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nRBODOCTZOi

Faod ^ortag* has b«co«e an aettta prdblui of ladia for tfeta laat faw jaars.

fte aliortafs aad tlM ooaaaqMat iMpart et food graias trm ootalda la kMpiac

t)M eoaatiy'a acoBoaor doim. Tha eoatiaaaoa drovgbt dnrlag ilia Xtat fav ;«•»

haa nda Mm alteatlaa varaa. TIm total prodaetlon of food grala haa teaa v»

daoad tttm 88 «llll«i tana to 77 «inio« tons dvrlaf tlw laat jmvr. Thla la

mlttly baaasaa oi fallvra of waoaotm,

JmilM, balag aa agrlevltaral eoaatrx* mat raaeh aalf«a«ffLoiMoy la food.

Tha aeoaar it caa ba aehUrad Um batUr for tlw cooatrr'a orarall aeoaoi^.

TlM prasaat dlfflealtlaa la atilwataa tha aaad to eanoart aad tanlaaaat. Maaaaraa

to iaoraaaa tha prodMtloo of food gralaa la tte ahortaat poaalblo tiaa. (^:i^

Iqr tba applleatlOB of aodam aoUaea aad tocbaoloQr em agrloaltaral prodnetlaa

iaeraaaa la aa adaqnata aaaanra. la tha aav agrlealtvral atrataor, graataat

MfdMala iMa baaa plaoad oo tha «aa of laprovad Tarlatlaa of a—d9 whleh ara

partlealarly raapoaalTa to tha i^plleatloa of f«rtlllaara. SljdUr aa^phaata

haa alao baaa gtvaa to ^pa«d i^ U» irrlfatloa projaata.

Vlth tba popaUtlon avalliac yaar after yaar, Irrtfatioa haa to hava a

aav obJaetlTa. This objaetlva la to davalep a eoaiprabaaalTa ajataa of Irrlfa-

tloa dlraetad totiarda laeraaalag prodaetloa.

Tha total araa of tha ladlaa Ohloa la about 813 alllloB aeraa. Oat of

thla about 33li aUlloa aaraa ara ealtlratad ararj jaar. Raa^bHj aboat 50

UUoa amras ara aova aara thaa anea* Tha total croppad araa la Um eooatiyt

aceardlag to tha laad atatlatloa of 196o-6l» la aboat 316$ allllea aoraa.

Bafera ladapandaaoa, India had a jaarlj Irrlgatad aaraafa of aboat 50

lllloB. Darlag tha poat-IndapandMMa parlod, ronghlj awythar 12 alllloa acraa

hava baan broai^ aadmr Irrlcatloo. Thla aaaas that only aboat ooa fifth of



the total cropped land Is tmrwmd by Irrigatlan at om kind or asottwr. Tlw

prtfnilllnf ixrlcatlon ^r*t«Bs of India eaa b« plaoad in tlsraa eatagarias:

(1) diraraioa vaira and oanals) (ii) irrigatiset ta^a and raaarroirai (iii)

tttbaMalla and aarfa«a pareolation iMlla. Raaantly rirar lift irrifation

anhww ara gaiidnc i^portanoa.

Ont of ly350 nilliOQ aora-faat of watar arailabia ftraai tlia aarfaaa ra-

aoareaa of ttaa conatvy, only 76 nillioa aera>f»M»t vara ntiliiad for irrifatian

porpoaaa antil 19^. Thia naa hardly fIw and ona-half pareent of tha total

il flow of tiM rivara. Tluroiii^ tha flrat, aaeood and third Fiva Taar Plana

of anothar kO nlllion aera«»faat haa baan aoocfat for irrigation porpoaaa,

landing to an ofvwrall ntiliaation of abont aavMi and ana-half pwcnnt ta tha

total flav.

Baaidae anrfaea vatar raaonreaa, thara la eonaidarabla aoopa in Vm

eonntry, nora partiealarly in tha allnvial luracta, for tha davalopamat of

gronnd watar raaoareaa for irrigation. Thara vwa only 2,^00 atata tabaaalla

in India in 1950»5l« Tha naaibar haa baan ioaraaaad to 10,000 at praaant. Tha

plan ia to add anothar 700,000 tmbawalla to tha praaant naaAjar daring tba

foarth FiTa Xaar Plan.

Tha essiatraetion of aararal Mm» «ad barragaa all ovar tha eoantry

faailitataa tha aaa of aarfaaa watar for irrigation throagh canal ayatana.

Som anonnt of aarfaaa watar U alao baiag ntilixad throngh indiganoaa lifting

nathoda. Tha eottrtraetlon of dana and barragaa raqairaa a haga capital invast-

nant and n^r not ba faaaibla aeoaaidMlly for aaoh and airary rivar. Tha Taat

•Mont of watar laft aan ba ntUiaad for irrigation throogh aaparata rivar lift

irrigation ayatana. Tha aiia of tha sehaaa wUl dapand on tha watar and land

availabla naar tha rivar for thia parpoaa.



Til* OmwamukX of W^sUBmgal t»d start«d tlwM rVwmr Irrlgttloa pro>et«

• tw TMTs back. Tt» two tjpM of proJMis, tjp« A mad tgrp* B, Irrlgat* 500

smd 1,000 aor«8 of laad rtt«p«otlv»]jr. SUmm tte arallabls alMtrle powr ts

Bostly naed for tli» dtep tttbewlls, tli» rivvr "^Ift irrigation sohMNs ar« ran

br dlaaal raelnas. On tendrad aaracitj ainllar projaata hmv alraa^jr tean !»>

atallad «ad tha verk la andar staadr pr^p^aa.

FD&POSE or IWSSTZQAnOK

TfM parpoaa of tkla rapart la to daslgn a aodal ^)0-aera rivar lift

Irrlcatloa aalwaa avltabla for iiteat-^tengal eoadltloBa. With littla ^aaga in

tha dasUn, tha aow aaa ha aaad all ov«r India. A aaitabla crop aehadala ma

praparad eoasldariBf doiA>Ia and trlpla eroppiog poaalhilitiaa. Tha dasigoi

dla^WTfa for tha mtira ijatan tma aalaalatad eaaaldttriag erop eanaoaiitiva

aaa, rainfall and soil faatora. Tha paap and tha powar anit abottld ha aalaatad

on tha baaia of paalc diaaharfa whieh woald oeear dorliv Uia diffarant cropping

parloda in a yaar and ^a total haad againat which tha watar woald ba dalivmrad,

nw aconcadeal pipa aisas of tha aain and latarala diatrlbatlon waa ealaalatad

an tha baaia of nininan total jaarly coat. Ttia prarailiac prloa of tha pipaa

in Kmaaa vaa naad for tid.a pnrpoaa . Tha diatrlbotim ajiftaai vaa Umn r^^

da8i|:nad on tha baaia of tha pipaa arailabla in India at praaant. Tha total

wnnnal CMt of tha entire ajataai vaa aatinatad for ihm Indian csnditiona.

Thla voald giva an 14aa aboat tha total axp«kdlt«ra inrolvad and tha ravwna

to ba collaetad from tiM fanaara eonins nndar tea aehana.

Tha achwM iarolTaa eonaidarabla Inraatnent and ahoald ba stlllaed

property. Althoagh aay apacifia daaicn can not ba naad all amr Uhat-Bangal

dna to tha Tariatlon of clinatie and aoll eonlitlOBi, a nodal daaign vonld.



Itowrrvr, b« btl|rf^ tn cmrryiDg ont aaj speolfie (teslgn vitii llttls ^ums" in

cra|>ping pattern. AXnost all tha orapa which ara grown In WatrUB«Bsal hwra

kMB tnc^wlad in tha moiml daaifn ao that aoj little ehaaga in tba cropping

pattern wonld not ehanga tha daaign diaaharga trubatantially. For tha aaaa

raaaon a liberal aloe of erop eoae—|>tliw naa haa bean vaed in tha daaien*

Tha daaign vanld gin a clear piotwrs aa to how anor hoora the pnp ^o«ld nm

daring ea<di p«riod ts cover tha antira aaed of the crop, Thia voald alao help

in dealgning a anitable cropping pattern and irrigation aehadolea.
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RBVIEtf OF IITEEIATDRB

CounnmttlTe um of dLffar«&t crops to be groim la aaj irrigation sebtw

should ba kaovn to tbe daslgnar for an accarate Irrlgatlna systea design. Con*

suaptlve use, or erapo-transplratlcm. Is the son of two taras} (1) transporta-

tion, vhlch is water entering plant roats and used to hulld plant tlssne or

being passed through leaves of the plant into the ataosphere, (2) araporatlon,

tribdch is water oTaporating froM adjacent soil, water surface, or Aroa the sur-

faces of tte leaves of the plant. The eTapo-tnmspiratlon is Infliwaeed I7

teaperatcure, iinrlgatloB practices, length of growing seascm, {xreelpltatlcsi,

and other factors.

AnoBg the different anUiods of asasurlng ccMi8tt^)tlTe use, the nethod

developed bgr Blaney and Crlddle (lit) Is naed Kost extensively.

B7 nltlplylng the asan aon^ly tea|>eratiire (t) bj the nonthlj percttBiage

of day-tlM hoars of the year (p), there la obtalaad a conaia^lTe nse factor

F. Expressed nthenatlcally, it Is

9 • K pt • KF

Where Uw following qaantltles aast be deteralaed for tbs saas period t

5 • eonsaaptlvo use of cropi laohss for a given tias period

F « sua of the conswBptlve use factors for the period (s«a of the

prodacts of aaan teoperatore and parent of amaal d^y-tiaa

hours) or (t X p)A00.

I - eapirical ooeffloleat (aannal. Irrigation season, or growing

season)

t " aean teaqwrat^ire In degrees Fahrenheit

p percent of dajr-tlae hoars of the year, oeearrlag daring the

period.



F8P OBtUt/ ealonlitlam lomr e«M Utters «r« trwfanMj wA far elarltj m
folloirst

f • manthly eoMnnvtlv* vm tutors, (i x p)/lClO

k « amthly OMffloUnt, v/f

B - kf • aoBthlj MannqptlTw ««••

nw eonraaptlv* ma* af v«t«r tgr p«rtleal«r orop la som arM telag kaoHBy «i

•8tlsMt« 9f the UM by the aam crop la sqm other ar«« Mgr b* aada bgr

appllMtlan o"* tlM fonnla U • KF.

Tabl» 1. illttstratas tim of this Mthod to eoaimttt Kaathlj eoanMptlT*

ttM bj potatoM ia w«8t>B«agal. TIm Talaaa far esannptlTa «m ooaffleiaat

Bad p«re«nt daylicht houra bar* ba«i takaa fron TiMa 2 aad 3*

Tabla I. Coapatad loraal ^ait Caaaoptlva Uaa of Watar for Potata«

V«at-9ragal,

Kbnth

HMa
aoatbly

tawtwirgture

of (t)

Oaywtlao
bonra

%
(P)

CanaamptJTa
aaa

faeior
(f)

Coafflolaat CoaaBBptlTa
uaa,

iaebaa

(u)

Oet6b«r 81.0 6.09 6.55 0.9 5.90

HorMdMur 7i».0 7.1iO 5.1*7 0.9- h,9U

Deoaafcar 67.0 7.U2 l».97 0.9- 5.98

Jaaaary 67.1 7.53 5.05 0.9- U.55

Fabnuuy 72.2 7.1^ 5.15 0.9 i».65

Total ooaaaaptlfa «aa tor tha aaaaoa 25.53

Tha valaa la far balow that obtalaad bj Arakarl (1) la his eaparlxmsta.

Thia ai^ ba daa to tha dlfftiiiwa ia aximriaaatal taabalqaa.



