the required advance curve by
regressing advance distance against advance time
and the time required for the water front to reach

the lower end of the field, a distance, L, can be

determined from the established advance function.
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The data on surface storage from the f(irst

test runs are used, and a surface storare versus
time curve Is drawn. Cuarve=fitbtine then allows
the determination o’ the surface storspe

equation from the general function

S = ATﬁ exp (BT 3 )

Using the test inflow rate, and the surface
storage equation, and knowing the advance

exponent m, the equation

Q-8 = mkr™? (n+2 ,m).. 2.16
Do = S B P '

can be solved for k and n. The ejguation can be
easily solved by using two values of T, Q, S5 and

X.

An estimate of the depth of water to be applied
is made from the results of laboratory tests of
available moisture capacity on soil saaples
taken from the rootzone, The avallable moisture
capacity estimate is taken a3 the depth of water
to be applied. The estimate' water application
efficiency is used to detern ne the gross depth
of water to be applied and the corresﬁonding
time of application (ponding time) determined
from Eq.(3.1).
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Select appropriate retardance coefficient, (T

for the stage of crop growth from Table L.1.

Using the selected n_ from step 8, calculate

T
q from Manning's equation for the value of average

flow depth y.

Using Eq. (2.7) or (2.8), calculate the advance
distance that would occur in the advance time
obtained in step 3, and compare with

L(110.02) or L(1+0.01).

If the estimated advance distaice from step 9
lies in the given range, the corresponding values
of q and y are satisfactory; otherwise they

are unsatisfactory and a new value of flow depth

is used in step 9,

Select the higher value of q from the results of
Eqs. (2.7) and (2.8) and check the flow rate

against @rosion hazards using BEq. (L4.1).

Establish the channel slope from the consideration
of the slopes in the field and select appropriate
value of Manning's coefficient to be used from

literature and design the field channel.



5.0 DISCUSSION OF RESULTS

The illustrative design indicates that the
estimated inflow rate of q = 0.147 mafmin-m is
adequate for attaining the design efficiencies. The
use of average recession curve is not expected to
introduce any appreciable error since the slopes of
the three border sirips were approximately equal.

The suggested design has been based on the need
to have uniform water application by ensuring that
the advance and recession curves be parallel. The
inherent variability in the infiltration characteristics
of the soil, however, would make it difficult to
obtain perfect uniform water application. The
design parameters: the infiltration rate, and lhe
water application efficlency, both vary with the
stage of crop growth, and surface condition of the
s0il. The design would have to be modified to
take into account the anticipated changes in Lhe
parameterg being used. It is belleved that the
suggested design procedure would be very useful
not only for the modification of existing Porder

systems, but also the establishment of new ones,
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The resgults obtained for the water application
and distribution efficiency from the border systems
showed that the distribution efficlencies were
satisfactory in that they agree quite well with the
velues given by previous investigators for the same
area. The water application efficiency ranged from
50.2% to 61.3%. The low value in the water
application efficiency could be due to drainage
problems in the rootzone because drilled holes for
the installation of plezometer tubes indicated that
the s0il was extremely wet as from 0.60m below the
surface. The results or molsture deficit test
Carried out showed discrepancy in moisture use by the
¢rop. This may be attributed to varying degree of

molisture contribution from the water table,



6. SUMMARY AND CONCLUSLUNS

A suggested design which could be used for the
modification of existing border systems as well as
the establishment of new ones was developed. 1t was
based on the need to obtain high uniformity of water
distribution by ensuring that the advance and
recession curves be parallel, while at the same time
maintaining a satisfactory level of water application
efficiency. The design could be modified to take
into account changes in the parameters used that may
occur from time to time on Lhe border strips.

The study also include measurements of ground
water table (by the use of piezoweter tubes) and soil
moisture (by taking samples of the soil in the
experimental area).

The following conclusions could be drawn from

the results of the present study:

1. The developed design is adequate both for the
modification of the existing borders and the
establishment of new ones. 'The design can be

used for any fleld that is suitable for border



2.

3.
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irrigation by using the design parameler

estimates that can be obtained from the field.

The performance on the border strips was
satisfactory, except for a low value of water
application efficiency which could be due to

drainage problems below the rootzone.

The estimated inflow rate q = 0,147 m3/min-m is
adequate to attain design efficienclies and safe

against erosion hazards.
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APPENDIX A

Evaluation of Intake Coefficlents and

Water Application and Distribution e£fficiences.
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APPENDIX A

Table A1: Evaluation of Intake Coefficients (border

strip 3.2-1).

