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FREACE

This thesis attempts to put forward precisely, the essential
elements to be dealt with when planning and designing a new irri-
gation scheme. Although the title is for the planning and design
ning a minor irrigation scheme it is kept in mind that owing to
the substantial amount of money spent in establishing even a small
irrigation scheme, planning and designing a minor and a major
scheme are carried out more or less on theflameprinciples, The

difference being only in magnitude but not in performance.

The scope of irrigation is world wide, and extends from the
sources of water supplied to the drainage outlets. In between
these limits are such items as how to use land and water efficient
tly, when to irrigate and how to irrigate, the relationship of
soil, water, climate and irrigation practices which are all embo
died under various headings in this thesis.

The first part of the thesis deals comprehensively with most
of the major features in irrigation planning and designing,Typical
nomographs and designs of certain irrigation elements, backed with

thepratical considerations have been included for illustrations.



The second part deals specifically with Gafara irrigation
Scheme in Yauri division of the North Wsstern State, In this part
althoug a review of the available informations regarding planning
and designing of the Scheme was made by the Author no attempts have
been made to alter any designed elements which are included in the
thesis. Some of these elements are the designs of the distribute-

ry canal design and the irrigation design data.
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SECT DN 1.
RODU

Irrigation is essentially a method of providing water for plant
growth when the natural rainfall ic inadequate., To a minor extent
irrigation can be employed to aid in the control of 80il and air tem-
peratures and of inseet pests and to lead out excess soluble salta,

Irrigation projects are agricultural establishments vhere
controlled water supplies are applied to lands in order to grow crops.
They include engineering works required to obtain, to convey and
deliver water as well as areas on which crops are grown., They must
include drainage works as well as supply works,

Many irrigation projects contain some lands that cannot be formed
and some other lands which are used for ancillary wrks. They include
are28 usged for fam buildings, fam schools, canals, rcads, highways,
small vodies of water, low areas that become water logged, areas of
unsuitable soils, areas too rough for cultivation or other lands that
cannot be made productive at reasonable costs.

Irrigation projects vary in size from small single — farm units
to.sxtenu:lva areas of several hundred thousand acreg. On a small fam
project, works needed to econvey water may be simply a diversion weir
or an inexpensive pumping plant, together with shallow ditches and a
few minor controlled structures, It is on the planning and designing
of this type of scheme that this thesis refers to, However, it is good

to remember that on o large project that includes many fams all -



2

foatures of irrigation are magnified, more complicated and more costly.
In some regions 8upply works of small or medium size irrigation schemes
may consist of several pumping plante ond continuous pipe conveyance
and digtribution systems.

In this country irrigation is becoming increasingly important esa—
pecially in the Northem partc of the country like parts of North Wes—
tern, Kano, North Contral and North Bestern States where the devasta-
king offoct of drought has been experienced. It is therefore necessary
in such places to resort to irrigated sgriculture since the natural

rainfall is wncertain and unevenly distributed both in tune and space.

Pable 1 below illustrates projected development of irrigation by

gsomo states in this country.

PROJECTED IRRIGATION AND DRAINAGE DEVZIPMENT IN SONE STATES

S Planned Develomment Project Developmert
STATES EXISTIVG DPEVEIR PMENT 1970 = 1974 1974 -~ 1980

ACRES New Total | Bstima~ (New Areas] mptal
Acras| Area ted Ex- Acros Area

in'74 { pendi- Acres

Acres ture

B

Te EKano 1400 5000Q] 50000 123000001126,000 | 175000
2. N,West 5300 22600] 28000 | 2140000 | 56,000 84 C00
5« XN,Bast 6500 5500y 12000 | 2684000 | 75,000 87000

4, ¥.Central T00 12300] 13000 i 22,000 35000

e e — e = ——
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Howéver in planning irrigation projects to a gainful bencfite cer-
tain conditions must provail in order to achicve success, Afmong thesa
conditions are the suitability of the irrigablc arca for continued
Agricultural operations, cheap and dependable water supply to farmers
and prevailing climatic conditions adequate for proper growth and matu—

rity of c¢rops,

o BLANIING IRRIGATTON PROJECTS.

IffTEDDUCT-IﬁIQ .

In all irrigation projccts adequate planning ic essential and it
is one of the first procedures underiaken in the development of an
lrrigation scheme. Preliminary plan must Le prepared and often modi-
fied as devcelomment contlnues, |

Flanning work should be carriod on in a8 complete a ms;;ther as' s
poséible. Proliminary plan which often are based on existing informae
tions are neceessarily approxinato, Subsequent plan on ficld mecasurcments
should be more accurate. However, some dhanses may be found advisable
a8 work progresses mnd now dgta becowe availakle, Alteration may be

o

necessary even after construction begina.

The work required in planning a new projoct increases. m_th ;t;he
gize of tho project. Small projects that include only adjacent areas
ordinarily can be planned without lungthy procedures. However, no mat-
tor the sizc of tho scheme the objcetives of its planning should be

realised,

i



T B PLANNING OBJECTIVES,

The ¢bjectives that should be attained during planning include de—
torminations and evaeluntions of nll general factors invelved in the de-
velopment of z projcct. Planning studies showld considor also general
types, locations and costs of irrigation works, methods of oporation and
all conditions of land and water use. Bhe irrigation systems must ensure
in duc time the reguired amount of the water delivery to the irrigated
areas for maintaining the most ceonomical, oplimal, water-air, salt and
nukrient regime of the soil with a view of continuwus increase of fert—

ility of lands under irrigation.

Keeping the above objectives in mind, there are certain principal
factors vhich constitute the preliminary planning and the feasibility

of the project which the designer should detormine. S

THE PRELININARY PLANNING.

The preliminary planning of the project should w;rork out fthe major
features in cnough details to determinoe the feasibility of the proposed
projecte The first stage in the preliminary planning is the assembling
and digesting of all available data. Thoese aveilable data mey include
oarly rcports on land, soil, geological surveys, weathor and stream
flow records. Qthers may be general informations on agricultural @xpoe

" rienco on adjoining lands, markoting centres and other local develop

ments,



Some sources from which data mgy be colleeted inciude:—
Guwtry Surveyors, State Bngincers and departments of public works,
Agricultural sxperimental stations pnd extension scrvices, Federal pover
authorities and ministries responesivlec for agriculiure, plant industry,
30ils, geological surveys and weather conditions.

Wen existing data have boeen collected, analysed and adapted to
current studies, additionsl data needed in preparing preliminary plans
for major projeet features can be sccured hy special surveys and other

limited field investigations.

Pz;eliminazy desipgng for condults and gtruectures and estimated costs
of construction ugually can be based on the dantn for completed projceta.
Where Storage reservoirs are required approximate capacities ean be eal-
culsted from measurements of typical Cross Sectionsa

SR

DETERMINATION OF FEASIBILITY.

In noking the preliminary plenning it is necessary to determine tie
feasibility of the preject in order to judge whether the project will
be both dechnically and economically sound., Some of the aspects that
should constitute the determination of the project such as its location,
ragnitude and its major feastures: the aconomic aspects and  %Yedhnieal

Boundness; the financial aspect and the nationanl cconomic benefits.



P iING FOR D USE.
BACK GROUI'D _INTORMATIONS,

The importance of proper planning of land to be used under irriga=
tion can be realised when considering certain physieal characteristics
of the land, Sorme lands which may be casily and cconomically watered
may not merit inclusion in th: irrigable acmage becausce of unprodug=
tive @0il compocition, wndesirable soil texture, difficult drainage
possibilitics, presencc of undesirable soluble salts or danger of dove=
loping alkali surfaces under continued irrisation. Other lands which
may cost more to irrigate may descrve inclucion becausc of ideal s0il
characteristies, easy drainage, and high prospects of developing into

permmancnt and prosperous productive aress,

LAND CLASSIFICATION.

For the purpose of identifying the so0il types and their characte—
risties the land to be irrigated should then be classified into cate-

gories, Usually land Clossification Ficld Shoets are prepared and

detail Jland classification reports should be made., The detail required
for planning the irrigation systom of the Schome should be done Dbased
on the informations containcd in the Ficld Sicets and the classifica-

tion rcports,



PDIL SURVEYS ~ METHODS.

i Another important back sround informstion required for planning
»
of the irrigation systen of az projeet is thie soil survey of the project

site. !