Table 2, Honail Seasonal Cansunptlve-nse Coefficients for the inore

Xaportaat Irrlgetedi Crops of tte West«ni U. S,

Crop
length of

growing season,
onths

ConswRptiTe-ttse
coeir^oisnts
seasonal (E)

Maxinn
anthly

(k)

Beans 0,65 0.75 - 0.85

Com 0.75 0.80 • 1.20

Cotton 0.70 0.75 - 1.10

Citrus Orchard 0.60 0.65 - 0.75

Potatoes 0.75 0.85 - 1.00

Rioe y-k 1.00 1.10 - 1.30

Smll Qrela 0.75 0.85 - 1.00

SorghuB 0.70 0.85 - 1.10

Sugar Beets 5.5 0.70 0.85 - 1.00

Somreet Criddle (lit)
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Arakerl (1) pobllslMd th« data on dally and tdUl vater reqnlr«BBiit of

conaKBi Indian crops vfaleh are shavn in Table It.

Table It. Daily and Total Water Req^ireaenta of Sone Coneon Indian Crops.

Crop
Days of

Bxperinsnta
Daily Water
reqaireiaents

acre-laches

Total Vater
reqalrenents
acre-inches

Mastard 8S 0.12 10.6

Psa 88 O.lli 12,0

Linseed 88 O.IU 12.7

Barley 88 0.16 lU.l

Cats 88 0.16 1I».U

WiMat 88 0.17 lii.8

Miize (Com) 100 0.18 17.8

Chillies 202 0.19 25.7

Qroundnit 12}. 0.21 26.1

Cotton 202 0.21 26.7

Jower llii 0.23 29.8

Uagi 127 0.23 38.8

Soger Cans 365 0.26 39.2

Potato 88 0.30 Ul.7

Tobacco 132 0.30 U2.2

Urn 98 0.1i3 95.0

Source: Arakerl (1)

Arakeri's (1) eaaaents on rice cultlTation gave sane idea about %rater re-

qaireflMBt of tiie crop. He s^s that the rioe plant la the green stage oaatalns
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nsarly ninety percent water. A eontijmous aupply of water is necessary tar

tb» healthy growth of the plant.

In stndles canduoted under seal-field condltloa it was fsond that standing

water soppressed the tiller foraatlon af sons arletles of rlee. The mnriber of

tillers decreased with the Increase in ^e depth of water. With short duratioii

varieties flooding the field for three weeks after toansplantlng, with subse-

quent draining, was found to be feneficial in certain locations.

Water duty which is the rauber of acre-inches required hj rice in dlffireat

countries la thotm in Table 5>

Table 5. Acre-inches of Water Required for Rice in Different Countries.

Country Water chtty (acre-inches required)

Japan

Thailand

Indochina

Ceylon

sv South Wales, Australia

Louisiana & Texas, U. S. A.

California, U. S. A.

ladU

28 - 52

92-72

US - 50

72*

72*

li8 - 60

60-72

60-90

In Japan alternate drying and irrigation are practiced with very good re-

sults. Irrigation experiaents conducted in India show that two inches of

irrigation water at intervales of four days gave the best yield of rica.

Hester (20) in his circular on rice production in Arkansas reported tiiat

an aaple supply of good quality of irrigation water is necessary for sMcessfUl
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rle« prodvetion. About 33 Inches of water are required to produce a rice crop.

Of this anount, 20 to 2li Inches nsnally are supplied by irrication from welle,

reserroirs or atreans. In addition to normal rainfall about $ltO,000 to 6^04000

gallons ];wr acre are required durlnf the growing aeasan. The aiiount of water

used In IxTlgatlng rice will depend on several factors including tto aaoont and

distribution of rainfall, ktmiditj, tenperature and eraporation, kiod of soil

and the watering practice followed.

Flnfroc' and others (7) nentiooed, in brief, the water requlrmBent of rice

in California. They reported that after flooding, the water required to aain-

tain a constant depth in the field would equal the sun of losses due to trans*

piratim by plants, erapoiration frooi the water smrface, deep percolation and

spillage.

The losses would rary frosi day to day and from me field to the next de*

pending on plant growth, solar radiation, teaperature, wind, relative hunidity,

soil type and rate of Inflow of water into the field.

Total seasonal use would nanaally vary fToH 60 to 108 aore>inches of

water for each acre irrigated. On deep, peraeable soils, the iirigation water

reqalreaent might be two to three tiass this anount. Rice is noraally not

grown on such soils. A i ->te of flow equal to 1 cubic foot per second {kSO 0*3

gallons per nlMite) for each 50 acres being irrigated would be required

usually to Mintain water levels on the field.

The discussion by Raostan on the paper of water aainagenant on rieeland in

Loaisiana and Texas by Lawhon (18) revealed sons of the rice cultivation facts

In California.

According to blB the classical deflKition of constt^)tlve use of water by

plants shoeId oe revised In regard to the rice plant. The aain differeiKe in

the anount of water required to grow rice as coapared to upland crops is that
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It la aaroally flooded fron 90 to 100 dajrs. fhar^ Is a canseqaent aT«poratloB

loss fraa the fr«s watar surface with same deep poreolatlon. Since the stan-

dard definition of consmptlve use included evaporatlm fron adjacent soil,

perhaps the standard definition for rice omsiuiptiva use shauld Inolode

evaporatlmi fron adjacent watmr.

There is experinental eTldeoee ^Mt rice yields are hi^r with shallower

water (tvo to four Inches) if weeds can be controlled chealoally, than where

water Is helc froK six to eight inches deep.

Irrigation ditches serving rice fields are large enou^ to carry suffi*

cient water to flood t)w field rapidly. On an arerage rice field a flow of

about 12 to 16 cubic feet per second is required to flood 100 acres to an

average depth of six inches in 96 hours. This is assoning that one foot depth

of water is needed to priMe the soil and cause the water to stand six inches

deep in the checks.

Pandej (22) eanpiled the field experiawntal results on triple crcqpping

with Jute, rice, tdieat, potato and pulses* Under West-Bengal coBditions,

where Jute is mainly grown, the aost profitable cropping sequences were ob»

senred as Jute and potato. Jute and wheat, and Jute, awn (lowland) rice and

pQlses* When jute is followed by anan paddy (lowland rice), the Jute crop

should be harvested by tlw middle of August. This one stmth earlier harvest-

ing reduces the yield by 30 percmt and causes tremendous amnmt of loss.

Table 6 shows the timings which should be followed in case of double or triple

cropping.
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Table 6. Tim of Sowing and Harvesting In Case of Mkxltlple Cropping

Seteae In Bengal.

Crops Sowing tine Ranrestlng tiM Water reqalrenents

Jute First week Second week Three to four Irrigations

(foUowwi of of up to middle of June,

hf aataa AprU Avgttst each tins three

paMj) acre-laehes

Jute Middle Middle
(followed of to and of

bgr potato. IprU SeptMber
i4»eat or

other
winter
crop)

Ana Paddj Third Middle Three to four Irrlgatlsna

(followed week of at the Interral of

by Asu of Jttly 1X> to 15 days, each tins

Paddy) April three acre-lxKhes

Asian Middle iSnd of

Paddy of
Angttst

HonreaJber ^''
.

"'''" '' '
-

Pttlsea First week Middle Generally no Irrigation

(Laatll of Oecefliber of required. In case of

or Pea) ar In stand- March need one Irrigation

ing paddy 15 with three acre<-lnehee

to 20 days are given
before harvest

Hanson (11), In naster's thesis, Investigated Irrlgatlm pnnplng costs

and annual hoars of use for different types of ftwl and energy sources. The

cost relationships developed are shown In Fig. 1. These costs were based on

Xix9 prevailing prices. Hanson also conputed the overall effldeay of the

plant Aror. energy In^mt and water horsepower output. The average value wee

16.86 percent for dlesel and 52.9 percent tar electricity.
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lift for different energy sources. Source: Hanson (11)
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Dlckerson and others (6) comlatad trrigatlan water costs with total

piffylne lift using aiost of the sane data that was used bgr Hanson. Figure 2

shoMS the saw relaticmship for diesel ftiel which is coaBanly used for paiq>ing

later far irrigation in India. Tbsy asserted that to obtain Baxinm profit,

the design of the irrigation operations should be for a mziauB c^rating tij«

of the pulping unit. This is because the fixed costs per acre-foot go down as

anre water is punped, while operating costs per acre-foot reMin abent the

eaae regardle ? of operating tine.

lusaaa (21) estimated and compared the cost of electric and internal oaa*

bustion units. Power unit costs vary with the horsepower and with ti» energy

source. The initial cost of an electric aotor is nonsally less than the

equiTalent iatemal eoiA)«uition engine, but usually has a higher operating cost.

Electric motors can be operated at a power demand equal to the rated power, tet

enginss operate at a power load of less than approximtely 70-80 percent of the

rated power. The right-angle gear drive's costs are included with the cost of

the engine. The initial investraent power cost for the water horsepower re-

quired are shown in Figure 3*

The investment cost of an internal CMhustion engine for all fViel soureea

MB be estimated from the folloviag relation:

I^ - 1517 39.iili Wlip.

Where I. is the engins investment cost in dollars, and Whp is the water horse-

power obtained from equation Wti|> « QB/3956 (Q in gpm aad H, head, in faet).

The inrestmsnt cost of an electric motor can be estimated from the follov»

ing relation:

Ijj - 31*1.30 23.29 Whp.

Where Ij^ in the initial inrestment cost in dollars, and VQjp is the water horee-

poMsr.
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10 20 30 40 50 60 70 80 90 100 110 120 130

V/ATKR i:orsh?oI'7:?;r

Fig. 3. Power unit investmsnt cost versus v/ater horsepower. Source:

Hanson (11)
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Diesel, liquified petroleua gas, natural gas and electricity are tl» sain

Moergy saurces u»d for Irrigation in the U. S. A, The range of fV»l unite

consQ»sd per acre-foot per foot of lift are shown ir. Table 7*

Table 7« Itelt Teal CaaaoMptian per Aere-Poot per Foot of Lift far
Different Energy Source.

ISmrgj Source fJnits ConsuiBBd per Acre-Foot per Foot of Lift

Dleael Fteel 0.12 to 0.16 gallon

L.P Oae 0.21 to 0.27 gallon

latnral Oas* 21 to 29 eabie feet
•» 2l).8 ts 39.U cubic feet

Qaaoliae * 0,15 to 0.20 gallon
«• 0.20 to O.til gallon

Klectriclty* 1.55 to 1.92 K.W.H.
«» 1.55 to 2.U8 K.W.H.

aSouroe: Hatnon (11)

««3oarce: MeCall mad DaTidaon (21)

Depreciation of the paaping eqnlpneiit haa bean noat coaaionly ealeulated

Igr ^e strai^t-line aethod which aasnnea that the decline in Talue of the in-

atallation waa the aana daring each year of its usefulnesa or serrioe life.

Except in special oases, depreciation schedules camooly uaed ranged tnmi 10

to 15 years for puopa, 20 to 25 years for electric motot^s, and from 5 to 15

jaars for izitemal eoMtastion engines. D^sreelation aakes up the largeat per-

centage of the OMnerablp coat.

The interest charged an the amrage investnent or depreciated ralue has

aost csBRonly been five or six percent. When equipnent is depreciated by tJw
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straigbi-llne nsthod, the arsrage Ixrvestiaeiit is mjuI to ooB-half th« tnltial

C99t.

