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InrreaTioN, thoug agrn, Hiral in 1+i objed,. has" Lecww
s L)

'g{, d\an jaad revemue
ryotyari svstems»~'~ntfip
3 smxnt and eollec tl@n“”uv-, -
: water on.avolumeku 7 ag’ . very gspesial branch of engine vrmg, swing to the naturo.of i
pafstem .0 e T 7*1 'f, T T o f"niim z‘ea-asﬁ«fo r the proper sontrof and disiribution of ¥ '
L : . A Tefore nmruﬁ(ﬁun— 0 eonsider uugatlon works from a tP::il"‘zi‘r*nl‘f
- poiat of 'vua\?lb will be of interest to review ganerally L}m: *£

ponditid s which from very early times have lad to the practie
icn, and this will ipvolve. discussion of th )utm 37 and.
! u

=

P
e b

O
valug of irriga.tzun under given. conditions. ...
“The practice of irrigation is of very great anti i
g the earliess examples of irrigation workz of which we Hav "
Craeord ds uf inierest ag Hlusirating not only ihe pr' ygr?t:
v"nws a well-managed irriga m.yﬂsystem. but z; o
desolation whick, in a couniry dependent on
fnably foliow neglect of the proper maintenares
rks.  The country referred 16 1s “Mesopotaniia,
I aliuvnd p ain in the Qouti*-tszzstlvmm ],eg,.ve,ﬂ;

LY ﬂﬂd»one

‘
4,
14

ik
Uhahl(“}, or Lwrmvunm. Itfuvh of tﬂ_c hlf:ﬁ(’f'r' of (zhwfiied b ag
dec mrvew} from local inser zptinnn. 1d nob the ;Ie-v;:
”':,“’._15‘, are those relating $o irrigalion, Thece inger Ipimu; |
A ‘,. v Lear out ke st atements of comy amh\ml) I‘E‘U‘nu 1H‘f\r}s;1m r
of whom porhaps the most trusu..orﬂn is Horodotvs.” The

Heu ig. ddelxb d by, Herodotus us dénsely 5%'););:
greatb utuﬁs. and the cum ation
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2 NOTES ON IRBIGATION WORKS

* viglded as o rulo & two-hundred- and occasionally
hundred-fold return o the cultivator, and Pliny mentions the®
e

_ Chaldesn chronology is sordewhat obscure, but from an in-
seription of one of the Kings o

B

- well determined, we know that

i tion the chief cause of her decline. In the.course o
. the eanal system of Babylonia suffered -many vicissitud

i

R

&

of the country was regufated by largo canalg, of which the thres
principal carried the watersof {he Tigris towards the Buphrates’

above Babylon. Such was the fortility of the soil that grainj
v a three-s

i

]
g . i
¢

two crops of wheat could be reaped annually.

f Babylon, whose epoch is fairly

p)

one, ab least, of the great eanals)
before Christ, and most of the!

was in existence 2,200 years
Chaldean and later the Assyrian. monarchs of. Babylon' appear|
. PO i

s X

. to have devoted considersble attention to the maintenance

and development of the canal system.” As 'irrigationr was the

" Toundation of Babylonia’s prosgperily, so was the want-of irriga-!
: n i cemuriesé

o5 ; time

" and again the canals were,ruined by floods or by neglect of thel

1ri

i than ils antiquiby.

works® but it was not umil the thirteenth and fourteenthy

¥

; centuries of our era that. the irrigation S_‘,’SQGL‘*";\', retaived A@

: ‘death-blow, during the-troublous times of the invasions of'the

! country by the Mongols and Tartars.- With the destruction of

£ the canals eultivation became-impossible, and Babylonia rapidly

* sank into the state of barren desolation which it now presents. :
Tlis ancient irrigation syster: is intercsting for reasons oth0§

The flood season in the Euphrates ang
\ §; :

b Tigris cceurs six months later than in the. Nile;-and i conj

! sequence the flood system of irrigation as practiscd in; Egyp?
becomes impossible, as the sunrmer has
ihe waters recgde, and though crops would germinate il sown

they could never arrive at maturity under a parching sun ani

-

| in the absence of rainfull. There is good presumptive evideng
4 ' N - - . )
| thérefore that the success of Chaldean irrigation must have beﬁi

! attained by what is known as perennial irrigation, 3 sysior

[ . . - . N L1
‘which is usually supposed to be of .very recent development,. .|
- - " N . . . T - Y«
¥ Trom an engineering point of View what is termed by S
i

! William Willeocks the re-creation of Chaldea presents np
surmountable obstacle; and given the sol
% fgmnr':i&l dificulties, the time may shortly come whewthe restog
i tlon of the Chaldean system of irrigation work will effectis

b e Bani

. immed

iz .derived, and the surplus rainfall
;o de .and the surplus rainfall bacomes available for ar
> EoRlp

already axrived befort’

lution of political ar' -

1 thai for an
wions sterling somge 5,000
sht under eultivaii i
ByuEre 10 ‘ et v , aer eultivaiion
made ecapable of producing an’annua o
arling of some 184 per
iote effect of h

il 84CE

‘cent. on she capital outlay, 'Lhe

1

sehdine, whichk has nob

opotamia from gy

to dethils
oulyphics of the

1§ srrigation

gives na informaki
tamatic application
ent or prospe
from which irri;
V~. E Ve : 4£n .. 1 -
irrigation when it accommulates ' it o B

‘ wlates or flows, either on the surface o

a

. alde

L 1. & e '
infall is the primary source

- l,’ln -i;ue ._.ﬂ,b();. ke < 01 8§ 2 ‘ )/ A <
! £l ave Sl.'fﬁ(‘,]eﬂt} 1'1‘” i £ it 3 it .H“
o 'I ar a 1 . OL t() d{}.mh O LiUE BLE b‘f )

diverted or raisec 1d.:
Gverted ‘(él'.l aiged on to tbejlzmd., In all cases, before thisean be
, , cerfain Works of construction are necessary, and th '
called ** Irrigation Works.” o quote th ( g ot e
g, TR VRS o words s IndiAn
Irrigation Commission:— - - .. Of the ‘Ipdlw‘ :
L Coo . gﬁ.s',‘ '
. » e o - ) } . e . ‘ T ‘.
. }T’nfm term h~j5a‘c}03 works’ thus includes works of muny varieties f
i a’,xbm‘ (.{d‘ﬂﬂ, rarging frow the rude contrivances which enei,i.-ihr . 3::: nd
; j M;lu_ 12 u basket, to raise water from & pond to the ]uw L;C*J; né
o efar 1 :'f muasonry holding behind if & lake of many q’[uazj mi'l:u?l. -
T from the sl teremorary woll, & 1 any squats miles fn area §
1 teruporery well, & mere hole e Wil
hl-u».‘ ?“ . 3 . ! - - > n 1.}10 'T‘Jund. J} &t 1
; 031:11‘; 6'0§, iotthe great canzl which, carrying fur sowe ‘h{ilm Ireds r];’m ‘;\th
otume o water equal to that of a ht-vre 5 i e e
volume equs bat of a large-sized rivers delivers it i
ne of smallon 9 ITTi o Lves, it o8
\etw ork of smallor channels for the irreation of over n’mj;ﬁ;nrli} mtg h
’ : gation ot oyer a million of urres.”