Soil surveys are made by cxanining and recording all pertinent
sﬁil conditions in tho fiecld, taking representative 3amples in  the
laboratory. Test pits are duz at approprinte locotions and berings
.aro ande to detemine the diaracteristics of the prineipal s¢il hori-
Zons. All soil conditions are carcfully observed and reeorded inclu-
ding surface drainage, subseil drainage, presence of of alkali salts,
typee of oxisting natural vegehbation, stohiness, gravel constituents,
organic matter, texture structurc ete.

FProm the ©0il survey investigations of the ficld the following
important relationshiv can be determined:

(a) Water relation of s0ils -~ water retaining and water tra.ﬁs-.
mitting capacitins,

- (v} Water ~ obsorbing - and - $ransmitting & lity.

PLAMMING TOR ATWR USE. o o
The suceesa of cvery irrigation project depends largei_v on the'.
adequacy and the dependability of its watcor supplys In planning and
designing for an irrigation preject therefore a detail study of the

dependable source of water as well a8 its guality mu3st be mada.



JNATER SUPPLY STUDITS.
The planning of irrigation water must be preceded by and based

on the accumulation of dependable information concerning water supplw

The quality of Irrigation Water is detcrmined by the composition
of disolved substances in it, The principal solutes in water are the
cations e.g. sodium, calcium, mammesium, onion e.g. bicarbonate, sul-
phates, chloride, Boron, floride and nitrate are usually present in

low but significant concentration.

GIARACTERISTICS THAT DETERMINE TH
IERIGITION VOT ol
When investigating for the quality of irrigation water it is

useful to know that the charactericties of irrigation water that are
most important in detemining its quality:-
(1) Total concentration of soluble salts.
(2) Relative proportion of sodium to othor cations,
(3) Concentration of Loreon or other clements that may be toxice
(4) Undor same conddtion the bicartonate concentration as rela-
ted to the concentration of calecium or magnesium,
The total concentration of soluble salts is related to and can be ox-

pressed in terms of clectrical conductivity of the irrigation water.




Relative proportion of sodium to othcr cations can be expressed
in tems of sodium Absorptior Ratio (SiR). As this is tho absorption
ratic of sodium in a soil solution it is an indication of sodium or
alkaline bazard of the irrigation water, The ratio is defined by the
equationi-

Na®
o= = (ca'® 12 h
- i

where Na® ™

y and F'SH represent the conecentration in milli-
equivelents per litre of thesame ions. L morogram for estimating the
S.A.R. value of an irrigation water is usually prepared and a typical
onc is shown in Fipgure 1. In B S P scale is ineluded in the nomogram

opposite the SAR scalc.

The Exchangeable Sodium Percontage (BSP) is expressed as:

BSP =  100(=0.0126 + 0,01475 SLR)
14(~0.126 + 0.01475 SAR)

The ESP is also a valuable index of quality of irrigation water.
It is the percentage of the eations that mny cauwe wndesirable reac—
tions of base emchrnge wien the irrigation water infiltrates into the

root zone,
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CLASSIPIC/T DY OF T E IRRIGATION WATER.

It is worthwhile during the feasibility stufly of the project to
eclagsify the watcr that 18 to be used Tor irrigation. However, it is
to be understood that there are many wars of elassifying drrigation
watera, But whatever goneral method is usod it is atgsumed that the
water will be used under average conditions with respoct to soil tex~
ture, infiltration rate, drainage, quantity of watur used, climate and
salt tolerance of cropa.

Irrigation waters may be elessificd into four classes with res-
rect to conductivity, (Scc Pig. 2) the dividing points hetween closses
being at 250, 750, 2250 migromhos/em. Theose class limits were seloo-
ted in accordance with the relationship between tho cloectrieal condue—
tivity of idrrisation wators and the eleetricul econductivity of satura~

tion extracts of soil,

PLANIING CND DESTGNING FOR PLANT=WATER RELATTONIIIP,.

INTRO DUCTION,

The importance of this aSpeet of planninz lies in the necessity
of having a continuwous supply of available meisture in the root zone

of crops.
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During plannins and designing of this important aspect therefore it
is necessary to determine not only how much water the soil will hold
but also how fast this selected crops use moisturc and from what
depth they withdraw it. It is necessary alse to find out the distri-
bution of plant's roots as th.is detormiines its moisture extraction
pattern on which depends the size of the soil reservoir holding water

available to the plant,

HOTIN: GIARLCTTRISTICS OF PIANTS ATD THD
@NSULPTIVE USE.
The determinations of tic rooting churocteristics of the plants
to be grown and their consumptive uuce are compulsory in this aspect
of thc design, Usually two typ:s of consumptive usc of the plants .

should be determined and thesc are:

1. Seasonal Consumptive Usc total amount of water used

in evaporation by a crop durins its growins season, This consumptive
use is useful in cvaluating ard determining scasonal irrigation water
supplics,

2. Peak = Peoriod Consunptive Use — This ic the average daily
water-use rate during the 6 to 10 days of the hichest consumptive use
of the season, This ic the desigm rate to be used in planning an

irrigation system.
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METHO DS OF_DFTER TNIFG ONSU.PTIVE USE.

There are five principal methods by which conswiptive usc can be
necasureds- tank and lysimeter oxperiments,; fiecld experimental plots,
80il moisturc studies, intcgration and inf low = outflow for large
areas.

Climatic obsServations as an index to consumptive use have bean
used by rescarchers to caleulate consumptive use of erops, In this
regard low temperature, humidity, wind veloacity, vapour pressure and
30 lar ratiation inf luence on conswmptive use has becen studied. Penman
in Bngland, has nade the rost complote ana 71is usl e, several climatie
variablos, whercas taaperaturo has been uw 4 as the principal variatle
to obtain index to consumpti- ¢ usce by Tho- fiwaite in the humid eas-
tern United States, by lowry and Johnson, w:d by Bluney snd Criddle in
the arid westorn United Statos.

In the lowry -~ Johnson ncthod n lincenr roelationship is  assumed
between "effoctive heoat" and ronsunptive vse, The effective heat is

taken a8 the acoumulation, ir degroes, of raximum daily growing sea=-
son temperaturcs above 32 Op,

The approximate relntionship

U=0.8+ 1,156 F
is used in estimatin~s the valle; comoumpti-2 use by the lowry - Johne

son mcthod.
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Where U = Consamptive use in acre fect Per aerc

F = offective heat in thousands of day degrees.

LANEING AND DOSICK NG 40 .: FRE_("_U;E_HCY ,ND AMD UNT
QN JRRICATION,
IRRIGATION TR RSVWIREA ZNT -~ Having determined the consumptive use
of Crop the desigmer should now procced with the design of the irriga-
tion requirement which is the net requiremcnt plus thic loss  incurred
in distribution ard in the application of water; the net requirecment
is the amount exclusive of precipitation required by the Crop to the
amount of watcr that must be stored in the root zone to meet the con-

sumptive usc required by the crop.

TYPICAL DDSIGI,
Suppose the following are typical datz colleeted for a new irrie

gontion projcct:-

1. Fiecld Copacity (PC) is 3¢

2. Wilting Point (WP) io 263

3¢ Availablc moisturc content is T%

4, Bulk density (BD) of zoil is 1.25

5. Mage design infiltration rate is 12m/hour

6. Suppose the crop is alfnlfa and its punk consumntive is 5m/dmr

T Effoctive design root zonc (H.z) is 1.2n.
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8, Critical moisture content for the effcetive root zone is 400
above wilting point (i.c. next irrigation is earried out when
60% of thc available moisture in the effective root zone has
been uscd up).