1 2 3 | 6
Advance Time of Cumulative Suréace Cumulative Accumulated
distance advance inflow storage infiltrated infiltrated

volume depth

X T 30' § Q-5 (Q=-5)/X

(m) (min) (m”/m) (m?/m)  (m3/m) (mm )

15 6 0.96 0,77 0.19 13

30 12 1.92 1.28 0.6 21

4s 20 3.20 1.80 1.40 31
60 3 - Sy 2.47 2.97 149
7 L8 7.68 3.23 L.445 59
90 7h 11.84 3.06 8.18 90

Accumulated Intake Expression:

Da = 3.09 t0'765 (for Intake time)

Da = 3.19 79765 (for Advance time

R = 0.998
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Table AZ: Evaluation of Intake Coefficlents {border

1 2 3 L 5 6
Advance Time of Cumulative Surface Cumulative Accumulated
distance advance inflow storage infiltration infiltratel

volume depth

X T Q S Q-5 (Q-8)/X

(m) (min)  (m>/m) (nd/m)  (m?/m) ()
15 7 0.98 0.8 0.18 12
30 16 2.20L 1.6 0.78 26
45 23 3.22 1.79 1.43 31
60 32 L.L8 2.29 2.19 36
75 LS 6,30 3.00 3.30 Wy
90 59 8.26 3.40 .86 GL

Accumalated Intake Expression:

Da = 3.11 t%°975 (for intake time)

Da = 3.‘?5.?’1'0'6?5 (for advance time)

R = 0.989
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Table A3: Lvaluation of Intake Coefficients (border

strip 3.2-3)

12 3 L 5 6
Advarnce Time of Cumulative.. Surface Cumulative Accumulated
distance advance inflow storage infiltrated infiltrated

volume _ depth

X T ' Q S Q~-5 (Q=-38)/X

(m) ~ (min)  (m/m) (m?/m)  (aPfm) ()

15 6 0.95 0.82 0.1 | 9
30, . 15 2. 1.52 0.88 29
W5 27 .32 2.17 2.15 W7
60 LO 6.140 2.71 3.69 61
75 57 9.12 3.24 5.088 78

a0 70 11,20 3.83 Te37 81

Accumulated Intake lixpression:

Da = 1.47 tO'B (for intake time)

Da = 2.11 T2*® (tor advance time)

K2 = 0.957
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Table Al: Watef Applicntlon and Distribution

Efficiencies (Ten weeks after planting).

Date Border Strip Application Distribution
No Efficiency (%) Efficiency (%)
5/3/88 3.2-1 . 50.5 ©89.0
. 3.2-2 0 ooz ¢ 69.0

3-2"'3 6103 79-8




86

APPENDLX B

Advance and Recession Curves
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APPENDIX C

Average Flow Depth Profile and Surface Storage

Curves,
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APPELUDI X D

Bulk Density and Moisture Deficit Evaluation
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APPENDIX D

Table D1: Bulk Density and MD for Border Strip 3.2-1

Sampling Soil depth Bulk Soil Moisture M.D
point _ density moisture used 'i
} (m) (g/cmB) add ed
o (mm) {1 } (%)
Upper 0-0.20 145 36.3 27.0 l?h.h
!
0.40-0.60 1.30 19.2 10.0 - 52,0
Mid= - 0-0.20 1.45 19,4 16,5 185.0
Field 0.20-0.40 1.38 by 12.0 183.0
.
0.4 0=-0.60 1. 30 12.h 9.0 i72.5
Lower © o 0-0.20 1.45 8.7 2h.7 :85.0
End . 0.20-0.40 1,38 24.7 16,0 76.0
i

0.4,0-0,.60 1,30 21.6 11,0 51,0




Table 12: Bulk bensity and M.D far Border

ok

13

Strip 3.2-2
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Sampling Secil depth Bulk Soil Molsture M.D
point denslty moisture used
\ added
: (m) (g/cmB) {mn) (nun) ()
Upper 0-0,20 100 24,0 22.0 7THe8
End 0.20-0.10 1430 1.6 10,0 68,5
0.40-0,60 1. 30 M.5 8.8 6O, 3
Field 0.20-0,40 1.38 15.0 10.5 70,0
Ool.l(."'OQbU 1.30 11.6 '7.0 60.3
Lower 0-0.20 1.45 23.0 18.4 80.0
End 0.20-0.),0 1.38 17.0 13.0 76.5
Oou0'0u60 1-30 12.0 7-2 60&0




- 100

Table D3: Bulk Density and M.D for Border

, Strip 3.2-3
Sampling Soil depth Bulk Soll Moisture M.D
point density moisture used
s added '
{m) (g/cm?)  (am) (oun) (%)
Upper 0~-0.20 1.45 1.6 25.0 60,0
End 0.20~0.40 1.38 25.6 14.0 Sh.7
0.40-0.60 1.30  23.6 10.0  L2.4
Mid 0-0.20 Telt5 34.9 22.7 65,0
Field 0.20-0.40 1.38 22.9 12.0 52.4
0.40-0,60 1.30 22,9 10.0 3.7
Lower 0-0.20 1.45 22.5 13.5 60.0
End 0.20-0.40 1.38 18.5 10.0 54.1

0.40-0.60 1,30 15,6 8.0 51.3