CAg {'1 Indienti aniing .
: ,}u an Indieadion of the magnitnde of seme of. the
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. .. NOTFS.ON TRRIGATION WORKS
N A - B R s .
¥rigation works, it may be smentioned that the Chenab Canal in-
ne Punjab irrigatesin the Rechna Doab 1,680,000 acres, nearly E
8,000 square rhiles, and $his is a canal which is not: yet fully
develapeé - This 1rrloated“uea must not e confounded with the |
area. “““eommanded ” by 4he canal. - Fields cannot be cultivated |
-year after year without a rest, and a cerfain proportion of, the -
‘area * commanded ”; by irrigation remains fallow every year. i
{ The ares commanded by thesChenab Canal, thatis, the area to a
“cerfain proportion ! of which water is’ annually supplied, is
: two and-a-half million acres, or about the size of Devon and

. AT LA R

. Somerset combined. 'When the canal is fully developad so aves
_ - commanded will be thwm and Lures-quarter nmihon acres, which ;|
E‘xs about the arsn 'Jf Yorkshite. " The Chenab Canal is mmbla ofg
] ying a maximuin disvharge of 10,730 cusess: (“‘Cusec’ 5
Ethe xc*xtmeuon -used .in India to denate a dischar roo of owe {-nLu 3
ot -of waler ‘per second; it-corresponds to the American }
oxpression “ gecond-foot.”) 'I‘he average sumuor dischurge of the%
Thames at 1 edimg,bcn i gpmething over 700 cusecs, so. thnb ithei
Chenab Canal, when-running full, is fifteon times the size of the!
i Thames in cummer. The capital cost of the canal is aboul twao s.nd;
fo-quarter millions sberling, and the net revenue, aftor deducting
wokag expenises, amounis to 14 per cent. on the capital ouula‘,’- |
Water, when dpphed ‘to - land for the general purpuse “of .
increasing of improving cultivation, is utilised in special way f
nd -ab gpecial iseesons, sccording to the - object in view, th
partlcuiar crop to be reared, and the local conditions of sox] -
Schmate, and par tluularlv rainfall. We shall now examine some a
f;th“ COI{ldlmonq which render necessary the practice of irrigation
i “The term “irrigation ” is pezhaps most commonly associaled
L with the Pr&cuco of wabering crops in arid regions where rainfa
iis either nen-Gxistent ov s too seanty for the requnemengs &
' aguculmre 1} Mere quantity of rainfall, bowever, is but & mind
factor in "etezmmmg the utility of irrigation; what is of mug
imore importance is the montbly incidence of rainfall throughot
’*'he year. For instance, the average rainfall of a large portid
§ of England, onnttmg the mountains, is roughly about 50 to &
¢ inches per annum, and this is go distributed throughout the ye
- that artificial irrigation is never resorted to on any large scmle§
Conmast *vz h thxs the ense of tLe gwat 1r11nnt1ng districts |
ool i

il

Rty

X ‘Pﬁ?s?&"v‘&'"'

mwm

i

e Ll s =

;ﬁ ?“;‘f’inﬁ
'lm i
ﬁli,, Fame a3 n Eog
‘however, Talle during
Tha rom

. that is in Ja“h, %ﬂ
onb iur al oesasionsl’
; puary.  Qubof a grosaenlis
and-z-half milliom ReTes, 501ag fen and a-qu

'3“13i3mn.1, sres are nnder culfivat ion, “fack flmgj daxpd lylng fallow.

Owing to the unequal distribution of rainfall th t‘f\uvm;u{ the
3 a artifically urxgatzd smounbs fo five million . ncres
‘s]lownw for land lying hnm& thiz means thas threa-
:m UE tha wnml suliivation 131'9this ares is dependent on
“priificial Lrigatzun. Abous }111 't oof this area is .u‘r:r*m,d hu
fi svernment Lanm ‘and the meam’,xr from wells: s wnd tanks.-
" Phe c‘ﬂif tion : ea ' "Ea-nge a:Tumna.
b fﬂ‘fl,ids 8§ gtwean. o
ine ;erjee of the- In o year
o} “fuvorirable dutrﬂ‘umm thx, L«yuze km,.m‘ni‘ -
I‘”ow’:m& infall. amounting to. 3 avers
secored half qubhj_)u("ﬂ wer, thu laad is ,f’ :
‘Heptemhor a nd caﬂ'}' Omobel, and: the .gr ounﬂ u,t.:ms i, is
guffivient er the sced to germi 1:}.\:6‘* As a rn}a there ia uyht

Ja

18,

r"‘:

Do

rainfall in earl Outober, and fromt ‘}Ltol ot 14 io Decembor 185

“there is no rain, bat olten vcry hﬂm} dew. - .In the Jatter ha

 Tecember whati is known as the an.‘Lmas rnn wirives, smonnting

ko from half an inch to one and a-balf inches, This establishes
ihe crop, which is mueh improved by wowcrfi ab the end- oi
January, when fhe e ar in being f formed ; tha m:‘gp ripens in
February acd is cub in ear iy .\Mzch Inan unfavonrable seas

the raing ccase in the first half \t Septernber, ‘;Lfd Reptombar

and eorly October aro hot and inless, the ground drics up. and
mueh of the seed fails o germinafe. 'i‘l;e hrigfmas rain au"
in Jg mmrv and onlv a few E«cantv abowerq ate received. The

plant is siunted and feeble, the ear™is Hﬂ‘)frteet!y formed, youch

of the srop is withiered by t the sun, and a partial or total failurs

vesulls: Ini such conditions t na value of arfifitial ‘r*‘z'muc’z iz

roprosonted by ¢ the dilference betweon prosperity and fo amina.
A seeond vesson for ‘PF:Mxn" to artificial n'xw&hun_m}"“"'
‘when the, crop ie of a ,‘met‘“ ar rem 1« uquaiw nafare; whw

falls, .m., ahse'

f”"e? :
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- xféi'iniieé of rice cult 1v'tb10n prewnb the bcat Lnuwn avamgi o8
ths class of 1*‘ng&uon. - . - ‘
¢ The irrigation of large ai'":eas c-f ricg 1s one of the moqt nn‘ e 12
: ﬁ Lrnhlems w}ncl have to be solved 1 by the canal.administrator, al
umess the crop, recéives water just ab the eritical poricd fhe nut‘

urn is greatly depreciated; and s vory fow days may muke a
“the uxﬁ’u rence-betiween a: ’hﬂm,p@r and an average erop.” Uyp to g
“certain point rice is grown in a,swamp; and, go long as the plan
is not actuallv sﬁbmﬂr«red; it Venefits from an unlimited supy \17
-of water, Tust before the crop matures, all '-mndmg waber i
" run’offithe rice fields, and the soil” must rercain damp butt e
’, ‘ac?&'xwhv unider water. Duving thig periad of eomparntively tiri
calivation, which lasts aboub fonrteen duys, the erop’ ‘H'LE
_receive o full supply of water at-least onca. The diy period o
- rieg-cultivation 16 Bengal, for exampld, lasts from September 24
o October 10. If rain faliy Quring. this period, which is ud]IH
- the hathia, the rice will mature unmdmi by 'nwaumu ; bu

- Gthurw’sp water miust bo artificially. supphed "‘“"

. The critical peried of Bengal or Patua rick o ;,,I iva ation thu
. ux‘itS for fourtéen days only, und the sueeess ga..h.w of the o 01
.18 dependent on the mu&enca of .a;n" iid ':urn;fr tma ghort poria
: It will rea wdily bo sesn thab, in o dry season, ; t“u a.mal in ri‘
7‘ districts, bLLh as the Sone Canalgin th“ Patny &umun of Be
‘are taxed to their uimost capacily, whila i sedsons viore favo
able to the cultivator thers is ho demand v'h vae; for arii ﬁ