9. Design system efficicncy is T5%

Net Wotor Reauiropont: = (N.W.R.) is riven as

(Fc - W) (%of c.P.) (R.Z.) x 10
= (3-26)x60f x 1.5 x 1.2x 10

= 3 1000 m2

Gross Water Requircment: = (G.W.R.) is given as

Het Water application For Desim
Efficiency of Systenm

=l_2 %z 100
5

.*. GoW.Re = 84 m°/ 1000 g2
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Theoretical Irrigation Internal or Fregueney:

= Not_erownt of moistarc. vopwoon £icld eppoeity snd moisture starting level
Penk period meisture use rato of Crops.

OR

= Net dopth of auplication
Peak - poriod use rate

=6
S 15

= 12.6 days

= 12 d!&ysc

eriﬁa.tion Period « This rofers to the nubur od days that can  be
allowed for applying one irrigation to a given dedSign area during the
pealk consumptive, It gives the bascs for capaeity and equipment de—
sign. This can bo determined as:

Net amount of meisture in soil between start of irrigation and

ower limit of wmoisture deplotion.

Poak — period moisturc usc rate of crops.
-0 ther methods of detomining frequency of irrigation inelude:
1. The Yoel and appesrancoe method!

2. Ilrrigation vy determining soil moizturc.
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Time Required For Water Application.

The time required for wnter application is desipgned aB:

Time in Hours = dcpth in inches x Acres
B« Ds Mo

PLAINING £HD DESIGNI'G FOR ! JWCDS OF IRRIGATION

There arc various wemns by which irrigation water can be applied
to fams, The three general wethods by whiich this can be carried out
are:-

1« By surfacc irrigation in vhich furrows, bordcrs, basins and

wild flooding nny be uscd.

2. By sprinkling.

%a By sub surface.

EVALUATION OI' TRRIGAT N SYSTTMS,

Before any onc methed is adapted it should be cvaluated with res-—
pect to s0il and topography. Somc of the poverning factors of what
method to use include: the type of soil, thc¢ topography of the 1land,
the intake rate of soil, water holding capacities and the type of crge
to be growm,.

Three types of methods amnd their requirements arc discussed in A,

B and C.
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A. Method of Furrow Irrigatior,

Purrows arc suall diannels L;yim; clong the length of an
area at definite intervals, with predetemmined slopes, The water
enters the furrow throush its upper inlcet and thus convey the water

over the soil surface in smnll indivisual parallel stroams.

"D REVUIRENE
1e¢ Dismcnsions - The longth dopends on the soil type, crop, water
flow rate, s0il slope and cultivation practices. The reasonable
allowable lengths are 30 - 400 metres, The furrow interval is fixed

generally by the type of erop irriconted.

2. Haximum allowable length of furrow - This ean be decided after
knowing the rate at whiich the differonnt size of streams advance and

detemining time that can be allowed for it to get down the furrow,

3. Sizes of streams = This is generally a matter of judgement
through irrigation trials, but the decision can be affccted by the
slope of the ficld, type of @oil and the length of rune Generally the

discharge depending on the above factors con be between G5 to 3’13A'l!8

4, Tinmc required to refil the soil rescrvoir -« If the necessary
depth of water put inte the s0il has bLoen detemmined the time requirdd

to put this depth into 2o0il chould be ealeulatoed.
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This could be calculated by the formulai-

1
@ D (11 + 1_.)) b 2 o whore
K

=]
]

= Timc roquired to refil the soil rescrvoir.

=
]

intake rate intercept at unit time.

h = slopc of th.e furrow linc,

5. Maximum Allowablc tim: to get water through the furrows In order
to mecet the eriterion for rpod irrigation the strcam fronts should
reach the lower ends of the furrows withir onc-forth of the total time

needed to refil the soil in the zonc.

6. Slopec Requircment - The furrow is limited by two requirements:
(a) the minimuwa slope that will allowr a reasonable f low without
overtopping.
(b) the mazimum slope that will not eause crosion duc te high
velocity. The rveasorable allownble furrow slopes are between
0.1% to 0.5%.
T. Adaption = [Furrow can be suitably adapted to all row erops and

where hand is sloping or the scil has a tendency to bake or crust.
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METHODS A'D EEANS OF DISTRIGUTIDN OF WATER
T _FURKO S,

Uniform distribution of water to furrovs is the most important

practice in the furyow nmethed of irrigation.

arc j=-

Some of the methods by which watcr cn be distributed to furrows

1.

2e

3e

By means of tumporary irrigation nctworks. Depending on
the s8lope and the land lovelling: a temporary irrigation
nctwork may be made running cithor longitudinally (Fige3)
or erosswise (Pig.4). In the former casc the ficld ditches
aro constructed paranllel to the irrigation furrow anil pere

pondicular in the latter easc.

By moans of tomporary irrigation networks using small irri-
gation accessories (sirhons, irrigation tubes, ctec.) See

Fig. 5 a -"nd Bu

By means of flexible or rigid irrvigation pipe lines +to
replace distributing furrows :nd somctimes, field ditches,

Sce Fif'_.'o Te
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B, Method of Border Irrigntion Systcum.

The border method of irrigation consists of dividing the field
into a series of borders by low flat dykes, or ridges constructed in
the dircction of greatest slope. Water turncd into the upper end of

each border moves down the slopc in a thin sheet guided by ridges.

The following nrc the propertics and the requiremcnts of border

irrigntion systomi:-

1. Dimersion = Althouwh this depends on the soil type, crop dis=-
charge, slope nnd method of cultivation (width of tractor or plough),
Planting distonces, ficld dimensions cte. There are somec standards as

s3tatcd below:

Width of strip: 5 - 20 netres,
Length of strip: 75 <400 metres,
Height of ridge: 0.5 metres,

2. A4 level surface with n mild slope = Thics nmethod is commonly used
when slope in the direction of irrieation ranges from 0.1% for most

crops to a8 much as 6% for pasturc l-and.

3. A snooth homogenous surfrce.
4, Limits of Discharge - Thc reasonable limits of the discharge

for those strips arc between 50 - 500 m3/110ur.
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Ce The 8prinkcling Mcthod,

' Sprinkling methed is adopted in ihe conditions where surfaco
irrigation methods are in-efficient. For exsrmple 8prinkling can be
adopted to londs thiat econnot be ocbnomically nrepared Tor surface mee-

thods, to londs with cxcessive Slopes, irrezular topogrephy, crediwve

201l, oxcossively pcr;meable or impemeablo s0il sete,

F

I
I
T
i

THE SPRITVEINL SYSIT.,

The sprinkler system includes the sprivkler, the riser pipe, the
Inberal distribution pipe, tho main pipe line and the pumping plant.
Sprinkling systems may be clnesified a8 somi-permanent, pcecrmanent or
portoble aceording to the malke up of its components,.

Threce penekal types of sprinklers nre we:— fixed nogzles atta~

ched to the pipe, porforated pipe, und rotnting sprinklers.

™2 SPRIFKISR SYST™T DESIGH REQUIRAITT.

The important foctors in the suecess of sprinklor systems are
first, the correect desigm -md sccond the efficiont opoeration of the
dosigned system, The basie informations necessary for the desiygn of
a farm irrigation systen is obtroined from four Sources, nomely; the
soll, the watexr supply, the crop to be irrijated and the climate.

Othor requirmonts arc that the Sprinkling'should be deosigned to

correct performance, sufficicnt capacity and pressure.
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PLANNING A'D DESIGEDNG 0¥

Adequate planning for sprinkler irric.tion include8 an inventory
of thc resources of the fam and integration of the operation of a
system with other required fam operations, Planning should be done
to accomodate different eropning pattern uhiich nay arise as tho result

of the development of n balanced erop rotation nnd nlso to provide for

future expansion nceds,
To design o sprinkler irrigation syste: the following itoms are

determined; -
1« Oollection of data.
2a, Cross water requirement nf'ter considerction of effective rainfall.
b, Conzumptive use of water for n2ll irrizated crops,
c. BEffective irricatdon interval for all crops.
3« SBoleetion of sprinkler,
4. The system layout,
5« The number of laberal positions nceded per shift and also deter—
mination of lateral discharpge.
6a., Sprinkler overating tinc.
b, Number of irrigaticn shift per day,
¢, Number of lateral per irrigation shift.
d. Total number of later~ls per ficld,
T. Lateral diamcter.
8. Submain dianeter,
9. lMain line diameter.
10. Preparation of instruction plan for the famer.