Taxas and Insuranoa bare generally been foond to be a aaMll Iteai in Um

total cost or pnptBC*

Tha total unit pooping costs have been found to be prliKarlly affected by

the factors wbl^ cauae rarlatlona In ownership coats and operating costs. Ito-

garding the variation in total costs per acre-foot of natural gas plants fra«

$5.65 to $17.10 and of electrically-operated plants Iron $5.75 to $23.30,

Rehnberg (12) concluded that three factors wore found to be closely associated

with these variations. In !»nler of inportance they are HtB total distance

that the water was lifted, the efficiency of the poaping unit, and the aoaber

of hours the unit was operated ihtring the year.

According to Tumumf (27), if the loss of head is not fixed, as is the

case idiere the pressure is supplied by the puasps, the sise of pipe should be

such as to nalw Mm toal yuarly expenses ainiaaiB. Prom the known Mid assured

rate, the cost of various -Azes of pipe are calculated and the corresponding

losses of heads are detenoined. The total yearly expense woold Uen he th^

interest and depreciatisn charge on the conduit and the yearly cost of pwnping.

TlM» ecoBOBdeal sise of caodnit is that vhieh mkm the sm of these a ainian.

The problea U illustrated graphically in 7ig. It. The annial cost per foot

tw various losses of head is represented by line AB; the annnal cost of poap-

ing pwr foot of conduit is represented by CD, irtii^ will vary little fron a

strai|^t-line. The sun of the ordinates of these two carves are shota by EF,

the law point of whidi at T will give tbm ecmoadcal loss of head 01, Tram

the eeanflid.cal lose oT head, ecgnoMioal pipe size would be knoin.

Si<dcs (12) reproduced a ^uort tnm Cheaieal Engineering Handbook while
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explalnli« how to select an eeoosodeal pipe sits 1b • pao^jlxig 8jBi»» tihen th*

llqald flov rata and deasltx are knawn, and tiirbiil«nt->flov axlats. The saw

ehart was reproduced again In Pig. 5. A stellar chart can be developed fear mk

Irrigation «78t<iB on the baals of exlstloe co^^ of piping.

Horn (13) miggeated the following «ethod of calculating economic pipe else:

The unit cost-dlaaeter relation waa flrat found out cm the baals of market

price. Proa this the annual total ovneririilp co&b sT pipe was calculated. The

water bmrsepower and then brake horsepower were then calculated In term of

dlaMter of the pipe fron th» total bead and dlschai^ Involved . The total

annual operating cost was also calculated In terns of dlaaater of the pipe.

The final relation becase as follows:

Total avmal cost • aminal ownership cost of pipe
aaDoal ownership cost of puap and engine

eamal operating cost

or

Tc • fp («i) 'p, e («*) ^0 (<»)•

Differentiating the above relation and eqinatlng to zero, the econonlo pipe

site was oalonlated.

Rom also developed an equation for unit-cost dlaneter relationship of

eonerete pipe la the font

Cp • 0.77d
wlwre Cp « cost per foot for a given dlaawter

3 m dlaaeter la foot.

Ttw sane relationship was reprochioed In Pig. Ul.

The unit cost dlaneter relationship for asbestoe eeaent pipe was developed

as

l.ii2
Cp - 3.3d

Thla Is shsMB la Pig. SA.
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Total yearly cost

D Cost of pumping

3 Cost Ox conduit

Friction Head Losses

Fig. h. Selection of economic pipe size from total annual cost.

Source: Turneaure (2?)
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V/cight •flow,

thousands of

pounds moss

per hour

If

-1000

500

Economic

diomeicp,

inches

0/

100

50

- 20

- 10

^ 5

- 2

1

b 0.5

i:
''

L 0.1

Fluid dcnsi'y,

pounds moss

per cu ft

P

I— 0.0001

0.0002

E 0.0005

=- 0.001

'-
0.002

^ 0.005

- 0.01

- 0.02

^ 0.05

0.1

- 02

E 0.5

r 2

- 10

20

50

=-100

- 200

Fig. 5. Chart for determining econoinic pipe diameters. Source: Perry,

Chemical Engineers' Handbook (12)



23

Thsre ar« avwral formla* and cdwrts (15) for tha ealoolatloa of ftrletlOB

i{>w:i« In a pip*. A fav of the nost coaaunly uaad onas ara llatttd balov.

(i) Cliaty'a foonaoXat Thla represanta tha flrat saeeaaaftel att«Mpt to «x*

press loss of tead dam to fH.otlari in alfebrale teraa* Tba nadlflad foni of

tba formla Is

Whara H^ la tha bead loss in feet far 1 feet of pipe

T la tte Taloolt/ in feet per seoond

d is the dimeter of pipe in feet

1 is the leogth of pipe in feet*

for aaWf clean cast Iran pipe

* « «^ ^ 0*02
f " 0.02 "j^

For old eaat iroa pipe

f - O.Ob ^
(U) 3cdbe/*s farmUi Thla la a widely need fornilik. It haa dlffereat

fozva for dlffarent at«rlala.

(a) for eonorete plpea

8f •TJTdins?

in tAkldH 8f • loss of head doe to Arletlan la 1,000 faet of pipe

dl " inside dlaneter in inefaea

C, raples tram 0.26? to 0«370 for ik0 roogbast to the snootheat
aorfaoe.

(b) for x>lveted ateel pipe

^1.9

"f-^a^
Where K, variaa with tba roachnesa of tha pipe Aroai 0.32 to 0.52 for wv pipe
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nvl froR 0,$0 to 0.80 for pip© aTUr 30 yeara of tis«.

(Ill) WlUlaM «ad Basaa fonmlai

T - I.3I8C1 r°-^3
,0.$h

d
Where r "> mmb fagrdnmlle rsdlus • r

8 * loes of head per foot

Bearranging* the head losa per 1«000 feet beooHWi

*f C1I.8? p:n58

The foXlotfliv are tern Talnea stf C^ for pipes:

ffitriaaly flROOth aad stralflst pipe, (^ • lltO.

Jwj mooUi pipes, C^ 130.

lev rtTeted stsel plpss, Ci • HO.

CertalB-Tsed Products Cnrporatloa has devsloped a (duurt for frl^Jtlaa

losMS In asbest08-e«a^ pipe for Tarloos flows and dlamtars of pipes based

aa WUIUm anA Wwm fonnla (e • l2iO>* ThMS are reprodnoed in Tig. 6 aad

7-
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Gwtass, aotis axd crops (f muk

CliMit*8 of India

Tlw olinftte of India Is InteiiMljr interesting to stwty beoavae of the

great coBirast iVsai season to season* India's eliaate is the best large-eoale

exaaple of the alteination of seasons known as sonsoons. The average aaanaX

rainfall varies trtm five Indies In the desert of Sajpatana to }|30 Ini^s on

-Uw hills of Cherrapnnji. Teaperatore varies ftron -U9^ to 126®F.

Ealnfall takea plaoe In IndU during the southwest aonsoon beeaose the

air aass ooass from warn, s^ist area over the Arabian Sea and -Uie Bar of Bengal*

Sottthweat nonsoon starts towards tbs and of Mqr* Atllj developed by the end of

Jmm and ends hy Oct^ser. On an average it give ^hont Ii3 inehes of total rata*

fall. Fig. 8 shows the diffsrent rainfall regions.

Derlng the northeast nonsoon soese ralafsll ocears only in Sonth India

(Madras)* The air when flowing over the Bay of Bengal picks yap aoistare sad

causes rainfall* It gives abaat 20 to 30 inches total rainfall in Hadras*

This is bensfielsl for winter crop*

la Bangal ralafhU gMMirelly ooenrs dteriag the Soothuest onsoon. It

starts tram ths beginning of June and ends by Oetbber. On an average it giws

about 30 to 80 inches of rainfall* Table 8 shows the average rainfall of

Bengal* Table 9 gives the asan monthly teE^>eratnre of Beagel as recorded in

Calctttta*
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Fig. 8. 1-Iap of India showing different rainfall regions.

Source: Arakeri (1)
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TablA 8. ATaz>age Nnithly Total Rainfall of West-Bangal.

Months JaiBiar7 Febnuuy Hareb April Hqr Jum July

Averags
total 0.62 1.60 0.63 l.JO 3.70 T.liO 12.itO

rainfall
in in(^iss

Honths Augast S«pt«ai)or Oetobar Hovwribar DaooKbar Taarly Total

Average
toUl 9.20 12.1iO S,hO 0.10 0.00 51|.33

rainfall
in inches

Sonroe: Haldar (10)

Table 9. Average Mean Magathly Teaperatore of West-Bengal.

MoaUis January February March April May June

Average
eaa monthly 67.1 72.2 80.6 86.2 66.5 8^.6
taaperatnre
Of

Months July August Septeadier October KoveiriMr DecwoiMr

Average
wan monthly 8U.0 83.6 8U.0 81.0 87.0 67.0
teaperature
Of

Source: TiMS of India (26)
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Soils of India

In ladU, there are fanr aajor aoll typeaj noMly, allwrUl, black, red

and laterlte extending aver 300,000j 200,000, 200,000 and li9,000 aqaare nllee

respectively. Fig. 9 shows the dUtributloo of these soils oyer IndU.

Bengal's soils are mostly laterlte and red.

Texture, structure and organic natter content are the basic lafxn^ant

characteristics of a soil Influencing soil-water relatioishlps. As allvrlal

soils are transported, tlMse show a JMl spectm of Tarlatlon in textnre od

can be aayUiing froei sandy to clay In texture. A black soil varies frosi fine

sandy clay to clay. The red soils are generally sandy loan to clay loan In

nature i4ille laterltes vary fron sandy loan to clay. Water holding capacities

of different textural groups are shoun In Table 10.

Table 10. Water Holding Capacities of Different Teztoral Qroop of Soils.

Available water holding capacity

Textural Class per foot depth of soil
inches

Sandy 0.25 to 0.75

Loaay Sand 0.75 to 1.25

Sandy Io«b 1.00 to 1.50

Plm Sandy Loan 1.50 to 2.00

Clay Loan 1.75 to 2.25

Clay 2.00 to 3.00

Source: Crlddle (5)
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SOIL MAP OF INDIA

SCALE

SI m Ki 311 }» 3" }' ''•"
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^^ ALLUVIAL SO;'.4CU.';0i.= FERE.S'W£O)liiIli RED GRAVrLLY SC.IS

Enni COASTAL ALLUVIUM (sEV/) [[M] REO i YELLOV.' SOILS

GREY.;, DP.OV.-N SOILS Or "NOUS [Tj^
^^tERITES HIGH & LOW LEVEL

ETTT] JAMJIiA 1 GANG £T;C BASIN ^
•^ IMPREGNATEO WITH SALTS ES^ LATEWTE SO;l(OL0 ALLUVIUM^

[gT] GANGETic alluv;um(calc/j;;ous) c^^ cesert soils (grey isrown)

CZl SALtSE & DELTAIC SOILS E13 S>CELETAL SOILS

r-'-l DEEP C.LACK OR REGUftSOIL OF [TTTl FOREST J HILL SOILS
I.-. J VALLEYS
fT-rJ] MEDIUM ELACXSOIL Or rS,.'P'"-—

^ I-GKEISSIC OMGI

DEEP C.LACK OR REGUftSOIL OF rreri FOREST J HILL SOILS
^-'-^ tUNOIi-rERESTlMEOi

DIL Or rS,'P, ITpl SL'?-MONTASE REGIONAL SO'.-.

N (PLATEAU) l-^-^ tUNOlfrERENtlATEC)

{>^ SHALLOW DLACK SOILS

ppnl WIXEO R£0 4 SLACk: SOILS

P^ REO LOAM
'ii:i!i: IT I'Ci'.H ifvV.-.-i'u.Wi iin:::i<i.\S!irj'i t.'ii.-in,-/}.