* Irrigation. - SR .
1146 artificial irr tion \()f Fice isof advi mtrme frnu I‘n“ﬂ:
bt of view, in addition toits valua in E’JpT)leJ‘Lvh‘.n" defici :Huq
of tha late rmnhﬁ Opunon 13 unanimous ‘that  mysbe wnt

u;
4
i
]

i

,t‘J

artificial 3 lf”ai%‘f; nof only m(*r.ﬂ., es the outburm of ihe cro§~ i

x 7"“t ‘IS“‘- oproves ity qaality. E*men.mmv, on the ;:se'xe {
ave \xo;z;unsh.zb— thai the- ave
L aere: of rics grown u'n'i s artificia
n ‘EJI‘“ of 11‘ £ g“g,\rn from rainfall i ‘;,.,?,,‘ ]
vidente!o} érop experiments in Chhaliigzarh,
""‘C‘“S Shmw that irrigs ii&u incronses the
wne armal yCﬂ“ cand fourf Oli

tLe q mmmn dlat

3 .

¢

- h\lu

" the sorid L.mt*e\ ULy

108 uf rrig ‘iﬂ
in: 1‘1(&0 cd 1Y

g8 hrhb« BGH‘*hC‘.M ayar

febalizismost-davourable,

¥ ahe pracﬁct, of lIrrigabion aris
he. snke of the encouragement
Armih of the water as compared .

i+ the sake of the. dissolved plant.

1 e’l de .einyﬂmﬁ cauges of much of the irrigation
; conntry.” It is not ‘ezscrt“d to because the soil i3
for 1t is, cnrwd aut m the winter months of the
I #o-bepange theicrop is of an essenvially

i m)g,‘ JRoe
1Ary Ientow only are watered,
“ahn’e for ordix '1rv y i

inor lel ihat plant g m'mmx .mA V be stimulated and fed. '
wa,li known ‘water *ueadove of England afford an examplo of this

tmn of irrigation, whlch vas praclised on the Wiltshirs Awn
- as fh hack s he Bnmun oeglpation of Bntem. ‘

. A foux th 'm(‘ mmi‘ im poltant reason for nrmt:cn irlje: wlmn
euded - tLe water is valuable as & man ure,
: m‘ debs div ect] Y, by f}eprwn on; m rmsmf; the level of rhe jand.
‘ he a»madmmu or ﬂo:)d E\"stem of frrigation, ag practiced in
" 19 ,vhxr'n v,lli he rﬂfe rrei o Iatm. ar*d in

)‘ﬂl UJ

uqa&t d

b,m iH

th'u‘ R ' i1 4 '—] L
n' inhh,nd f}ng qvctam gf 1ruﬂa\.1on is p rochized main y

Lincolnshire on ihu Trent near the Humber, and the value of the
water liea in the quantity and also ia the quality of the suspended .
‘matfsre ~Ag n*o%t o the examples of irrigation systers will be ’
taken from India or from Bgypt, it may be of interest to explain
_-brisfly the “warping” system oftmlgl ion ag praciised on the

*

Trevth.

. - MUY e 11 ‘1.,,. cs nf tha
Belwern (aingborough and the Humber the ;_mn}.-\i\ af the
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: mefmq of which the rich muddy water of the river is admilted to
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Trent have been fqr zeniuries so constructed. as to profect
the land behind them from encroachment of the tide. A eons
siderable tfdct of countrygwas thus rendered fit for cultivation.
‘ﬁ ithin the last hundred years arrangements have been made by,

“the land, and the resulting deposit of silt not onlyerenovates the
- exhausted soil, but also effects a considerabls raising of levels.
. Large measonry sluices are COllbh ucted in the embmkmonis, andE
_these are fith ed with reguldting gates, so that t‘m tidal water is
adniitted or exelnded at will, Durivg spring tmsb ‘usually, the!
water is admitted o the land, where it iz ponded up by metns of
“embankments previously prﬂmr'ﬂ and after deposmn g iti-silb it
18 permitted to return to the river on the falling tide: Consider
ablo skill is. oxercised in controliing the waler so as fo oblain the
Lhd of dop ssit most suitable for cultivation. "W I'm the ﬂ‘xtex:'
is <first . dmuted the heavy" suspended matter, whish” is pule
Az‘fi, is first deposited ; the second: deposit is mixtare of sand;
and mud which is ex cu,dmg]v fertile and forms Vmum,i:\ gnily
Ingtl v, ihe fine, hgjht mud, is dapoaxled whieh forms a 8011 rxch,,
but oo tenacious to be of practical value. The o gJeut @.mmé; nb!
in to spread a layer of the second deposit evenly over the sufar*o

.-and to prevadt the-formation of the stiff clay deposis on. the top.
This is effectad by keeping the water in constant l“tmn }m

maz upuh bing QEuws or valves constructed ander sh banks or]
“ warps™ which divide up Lue aren under treabinent: The ligh
parmleaof clay ate dopmxtu “in atill water oulv, and the flow o
the water is suﬁmcm to prevent the deposit of the clay, whil
Lut s0 great as to interfers mm ‘the tonn.xhorx of the mmnd

1

Ea

lielpuxt of clay and sand.. S : %
Lma_ 1oﬁu¢ o8 niew soil is the v‘é“"i ’pzﬂ ('ﬂnicct for Whiﬁh:;
Waf[‘lnrr i% emg-mycd but the quantity of mater may boregulatédy
,&a as lo grve Ui‘.ly a 1ll"}’t denont to act ns & mantre, and thi
formeof mumuu - i oi en to for: the 1{@}?1‘0‘161;%32
grable land,. S Tl o
- Wiliping op mrahous usua‘.lv aceupy bwo vears, ane yearslox th
formation of thessilt deposit, and one yearfor drying and con.;
ﬂ!e nes h«:u} wammﬂ su"ﬁuenﬂ' 2ODE ohxlato@:

e B A,

e o -

an Lw mnfi ,l

. - . H

ex . s . Lo NN i
PR B 4 . y
i

5 'J"‘k
: 1 b,g.h i

3 frovres

‘imzci,

ero is fivst bh
to consider 1

pereantaze on the capi

cxpedted to fulfil this condition

el

yorks whicl -

Y fed ‘as < Produch
works. :1‘},16’@*1“11(‘11 13,‘1 tH"f'thé works ghall retu,
v ithin ren } cars after comp &,r,. 4 nek éﬁz’ﬁr&z‘;ésaﬁvzﬂ“i
“Gover u .m‘ ston chev' ﬂapéoi u"»unt. ./\, time limit. iy r: &t

a M

. .

m Hon m mfer

Theo prineipal fac’wrs in JLﬁern i ning Whn*hcr the wmhq wil
prove “productive ” are.ihe cost f,;ou%tiuclmn,,'“hmn 1~J &

a a7

matier of eatimates; the codl ¢
L pat which. may be arriv
an similay woolis i oy mnxilon 3 and thp g?")sp revenue thch m;ly

hs vipeeted in the form-of £ water rafes. ~Thig last item dwl TNV
“on the area to ba irrigated, on the class of erops for which viter '

will be 1 eqmred and aiso on the mcrmmed vatue 1o the callivator
of his Drrigated produce; or, briefly, it depends on the amout..
which the cultivator is willing fo pay for hig i irrigation..