Typical designs of 8prinkler lateral wd submain are shown in
thoe appendix. .
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PLAYIING AND DESIGNING FOR (ONVEYANCE O ANNELS.

BACKGROUTD INFORMATION.

The conveyence of irrigation water mrr be in clcged conduit such
a8 pipes or in open earth canals, The following paragrarhs are on the
Process of establishing an earth cananl, The canal and the channel
will be inter-changeably used since their function is to wonvey water
and their difference is in size.

Before starting off to design a canal or a channcl eertain basie
data must be known, Among these are hydrolosic history of loeation,
80il condition such 45 horizon and pemmeability, source to supply
delivery system, area to be supplied by the canal or channel and the

irrigation fam requirement.

T Z DESIGN OF 4 CANiL.

To design a canal use must be made of weather ciarts of the areae.

Graphs and monogramis or algebraic caleculations are nlso used to get
a solution, For example, in locatins the canal on the zround the eut
and fill at any particular section moy bte ~ccomplished by using the

algebraic expression a8 given below:-

L '*231 “E( b+ %) (@ -x)+ (s4+52) (h_x)2;

{1 4K

(See the sketch of 2 typical canzl section for the notation (Fig.6).
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D R F THE CLNAL.

Having known the specific gquantity of water that the fam requires
in say, X - acre metre of water, this amount is then converted to rate
in metre cube per sccond usunlly designated a& Q. This ean be done by
using the emperical fomula for the water apolied to the fam:e-

Qt = da

Where

Q = the discharge roto.

t = time required to irrigate the areas
a = aren to be irriscoted,
a = depth that the volume of water used would cover the land

irrigated if' guickly spread wiformly over its surface.

Subatitution of the varinbles a, d and 4 will yield Q in desired
units,

USING MNTINUITY EOUATION,

With the knowlodge of Q, the continuity equation can be ocmployed
in solving the problems of the eannl design. The contiauvity souanticn
is given below:-

R =4, V, = 42 Vs  F esesens Ap Vi

Where
A = Cross sectional arca.

V = the average veloeity.
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The dircet mcasurcments of the canal or channel Section give the
area A. Although the crose section may change e.ge When A increcases,

V decreanses and vise vaSa nevertheless @ ranmains constant.

DE VEDCITY,

The velocity of watcr in channcl is affected by the frietion,
obstruction and slopee The vulocity used in the mannings formula is
determined by threc dependent variables, nomely, S the slope; R the
hydraulic radius and n, called manninge n fter the man who developed
the equation.

Mannings oquation stataess

V= E B g
vhere
A
R = the hydraulic radius = T and
P = wetted perimcter.
For uniform flow the depth and the veloeity terms are thesame at all
points, from this 24 T 3 =h. This the cnergy loss from point to

2
point, If the cnergy loss per foot of lensth is ealled S, then for any

h
open channel S = = Sin 6o

whoere

e = the angle between the energy psradient nnd a horizontal planc,.

Rearranzing h =8I
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hc rolation betweon the botton slope §, he ancle of the tottom

with the horizontal, Gy I, and 2 - 22 is oxpressed by the equationi-

o = 2 -2

1 Cos @
2 2 __1___
So - a. - 22 ( Cos & )
I
= m
So ma 0_ = tar. G'

end 2y = Z, = SoI (s @
(<]
since tho bed slope & is small (5 @) we find Cos @I, or 8in & =

tan @ and S = P .

The swove relation applies only to uniform flow, S is the energy
loss por foot longth. With the krnowledge of vhat variables are in
mannings equation, velocity can bo solved »nd used to compute rate of

dischargc per given tine.

Pi=-SIIT ' VER CITIZS,

When determindng the canal gradient, the veloecity of flowing water
should be fixed up in such n Wry as to Securc the transport of sediment
on the onc hand, and to avoid the washing out of the material of eanal

sectier, on the other hand,
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To know the d.’itifml non~ailtins flow velocity, it is necessary to
have information about the composition and tic anount of sediments in
the irrication source, <+t happens very ofton that mud content in  the
river water is so grezt that thoe transportation of the whole volume of
sediments to the field throwh eannl is rathor difficult throush tech-
nical and ccononical stant points, In this ease it is expedient to
envisage Silt - excluders at tic headworks of the irrigation system
vwhich will serve for trapping the coarse sedinents, Due to this eanals
should be designed for transporting only tho romaining sodiments which

ar: mainly of finc claye.

Table 2 shows limiting velocities for cscentinlly straight

canals after Aging. (computed from Forticr and scobey).
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. TABLE 2.
N B
| LIMITING VEI CITIES YOR MSSTUTIALY SPRATGHT cANAlLS,

-{fq_i-ﬁ-é of |¥Velocitice in m/sec.
warwmazas | tehe el
4, e ting co=
A L 1lpidal
- S5ilts,
Fine Sand colloidnl 0. 020 0.4 C.8
Sandy lomm, non-—colloidnl 0. 020 0.5 0.8
Sukt kinpn bib—colloidal 0. 020 0.6 0.9
Alluvinl B5ilts, non-colloidal C. 020 0.6 1.1
Ordinary fim loam 0. 020 0.8 1.1
Volennic Ash 0. 020 0.8 Tel
Stiff elay, vory cclipidal 0. 025 1.1 15
Alluvial silts, colloidnl 0. 025 1.1 1.9
Shalos and hardpans 0. 025 1.8 ! 1.8
Fine gravel 0. 020 y 0.8 I Te5
Graded loma to cabbles when non colloidal] 9. 030 Tal 145
Graded silts to cabbles when <olloidal 0., 030 £ 1,2 17
foarse gravel, non~colloidnl . 05 1.2 1.8
Cobbles nnd shingles C. 035 1.5 17

callsL §1,PBS.

The shapes in vhich the ewnnls eon be made nre:-

(a) +trapezoidal .. (») Rectanpular {e) Trirmgular
(d) Circular © {¢) Parwolie,

The trapezoidal shape ig the ensiecst nd most suitable to cnrth

ditelieg becouse it lets the soils assume thoeir natural slopes when woete
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The most economic section for o trapezoidal ehrmnel is vhen the
discharge is n moximum for n given exenvation, One of the conditions

for this maximum discharge is shen the hydr-uliec radius, m is e¢qual to

half the depth 4 i.e. m = %
Another condition is when the proportions of the channel is as

8tated below:-

(& + o) =_./_n2 + 1

vhere
A = Width of chirnmel bed,

= dﬂoth of ch'nncl.

n = gide slope of channel,
THD CANAL LINING,

Irrigation enals arc lined beenuse of the following roasons:-

(1) To deerense conveynnee seopage l08s, eroSion fron high
velocities, drainnge problems, Ioenl growths nd maintcenance
costa,

(2) To provide safety sgainst Scepare .md higher volocities,.

(3) To incrense the enpneity to convey water.

The most used materials for ermnl linin~: includes:— Concrete, 100k

masonry, brick bentonitc rubber, plastic -l asphnlt compounds., Clay

md gemss are sonctimes used to cut down crosSion.
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DRAINAGE REQUIRDNENT Il IRRICAT DN SYST@i,

A8 n consequonce of irrigation droinnge Problems ususnlly arise.
This is becnuse Wnter 10308 in ogeess to tho actunl rc;quial:'ements are
pither wnavoidnble or may even be necessary. Drainage of the irrigated
ficld is therefore necesanry not only hecouse of the harmful effect of
too much water to the ecrop but alfe beecausce of reducing or preventing

the accunulation of galks in the s0il.

DRATNACE TN VESTICATICN.

Before degigning the drainage gyston Cicld investigntions must be
nade for drainage aphrzisal, The five clements of primary concorn in
naking o ficld investipgation for drainame are topegraphy, soils, water

Iable, wator source and crops.

DRATNAGT MTTHODS.