(u.soit f ei-.c.stia; 10)

F^H peat SOILS

Fig. 9. Map of India show different soil regions

Source: Arakeri (l)
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A eoqparatlve statement of mechanical analyela of different eolle Is pre-

sented In Table 11.

Table 11. Inpoartant Molstore Characteristics of Tjrploal Major Soil Types

of India.

Percent Fraction of Surface SoJ1
""ciaySoil Qsnap Coarse Sand Fine Sand Silt Textnral Claes

Alluvial Soil
(Kaapvr)

0.23
1.50
2.0

57.8
36.3
72.1

25.7
27.9
lk.5

m.i
27.8

Sanity laax
LO«B

Lougr Sand

Black Cotton
SoUs (South IndU)

0.7
18.9
Ul.2

ll.li

13.5
18.2

21.8
IS.I
ll.li

k5.2
U7.U
23.9

Clay
Clay Loan
Sandy Loan

Uterlte and
Red Solla (Beogal)

10.0
32.0
2it.O

U3.0
19.3
27.0

20.0
18.0
31.2

27.2
32.3
18.0

Sandy Loan
Loaa

Sandy Loan

Source: Handbook of Agriculture, Indian Council of Acrlcsltorel fieaearoh,

Hev Delhi, 1961 (5).

Crops of India

According to the season there are two types of crops In India} naoely,

Kharlf (aoMnr) and rabl (winter). The following glres a hrUt deseriptloo

of soBM of the Kharlf and Babl crops grown In Bengal:

Kharlf ( } Cri^s

Rloe (ozyza satlve)

aloe grows ia a variety of soils provided water Is available and teapera*

turea are warm. It does best on Bwdlms textured soils with a clay substratlun.

In gneral the syateas of rice prodnetion can be divided into three head*

ince-odry systwa, seal-dry systen and wet systen.
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The dry ay^iem of rlee production is very widely practice In faosld areas

vhere there Is no possibility of getting Irrigation water and where rainfall

Is not sufficient for adopting the semi-dry and wet systeaa of cultivation.

The semi-dry system of rice production Is followed In oedliim rainfall tracts

»

In low laylzjn; areas In lofw rainfall tracts, and la areas vhere irrigation

water becoiass arallable at a little later stage. Sovlng Is done quite early

with the arrival of the first pre-monsowi showers In the month of April, Miy,

or June. By the tlw the seedlings are eight to ten Inches high, rain Is

usually received to enable the lapoundlng of water In the field. In ti» wet

oysten of rice production, smedllngs are raised In seed beds under the dry,

Mai-dry or wet systems and thm transplanted In the fields,

A cantlaaotts flov of water Is maintained in the rlee field during tlM

latter part of the semi-dry system and daring the entire period under wet

system of rice production so as to keep the fields flooded mainly because of

healtlQr growth and partly because of weed control. Experimental results have

shown that It Is usually ;mfflclent to apply two-acre Inches of water at

Intervals of four days.

From the earlier discussion It Is evident that consuaqptlve use of rlee Is

not the aaes far all varieties of rice. This Is due to the fact that tibelr

cultural praetleles are not the same. During the first part of the semi-dry

systoa >AMm the fields are not flooded, the term consximptlve use of rice Is

the same aa uaed for otber crops. During ^e latter part of the semi-dry

system and for Uie wet system when the fields rvsaln flooded, iim definition

of eonnimptlve use of rice should be modified as indloated by Houston on page

11.

As Indloated by several research woaricers, the classical definltl(»i of con-

sumptive use of erope Is not perfectly suited for rlee. The ooneerrt ! ^^-tt yet
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clear and definite values for conanaqptlTe use of rice tmder dlff«>ent systeM

of caltlTatlsQ are not kaovn.

The wet ST-stea Is followed where the rainfall la plentiitil and daring the

heavy ralngr periods. The Irrigator will he aalnlj concerned v4.th Uw other

two systiae of cnltlvatlon. Itoder these systeaWf the cmswsptlTe use Taint Is

•MWMd to he a little less than that given as there Is no evaporation ffOK

water surface. The ttiree varieties of paddy— .c (vqpland, Ivoadcasted) , Amaa

(lowland, transplanted) and Boro (winter) are connaily gro«i in West-Bengal.

They are planted daring the month of April, 3epteab«r and January respectively.

The above tlae of sowing can be changed if Irrigation water is available.

Hioe crop takes ganarelly three to four Motiia to aaitare. Sons upland rice

varieties can be harvested within two msotha.

Jute (Corchorus Capsularis and Corehortts Olitorlus)

Jute is cnltiv^sted on daep, fertile, alluvial soils \Mxh becoae silted

by floods aljBOSt every year. It oaa grow an may type of Moderately good soil

except gravelly, and lat«n*itie soils. Jute needs a warm and honid ollaat^.

The jute-growing tracts receive an aunual rainfall of 50 to 70 inches, nostly

during Ifurc^ to Oet^ier. The temperature during the growing period is above

83'' F, and ia the cold nanths it is between 63^ to 75° F.

Jute can not be growi continBOUisly on the 8«ne soil. On soils that do

not flMd, one of tte following crops eaa be groi« In rotation with Juiet

ri<», wheat, oats, barley* pulses or tab^aeeo. In fli« d-affeeted areas of le»*

lands, only rice can be grown in rotation with jute.

Jute requires about three to four irrigations up to the -Hddle of ivm.

It nay be given at intervals of 20 to IM) days depending upon the soil oon-

ditions wi^ three acre-inches of water per af^lioation.
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Sugar Caao (Saccharum Orflclaartm)

Sugar caM la qttlta adaptabla to varying soil csndltloos. It can b*

grown soccessrally in sandy oe clay soil and In sllj^tl; acid to alkalina

soils* Looi soil with lood dralnaca is bast sultad for this or;^.

Sugar cana Is grown undar a vida range of rainfall ocodltlons> Taryiag

ffon fifteen to one buxKlred fifteen incbas a year. It gram beat in tracts

having twenty to forty inches of rainfall, suppj-omnted by timely irrigation.

A growing season of ten Booths with adeqoate soil BOlstvre folloiied by a dry

winter, are the best caaadltions for higher yields. In Ncarthem India, the

best planting Booths are February and Septeaber. Septeatber plantings usually

give higher yields. The ooMum planting nonths In Southern Iwila are January,

February or July. 3\igar cane planted in July rwMlns In the field fro« twelve

to twenty souths » and that planted in January or Feb.-usry raaeilns only froai

eleven to thirtean Moiha.

The total water requlrenent of sugar cane is about one hundred inches psr

year, li/hen the crop la groun regularly under irrlgati;m, one irrigation before

planting and one a t&w days after planting are givan to insure proper gemina-

tion. aubseqaeBt irrigatioBs are givea at intervals of eight to twelve dagr>f

depmidlng upon the type of soil and the season. At each irrigation, about two

a»i osw-half to three acre-inches of water aire applied. In Noirtbam India and

in heavy rainfall tracts of Southern India only two to five irrigations are

naaally given.

Red Qanm (Arahar) (Cajanns Cajan)

Red graa em be grown in alnost any kind of soU. Wali-.'r'-slnBd alluvial,

loaay soils are particularly suitable for this crop.

Bed gnw is grown a« a pure crop and alsp ae a Blaoad crop under raixi-fed
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caodltloiw. H;^ Irrigation Is r«qalr«d. SdwIxi^ are done during June aad

July. It requires about seven to eight months to nature and Is harvested daav

iBg the aonth af S^^taniser-October.

Rabl (winter) Crops

Vhni (Trltleon 3atlvua)

Wheat prodaoea hijher Tielda an fertile, fine textared soils. As a dry

land crop It grsMs beet In clay soils. Under Irrlgatlaa It can be grown even

OB sandy soils,

Wheat Is grown daring the dry, coal, vlnter jnonths. 3cvlng Is done at

the etyl of October after the heavy ^lowers are over. It aetnres in abOttt

tlaree end one-half to five laanth:^.

The eegnoHlc dosage of Irrigation water for vteet Is about ten to fifteaft

acre-Inches of water at each application of four or five tlma during the grow-

ing season. Usually this gives good results.

Tobacco (llleotlana Tobaoun}

In dryland faralng areas 'id.th aedlun rainfall, tcA>acco requires a clay

soil that holds adequate nolsture. Utan Irrl^tlon water Is available, how-

evwr, loa^jr and sandy eolls are suitable.

T^saeco Is a rabl (winter) erc^ and Is planted during the mouth of

October, It takea about four monUis to nature and is harvested during the

nanth of January and Fobmary.

Till!lately after U'ansplantlng, tsfcacco ^ould be Irrigated every three

or four days for about two weeke and once a week thereafter.
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r^>t«to (Salanor Taberosim)

The potato Is a rabl (winter) crop In tho plains and a Kharlf (mmnftr)

crop In the hllla. In «» plains It Is ffsmnllj planted during th« Rcmtha of

Septeaiber to Hoveolser and harvested during the Bontbs of Felyruary to April.

TtnOf it takes aboat six nooths to nature.

Potatoes oaa be grovn in alsnost all soils except saline and alkaline ones»

bat are gro^n best In sanlbr loan ihaX Is rich In boaans. Slxioe the potato Is

very sensitive to excessive stolstare, eljqr soils should be avoided. Potato

should be rotated with socie legunlnoos or green »mare erop.

Bengal Qnm (Clcer ArletlaoH)

Alluvial soils are the best toe gmu It also can be cultivated in

black soils which retain the sob-soll asoliitAire. Qanm Is a oool season crop*

It Is grom as a single erop or as b jolxed erop with '4iaat, adllets, pulaea

or oil seeds. Sowing Is done during tto son^ ot October and Hoveaber. It la

harvested within three to three and one-half months. Qraa generally does not

require any Irrigation. Where the soils are drj, a lljf^t Irrigation Is glven»

taking care not to flood the field*

I«ttll (Maaor) (Ervm lena)

laetll grows well In alluvial soils md black soils. It Is even suited

for soils of low fertllltr and slight alkalinity. It Is cultivated under rain-

fed cmdltlons and, like gran, the crop thrives on sub-soll Rolsture. In saaw

places a light Irrlgatlc"' la ^van.

Lmtll Is a winter a^iassn crop with a sowing period fron October to

DeeWber, depwiding upon the cessation of rains. The erop Is ripe within

three to four mntha (fependlng upon the vazdety and the tins of sowing*
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Rap* (Brasalea Ii^pma), nasiard (Brasslea Ilgra)

Rap« and nastard ar« grown In a variaty of soils. It la grwrn aa a

twd orop vlth nbeat, barlay, or grain, in tha rabl (wintar) seasons. It is

smatiwis grom as a pare crop. Am ens^ is harrastsd %rlthin ttar«« sioaths.

If aoffioisBt aoistars is prastmt, Vbm orop doss not raqalra ngr irrigatlan*

Itnsaad (Uana Osltatissinm)

This Is a rabi (wintar) crop, raqiniring a vall-draiasd soil vith an

abttndaaoa of arallabla aolstora.
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TBSKOi OP tHS SI3XEK

Tte ttMoat of utter to b« appllsd in the ftold far aa •fflelMit irrlc**

tlOB BfaUm to dttondxwd on tte follovtog baato:

(a) CoBSoaptlve naa of eropa to \m grown

(b) Ezp«et«d ratofall

(e) Soil idiaractartottoa

CowM^ptlTa naa Tartoa firoai erop to erop and far tte saM orop at diffiMr-

ant ptoma. Tte deslgD valnaa for laAtoB eontltlcoa vara tatea trm Tabla k*

aaUtfkll data «kI aoU oteraetnrtottoa vara taten trm Tablaa 8, 10 and U

raapaettoalj.