The qewnd aspect” from which irrigafion works mav ba
regarded is of great importance m countries like India which

“are subject to periodical fumines. ~ The point fomon.«idnm*’ic.‘m

{0 quote {rom the Repord of the Indian Trrirra,iﬁon L'01713!11851”1”1~—~

TN M N k .
is not whether the works are like oly to pmw direcily r(,mmu,r‘xhvn lmt
whother tho net financial burden which they impose on the State W tho

. form of ;n ovest and mim‘éuunco '1"1 i bb too Wygh o price to pay im the

m‘t mmmc w‘_ud; tm‘v m‘z} be relied on-to afford. " B

I
o put the romt in other words, is-it hetten in 'b@ l(mg run
to make up. the annual deficit -on o canal whick does not pavr it;
way, buf wt pmtoets # certain aren from f(unma ; or 1= 1t better
f;o‘havc yo eanal and pay a lump swin down for the'relief of
. ’ B X . . . N . .. )

-
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. famine When it actufﬂl y nc«Jﬁrs 9 The probleny is oiﬁmun‘v onei
] which’ cqlls for Ver“ *earelul ‘and detailed consideration. Suchi
©~ * jrrigation works, not dircctly: remunerative, have; however, been
" eonstructed - by the Indian® (;rowmment» and they are clas ﬂtmi;
5 % Protective” works; thie annual loss on them being, as m;
were, & pr emium paid for frmine insurance. e e
N - The ~principal I.mF,or which g,ous fo ‘nhe solution of tha plob‘-ﬁms
T of prolegtive irrigation workls is wh&t has been termed “the}
. p otective value of an 1rf1g%ed acre.” ~Given the fact tha
¢ famines have ceeurred in eertain districts and ab certain inberval
T 'md given the amount expended in famine relicf, we car’ say
that, for any given district, fomine relisl has cost so much pe
annum.  This annual expenditure ca ‘mtah»,ad may be taken ad!

 the limit of unproductive espendi {uroewhich wmay be inewrred by
the State now for the sake of ..L\Tu‘..nng tL future o 'shaﬂf fami

4
i
1

ol

ﬁr‘

;‘.

‘

;rmei in that district. ~We mmust nexd copsider the arch which |

ust 1 be brought under irrigation in order to protect tht dis} "L‘,,%
R this deprndb on the population, the habits of. the people; and ont

"7 Telief - divided. by the acreage which must be brought. umn:r’

o irrigation is fhe dir reck proqéetwa value to- the “State of an'
n‘-'maﬁ‘d aero. To ihis must be added-the capitalised value d‘n,

. ko pet revenue :per acre which may bé ex t,eztcd to necrue to b e, )

- © Htate by the introduction of irrigation. £ irrigation can be

" introduced at a less.cost per nere than the amount thils sreive di

at, then the Qtate can aford 1w vonstruct a l’f‘(»fecmn rmaLmn

~ for the reliet -of famine when it occurs, m;hu than. bbfn tnO*
_annual burdsn of sn unremunerstive. work. -

- Whe aspeot af Prowective Ardigation” "'h ek
indicated is purely financial;-thege is also the moral azped to
- be considored. - What amaount 3¢ fha State hound to expend,
to }"rr(‘f(’f‘ﬁ 4 dlbt"lfi from I
an, though

has 11 o .‘s‘ren‘i

912 u

W *ust.iéel in expending, in orfl'ﬂ‘
teiseries of famine? But the snswer to thab guesti
the faiine nnur-v of the Stale, ig:

o, potend factor in govgln,ngs

.. ono. which hardly, econseg “hmn Ene p;.ovmce of the Euiquon:
: 'j. o INme,sz - : R ’/ S o .- : . ‘3‘
s V “ may b“ mf‘-»tloned uh"" ‘mo tion Wl)rks}'

.nn of~ thur";

v,,‘ R

§

E

- < ,g,
S

- ave quits as importank as the divect financial rosults § qdv

" indirect roturn is of sufficient importance Lo b&lwl ee.all ﬁna‘lcl

“ " the irrigation already ex1stmg “The capitalised cost of fammm A

BOIY a:utv ;

“work ;. otherwike it is cheaper for - tho Slate to pay a:tump sum ;.

‘A;.‘.:r.l zn we T’un* L

nd is thereforo bighly remune
“In \,vnsmemzsf mg genoral a:fun-mcl
work it 1a somelimes urg e\l that the indiz

T auun

There is nodoubtédly o real, though int
“ to the &m . On - BUCCRE

gible, mdlr‘ecu 1%*111},3
sful, irrigation Wmns, but ‘moﬁhur this?

eonsiderfitions is at least open to argument!
/Tl o indirect advautages of :rm;atlgn are A
{1 P ‘ ril Ty v i 51 oy
( ) 1}10 ?n eraase, m the gmel 17 yr«m ,,1"?. z'mi W Elhh of th

w 2

tef'ﬂ G '; R ,‘«:'3 . "_‘,‘" - :‘ux“'
3y Yohat has m: hean 1"efe,r ed 0———“31_(- I)l&VEJtI(‘H or mlulgm..
.tmn of famins or aﬁ“fﬂt‘,.: e e :
: - The Stats ng doubt slrres in uhe' gsncm} pr ospcrm of tha
2$he forwi”of inerease in various kindg of ovonue
: 1eh a3 evi:.e' income-tax, stamp dutles, cte‘, und ag.in India,
in the increased r.,uiwm" teturns. To put an achual mon;
u.h g on hesa wd} \:‘ecbll)ts is practically impossibla, ;
Tha second of e, ndirect. adventuges of irmigation is, how
efor, of considerable m;portance to the engineer. lux,mmr
and large storage m.uks have a considerable eflect in mcv; 15ing

“the humidity of the gir and-in raising the spring leyel in wellg

{hus rendering the subs 101l watcr mors m*luble for i rzg;'wun
Also s cortain amount of water evaporated will again by
«doposited as rainfall, and may render-sabsiantial assistance tc

L. . . . .
“irrigation; and the inere as@d pexcolation into natumf dr.ﬁm d,,(
T ) th )

-

1 Thic annst 1 15ey . 1 T
e - This cansl is now class "m(’ as ‘¢ Produckiva - .



"ROTES O H RIGATIC

ety

S’A:’TVFJ ot J-l!rLb

ontfalls may be pio];;‘é up and utilised in areas far removed from
the ungmai source of supply. ; :

. It is, however, thﬁ rmusﬁa sids of uh{} picture that is impﬁ;tanﬁ'

‘fo the m.wat anmnuu. 11.1 unless carried oult

\T‘Lt(’r nl”’h thm tmterm'rr'-vx-’ md its attendmﬂ evdu f ngdes,
s ievors, aad i impo vevxtshmpm of the’ 5oil 1v cwmhv appear. | Again,
“all nsntural 'r'atera Contain b cortain quantity of sals in solution.
- If the mb«ml Wmer channels are so overch wrged that natural
. daunam L:womos me eetive, water is eontinnelly mwﬂl‘i‘) the
surface, mncute} “and leaves behind it an ezcess of saline
matter in the il This saline efflorescenco ’ra”mmke«fﬁ
characieristic of disfricts artiticially ever-irrigated, and on son
“, - of the older canal systéws in Tndia hos re:mited in "the
_deterioration ¢f v iderable’areas formerly highly caltivated.
© L It isndw fully recoguised. by irrigation engineers that the.
" offective drainage of law-lying lands must go hand in hand with
“irrigation, and the evils indien ted are never allowed 1o appear in