The 1nyout of irrigation aond drainage systoms are closcly relnted
to the topopgraphy of the nrea and to the requirced or existing perco 1=
lntion, ficld and farm size. The systems oro compleucninry, not only
as far as flow ig concerned, hut also boca.usﬂe :the aligments of the

irrigation nd drainnge conduets hnve to de logated in such o woy that

o logical md e¢eoononicnl Inyout is obtninad with a sinioum of crogsings.

The most common of the drainage deviees :';re the dpen and tho sub-

swface draing,
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THE DRESIGIT CRITERIA.
The required depth of the ground wanter, table drainuge rate, the

depth and spacing of the drains all have to bo designed based on the

informations collected from the drainage investigations,

The depth - Some Bactors cnf lucnein: tie depth are water table,
quantity of excess minernl s8alts, cte, In most cascs water table must
be lowered to between 1 = 1.6 ncters,

The spacing - The spacin: of the drains is inf luenced by the
topogrnphy of tho area, typos of soil etc. prallel open drains or
tile drains should be spaced g0 thot the minimue depawdown of the ground—
water at the midpoint between drains is asout 1 to 146 metres from tho
ground surface, A nunber of fommulae have boen developed for the cal-
culation of drain spacing, However, it must be understood that the
spacing will depend on:--

(1) the permissible watcr table depth botween drains,

(2) the hydraulie conductivity of the soil to be drained snd the

quantity o{ water to he draincd,.
A more comronly used formmula for drain spacing is the one developed by
Hooghoudt, His cauntion states:-
L. aa

—

q

“+ 4K1h2
qQ
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where s

L = drain spoeing in n

g = druin diccharge in u/ day

Ky = hydraulic conductivity of the layer below the drains in
m/ day,.

h = the height of the wator table ahove tho drain lever midway
between the draing in m.:

d = tidkmess of the Yoquivalent layer" viz, a value dePending

on thc drain gpacing L, the drain radiuve r ond the depth D

of the impsmecablo layer below the bottom of tho drain in
e I

Hoodhnudt's cquntion is basod on o numbor of assumptions ameng
these arei=-

(1) that drains arc ecqually spaced.

(2) that Darey's law is valid.

(3) that there is constunt application rate of water.

(4) that an impermenble layer underlies the drain at depth d ete.

FPIEID HYDRAULIC STRUCTURLS.

The pian and the desipgn of a new irrigeotion schoeme will be incom=
Plete if ficld hydranliec structures are not included. It is well kmnown
that o crop goes to its optinmum yicld if irrieated with a certain amount
of water according to a certain programme which is doduced from pre-ex—
periments on the 8same erops The excess of irrigntion water is wate,

and besides it destroys the irripgable land and gives poor crops,.
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Thus the hydraulic structure used must be of the kind which can be
onaily operated to control the flow,.
Field hydraulic structures can be grouped under three categories,

name 1yt -

1) THE ONVEYANCE STRUCTURES -~ Such a8 those reguired where canal
flows must bhe carried under or across drainnge courg€es8 or other pro-
nounced depregsions; or whcre the flows must be carried under highways,
railWays or other permenent obStructions or vwhere sizes and shapes of
eross scctions must be materianlly modified cte. Siphons, flumes, cul-
verts, drops or chuted are examples in this category. Sec a sketch of
siphon in Fige. Te

2)  THE MNTRAL STRUCTURES - These are required where main supplies

muat be divided between branch cansls, or whera water surfapez must be
raised o faecilitate deliverics or where cannl flows must be discharged
to natural channcels or other suitaﬁle outleta. o

Intakce structures, division works, tail escapes and &ecké e.tc.
fall in this qa.'t;egory. A typical desipgn of intake of lateral or main
ditch taking water from canal is shown in Fig. 8 while Pis, @ shows
intake of small diteh from o main ditch.

3) THE PROTECIIVE AND MISCELIANEUS CANAL STRUCTURES - These include

structures installed fo ensure the safety of the irrigation system and
provide the facilities required in maintaining operation. Culverts to

carry drainage water under c¢nnanls, and measuring structures such a3
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ring flume and woirs are cxamples in this proup. Fig, 10 shows typicel .

dosign of metal and wood Portable weirs.

i

DESIGY OF STRUCTURES.

The designs of fisld hy.drr.mlic structurus at partieular site very
widely with loenl conditions and operational requirements. Foatures
rlenned for diffoerent purposes often arc incorporated in thesame strue-—
ture. In seme instances, features nceded lfor certain protective purpo-

823, nay be built as eloments of conveyanco or contral structures.

The dimengsions of the field structures refored to above depends
on field conditions and the purpese for which thiy are designed to

Serve.
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SECIIDN I
| {  CAPARA IRRIGATION SGINE - PIANNING AND DBSTGN

4
K !:,‘
Bl

INTRDUCT IO,

One of the benefits t¢ be derived from the gigantic Kainji Dam is
the eRpansion of agriculturc along the lake shores. The Kainji Loke

. 0
is Iocated between S H{ +o 100 T and 40 S0'F to 4'0 50'g. The

wegstern shore-line is situsted in Kwara Statc while its Bastomn ahr.:::oa-;
line is in North - West State. The length of the lake is about 130 Km
and i%8 maximum width is 24 Km, The highest water mark of the lake ie
fixed at 465f% (141,7% wotres) contour level and this height is usually
reached in around January/Felruary, The lowest level of the lake is

nommally set at 430ft (131.06 metres) contour mark which is reached in

August/September. These two levels are fixed by the KEPA,

As p result of this fluaction of the lake level two areas are
avoilsnble along the shore-line Tor irrigation practices. These arens

arai-—-

1)  Thy Draw Down, -
This is the part of the shore~line available for cropping
a8 the lake level roeedes to the river cianncl fron its maximum level

of 465f% (141,73 metres) to 4358t {(132.58 motres) contour mark.

N . 1
b 1
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2) The Uplind jrxecs. | e

. This is the area adjacent to the maximum lake that is not

submerged by the flooding of the lake, This area is contained between
contour 465 to 480 (141.73 to 146.31 metres) and above. Ix:rigation of
this area is made possible during the pericd of the moaximum lake level
i.0. betwean November to May. Gafara Irrigation Scheme comes bhetuaen

these contour levels. (Sae the contour map)a

SO PE_AND MAGUITUDE OF THRE PROJBCT.

The size of the scheme for this is 100 acres and this is the first
phage of 4600 acres to be developed in the arca by the government. The
first thage is 8till in the construction atamgé. On the same site with
the 100 acre~schame is n resenrch farmm of 40 acres being conetructed by
the Kainji Lake Rescardy Authority. '

The following arc the infommationz on the physical features, engi-
neering aspects, tochnieal soundness relatine to the design of the 100

Sere=-a3chome .

TH B FEASIBILITY SURVEY,

IDCATION 07 GAFARA,

Bafarn is situsted betwecr 10° 217 :md 4° 31'E in the Ngoski area

of Yauri Division of the North Westom State. (K.Klinkenberg IAR).

&
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ACCESS OUTE 10 THE SUTIME.

13

The acenssibility to the site is from three directions:
(1) Through Kainji ~ Awna - Wara - Goafara.
i (2) Through Kontagora -~ Aung - Wara — Gofara.

‘ (3) Yauri - Malando - Gafara.

SPECIAL @NSIRUCT DN PHOBIHA,

The greatest single construction problam of the Bcheme is the

accessibility to the site. Frowm my invesiigntions the road from Ibeto R

- duna = WaTa - @afara is a distanece of 100 K. This road is of earth -

surface with ten bhridges built of timber beams Sparning between abube
ments built with pieces of weood and gtoneg stncked topethor. The read
from Kainji through Auns and Wara to Gafara is a2 dry socason road only
whilo that from Yauri throurh Malando to Gafara is of similar nature tp
those dederibed above {Sce linp Ko 1). | :
It con W Judped from the avove report that to make the project a
aueeess the necegsity of inproving the aceess routed cannot be over-
emphasiscd. : ] i

MAJOR FHRATURES OF THE S RMEB.

il

Physical features that nay privide obstacles to construction of
the schome nre absent on this sitcs The site is a plane of alavial
dotted here and thore with some troe stumps which con be removed by ma-

nnwal labour.