SlBoa tte projaot tias daaiffwd for tte aatira Maat-Baogal, It to not

paaalbla to ooaaidar all tte ftetora torolTad spaolfloally. Effsrta teva baaa

Mwte to toclwte all tte poaalble crops to tte Kodal dteslgB araa and to wm a

teoad rai«B of ralaaa so as to nate usa of tte dasiga to aoir stoUar projaet

to Ws8tp-BBi«al vlth littto eteags to tte eroppli^ pattani. Uhila dotog so tte

nav dttslgB dtoeterga stonld earn wlthto tte Itolt of tte sodal daal^B dto->

oterga*

A typtoal erop adMdala far tte ledal projaot to givan to Ubto 12. Tte

sotedola toolodas stoglsy doabla and trippla eropptog. As far as praottoal

tte autira araa stetUd bu dlTldad torto diffsrsnt blooks sad tte erops stevld

te rotetad to teap «p tte fSMrtlUtj of tte aoU. Tte block aiystaM vUl atoo

toeraasa tte torlgattoa adTtotoncy. I^Nrtlltoar ateald te aaad aloag with tta

graao naaartog crop. Ibto vLU kaap a telaaiea tetwaan tte mtrirat aptate aad

supply.

Tte lowlaad araa abonld te aaad for traaaplmtad Aaaa Paddy aad high laad

for aijoad iaa Paddr aad Arteur.
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TaU* 12* luteal Crops SelMdol* fsr the SchsM.

Month _
Crops

*S
f CCB«
3)«

"

I
'^'

"

Hnreh

April JMa

May
(2W) Ana fuAAy Ana Pad^

(150) Artar

1 R
Jttly - -

t_ l_

Angiut

Saptaaibnr

AMtti Paddy t

(150) 1

Ooioiaer

Bovanbor

Potato

(75) Ml»«t

(7?)

usMd
(^)

(J

•an TO*
!5)b8ee9

(75)

OacasBbar

l^a Lemtll

(lp) (75) '

^aaoarjr »
1 1

Fatenarx
•- . r^tkmm '

Msroh (tracai Mnmro

T —

i^PlgBras tfithia brackata Indleata aeraaga ondar aadi crop.



a

DvteralBBtlflo of Pmip CvfmeiXj

Thai selActlon of the punps will be based ce the iwtTtwwin design discharge

of the system. This een be fooad bjr dlTldiag the entire year lata differwit

parts aoeordiag to the cryps grotm in iim field and ealculatias the deslga

rate for each part. While doinc so expected raijifall, crop canaHpilTt «se

and soil titaracteristics should be aeeaanted for.

West-Beogaly tn general, has tvo types of soil aaswlj laterite and red

soils. Thajr are in the textnral grcnp of sandy loan and loaa baring !•$

inches available soil a»istare characteristics per foot of soil. Assuaing

four feet of soil avsilable for soil aclstore, depth of aTailable soil soistare

vlllbe

•4|3(1.5 * 6 inches.

If irrigation v«ter is applied >dm(i $0 percent of the aTailable aoistare

is consuwid, the dept^ of water coasunsd befoore irrigation is

6x0.5 " 3 inches.

Depth of soil solsture to be replaced

6x0*5 " 3 inches.

Dlriding the entire year into four parts and calculating the water re*

qairaneats daring eaeh period it Is poaslbis to detendne pop eapaclty as

foUOMSZ

Period trm MiddU of April to mddle of Jvly

Crops in the field Acreage

JvU 200

Ails Paddy 150

Ass Paddy Arhar 100

Sagar Cane $0
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Average total rainfall daring the perlsjd • 18 Inetee.

18
Average expected rainfall per d4qr • ^ » 0.2 Inebee.

Since tlw eobeae U for aupplsamxtary Irrigation, tte average Talses are

used. In oaoe of hbbsoaI extreme drooght oondUlon^ the puarp will wark sore

hoars a dxy,

Por Jute, Ave Peddy^ and Ans Faddy pins Arhar

AnM, A • li50 acres*

rniwiTt iTn lUM • 0.38 lnehf»« per daj

XrrlgatiaB Ueacnd

• esosonptive -ixm - rainfall

• 0.38 - 0.2

• 0.18 lacdiee per daqr

Irrigation Interval • depth available

Irrli^tloB dMBand

"TJ7I8

• 16 dagrs

lue—liiji that the pom? idll vork for 20 hoora a day, tin water to he

ain>ll«d In ti» field can be oaleolated trm the relationship.

Qxt • Axd

Vbmn Q Is the discharge la e.f.s.

t Is the hours poaRped

A Is the area In aerea

d Is the depth of water to be applied. Inches

or Q * ^y?| - k»2S e.f.8. o.f.a. • cable feet per second*
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Far Stigar Cant

ArMy A • 50 «cr«fl

Conmtaptiy usa • 0.26 iacbaa per dty

ZrrlgatiQB rtwanri • 0.26 •0.20

• 0.06 laches par day

Irrisatisn istarval • -jt-gr

50 days

Wetar to ba appllad

Axd
^ t

• 0.15 c.f.a.

Total naWr %o ba appllad

• 1.25 0.15

• U«U e.f.a.

Since tha vatar will ba connrayad to tbn flald through tha pipe llnaa,

Irrlgatlan affloloncy can ba asatnad to be 75 parcaat. Ihidar this eondltlon

raqolrad discharge baoonaa

h.U

$•9 e.f.a.

Total hoars pai^>ad during tha period

Honra par day x days par aaaaon

2Qi50 « X800 hoars.
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B»riod ttm Ittddlt of JxHj to Sad of Sapterissr

Craps la the fLaid Acre«g»

J«U 200

ian Fsdd7 1^0

Arhur 100

Total ralafBll daring th» period « 27*8 iiw^wi.

aalnfall p^r daj • 0.>8 inoties.

SinM this rainfall is aloMt mffioiaat for the standing orops no

irrigatloe will be given. In case of onunial drooi^t llj^ Irrigation may be

given according to the need.

Birtod trcm October to Deoaiito«r

Crops in the field Acreage

Potato 75

Tobacco 75

WhMit 75

Qraa 25

OU Seed 50

Sngar Cane 50

For Potato and TtiMcoo

Area, A 150 acres

Expected rainfall - 0.00 iaehes

Cannnptlve use « 0.3 in/day^

Irrigation d«nand « 0.3 iVday

Irrigation interval « -iL
0.3

10 digrs
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that the pwps will run 18 hours a day, w«ter to Im ^?plled

Par Wheat

Area, A • 75 «cres

CuawiitlTa «ae - 0.17 ia/daj

Irrigation deaaad - 0.17 ixi/<ia7

IrrU»tlt» iBtarral - ^s-«

• 18 <i«y»

For Qraa and Oil Seed

Area, A - 75 aores

ConsuBptlve voe •0.12 In/day

IrrtcatlOQ Interval - -r^

^ days

Mrter to be apfplled

„ Axd
Q --p

Par Sugar Cane

Area, A « 50 acrea

ConsiaqptLve «ae • 0.26 ia/daj

Irrigation interval » -c^ - 12 daya

Water to be applied

Aanl

^ - t

^S2 • 0.685 c.f.a.
12x18
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Total uater demand durli^ the parlod

2.50 0.685 0.50 0.685

U.57 e.f.8.

liiwTiit 75 percent irrlgatlae efftolenqr required pmp capacltj

U.37

5*85 e.f.8.

Total hoars pvnped dorlns the period

I8bc90

3620 hovre

Period fron Jamary to February

Grope Ut the field lereage

Potato IS

Ifteat 1$

Sifar Cane 9»

9m n
iMOtll n

IsraalBg that the pinps will nsm 12 hours a day, U» rate of water to be

l^»plled for both potato and i^ieat will be

» 1.86 1.0b

« 2.92 c.f.s.

For 3agar Cane

AsGd
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" l.Oi e.f.s.

Total wsttmr rttqair«DMOt dtorlag the p«riod

• 2.^ * l.Oli

» 3*96 e.f.s.

Il—li^ 75 peroant irrlgatian «fflelancy required pwnp oefwel^

0,75

Fee axvi leatU cmerally <io not require ugr IrrlgatloR. If the soil la

too drj, a Il^t irriiiation aay be elvea.

Total hours pus^wd durii^ the period

• 12x60

• 720 hours

^nlod trm Hureh to Mlddla of April

Crops In the field Aoraaea

Sngw Gaaa 50

Oreeo Mmre 200

For Sugar Caoa

Area, A • 50 acres

AawMdJiK poMps nn ten hoore a dajr

Q -iSl
i

•^0 - ^'^ ^•'•"'

For Qreen f^onre

Area, A * 200 aorea

Caanpptlve im* • 0«15

XrrlfatiflB Intwnral > ^
« 20 daara



U8

VacUw to tMi tpplled

200x3 , _

Total Mit»r to be applldd

• 1.25 3.0

• h»2$ e.f.s.

Hawtnj 75 parcant irrie»tLoQ affieiM0gr pav a^aclty

.U.25

« 5*67 o.f.a.

Konra panpod dorlng ttaa latarval

- 10sdi5

• li50 hoars

It has baan datandoad fpcai tha abora ealenlationa that tnxijaai mtar da*

nand vflll occnr dorini; tba parlod April to Jnly. Iha saxinnB rsqalrad paap

capacity la 6 coble faat per second. The pwap shoctld ba aalaetad aecordlBgly.

Ptt^> capacity for tha scbnaa

• 6 cfs

• 2,700 wpm (9.S.)

2,250 gga (inparUl)

Total yarJj uaa of tha pnnp

• 1800 1620 720 1»50

• U,590 hoara
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hnp iiork Scbsdule

Periods Dlsohargtt Roars Ber Day
(cf«)

iTtwHT to Ftt)»tur7 5*3 1^

mralti to Kiddle of AprU 5*67 10

lOddlA of A^ll to Hlddla of July 5*9 20

Mlddla of July to End af 3«pt«>iwr 0.0 (if expected rain-
fall oooar?)

October to Deoeifcer $•&$ Ifi
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ECONOMIC DISTRIBDTIOH SYSTEM DESIOH

The layout of the sysi m Is shown in Fig. 10. It was aswawd that four

laterals would work at a time. Under this condltlai the first part of the aaln

would have a capacity of 2700 gpn, the last , -rt of the aaln 1350 gp» and each

lateral would carry 675 gp^* The econonlc pipe size was calculated cm Uie

basis of mlnlnua annual cost. The ownership cost and the operating costs were

estimated In terms of diameter of the pipe. The econonlc size was Uien ob-

tained hy differentiating and equating the expression to zero.

The following assumptions were nade for the calculation:

Total head pleasure head * velocity bead * ft-lctlon head -•- static

lift

or H - p/w — h* z

2g

Scob^y's fonnla was used to calculate friction losses with constant

Cg « 0.316 for concrete pipe and K^ > 0.5 for steel pipe. Wllllas>s«Aazan for«

nila with C-t • lUO was used for asbestos ceB»nt pipe while calculating frlc»

tlon losses.

The Telocity head Is very ssall and was neglected for the calculatlm.

Water horsepower, WHP, can be calculated Aram WHP " ^^

VimvB Q is dlsc'^irge In gpn

H Is head In feet

Assuming an overall efficiency of 70 percent the brake horsepower

becoaes

®™ oTto

Anplng plant Initial cost for gasoline fuel

1^ • 1517 * 93,Uh WHP
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li675'

vO
-3

500 Acres

o
XA

15" Concrete
Laterals

2250' — :.J

o
,

ŵ
/

15" Asbestos Kain

/—Pressure Release Valve

Valves

o! 15" Concrete Laterals

iH

15" Concrete
Laterals

•27" Steel Main

83'

0)a
o
iH
CO

O'
0|
XAj

L.