4 moda‘m nrxg.Lt1o1 systern.  These evils were well ‘marked in
o-aystern. of drainless irrigation praclised prior so 1885 in

-+ BEgypta” The faulty aligiymons of-the exigting canals resulbing in
- ‘ai;st;&.choa af : th_gz- nat r@‘u‘,aaﬁﬂ outfalls and %he upse of
.- natwral d""h‘u‘“cq as” irrigation chaunels - were the privcipal
* eruses of the evils ; and 'in’ the della the dnhf*u!‘uy of head*’ug
- surplos ‘water nv ay in,m the 3 u Ti "&"bd drea was iz zed by
ﬁﬁthﬂss of . the eoun bry, ﬂngc‘z. of which lies below
Z6 areas Led boeeme waterlogi®d and unfib fmi uzltvvabon

Y. andng mﬁ sodn reco ,gmbéu that an effective s yz-*“' alnage
27 was & pressimg th ssity. Mang hu"hhwc.e of miles of «iruxmhu
“o+ ehannols have sinee-been fonshructed; and in the yoar 1008 the

o

sag, leve 11
L.u

;'.’.‘

‘ﬂ)

T K. . .
. txm ndiinre on constraeling new channels and m&mnmmﬂ thosge
_'5‘*1"‘"?’1‘" usisting amdanted fo £145,600. : -

t"?inﬂ“? ‘opirations, s portion of. the Bt tab district of the Unitod
rovineds in India has | Loen, selected for r‘b:.m'u)rmn.

e iba d;strw% mmluzﬁ af an +>Iwnmfl. stoviad platean, the \—,'H! ern,

addeniy -daywn gome 50 fec,t nr more info the

m.(,*’r‘f' 1»:)1 m,d & t‘w utige rf thao }).)Ia‘.»aau

i

“debarred from any ca,zml
“irrigation was nob. only umme
2 injurigus. Prior to.the opening of the eznal in 1878 the lovel
. of tho subsoil water in the valley was from 5 fo 15 fecl };elbwf
tho pround surface; rich cmm of wheal, barley, millet, and

8 affordin ng anillusivation of several important princip}es in

oven  whete compara tively. dry
A A

v

P " s . : .
INTRY rl\l C‘T'OL { - . ﬁ' .13

o

and he present bsd of the (r‘:i";;{‘:ﬂ iza belc of fertile fand soms
- one to threo miles in width, in tho o
- of SWRmpS and -hollows connscted by =

; the anizie;

sluggish gtrecm marks

t bed of the river, This

'a‘ ‘,cent history of fhis feniiu belb, i"hieh irl ‘ealled the

v‘mﬂny of the Budhganga (literallys Avcient Ganﬁes) ig exceed-
_ingly instructive to the irrigation engineer. . " For. some” fifty or
.;"}uy milss a branch of the Lower Ganpes Canal runs along the -
atge of tho high land, roug aly parul“. to the Budbgangs and
never more than one or two miles away from it.-- This branch
um&d, which earries, nome 650 qwecs, is designed to irrigate theos
 high land to the wos ii s Budhganga valley was strictly
T

rigabion, as b was reeognised ihad

Are 8f which a long line

valley is coversd with &
?;m de;sqzt of ;,ﬂs anu is aLunuanhy supplied = uh nataral

8

ry, but would even ' prove . -

even sugareane were successfully redred, and. the- (mitr'amrsy

were the most “prosperous in the wiole distrivl, though somewhat

- fover-stricken. The Budbganga was the natural drai inage cutlet’

of the valley, and the eultivators were quite alive to the import-

ue it clear of weeds end otb
there was a. redognised, though unwritten, law ithat cach

" village kept clear the port‘on of channel within its own lands,
. 1878 was a famine year in the disérict, and {amine was foﬂowc’d'
~in 1879 by o torrible epldemlu of fever, which swept away some-.
thing like “halithe population. After this ealamity, weed clearauce

was neglected on the Budhgangs, 28 all the available Inbour was

. L] .
required for the fields; the spring level gradually rose, the:

volume of subsoil water being cvn‘:écnb-ﬂ augmented. by per-

colation from the recently opened canal; and by I886 cultwadon ’

kad pructically disappeared. In that and in the two fol]ovmrv

would be difficalito conesive 8 oT2 appa renu;y hopeless prospect.

* Bubsoil water was levol with the ground, il hatural.drainages

WO m;‘; Q; glagnant waler st nd choked with weeds, the ground,
irv. was tingsd with green. glime,

%
v

A

© wears ipe author visited the valiey on mam oceasions, and if ‘

or- obstruction.s ; in
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“saline eﬁiorescence Wcm wei‘vwi ore mmmn!., au fl  fow geath
fiolds of miserable wheat were ithe 0n13 sansﬂf ent .wtwn.
Fortunalely,. (v“veznrrrauu decided on the reclmmation of th
district, and as thore was & lurking saspicion that tho canal was
at the/bottom of the mizchief, it was determined. to.place an
urwutlon officer on specizl duby bo investigale the causes of the
water-logging ‘and_to, sugs cost ¥ ronediel meqsures, o
"The_gtory of the Budngaﬁmu drainage works is_tor
Trecapitulate, . but bneﬂy the . invesligation prov~ wm

l
Beg

that the primary eause of the trouble was the _ssriiction in the

natural drainnge outlall of the tract, and. that, given a froe
‘outfall, ; - there. would be-no _difficulty in kecping. the, subsoi
water at. its original: lavels: ~ The improvement of the main
natural channel-was put.in hand at once, and consisted in weed
‘clearance and in_cutting acrogs bends to shorten the tortuounz
chzmnel and 86 1mprovc, theeb(,d sl«:)po. Suvveys and &stinatbes
for branch” drains . were put ib hand and-sanectioned, and by

1892 the valley'was provided with & complete. drainage.. w»tum
constructed and mmntamed by the Trrigation Dep: whment., [ 7

In 1900 the author was placed in uharrve of the disirict, | and:

oné of his first duties wus to draw up from 1:915()1131 ouqorv‘xtzon
a report on .the condltxon of the Budhgangs ‘drainsge sy~stevw
The difference in the appearance of the:country since he last

saw it, tvelve years before, was & sufficient commentary on tho

efficiency of the drains. The whole valley whore tha soil’

suitable was covered with cultiv: ation, and tho condition of the

crops compared favourably with thuu of the-canal-irrigated ared
on the uplands. Subsoil water fov ‘ol had sunk from 5 to 10 feet,

saline efflorescence had practically dlsap neared, and the suec;:ﬁa

of the drainage.system lay patent before one.. e
.. In one particular instance the draina were to0 sucees ﬁf“}ﬂ A
peiltmn had been received by'the civil "suthorities from cer fain

culbwators praying for the reduclion of-the land revenue,.cn
the ground that their crops hud been destroyed. Lt was assunied,
somewhat- hastxly, that the crops had been destroyed by flog mngr
or by tho rise in the subsoil water lével ; und the author was ackod
to mvust.f-'rate the complaint qud advisé whether any exten
of the drainags system was reduired. -The contention nf h(,
cultivaters turned out to be nob that thuir erops were, roine d |1 5’

(.

w -

“the drainuge had. depriv
© irrigation which they {L

P Lo
K
.