IRRGRAMY OF THE SCGIMB,.

The contour map of the area, hos been pmduced.(Sae Map No. 2 )

ghowing the tentative aligments of pipe line; main eanal, the distri-
|
butories and the drains. |

CLIBATO IDGICAL Dil'A

The representative netecorologicnl stations for this area are ot
Yelwa about 60 Xm away and Mokwa about 170 Xm. No installation of
any Agro-neteorologienl station hne yet been carried out for the scheme

but arrangements are underway to effect this.

The summerised datr Tor Yelwa (FAD 1965) are these:—

1. Avosage daily minimum of the ooldest month - 14.1%.

2.  Average dnily maximum of the wnrmest - 39.1%¢.

3s Men annual rpinfall - 1010 um.

4, Potential evaporation - 2310 mm.

5. Hunid season Juna/.}’uly - o - = BEnd Septembar,
6. Dry season Yovember - ond April. - . LT O D R A S

Ty Rainfall surplus (P~Ept) during humid season is 385 mm.
8, Drought stress Ept ~ P durins hot hunid & eaSon i3 2985 mm.

The hunidity is related to the movement of the ITD. Highest
valucd are recorded during the rainy season (about 80%). Iowest values

occur in January (Approx. 30%),
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The mean annual solar radiation is 500 cal/mE/dﬂy,

During the rainy season squalls are common and blow Trow the egsis
They may reach peak velocities of about 45,72 km/hr, and occasionaldy

up to t10 Icm/hour.
i "

BYDRIDGICAL IMFOREATIONS.

The sourece of water for the irrigatiorn is from the flood water of
tho Kainji lake. Buring the period between November to flay the level
of the lake is allowed Lo risce €0 ite waxinum. This brings lood water
to contour level mark of 465f% (141.73 metres) and thoerehy filling all
the crecks alons the Kainji lake chore linc. Water can then he pumped
from intake constructed from the creek to wntor the adjacent land of
nigher level. | |

THE QUALITY OF THE IRRICATICN WATIR.

In zeneral there seens to be little variation in chemicnl composi—

tion of luke water during the irrigation ceason, indicating that the
lake is vertically fairly well mixed, althourh the degree of mixing of
inf low and lake water decreases with incrcasing inf low rate (Zimmermanm
etal 19?3). The general comvosition of the lake water is glven below

in Table s
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HRMICAL OMICSIIDE OF TWE LAKS ATTR.

{

P - Ty LABIE 3.

Digolved Oxypen  Sulphide Cations (ie/L) Aniong (Me /L) |

Qxywen  Conc. Concs Co Mg Nn K Ko3 So4 Wo3 _CL _EC

TOH T/l 0.8ig/T 0.2 0.2 0.01 0,04 0.55 0.05 0.05 0,05 4560

—— e o, . e e

|

3ince the impoundment Ha and K concentrations have decreased but the
ng concentration has increased Henderson, 1973). The PA value ranges
from 6.2 to 8,5, Nitretes aud phosphate wre low but variable while siliea

20nc. 18 wery hlyn,

TiE CIASSTFICAT RN OF T™E IRDIGAT RN JATAR.

Conaidering the preding informaution the loke wator Sceems to be wvery

Suitable for irrigation. The guantity of 4~ water is in the class of

01 = 51, low conductivity ani! SAR (USDA 1969). |

4

IITOMATION ON THE IAND USE,

The Soil Survey Report - The so0il survey was carried by two membors

of the Institute for Agriculiural Researe A.B.U. from 13th to 28th March
1973 under the supcrvision of Nr., Khinkenberg. According to this report
and other previous work on Gafara the aresg can be =nid to have two main
units:

(1) a plain with lvam or Ioamy sand over clay and

(2) a levee corplex where the soils tornd to ba more sandy.f
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The levoe complex occupies the northern part of the area. The
general soil profile in this area is:- : f

0 - 12in light grey aandy loam or loany sand over 30 - 60 in or
more very pale brown to pale yellow cand over light grey mottled sandy

clay loam.

i The sand varics from fine to conrse grained nnd depth to mottling
is alse variable, The profilc deseoribed abovo is the wost extensive in
this part of tho area although some slight wvaricties of this guneral

tyre are found within various levels of the profile. ) \

.

: ]
i

Tn the clay Pplain the nowmal profile is O - 24 in, sandy loam,
often containing gravel, over mtrongly structvral clay., tost of the
areas are inperfcetly to roorly draired, This is vwhy adequate drainage

should be provided for the scheme.

This s0il survey of the ares is carried out only on the 40 acres
8cheme but this ig ennsidered adeguntely representative for the main
development arca of about 2000 to 4000 acres of alluvial complox near

Veoskis
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NSTRUCTDYN, IAROUR, FATERIALS AND EQUIPINT.,

——-.

]

The required personnel "or the construction of 100 acre - édlema
are:-= One Irrigation Bngineur, one Irrigation Superintendent and two
Irrigation Assistunts, The skilled labourers required are: two Masons,
one Carpenter and two Artisans.
MATERIALS.

All cencnd and reinforeements nceded for the construction arc.to
be transpertod to site from the uwrban contres, Stones and agreggatea

can be obtainoed on the site. 1

EQUIFH WT /PLANT/V HICIE,

* 1 earth - carrying Scraper,

1 tractor and trajlor. o
1 fucl tank. ¥ A
1 land=rover. |
2 8ets of radico tranceivers,

2 sots of workshop tools and equipment.

TH D BANAGENNT OF 11 ONPLETED PROJRCT.

o

After the project has boon completed it will be r'ranaé;ed by the
ataff of the State's Winistry of Apriculture deployed to the division
concerned. All matters relating to agronory will be referred to the
Agricultural Officer while the engineering aspects will be dpalt by

the Divisional Irrigetion Bugincer.
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THE FDIANCIAL ASPECT.

Dependable figures for the estinated capital oost, maintcnance and
operating cost, overall annual cost and estimated revenues have not yet
been worked out for the projcet., Howover, according tb the Engineor in-
charge of the project no lese than ¥200 - B250 will be spent per acre of
the schemes A8 the size of the scdieme inereases the cost per acre is

expected to peducc.

ID1I SPECT AND BENEFITS.
The following inforuations have been colleected to determine the
economic a8 well as beneficial aspecets of the project:

A. Present Acricultural Production,

1e The main crops grown in tho arca arc rice, mililet and guinea-

corn. hcreages belon~zin: to irdividual ranges from 05 to 5
for ricec.

2. The yields per acre of rice ranges from 6 to 10 baps. The
farmers make very little or no use of fortilizers,

3« The prices receive at fam depends upon the time of the year,
During the harvestin: season a bas of riece usually costs N8.00
to ¥10,00. Thus a fam of 3 acres of ricc would worth between
24 to 30 Naira,

4. The above figurc for fam product ¢ be regarded as the net
Agric. production sinece apart fror the rannual labour no other

input costs arc ususlly incurrcd by t..: famers.
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1
I :

g By intmducing irrigation project in the area increascd Agric.
production is expected. This factor brings the question of finding
markets for additional orops,

MARKIZTS FOR ADDITIONAL CROPS.

i Only willage markets aro available in the vicinity of the scheme
and these are the Hgoski and the Wora markots. With the capocteod ine
erease in Agricultural production thesc smnall markets cannot content
with the volume of the new farmm products. TheSe have to be disposed
through tronSportings them to other urban centres. The ncarcest of these
eentres are Yaunri, Kontngora and New Busso. However, for casy $randSe
portation there must be gmood roads. This is why access routes to the

Scheme need to be improved.
AGRICUIEURAL PRODUCIION /FTER MEPLETIDN OF THE PROJECT .

No figures for the expeetod agriculturszl production after the com—
Pletion of the projoct has beyn worked yet, This is becouse the 40
acres rescarch farmm adjaint to this schome which will be put to irrie
gation trinls to determine the oPbimum yicld of crops ig 84ill in thé
construction stape., However, it is envisagoed that the alluvial soils
which dominate the arca will rive oxeellent rosult for rice cultivation,
In expectation of this the director of the Kedpji Ieke Research Autho-

rity has recommended the establishment of modern riee mill in the arese
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THE BOIOIIC BIEFIT T0_ B3 DIRIVID FROL. THI SQTIME.