' ^' :t'V~\\
•'

o->— Valve

c —— Pressure Release Valve

River

-!_j,_.ij— • Foundation or Barge

Punro

Area = 500 Acres Distance between valves : = 300 feet

Fig. 10. Schematic Layout of the Economic Distribution System.
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Pip* Initial 008t tw L flMt

?or eoncrtte pip«

I^ O.TTd^*^ X X. la dollars, d l» In feat

For asbestos pips

I • 3«3d^'^^ X L la dollars

ttm vBlt oost dlawtsr rslatiaasiap for stssl pips ««s dsrelopsd on tte

iMsls of 20^ per pooiKi and \ iaeh aadaal tliiokaoss. This gimss aa initial

eo8t«

His aaoaal a«<asr^iip cost for both paioping plaat and pipss vas oaloalatsd

OB ths basis of 12 perosai of ths InitUl oost for 12 jsairs lifs.

kaaml hours of ^pmratian • IS90 hovrs*

iBagim dsvnlops 9 WT-Er p&r galloa of gnsdias eosting 20# par galleo*

Total oporating eost * ons ad ons half tlass fiaml cost.

Xatsrals

Ths prsssnrs in ttis Utwrals is ^vsry low and doss not mqalre aaor hi^h

prassttx^ pips. Sines eanersts pips is ths ebsapsst, thslr ns* la ths latsrals

will bs seononieal. Tba flov throogh aaeh lataral ma 67$ gpm (1*5 e«f«a»}

audi ths aeloal Isngth vas 22$0 fsst. An sxtera length of TSO fast was adctod

for ths alnor lossss asking ths sqaivaloBt Isogth 3000 f^Mt.

RrieUoa loss for 3000 fast

^ C? di^»^ di • diasMtsr la Inehas.

(0.314)* (iad)^*« i - ittmrtw la fM»
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- 30 (1.5)^

. U.9d
-^-^^

Total bead loss

H • p/w hf

62.li ^

.^ (3i*.6 U.9d
•^•^^)

• 5.9 0.835d '^'^^

-8.1il** 1.2 d*^'^^

PtBop initial cost

3, - 1517 93.iili WP

- 15X7 93.Ut (5.9 0,835ci "^*^)

- 2117 78 d
"^'^

Pipe initial cost

1,16
Ip » 0.77d 3O00O

___ - , 1*16
23lOd

ABmal total OHBership cost

• 0.12 (VIp)

• 261 9.35d ''^'^^ * 277d
^'^
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Annual fttel cost

-^ X 0.2 X U$90
9

• 102 X EDP

AnzBtal total operatiag cost

" 1.5 z AmI eost

• 152 X BHP

« - 1?2 (8.iii* 1.2d '^'^h

-5.25
- 1290 + laUd

Total unial cost

T • OHOBrshlp eost -*- operating eost

£c . 1551 i93.35d
"^-^^^

277ci
^*^^

For ]Bini»D&. dTe
13"°

or 322d °-^(l-.3.l6d "^'^b •

or ** - (3.16)
°'227

- 1.29 feet

" 15 inches

Seooe, "'inch concrete pipe Is aost eeonoRlcal.

Total head for l5->lnch pipe

H • 3li.6 U.9 (1.25)
"^'^^

• 3U.6 1.5

« 36.1f!»«t
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Total anmal cost

% • 1551 W.35 (125)
^'^^ 277 {1.2$)^*^^

- 1551 602 358

« 2611 Sa 4ollftni

& tiMi litlMr p«rt of thi s la flow Is 1^ gp« (3 c*t»a,). The pfr«ssar»

1« qAU \d^ ilmm with « elMmca of water toner* C«nor»U pipe in tnMfii

iHl rtMl pipe l» too eoetly. TfcerefOTe, bl|^ pveeewe eeteeioa pipe Me veed*

Aa extre lea^tb of ko feet wee aMwl to the wtoel 1560 feet pipe to overeoae

the alAor loeees nDdng the etplveleat length of 1600 feet.

_ 0.^2 X 1.6 X (3)^*^

jtl.85 X d 1.1^

- 6,lt X d -^'^

• 36a 6.1I1 X d
"*•*•

- 12 2*0? X d
•^'•^

• 1T*35 2,99 X d
"^'^



^

I^ - 15.17 93M X WHP

- 2637 195 X d
'^'^^

Ip • 3.3 X d ^*^^ X 1600

- 5280 X d ^-^

Aanaal aMwrshtp oost

- 0.12 (1*1)
6 p

- 316 23.5 X d
-^-^ ^Sykxd 1-^

AoBBMl operatlBg cost

• 153 X BHP

- 2630 1*57 X d -^-^^

Total ammal cost

Tq • owmrshlp cost * operating cost

. 29li6 U80.5 X d
"^-^

63U X d
^'^

f!^ - .J4.868 X U8O.5 X d
"^'^^ + 1.U2 X 63U X d

°-^

- -2360 X d -3.868
^. 900 X d °'^

Tot •coaioailc pipe size die—
dd

90^0.1.2 (1^.62d ^•2^) .

d - (2.6) 0'23U

• 1.25 fleet

15 ijscbnss

Hence the ecoBosiioal size is 15 inches.
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Total head- - 36.1 6.1U (1.25)
"^'^

- 36.1 2,07

- 38.17 f»et

Total azB»al cost

- 29lt6 U80.5 (1-25)
'^•^®

63l» (1.25)
^'^

- 29l|6 163 1870 • 3979, dollara.

StMl Main

Steal pipe would be uaed la the nain to resist hl{^ pressare doe to water

havMr. To account for ^e adBor losses aa «A-^ra length of 190 fleet ^-^s added

to the aetsal laai«th of pipes. This aside the eqpilTalflnt Iragth 2,250 feet.

Flow tiuroagh the min was 2700 gpn ( 6 e.f.s.).

hf 0-? ^ liP
^'^

*
4l.ll

1

.loiqs^
d-«

S3d
-^•»

Cooslderiag a lift of 30 feet

B - p^ h^ Z

• 38.17 53d *^*^ 30

- 68.17 53 X d
"^'^

WP.^xI

- I16.5 36.2 X d
"^'^

I^ • 1517 93.Wt X VfflP

- 7717 ii530 X d -^'^
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T . 6.1id X 22^

- iMoOrrt

AnoEoal ommrship coat

- 0.12 de Ip)
i

» 925 5Jih X d "^'^ 1730 X d
J

AnmAl (Operating cost

- 153 X MP

- 10200 7920 X d
"^'^

Total axBBal coot
1 d

Tg • 11,125 «J|6^Ki * 1730 X d

Foi' eeonoale pip« size

dd " ;

or "1.9 X mkd "^'^
1730 -

or d . (2hf'^^

• 2.26 t9Bt

;

" 27 lllA^hM

Bnifie the fteoooKlo nata steel pipe size la 27 isebes.

Total head

H - 68.17 53 X (2.25)
"^^

)

- 69.17 feet.

Total head developed hy the pmp
1

Hp -H — iv^

- 69.17 - 3U.6

• 3U.57 feet

i

i

i



f^ • U,125 &m (2.25) "^'^ • 1730 X 2.^

• 11,12? 160 3900

• 1?,185, <ioll«r».
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DISTRIBOnCW ST3TSK DESKW ON THE BASIS OP MAT8RIAIS AVAIIABIX IW HIDIA

TtM choice of tiM naterial for the dlstrlbtttlgn sjnX»m is vrj llaited,

at present. In India. Different pipe siisee with different Mterials are not

readily available for econonic distribution aysten design. Smller pipes are

being uaed at the expense of head losses and cooseqaently larger punping plant

sise and higher operating costs are inrolved.

In a sinilar design nine-inch ceaent-eaoacreta pipes ax^ nostly used for

the laterals. In the nost favorable condition when all tto laterals work to-

gether, the flow ia each one of Ummb is U50 giw (1 c.f.s.). Total bead to be

developed at the begioning of the laterals for eqalvalent length of 3000 feet

is

, IgxliiU (2.27$)g . yg :,JL-
62.ii 61,. 1» 0,2 ^^1*25 1000

- 3h.6 0.08 y^
(0.316)2^^1-25

• 3ii.68 9.9a

" Ui.62 feet

Bqiuivalent pressure head • 19.U psla.

In tone designs, Uie first few hundred feet of the lateral have been re*

placed by six->lneh asbestos cenwnt pipe. Frcn Pig. 6, It Is detemined that

for kSO gpn flow iht) head loss for 1000 feet pipe is 15 feet which is five

tisma greater tJura that of nine inches concrete pipe. Itee to crop demand If

flow exoeeda more than 6 o.f.s., the loss of bead due to friction would be

trenendottsly hif^.
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frtm aiailBr rMaaslng use of ilx-ia^ uAjftstas pip* la tte laat p«rt ffiT

tiM wmSn 1* «id«8l7«bl«« Hsnmvwr, • Btn»-iitdi ubestos omaiEt pi?o o« b»

mMd. CoBsidlerlac 900 gpn (2 c,r««,) flow, the tstsl IimuI to b« dtrvloptd «t

iha beglmias atf th» asb«aios mloy

»-|^£*>»f

« 2i&^2 0.32 15.T0

• 60.6^ tmA

fOBlTalnct prMMnr* tead * 2S*2 peia*

yor tte MkiB pl|W I2.75 i»^ sifMl pip«& -ro ctawwanly vuhkI. la %i» first

part of tte Mftia Vmr* is a flow of 270Q fpa (6 «*f««.)« After ti» fixvt

l«t«rals tb« flow radttmw to 18O0 gp» ( k e.f.«,)* If largar dimm%»r pipM

are avaiXablA, it atoold ba naadi ia tlw first part af tfaa aaia am indieatad losf

tha anawtn daaifa. (kmaUtmttait VtmTS Ijm^ atael pipa far tto aatira mia^

total haad to ba darvalopwi at tlia firvt lartaral

5*f*ijy^4:l
d'

• 60.6ii 0.32 0.5 X 1.6
^9
7^

• 60.?6 13

• 73.96 fm%

Sqpival«xt praaawr* liwd • 32 paia.

Caoftidarias lift of 30 faat, total djnaaie head far tha poop
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• 73.96 0,7 11.6 + 30 •3U.6

• 116.26 -3i!i.6

• 81.66 fattt.

EqalTalmt prmnmwe b(Md for th« ^nm " $0 pal.

»HP - 5L-
3960

• 2700 X 81.66

3960

- 55.7

MP • iS£
0.7

0.7

- 79.6

- fio.o

For tlM abov« naatltMMd eoodltlen, tte MiglM isboald dtttvlsp* 8o ^ and

the paflp oapaeltgr shoold U 2700 gps (6 eta) at 81.66 feet af total bead.
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In ladls such big unlta «r« iwt esaaaRly wmfactnrtd for this pnrpoM tt

pr«MBt. In a »lnll«r project, tht Agricultural 8nfi:la»«rlng dvptrtnant af

UMt»B«Bgal Install* four anall units for a single schsns. Wis most eosBBOoly

ttssd tTps of pnap and englns has ths foUoMlng specifieatlons.

lane: Kirlsskar Diesel Engine

fytmt B2

BKP: 20

IPMi 1$00

fmp Capacltj-: Read ttt lO $0 60

SPMt TOO 650 SSc

(IsfjarUl)

OFK: 8liO 780 660

(5.5.)

As regards pmmr the selection Is allrlght. The penp eapaelij Is little

less St the required head. The assunsd 30 foot lift Is on the npper side.

nierefQ(re, ths paaps vonld be In a position to snpply the required water.