. -

too much water, but thas the getion af

ad, and the cm*t nhﬂn Wi
nndoubtedly correct.  Defor ruction of the draink the
senil water lovel was so near the sarface thab irrigation cmdﬁ

B

‘Lo effected from shallow wells. After the drains were cpened

ihe water level fell so much th?u‘ i '“tmr {u,m wells
tated ths constrzetion of dsoper wa

which they had neither the means ner th e rcqumte

’*ﬁ'reatﬂratmn of the staius que was easi iy effceted by abas :’x ming

'lshm*!é‘ never be nwlycfed ‘and —

’(16 q,ppe}: portmn of the urain, Which ad nover really bsen

s to be lzarnt frem t‘xe story of Buuhgann‘a BYQ—- -
b a rise in the: 1}50“ waler lov vel, 1hnum ofien
Aehcm iz decidedly the reverse in 1ow iyl ng areas; . ‘

) 'i%;cw ihe eflicient 1 ai

. .-1
H

(8) That over- dmm‘ﬂe may ai I 2ases, be as pfeju icia '

_to cultivation as over-nmg.xtlon ‘ “ - coe

In the early pars of this. lectare some ’1gu"es were rwm to :
indientothe m;gmtude of - Indian irrigation works ; thpse may

now be Suppiambnted ‘by . some figures as to dra.maffe works,

~the earlier canals, together with thoir distribating ch.mneh. -IE

~

"When the earlier ¢ als were. designed, the imporiance of
- druinage in conjunction’ with "Irrigation was nob appreciated. -

' The sonsequente ha,b-,,,een that in the canald *rmgated disbricts -
- of the United Provinces drainage works have been carried oub
‘aub sequcn‘rly to the es tabhshment of canal irrigation. Since the

L
clder canalg ‘were opcned the infroducticn of irrigation  hus'

nec@ssn‘ato"l an expendifure of £3¢0,000 cn nne construction of

system of drainage channels, ths aggregaié length of which i 15, .
,.SUO miles, or morg than one-third of the aggregale length of

4

may be added thut the Irrigation Departinent of the Unite

.Provumns ‘is responsible for the maintenance and working of, .

roughly, some 15.000 miles of irrigstion and d rainage channs lu. \
Statistics for the whole of India ars incomplete, but- there are
some 45,000 ‘miles of 11110at10n chancels maintained by Goveru-
ment in Indis, exclusive of Burma, aud, st o rough estimate, at

least 100,000 miles of channel maintained by tha cultivators. -

P
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; lectuze way be concluded by mdlcatn
ms:;e; into. '»hlch nug‘ttmn 'wmks may :w"

vntz uductor
verv brzeﬁv

T

‘"‘he ﬂeneralls acceptﬂd clasmﬁcat
{1) “Canalsg” :
. (2 “ Tanks. 01“Lak951’,; ;m(l'
(; ) « ";‘vtrilé. : ;
Under Canals mrw bo p‘awd all WOrLs fo* dn’eltmn the wmf
.. 0f rivers and IEJﬂlﬂgf it on to the land. S :
" *".Undet Tanks may be placed all-vorks for the g storage of W té :
g e.nd all nataral éqnek%lons the water of which- is used for

: lhzier Welis  may be placed Works for gwmg access 10 &
o dub‘“nunpan supply or to the wabers of rivers deep belew the
... surface, and which must be raised vmtmally 80 as to ﬁow on to
“The clas:51ﬁca tion is convnment houg 1gh somewhat- indefinite, . -
;It 13 evident thot in the case of a tank or storage work somia
¢ _cansl is required for leading the stored water on to tha E

Lmd, f_'lﬁ in fact the three classes of 1rr1ﬂat10n WorLs mdma{m -
“overlap each other to g con.—,xderable extent
- wTo these may be added a fourth class, viz., “ Drainage kaw .
Cagin all modern 1r11gatmn svstems 1ruga.mon and - dra!nage go
hmm in h‘wd

HAP'Z JI’« II

®

:\TIPTIGS IuhQUIRED IOR PRY "’.%R G AR IRRIGATIG I‘BOTEL,

WE now doms to ‘consider tht preurgm ary inves .,matmns Whicn
ﬁu:f ba undertaken before the project for an irrigation scheme “ .
- can be T‘\mgjwﬂ in the ‘ncuame.» In former days it was aceepted -
. 8§ an a‘:mm that the advantages of irrig:
justify ite introduction whenever finaneially practicable; its.

tion were sufficient fo -

advantages under - glv on cor., itions'wore nob properly appm. ‘

dis
i ted or were at. any: rate ign wored. ’i i result has been tho

pendifure of large sumsg o fhoney on 1rngatmn wor}a.s of

&uu’i tfal utility, or which in oxtreme’ cases may have proved
“~aectually injurious. In ‘modern “‘lll'a.ihG practwt? 1(': 15}ef?gm,~,?d ‘
. that tho complete preparation o prehm1 ary statistics is the oniy
- sure basis on which to build 2n irrigation scheme, and much
. time And labourare spent on thess prehn inaties.; For a recently
- -proposed scheme in the Punjzb the estimate for preliminary -

'xmesmga’movs amt ‘ced to £55 GDO and this is money well

“apenk.” & » :
| p'el‘:e case of the Chpmb Canal 58 bhe qumb ‘which has already
been mentioned, m'z:y bo' quotﬂu as an instance of the kind of
- work 1'1"01"\9{1 in the establishmeént of & large irrigation scheme.
The ares commfmded by this canal consisted . of Crown wast
lands, eminently ‘snitable for. canal 1rrlgmmn, but quite unculti--
vaiod owing to the absence of water and of’ mgnlutmn, \\hmh
consisted of a few scattered nomads. R
Quite af a,rt from the ordinary constru tiwn Wozh, t}ve mant-
..fncture of materiel, and the importation of } m‘mr.:)gemgnts .
to be made for supplying drinking wal 1d supphes lo the
dng porties, and in somo instatces tm» se had to be cs.srrieii‘
;v miles on camels. - 'The colonisation of the land %}y mt:m;
,m;; settlers from more congested distiiek: was proviled for.
mnrmmmts had to be madeim* construeling a railway throug};
e nmganaél avey for she exnurtutlon of surg plus produce . Rﬁads‘ :

,rr..cs.mw.ﬁ

LW . SO ST
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Lo
Yas

P had to be comtructad, towns ».md vllla‘fres had tor be builk :md
©in fact, everything had to be done, for convertmgj a desert into n'

- garden. . In 1501 the canal 1r11gated some two million acres, and

“the popnlmon was 800 OG; souls .ar raxlway 200 miles long’
. runs ;.hroutfh the district, and is one of the ber#-pavmg brancheg

KL .

. oF
By A h u dqurwls town has beejt built.with its municipal and canal’
‘ f»ofﬁce its, club .fmd 168 church and villages for the cultwatoxs B

are scatbs bd over the irrigated area. = ° -
.. -All this extraneous work had been foreseen and p“ovzded for,
" but it is-evident that only & very detailed knowledge ef thet -
exm@ég conditions of the country and & sort of prm:kn ision
T of the;(,qndltmna after the canal was made could have e led
_the, angincers to make arrangements for convcrtmg o a
plospvrouq dlhtmct vhaj Iess thfz,n twonty yeaw ago wad htﬂl Llly

‘ ?

. B d(.;b?"r A | .

P

" We .muat quv* Lonsyiﬂr these prehmmary mvmhglxbmns moru B

in deu o Y

" 'The ba iz of albi irrige wtion PI'OJECUS is @ series of good mapa ox
t‘:e country. © Maps .form $he basis of all eng meerm pmlecﬁs,
and it is nereasq;y;tbarchne to, Lefer only to the particulnr.