Although no actual figures hive becn worked out yet t0 substane—
tiate the benefit the State Government will derive from the establish-
nent of the scheme, I hold the opinion that substantial benefit will
be derived, For instance, it is mndoubtful that there will be increase
in business and industry causcd by the additional crop production,There
will be also incrense in general tax reccipts. To the Federal Govern=—
ment gnrins and savings in foreign exchange vwill be recorded where fam
products arc exported. To the community livim: in the area their sta-
nadard of living will be raiscd, Dircet Lonefit will come to them
through the local expenditurc of the projccet funds for lobour,materinls

food, rent cte.

TUE DBESIGEED IRRIG/TION DATA.

Emlmng OF DBLIVERING W/TTR X THEE SOIE.C.
An intake has been dur from the end of - ereck projection ( See

part of Kainji lake plan I'sp Yo, 3). At the ond of the intake a pump
house will be built to pump water inte two pipe lines laid in parallel.
These pipc lines will Lo discharge into concrete lined main canal.Water
will be applied to the fields from distributory canals taking off from
the main eanal (Sce the tentative assismmont of eanals distributeries

drains ete. on the ocontour :-mp).
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To ¢nsure high irrigation efficiencies the "system of rotation®
will be used in thoe delivery of wator while the "gradunted or cxcess

rote cdharge” will be the method used for the water rate charsge.

b
THE PUMP DATA.

Twin lister/dorland Units oporating in parallel arc to be insta—
lled. They nre single stape S H R 5 countrifusgal punps direet coupled
to ligtorH R 3 enginece, | R

Dosigned total out-put will be 76 1itrcS/sec. Totnl\ mmometrﬁ.c
head 18 25 metres. Designed nunp opernting speed = 1400 T P me

.
HEAD TORKS.
Honsuroment and control of waber will be by FParshall Flume fi‘oted

with lenpold and stevens Type F automatic stage recorder.

T [ DESICY OF GANAL/DISTRIBUTIRY CANAL.

Phe maximum capacity of tho two pumps is 160 litres/sec approx.
and thie will be discharged into the main canal. Thus the nnin canal
i8 desipgmed to a maximum capacity of 160 litves/sec. Water will be
divertod from the crmal into two diotributerics 2t a times Therefore,

each distributery camal will have o naximun capacity of 80 litres/sec.

W
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distributeries is as

¢
/3=

/

Calculation for the desizn of onc of tho

% 4

|
J
|

From mannings,

e =_' . % 3
h S
Woere t=—
e discnarge in mjfscc.

cross scctionnl aren,

hydraulic radius.

m =2 = o

longitudinnl :lope,

follows:—

tf’-r r"d

For conecrete lined eannl with eravel hottom manninzs n is taken

as 0,0166. The designed slope, 8 of all the

distributceries is 0,001,
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For optinum discharge for the most economic Section for a trape-
zoidal section:-

R & %‘ and the proportion will be that ¥ (b + mmd) =

d{2
m + 1

vhero
m = salone of the sidc,
Using sidc slope of 450
_+2d a
2 = 1 + 1
b + 2d - 2.8284
b - 0.8284
Area of section.
A = (v+d)a
= ( 0.8284 + d) d
- 1,8284°
Capacity of distributery = 80 litrus/seo.

—-—1-———
80 x 10° = 0.0162 x 1.8284° x(i)i

2 (0.001)
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d is workel out to be 51.5mm.

Now 6 0.8284

k] = 0.828 x 51 .'5

0

43,0 av

Alloving for 5em for frec board, total depth of the channel =5Tam.

METHO DS OF IRRIG/TION,

The ficld is to be preprnred mainly for Surfnce irrigntion. Below
is theo designed dnta for the irrigation:-

Designed monthly mam. (G.I.R.) = 21%m in Harch,

Furrow length = 120m.

Furrow slope = 0.005 (average).

Appliention 46m. csross on 6 day cycle.

0 ptimun furrou spacing = 0,75m g
Cycle 7 dnys = 1,5 litres/Sce S0be = 1% hours.

Printing f low

C'ut back f].Ol'J' = OJTS

Border Strip:
LJngth = 12(m.
Width = 10m.
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"Irrigation Bngineering” Yol by Ivan B. Hook ~ John Willay and
Sons Inc,.

"Irrigation BEngineering" Vol. 11 bWy Ivin Be Hook - John Willey

an.d Sons Inc,

"0 pen Channel Flow" by Henderson - The Macnillan Company, Ney
York.

*Irrigntion Bnginecring' Vl, I by Serpze lLeliarsky - Chapman and
Hﬂll Ltd.

"Irrigation Bngincering' Vol, II by Serre Leliarsky - Chapman And
Hﬂll Ltd.

YSeapage, Frainage and flow Hets!'! by Harry R, Cedergreen - John
Willey and Sons Inc.

*Irrigation Principles and Practices! Ly 0 .W, Israclson and V,.B,
Handson - John Willcy and Sons Ince

'"The Noture and Propertics of Sil' by Harry O. Buckman -~ The
Macmillan Company/Collicr Mnemillan Ltd,, London,

'rrigation And Hydraulic Desisn' W 1l,I on general principles of
Hydraulic desimm by Llelinwsky - Chapmen and Hall Ttd.

'Oren Channel Hydraulics! by C.V. Davis — MoGraw - Hill Book
Conpany Inc,
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18,
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fTrrigation and Eydraulie Desim! Vol, II on Irrigation Worke by
leliarsky - thapman and Hall Ltd,

Irrigation and Hydraulic Design' Yo l. TIT on Hydraulic Structures

for Irrigation and other purposes,
tIrrigation and Climate' by Henry 0 livier - Edward Arnold Ltd.

"Irrigntion by Josef D. Zimmerman Gonsulting Irrigation Bngincer
= John Willey and Sons.

"Manual of Surface Drainasge Bngineering' Vol. I by B.Z. Kinori -
Elscvier Publishing Company.

'Quality ofqlrrigation Water!' an extract from 'Agriculture Hand-
book 60, les Dept, of Agriculture,

'18t Nigerian Irrigation Seninar' pamphlate 1971 AJB.U,

"Progress Report on the Agronomy Progrome presented to the 13%th
Agricultural Sub=-fommittec mecting at Kainji, 6 June, 197410,

'Report on Soil Surveys of Irrigation Sites' at Gafara and Papiri
(Kainji Lake) earried out in Horch, 1973 by K. Klinkenberg' A.B.U.

"Irrigation Adviscre! Handiwok ER L S 4. B, U,
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YMethods of Bvaluating Ivrigation Systems' ~ Agriculturc Hand-
book No. 82 Soil Comservntion Servise wvs Dept of Agriculture.

'"Consultation on Probvlems of Irrigation Mechanization In A R E!
by Dr. Nicolai Danitchonko Deputy Director for Research Institute
of Mechanization and Technique of Irripgation U.S.S.R.

Kainji Ianke Draw=dowmn Ascas - Soil ard Land Bvaduation' by Dr.
H. Sidel'ius.

Handbook of Applicd Hydraulics! by C.V. Davis —iicGraw - Hill
Book Company Inc.
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QPPEggIEB

GN OF TKIER 1o

Suppose the following is a typieal dnta collected for design of a

sprinkler lnternl.

The nozzle dirmeter of the sprinkler is 4.0mm (two nozzles). The
sclected discharge of aach 8prinkler is 2,61 msfhour obtained at a pre-
ssurc head of 30n. Spacing of the sprinklers along the Iateral is 12n

except first vhidh is 6me. The length of the field is 120Gne The lateral

operates along contour line and pine chould be aluminium.
So lutions
No,. of sprinkling positions = Longth of field

Spneing of syrinkleors

L}

120
12

10 rositionse

Discharge at head of latcral:
disch, of onc sprinkleor x lio, of sprinklinc positionse.
= 2461 x 10
= 26 m3ﬂ1011r.
Computation of head loss at tie hoad of lateral:
Hazen«Willians formular pives the relation between the head loss

and discharge for any pipe or system of pipes,



The formula ia;
V= 1.0 x 107 cat W 7. 2007
Sinplifying give

216 % 107 v1 852

@y 1.852 ple167

where J hydraulic gradient and units are m/km,

men veloeity in m/sce,

<
Il

D = pipe din in m.