Installatian:

In Weet^Bengil vater t >n be penped either fro« rivers or trm beels

(lakes). In rivers, flnetaatlons of the water level I* too great. Steel

barges are need for installation in snch rivers, the water level In beels does

not vary toe aMh. A oonerete fonmiatlon vlth tvo hogrlsontal bases, one for

wmmmr a»3 the other for winter shonld he eonstmeted in beels. ArrangenaaA

shonld be nade for easy and qalck lifting ttaA lowering of Uw pnnps and englnss.

A shed most be provided to save the penps and «i^;lnes.

As regards tops^rrsphj neither of the t«o sehenss wonld be slMlar. Spe-

olfle dlstrlbntlon sjrstsn layout Is not possible fcnr any sjrsten without a
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•oatsor nap. SIiim l«v«llnf Is not gwaerslly dont, th« dlstrlbBtlon ^jratfMH

•koBld follw ih» rldfes la tb« flald as far as rr^^^^lbl*. On tlM rlv«r bank,

llW ftaaral alopa la a«ay froa t^ bank, k KKtol dlstribotlOB aystaai laymi

vlih dlffaraot pipe alias la ahotm la Fig. II.

iAftT.'.
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COST ABAl^SIS

Tht eost analyals 11 b« na<to an th« ctoslgn Ut«t la VMd at preaast la

India ao «« to gat an Ltea abMt ilk» oosta Inrdlvad.

Tsp oaonranlMBca, th« total eost pur tmlt la brokan dom Into <!} owsardlilp

and (2) oparatiag ooata.

Ounarahlp eostr:

TiMj ara thoaa i^l H «ra ttsually not dlraetij ralatad to tha awxmt

of «aa and laelvda:

!• Dopraciatlam

2. IMaraat aa iBraataMit

3. Honalng

k* tanaa «Bd insuranea

Oparatiag coat .

Tfaay ara dlraetly ralatad to xum mA inolsdttt

1. ftel

2. labrlemia

3. Sapair and nalntenamoa

h» Labor.

Whlla aatlaatlag the costa the prtrralling ooata of dlffarant natarlala la

India la tanui of rapaas (ona dollar • sawn and ooa^balf rapaaa) will ba uaad.

Tba flaal Talna will alao ba abOHS in tanoa of dollara.

Tha r^lOHlaff ara aoaa of tba aaauaptiana ubleb vill ba vaad for tba

astlaatloi:

Oaixraeiatloat atralght lina amthod

I\i1i!m plnrt lifas 12 jaara

Ufa ta pipa llnai 1$ j—rm



67

^rg« »r fsondatiae Xlf«: 20 jtmn

Idftt af alMklt«r: 50 ywa%

S«XTag» valM la •••BBMMi to b« all.

iBfcersst: am half tim natr coat bAaU

iUtiai foar paroMrt

TaxMi ao tautlaB

Xassraaoat faonrallj not dona

Fwlt

ABBttal opentLoot li590 hoora

IWl uaadt diaaal

CoBattaptlOQ} 0.3 lltaira p«r hp»ter

CMtai aa«0.60 p«r lliar

Xatbrloaatt OJt paroMti of laltUl east

Rapalr aad aaistMMaoa:

P«a|>liig plant: 3.5 peroant of Initial c^ut

Plpa llna: 1 paaroant of laltLal ooat

Sbaltcri 1 pn-oaat of laltUl coat

Barga or fo&ndat'ait 0.5 paroamt of Initial coat

Labors

OpMratori a«.17$ par matli

Aaaiataat oparatori aa.lOO pw aa th
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laltlal cost:

Zta« !• Cost of poHp «id oaclBM tncladlng transpartatloB and aeeemcrlM.

$ M. 13CXX} pM> Mi

» k * 13000 • Rs, 52000

Itan 2« Cost of pipe inclading truiapartatlan tad iJutaXlttion*

a. stMl Mint (12.75 iiwlwa dU)

Iragth • 2060 fMt 9 a«. 25 PM> foot

• Hs. 25 X 206O

• Rs. 52000

b. utestos Mia: (9 tnslws dia)

iMgth - 1560 f«et 4 Sa. 15 P*r foot

• Ss. 1560 X 15

- &•• 23liOO

o. OMwat ecmcrate lat«r«l«i (9 ineb«3 dim)

iBMStll • 6 X 2250 f«»t « Rs. 750 per foot

• B«. 7.50 X 6 X 2250

• Rs. lOIliOO

d. alBcelX -«oas fittLoca

" Es. 2200

Total coat • 5200O 23li00 lOlliOO 2200

- H«. 179000

It«n 3. Coat of staal bargv or eanarata fOBBdatioa vltti sbad.

• Ra. 28000

Itea it. Coat of land! aod ahaltar for oparatar and asaiataiit oparator.

• Rs. 12000
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Tml eoett

• na, 0,3 X U X ^^ X 0.60 x 1*^90

• R«. 6,600

ZtM hnpad) ?ip^{2) Barca(3} Sbaltar(k)

AaoBuil eosi of MBsrship^ a«.

DvprMlattOB it,>M) 6,760 l,i|00 llOO

IttUrMi on Unit—

t

2p028 l.QltO 560 as

Total AmmmiX owmrslklp emit 6,366 7,800 1,960 61iO

Total AaBMl vNBBreklp oo«i

of all LtaK

•
•
Bs. 16,768
($2,235)

Jkmmml oMt of operation, B«

Awl 6,600

XiribriflMt aoB

B^alr and aaitttoiuuiM 1,8»3 l,Uk libO 120

Aibor 3.300 «.» ««»

Total AoRMl oo8t of oparatlott 11,928 l^Vlh lliO 120

Total ABBMl oparatlac ooat

of all ttaM

•

4

» Sa. 13,292
• ($1,765)

Total anoMl eost • Ra. l6,?68 Qa. 13,292

• aa. 30,060 ($li,O0O)

Aaoaal eost par «er« • Sa. 60«00

" $8,00
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COlCIOSIOi AID RSCOmSKUfXOI

fte Mdtl dMlffi «M b«s«d aa tte g«wnil erop. Mil aai QllMtls esMdlt*

lans af Wto«t-B«ieal. la gMwrsl, ib« dsvlBtlga of tht TtrUblM for 07 8p«*

•iflo d«»ijA alxht aoi b« fur aanv f^roM that «Md in tlM BOd«l dMlfB ani,

tlMir*for«, tte MUM dMlfB vsmld mrrm tbm p«rpoM far »o«t of tte mAmmn,

IB ottM of Ijorft ^mriMtltmM, a aav crafsplag patt<Hni» anitabl* for tl» plae««

•luttXdi }m prvparad aad tba daalga <tlaob«rc» alumld be rMalenlatad. Svm Ia

that aasa tte mv daai^i dUoiwrft alsM ba k»«yt vlthia tba li«li Isj ahaactat

the ymtM af opanttioB of Urn paav«« If maaaanu'j •

2i has bean foaa! that the p«Mpa stoOd ran a Moiawi of 20 boara a iaj

ittrlas tte ftrat Kharlf orcp. Tbla voald foraa tba oparator aa nail aa tlw

twem&n ta work at ai«bt* Bat eonaldarliic tba acarelty, aaad and aaoBoagr,

fflropar arrangaaanta abovld ba aada to eamlBea botb tba oparator aad tba

faraara to work at aicbt darlac tba paak parlod. If tba aaiijbar of bsora la

radaaad, it ta aot poaaibla ta trrtgata 500 aeraa vltb 2700 «pa dlaabarfa, aa

ta praetlead at pras««t la Wbat^Baafal. Tba a^imaa ara aaiiOj for aoppli^

aaataiT' trrlifatlQa and if asoal rainfall oocwra, Um dally boara of ofwratioii

wmj ba radaoad coaaldarablj*

Tba ^ai|9B of aa aeaaaale dlatrlbation ayataa aad tba ajaUm falloMtd, at

praaant, ia Waat-Suigal abouad ttait tbara wta a oouidarabla «aau«a af powar

iiaa af pipaa* Siaoa tbla axtra loaa la qplta bifb> MplMwia aboald ba glvaa

to tba aaoefaotara of apaoial laitrar plpaa for tbla porpoaa. Dm to Urn bicbor

Aaaaad, tba pradaatloa eoat aay aot co «p for aaeb pipa alxaa*

Coat aaall^la idunad tbat tha aaaaal axpaadltara la aboat 60 I
'upaaa par

aara vbiab aboald ba raaliaad froa U» faraara ia tba foca of taao^lau Xaat
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9t tlM sohaoes «r» still vndar Htm pluuM of iastallttlOB aadl aai ia « posltloa

to Irrlfitt 500 aoTM «i^ lotA a croppisc; pattern. It vovld te «a lajustie*

to the fanwrs to eollaet tlw l^ill tax If uatar doas not nMush thalr flalda

afiaoardiac to tbalr aaada, JbraowTf tiMi farwirs ^kaald railisa tbm vtill-^ of

tlw doobla or tarlpXa erappiof bafsra tlMgr ara iMarUj taisad. Tlw flrat tw

yaara tn^ watwr vlih gradoal ttxatlan saana to ba tita baat for Indian

acoditicMO.

Zrri«atiaB natar ia not fk'a*^ as raiBwatar* Aa far as praetioal, propar

vtilisatiOB of amy singla drop of watar si ^' ' ba aada. Tha operator mat

ba gi-van a baaio trainiinr far aatwr vaa. Tba aztowian workar anat work tiard

with tha farasra to train tbaes for tba prapar utlliMtion of watar. Aa far aa

yoaaibla tlw antira araa aboald ba divldad lata diffbraat bloeka mi tlia

fiarMNni of aaidi block ahoald follow aona vroppia^ i^tanu AfriaaltBral

tacioaara, aim ara ia duu^s of sa^ projacta i^boald taej Vbmir bast to eooyiaoa

tl» fanMHra to i^>llav aaaa aroppiag pattnra and tb^r <idioald ia*apara tha ir-

riipitioB aebadola aoeordiaglgr. Frop«r raeorda shaold ba aaiataiaad in aa^

Mhi(^ vottld balp ia prmpmriag tvtmn sdaadalaa. Tba sseeaaa of tba

di^Moda MEtiraly en tha eo»ordiaatioa bataaaa tha fanar, axtaasioa

aad aaglaaarlBff paraoonala. la^M«ia i^aald ba glr9» aa thta aspaet.

I M
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Tte avthor viiriati to «3opr»M hit «ljw«r» gniiltKtte «id Uaakm io ld« MU

vlflor and Hsad of ths D^Murtmni, Dr. 0. B. Unon, tor his abl* foidwaM,

valnabis suggcstlani «ad eoiMtaiii •»BOttr«g«wnii dsriia^ tlw prtpsrmtlaei af this

r'vpoi't*

Qntitodt ad ttaaaln ar« also aaqMrMoad to Mr* <!« V, Itak md Hr» R.

Upf»r for thvlr OTapatliotio attltod* and telpftal saggeatlaas durlag tba

prapaFatlflB af tte rwport.

The author la «xtnn»lj ttinkfU. to tha eturxtfrant asthoritiaa «ndl friawte

ia India aad In tba U. S, 1« vto vara kind aM«|^ to aaixl aoM Talaabla ia»

fazvatLon for asa in ikls raport.

Iba «Hth»r vottld eaoaider Ida work warUnddla If tida raport can be of

aagr aaalstaaQa la tmpTawwrtIng rlvar Inrlgatlaa a^iaaaa la India aad partla*

alarljr la yteat-JMBgal.

Rlraadm lath Raldar
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APFEKXCX-A

METRIC OORTERSIQlfS, III0STRATZOR3 ARD TABISS



Table A-^. American—English-Metric Conversions Constants.