- det ails which differentiate an lrrlgatlon map from all other muapsp~=-

First’ of 'ﬂljacculate leveﬂmg must be-insisted on, and in a vanal
'aurvev parb" both ofﬁcers and subQlemtes must beexpert -
levelfor -In? demurv engineering sur\'nss an error of 01 foot -
\»" in a miléis ﬁcnerally auwpmd as good work. In eanal surveys
001 of a root per. mile is a \more exact measure of the degree .

}p of awmuvv requn‘ed The’resson is obvious; in dealmo with -

-+ gurfase siopes of a very few inches per mile, an error of a fow
amﬁnes may 193\1& in an attempt to make irrigation chaunels run
. up Yill, whereas in railway work, for emmple, a 81m}]ar error .
- would necessitate but a slight alteration in gradient..
o " Eor 1rrvgatlon pm}ects tae usual ma,ps fmd de.le in Tndia fue
_nq folIOWS' - <4 = '
i o Anindex - map oi 1 mch o u.10~ mdo wi hou's vu'y much
tcromayl.mal detail, bat Shovin ali _chansels e‘lhtm" and
proposed "both™for. Arrigation and dtamave. L

-+, A general plan of 4 inches to tho mile, showing channels, sites
nEmes. of, mavonr) works, bound&mes of villagps, reduced .

*

a1

sthe North- Western Railwgy svbtem of "(¥ich if is a feexler. o

" eondeurs only, and in this case the ground levels on which 131(3»‘

“levels, bed le¥

. - ) L e

o FOR mw.azma AN T RRIGATION PPO%’O o 19

B

]nvM “and wntour together wn;h cer )am“doumls of m iga -ion
"um drainage to be described presently. - T
A cadastral map fo o seale of 16 1nr-he_s to the mi]o,‘ showing |

- all field Lcandauus, and which is uspd'in the field for sketching -
“in the natural flow of surface drginage, the- position of minor .}
- nk

rsheds, wariebios of goil, area qi‘ ems»mg irrigation, etc.,,ﬂ,,mn»
Jatail being afierwards reduced from the 16-inch mep and"

- transterred to the 4-inch map. - ’I.‘hls 16-inch map is et nseful

in the field, as minor topographical fetails which would other
wige ragquire very Iaborious surveys to ocate them can be N

. gketehed on the spot with considerable rapidity. .

Thera is very often a 4-inch map showmfr mduwd levels fmﬂ

contours are based'are omitted from the general 4-inch map.

Lonmtudmal sections may be 2 inches to the mile. horlzont.m, .
and 2 2to 5 feeu to the inch vertical scale. ‘These show ground By
ols fmd gradients, water levels, positions of masonry
works, and in fach all wmkmrr ‘details of chaunels exuep* the
actual working: plans of mas onry works: : ;

An irrigation map must be carefully contoured, and thxs in
itself necoasitatcs an immense amount of levelling, as the usual

- vortical intervals: between the contotrs ig 1 -foot only. - To.
 thoge aceustomed o work with the Oldnd,nce Survev maps of
'Emﬂfmd for- meple where the contours are qp&ceﬂ ag 8 rule ;

at 100 feet vertical interval, a rap with'l: foot contour intervals
comes as n novelly. It mu.b be lemembered thm in irrigation ..
maps one is dealing as a rule with very flat or geml) undulating e
country, and differences of level which are hardly visible to the

“unfrained eye are of great importance when' lining out irrigation .
' ‘chanm,h. The best method of locating contours for an 1rugatlon‘ .

map 18 to divide the country into equares of 830 or 500 feet side. .
The actual ground levels of the corners of the squares (spot *
levels) are determined by levelling, and the contours are inter- -
polated on tho map from the known leve Is of the corners of the v
squares. A map of this deseription is eufficient for lining out "
main and branch canals, but when it 18 required fo lay out small”
chunnels for conveying water o -each field or group of fields, -
something more detailed than even the conloured mup is
required, and the defails dem urcwted on the 16- m(,h map are
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¢ uked for hnm" ‘ont thmse m,ld chfmneis. In orﬂpr that the walm‘ "
bhould wmma;ld the country to be irrigatod, all (_.hﬂlll‘lPl&.;:.Ll()hld‘
wol‘ow the watﬂr"beds an far’ as, possible, and no drainnge should

’ ba crossed ex cept when 11. iy Jmpo;-'amie to avoid doing so. . Whora -,

. thamcwe must be clossed, mrqnfrements for, p:mqm'r the dmmn ge ¥

the irrigation’ chdnnel xmust, be plondad' it,ls an axibm’

txon worl hhct’r drajnage must never be obst*'ucu d

f

prmcxpTe i uhwu me freo “floy W ef ﬂatural dmme»gc, musv nu.*& ‘Le

interfmed with, N AT S
<In. Upper India maps of efwh vxllfwe on the 16 inqh émlé :
(1 /4, 000) are pubhghed by the-Cadastral - -Branch ot the Survey
"Depaitment, and these maps are also bemp prepared by the
* Figyptian Survey,- Whenever procurable these maps should be
~used for- field dema.rcatlon of the daiails now to be deevmhca. :
: Tﬂe xmps bhOW the boundary of each field, sothatimne’s po¥ition- -
on he nmp‘mn readily be determined,.and in addition each field -
‘13 sepnrate}v umLeu,d <. Even when ' such .1aps ! ‘ara rnot -
pzocuvable it.is a slmple matter to malke p plane ! table sketch of v
g:fwh village . boundmy ‘together, with a few details of roads, !
a"r’ nafural drainage \ohannei on Whlf‘h to base the work of
;‘emarc&tlon. In an organised. Cadagtrdl Burvey, in addition ’m
s tho 16-inch.map, there is a vnllage x*ccozd in which each ﬁeld is ~
entmed by its number, corresponam:r “to its number on, ihv youp,
; > and thls reeprd, which' is kept, up year- by ‘year, contams much
usoful 1nformatwn. ‘There is the, field number, the owner’'s
;ﬂ‘name, tho cultivasor’s nome, the area, kind of .#sil, whethor .
“eultivated in. any particalar seas son ;- if callivated, the name of
~ the ¢ropand wlﬁ,ﬁhe the crop was irrigated or unirrige aigd, aﬁ‘*.; -~
if irrigabed,.the scurce from which. walerswas’ ohmmed such 88,4 Bt
canal, natural tank,- or’ well,. . ‘ : AN
Tke objeet of the demareation on ,he 16-‘-inch,map‘ ig t-0 ﬁhOW’«
the following informatfion t— . f g -
A1) The' lines {ﬂ'onw which R.rmrfv_te imW% uff the f}@hb&m‘{
eventuf«xll" ﬁmxs qu way into-the nu vilrai dfainag zo outialls,
A2) Tfle Ppasition . of the mmm'f ﬂt}lbhﬂdn .-ep‘lmvmg these

s N AP

¥ ;0 n

ﬁeld drainages.. . - ! . S
(8 'l.hc.:,&,e-a 3;(1 d1 mbut'o.l ufff}n, pmlcm-"l g8 0 ;
AT \ . - |

P ; . ‘

. Lolmus

~+ 16-inch mup is ready for use in ﬂ,:lc field.
=, gocs to a village, and by local i mquu‘y finds out howfe surface

o ,village.

- experience has demonstrated that no praeticable amount '

- ellec

in the refm'lnotzon.

distributary of which Plate L is tha Wmlmg m,m.