Hazen Williams coefficient,

f2
=
i

The HaZen-Willinams is also multiplied by o factor K whidh is o
constant for the pipe or system of pipes. In this case K = 0,536,

Accordine to Jensen and Frutini the {iret sprinklor position is
nssumed to be at a distance equal te half the sprinkler spacing.
hristinnsen, however, considered the first sprinkler as cqually Spa-

ced a2 the rest.

The table below (Table 4) iriveg the aifforent coefficients, These
ooefficients nre multiplicd by J+ computed from HoZen - Williams equa-
tion in oxder to arrive at the hend lose at the head of the sprinkler

laternl -
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The Bable showing Christimmsen snd Jenven and Fyutini eoefficients,

} ” : e TABIE 4.
Nos of Sprinkler oeff ¥, Qoeff F,
along Lateral Chr:i.s-tiansen___ Jensen and Fruitiri
1 1. 00 1. 00
- ' 0. 639 C. 519
C5 0. 457 0., 396
10 1 0. 402 | | 0. 37
12 . 0. 7% 0. 366
15 B 0. 384 O 3632
20 _ 0.5 %716 0. 360
30 0. 368 0. 357
50 0. 341 0. %4
_ 0o 0. 351 N O 391

Continuing with thie deSign, the head is computed for pipes 8izes of
2" 3Y, and 4" dianeter using Hazen-Williams equation and Jensen and Fru-

tinia coefficiernt, (See Tanle 5).

TABLIE 5. @OUPITATRY OF HEWAD ST 70N LATTRAL.

Diameter of J for ¢ = 100 J for ¢ = 140 Head loas =J for
0= 140 2 lateral
L Lencth o
2 502 %o 502 ¥ G536 = 27060 270 % 04114 x 0,371
.' = 1105111.
3 98 %o 98 x 0,536 = 5%%] 52.5 % 0,114 x 0,371
) —_ 2.&“.
4n - 17 % 17 x 356 = 9.2%| 9.2 x 0.114 x 0,371
= Q,4m,

= — — - .
At P— e — A e} e —
- ——
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DETERMINAT O OF EIZE OF PIPE.

The allowable pressure heand difference should not be greater than

20% i.e. not greater than 20% of 30n = fm,

From the nbove table it can be seen thnt 2" dia pipe would be too
small hecause the pressure head of 11.5m is rreater than nllowable of
fm. Therefore the right size is 3" diameter pive. The 4" din. pive
will be uncconomical.

As the laternl is being onerated nlong the contour line there will
be no addition of elevation diiference. It should be noted that the
difference in pressure head alous the syrinkler laterals is equal to
the sum of the longitudinal hoend lose and the clevation differences
along the pipe.

DESICY OF SURIAIN,
Two possible positions sould be used for submain. The submain
could either run at the centre of the field or at tue edge of it. The
bases of the desirn of tho submain is to trv 28 much a5 possible to re-—

duce the losses nt the barest mininus by pesitioning the laterals,

Suppose the following is o tyvieal datn a0lleeted for the design
of a sprinkler submain:
Size of field . 36an x 24(n; Submain rume nt centre linc at uniform
slope of 2.2%%; eprinkler opening is 5,5 x 4.0 mn dismeter; selocted
pressure head and discharge o2 sprink lers nrc 30m and 2,61 respective=

ly; lateral svacing is 181 and eprinkler spacing is 12n$ heigiht of
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sprinkler rise is C.Bm; laterals operante nlong contour lines; numbver
of sprinklers alons lateral is 10; sizc of each lateral is 3" dia and
disdhiarge nt its head is 26.1m3/bour; pressurce hend at upstream of lam
teral is 3%n, All riser valuc tum out are 3" and local head loss is
Os6m; the walue of € is 100 and Hazen — Willi-wms coefficient is 140, K
= 0.,536; sumain is burried C.fm belovw ground surfacz; cnergy loss at
main and sutmain junetion is 37.5m3 the decim irrigation interval is
10 days and one shift per day.

The desimm:

Trhe number of sprinklin: lateral pesitions nlonr the submain is:

dengzth of field
gpacing of laternl

=260 x 2 (this is wultiplicd by twe beecausce submain
18 runs at contre of field).

For one daily irrigation shift the required number of laterals is

given by:

nunber of lsater,l rositions
Qrrigation interval

=

= 4,



At Sutmain Rissr Qut,
The ninimum required pressurc head is ealeulated ns: Presy head
at U/S at lateral + Blevation difference + loeal hend loss,
=3% 4+ Cob + 0.6

= 3‘1.33.

This pressure head ig asiuned to be =vailable at the end of the

submeine.

SEIECTION OF SUPLAIN DIAMBPORS AT VARIOUS "LCT DNSs

The submain dismeters are computed Startine from point (4) upstream.
Bach sulmain riser outlet iz checked amainst the required pressure of

34e2ns and 37.5m pressurc available at the sulmain,

Using Hazen - Williams equation head losses are computed as shown
fn Table 6 for various selected pipe diameter sand the repeetive partial

discharges along the submain,
- ]
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@CUPUTATION O HTAD IDSg MOR SUTHIAIN.

et s

, For disch. = 26.1m3/110ur, L = 90m = 0.000 km.
b
DIAMEPER J Hoad loss, YL
98 %o 9 x 0.0% x 0.536 4 Jn
S L 17 % 17 x 0,090 x C.536 0.8
P
For disdh, = 52.3:13/11;;. N -
4n 62 %o 62 x 0,090 x C.536 BeOn
6 g %o g x 0.090 x 0.536 Oohm o
i 3
For disch . — 78.%n /hI'- e 1
4" : 131 % 131 % 0.090 x 0.53%6 i 6 o3m.
6 18 %0 18 x 0,090 x 0,536 l 1.0m.
8 5 %o 5 x 0,000 & 0.536 : O3me -
For disch, = 100.4m>/hre L = 100n = O,1CKn, .
&" 31 Fo 31 x 0.10 x 0.536 ! 1. Tm.
gn a8 %o 8% 0.10 x 0.536 j' Ouim.
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Section (4) to (3)

The required pres, head at point (4) is 74,.2n. Observing - the-
table above 3" din,. pipe would be too srnll therefore 4" pipe is selec-
ted,

The computed pres, hend at point (3) is therefore 34.2 + 0.8 =
2.0 (Blevation difference is 92 - % = "2 ) = %3m. 45 thie falls
below the required min, of 34.,2m, tho hydrouliec grade line is raised

by 1.21 malkdingz the pressure heand of point (4) equal to FH4m,

Section (3) To (2)

From the above table it ean be observed that the 4" diameter pipe
is suitable,

As bvefers the elevation diffcrencs between (3) and (2) is 94-96
= "2, The longitudinal head loss of 4" pipe is 3,0, Therefore the com=

puted pressure head at point (2) is 34.2 + 3.0 “2 _ 35 5.

Section (2) To (1)

A 4" pive seems too snall, a 6" pipe is selocted,

The elevation difference between points (2) nnd (1) is 96-98 =
-2, The longitudinal hend loss duc to 4" di~. pipe is 1.0, The con-

puted pressure head at point (1) is therefore 35.2 + 1.0 =2 = .21,
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Section (1) To  (a)

From obscervation g 6" dine pipe scems more suitahle,

The elevation difference between poirts (A) and (1) is 98 - 100
-2,

= The loeal head loss is 1.0as The longitudinal head loes due

to the 6" pipe i3 1.7+ The computed vreossur: heand at point A is there-
fore 34,2 + 1,7 + 1.0 =2 = 3 ,9m., It co be noted that this pressure
head 19 lese than the available pressure head of 37.5n. Tho differen—

cc of 2,6m nay be regarded as factor of safety.
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