Lcojth und Stiilute Xauticnl Ccnti- Kiia-

Diiljincc Inclica Feet Ynrcid Mil.'.n Miica meters Meiers niclerj

one inci; equals 1 .0S3 .027 2..V-1

one fool 12 1 .333 — — 30.-1S ,305
ono yftrd 3G 3.0 : — — 61.4-i .9M
Istatule mile — i2.Sfj 17C0 1 .805 _ ICOO 1.01

1 nauttcr.l mile — 60S0 2027 1.15 1 1853 1.S5

1 centimeter .391 .032S .0103 1 .01

1 meter 39.37 3.231 LOW — 100 1 .001

1 kilometer — 32S1 109-4 .C2U .5390 — 1000 1

UoKfui. Ai'nioxiM\Tio.-.3: 5 cm. =2 in.; 10 cm.
10 km. - C iiiili-a; 10 km. = 10 uiile.i; 1 fathom

= 4 in.; 30 cm. =1 ft.; 10 meters = 33 ft.;

= ft.; 120 fftthoms = 1 c.ib'.o lenstk.

Square Square ycjuaic

Areas InohiM Kcct Yards
Square Square

Acres Centimeters Meters Hccta.-cs

1 cq. incU 1

l«q.£t. H-l

1 »q. yd. 1290

1 acre —
1 eq. cm. .155

1 oq. m. 1550

1 hectare —

.007 —
1 .1111

9 1

435C0 4840

10.70 1.20

[07.000 11.955

6.45 .00004— .0029
— .8301— 4050

1 .0001

10.000 1

Oesi-ui, Api'iio.xiitATioi-s: 1 hectare = 2',-^ acres; 1 .sq. in. = C'/i sq. cm.; 1 sq. m. = 11 sq. ft.;

hectare is 330 feet on each side.

Centimeters
1

1

2

1

3

1

4
1

5

1

6

1

7 8
1 1

9

1

10

1

n
1

12

1

13

1

1

1

1

1

2
1

3
Inches

r
i

4

I

1

5

VoIu:;-.e and
Capacity

Cubic

Inches

Cubic

Feet

American

Gallons

Imperial

Gallons

Cubic

Meters Liters Quarts

1 cu. inch 1 .00057 .0043 .0035 .01C3 .0173

1 cu. foot 172S 1 7.4S 6.23 .0283 23.3 29.9

1 Am. callOQ 231 .134 1 .833 .0033 3.78 i
I Imp. ealloQ 277.4 .161 1.201 1 .0045 4.53 4.8

1 cu. meter 61030 35.3 264.2 220 1 1000 1057
1 liter 61.03 .0353 .204 .220 .001 1 1.057

tJsEro:. A?pno.X!M.iTioNs; 1G.4 cc. • 1 cu. in.; 35 cu. ft. in a cu. m.; 1 register ton = 100 cu. ft.;

1 U.S. slipping ton = 40 cu. ft. or 32.14 U.S. buihela or 31.14 imp. bu.

Ounces Pounds Short Long Met.-ic

Weichts Grains Grams (avoir.) (avoir.) Kiios Ton Ton Ton

1 grain 1 .0C4S .0023 .00014 _
I eram 15.4 1 .035 — —
1 ounce 437.5 23.35 1 .0025 .0253 —
1 pound 7000.— 4.>1.— 16 1 .4530

1 kilogram 15432. 1000. 35.27 2.205 1 _
1 short ton — — — 2000.— 907. 1 .803 .507

I long ton — — — 2240 1016 1.12 1 1.016

1 metric ton — — — 2205 loco 1.102 .954 1

Am pKEsatTKE: In terms of atmoophe.-es—One atmosphere equals 14.7 pounds per sq. in. or 1.033 kilo

per square centimeter. Normal tire pressure is 2 atmospheres = 29 Ibs./sq. in.

Source: Israelem (li;)
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Table A2. Resistance of Fitting and Valves.

(length of straight pipe, feet, giving equivalent resistance)

^ ^ ^ ^ y" a
Pipe Slniid- .Med- Long- 45-dcg Tee Gate Globe Swing

EtZC, ard ium- radius cU valve, valve, check.

in. ell radius

cU

ell open open open

1 2.7 2.3 1.7 1.3 5.8 O.G 27 0.7

2 5.5 4.0 3.5 2.5 U.O 1.2 57 . 13

3 S.l 0.8 5.1 3.S 17.0 1.7 85 20

4 11.0 9.1 7.0 5.0 22 2.3 110 27

5 14.0 12.0 8.9 0.1 27 2.9 140 33

ICO 14.0 11.0 7.7 33 3.5 ICO 40

8 21 IS.O 14.0 10.0 43 4.5 220 53

10 20 22 17.0 13.0 50 5.7 290 07

12 32 20' 20.0 15.0 CO C.7 340 SO

14 30 31 23 17.0 70 8.0 390 93

10 42 . 35 27 19.0 87 9.0. 430 . 107

18 40 40 30 21 100 10.2 500 120

20 52 43 34 23 110 12.0 500 134

24 63 53 40 28 140 14.0 080' 100

36 04 79 60 43 200 20.0 1,000 240

Source: Eicks (12)
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p-^ REGULAR K pf
'Mriij.!:^.

-t-AscrJEv/ED '^
,p]li!!S:ilJ..

^^1:11 90- ELL. _ BftHlif^^S^cf^
D .3 .5 I 2 <t

' Vourlcsj of Hijdraulic InstHulc. h = f: — feet of fluid.

Fig. A-j_. Resistance Coefficients for Pip'e Fittings.

Source: Hicks (12)



/O use: I. Select appropriate values on scales A, 3, D and f.

2. Place a ruler from tho point on :ica/e A, thrPM^h. '^'<^ point on

scale B, to the first pi/ot tine, scale C.

3. Place the point of o sharp pencil ajainst ttie ruler on

the pi/ot line, slio'e the rule on the pencil through the point

on scale D lo the second pi/ot line, scale £. >

4. Repeat sfcp 3, pi/otinj on E, possimj

through the point on F to G.

5. Read the an:i,ver on O.

80

cm/M

3-T-

4-

7-

8-
9--
10- - e

20-

2S

30 -|-.

35--

40-

so-H

60-

70-^

100-

80 i-
70-

60--

50--.

40-

35

20-^
~

l-±==. 15-

0.5-7- £ 10-

0.3X0 8

%
iO-t-

- ^ o

-50-{-- X.-

ao-T-s--
100+

n 2
6-

s---

A

33 T
3

2.5-

5

6

7--

10-- 2

-a

25-T- S.

30^- ^
o

o

. 50-f £
Q.

60--^
70--
80--
90--
100- -

II0--
IZO-l-

\

10--

15-

20-

\ 30'

S. 40
\50

•60,d

80
100-

i.s
^\\

700
eoo

-500

--403
350

-h300
250

200

ISO

-60
--70

S--60

-40
o- -i-35

\
\.\

- 15

1-10
9

Fig. k^. Calculating Depth of Water to be Applied per Irrigation.

Source: Israelsen (lii)
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7i UiC: I. Select appropriate values on scales A, B, and

Z. Lay a ruler from fl.c point on scale A i/irough the point on scale B

to the pi/of lino.

J. Place the 'point of a sharp pencil ayainsf the ruler on the pivot //ne

4. Slide /hs rjler on the pencil to the point on scale D
• S. The omr/er appears >vhcra the ruler intersects scale E. .

Fig. A,. Relation Between Stream Size, Time of Irrigation and Depth of

Water to be Applied, qt = Ad

Source: Israelsen (lU)
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C-

-P
CO
Oo
0)

=^iSio^£
I
~'

I

z^-nr-rnf-^i^^ -^:iT .: / •^^5^v;:a^^j/^££|3qq^j:v1g[^

\L_.7miii
;.o . -1.5 2.0

.Diameter of Pipe, d, feet.

Fig. Ai . Installed Cost por Foot as a Fanction of Pipe Diameter for Concrete

Irrigation Pipe Line.

Source: Horn (13)
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University)
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Food 8hort«ee has beooBM «n aoate problen In India for tlia last ftnr yaars.

the conttnnoas droaght that was prwralllns In India for sane years has wade tha

altuatlao worsa. India, being an ajpplcultaral country, wist attain self

raffioiattcy In food for its sunrlvEl. During the third Fire Tear Fm conald-

erable inportanee has been givwa to increase the production of food grains

with the application of improved varieties of seeds and fertiliser. Irriga-

tion is gaining ij^^oz'tance to save the crops fron monsoon failure. Besides

the use of grooad water and s«rfa<Hi water through canal systea, there is a

proaising scope of utilization of surface water for irrigation through aaall

lift irrigation sohenes. Several bondred Billion acre-feet of surface water,

where construction of dan is not eeononically fessible, can be utilizwi

through mtoh systens* Considerable thought has been given to the subject and

the work for sueh a scfaMe is under progress la West-Bancal.

The purpose of l^s report was to design a 500 acre nodel river lift

irrigation seheae for Veet-Bengal conditions. The design was based en the

water requirweent of crops, soil characteristics and elinatio conditions.

Varieties of crops were included in the nodel schane with double and trlpple

cropping possibilities. Although a specific design was not possible for

entire ^st-Bengal, the nodel design would help in arriving at a specific

design with little change in the cropping pattern and other design parameters,

if necessary.

To design for the required discharge of the systen, a suitable crop

schedule with representative crops was prefMtred. The entire year was divided

into different segnants according to th» crops growing in the fields and their

ages. Average design discharge was calculated for each segneat. Aw panp was

selected on the basis of WHiTiimw discharge that -<ts required for each sepnat.



Slno* thfl systwi trould vork as « supplimatsry irrigation sspply owr tbe ttsttal

rainfall, areraga valnaa ware takan In ^la design. In ease of unoaoal u ought

•iMiltlon the pmp would nan Mora hours to supply Um daaand. Mudmai dis-

charge of 2700 gpK (6 o.f.s.) waa found to occur daring the period fro "dddla

of April to alddle of July. During the nm period the p«ap ahould run 20

hours a day. The anoual hours of operatiao vas calculated to be lt590 houra.

fha ecsnoado distribution system was then designed for the entire systea

on the basis of existing price of different pipes in the U. S. A. Twenty-

seren inch steel pipe was found to be ecanoalcal for the first part of the nain

where the flow was 2700 gp«. In the latter part of the nain where the flow was

1350 gpn firtaen inch high pressure ceiwnt asbestos pipe was eenunical. On

the aaauniptlaa that four laterals would woirk together, each hsring a flow of

675 gpsiy 15 Inch. vte pipe was calculated to be econonieal for tbs

lal «i I.

The dlstrlbnti.^n system was then redesigned on the basis of the materials

aTallable in lodla. Since larger pipes are not ayallable, it was assuioed that

all six laterals would work slaultanaously. Sacrificing aoias head losses it

was decided to use 12.75*iaeh steel pipe in the first part of the nain and nine-

inch high pressure asbestos pipe In ^m» latter part of the nain. Ifine>ineh

Oiwsnt ecmerete pipe was used in the lateral. Considering 30 foot lift, the

total head the pop should develop was found to be 81.66 feet. A total EHP of

80 Host be svipplled by the engine. These requlreasnts were found to be almost

within the limiting ralue of the puaps irorking in West-Bengal.

Coat analysis was then made on the basis of mtlsting prl««8 in India.

Total amual cost waa found to be Ra 50,060 ($U,000) far the «itlre 500 acres.

This gare an annaal coat of Rs 60 ($6.00) per arr<t which would eventually be

collected tram, the farmers in the form of taxatieax.