@
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(43 The areg irrigatéd from wells or
doos nos veqaire further frrigation. . :
‘Juch of this work can be done in the office. From the vil lage
records the kind of soil can be shgwp on the map in distinctive
and the area usuallvmmfvated from wells can . be
the.
then-

STATISTICS

“other’ sources, Whmh

démnrenteds . When this office x@o 'k has been complatedys
The surv

drainage flows off the ue;ds near his ‘own ggg,;g,gfng httle by liftfs"
he shetches on the map the jlggx’eﬁﬁﬁ‘&sum&ge drama.g(, and
the Iocal ridges from which LhE” u‘iﬁériEWIGG, and- "he grmﬁ‘mally
sketches in the lines of Eurf" {pe’»»mmnarr&mld 1o watershieds. QVer
the whole area of fthe x}fxﬂﬁgg’ and then proceeds to the, I;exs
Loeal mforma‘&io&? ined on the spot from bultww&s
whg have spent their li }1 in.the same-villags i guiledrasi-
woxthy, and the inforwadlon regan dmn»—:mnor(*ﬂ' zmaﬂ"‘as and

watersheds thus obtained 13?&&&&3&3}1 dl)j;ﬁh?bﬁl‘a’e amount
Of levelling would not give such aceurats rosalts. e

- Thig demarcation work may seem* laborious and e\pﬂnave
uut»m practice it is found that men of ordinary mtelhgmw can
readily be irained to demazuat several square wmiles in a day,.
and that without any previous knowledge of survey work; - onld

levelling will Iocate the minor surface dmmagﬂs and ridges
tively as local i mqmrv on the ground. o
Plam Lisare production on & reduced sealo of a 4—‘nc}‘ workis:
plan of one of the distributaries of the Bari Doab Canal i in l.hé‘”
Punjab.t On th vcstexn portion of the map is shown the methou,,
adopted for dwmmg umwumed land into square {ields of 25 d{,w:a“
each, the wa ()b']’bulurbea being arranged fo deliver wator at the «
highest eorner. of the field. On the original plan the levels of the
hcse Ipve]s h ave been omdte,u

‘9

1o
%,

cornery of the squares are nozed

“Plate TL iz a wnrl&ihg im‘xg uduml qewon of the pnnup‘i

s seb AT

Plate I1L is a re noducmou of & village map demarcated as-
27

1 The. vernasular word “elal’ in the map heading means “fum or-,

. “plot,” and indicatos thut the arm "of u’rlg.xtmn allnm,d to egch ull go or’,

to each out'“t is noted on the ;nap . L

M
! . PR
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‘déacr fb*ad. 14 has bcﬁ'n hammed from thu M.-mr‘h 1-::{&1{,, and lhe
nmePw ‘of t}m fields have been omitied fo a ul d f'o'mfmmn. R

o

. During the prodéess

of domarenting maps in ihe heY. the -
csammi establishment is engaged in drawing up. abissracts, o‘I gl
‘urens, dreas Lulma,hlﬂ and :ﬁmcdltwabic, areas mwat@‘ and 7
1{,'&1;?(;, aud in_ the casa‘; of unceltivated or nunv'ultw 19}
Jands he rEREONS fm these ql.mdfa being wnealtivated, suchi ag’
“want of Tgeilitics for urlgauon, swamps, sandy_ tracts, ‘swh'*m B
Trants, or.want of agriculfural population, ara: also nomd
dxstmcmmhere & Cadastral. Burvey has been carried ont, mosi ai
this mxormnt‘on is procurable frem the Survey recor rds, but kome--
i it ey lmv ¢ ¥4 be compiled.in-the, field. B
A very 1mpmflanb class of nmunv in coi‘ocfmn unmhon .
statistics” xnldtes to. the pos ssibility of introducing }nghex chxbs .
.erops ‘Lhan those Llsu.LHv cultivated, "given an nssured ‘supply o
Cwater for i irrigation; - The difficulty in considering this problem A
“lies id the numbor *of ffx tors 8 nch - unhuluenti" \omeﬂvhat inde-
e r'mm.tte which have’ to "be taken into consideration. Some of
~these -factors . may ba h’“;&_ﬁ} mdmatud b" mnsxdermﬂ WO
"'(- camples of va.hmbie erope. .0 - .
b Qurr‘nuane.-——l‘he‘ 1mp01t'mce of sunarcane tu Indzs, may '"be
thered from Jthe f’wt that for the qe*von years ‘ending 1902 the
sgverage w : mlds outburn of .cfne . sugar -yas sevep . and_a-half -
“;mlhon tons.” per, “annum; .of, thit tofal, thiee and a-half ‘million
m)ns v.ere pmﬁuced inIndia. l‘Le world’s outburn ‘of béet sugar,
fdr the spme period was’ {iw: million tons annuelly, 59 thet In(lm 5 -
b Bugarcaﬁc px‘oduces 28 p(ﬂr'cent of the warld’s fmgar supplv. ‘
: Bugarcane i is grown ol well- drained alh*wgl laanis and. requu‘e‘ -
“an-assyred; supply . of “water practxcally all' the year round. :. Tt
‘nlso mquxres.hmvy manuung, " which, in India, presuppo “at
(‘omm\\mty Tich in cattle. Given aﬂupply oi cattle Tefuse, lt is
..by no meang dertain that the cltivators. ca w0 afford: to use it foil
;cang cultwatum. _ Dmod cah;le refuse i is a most mlporuant fuel in’
qvnctdtumk 1‘ndm and if cattle.refuse 'be ‘used, as -2 manure, i’ +
imxsthae wpxaced as a fuel f*mfl S0me oihex nource, such as wapt(, g
Junnle 1&1\(13. The culmvatnm of sugarcane. requu‘es ‘ac m‘t'\,m
v nountof- cupxtdl not necossarilyin the Ioml of cash; ‘md
s thourrh it 'yxelﬁs l,nndsome pxoﬁts, 1(; is beyond the reach -of a ]
poo‘ MAN, Tow e O . I

B
. ox

i
,J

.

Amun the dmno:al of fhe crnp iz o matier of Jmportmxcef -
“The cane ig grown in comparatively small patches and the costof .-
carjage precludes the establishment of a central crushing mill. .
Fa‘ch village therefore provides its own crushing mills and -

“ boiling pans, and this again raed
~qaestion of markets iz also imporant. . In the villages, molass
and po )

>1v nnrefined sugar are manufacturui, and: therZ ¥
be facilities for exporting the surp?us produce. Therp:s at least -
one eanal in Upper India where a kige area of 'suug,"r'arcanew@;s;
nnricipatcd‘by the engineers, but the cultivators refuse to grow

t. »Their sole resson is that there is no railway near at hfmu, N
and thg cost of transport by road would swamp their profits., S

The last, factor to consider is the porsonah v of the- r'ultw&for,
“whether lg is industrious and enterprising and likely to avail’
‘ of:she improvements in agriculture, which he can effcet’
by means of assured irrigation. "As a rule the Indian peasamﬁﬂ e =
qmtb alivé ‘to his own interests, but he -is also intensel v eor :

7 servabive, and he often hesitates to embark on the cultivation of

P hlS irrigation. -

)

‘& crop of which reither his forcfathers ‘nor himself have had
pla‘nhcul ok pemcnce, Jis may be mentioned mcldentally that the.
" introduetion of sugareane is m_portam from-the point of view -
‘of the cancl administrator; the c¢rop is so” valuable that the
. cultivator can: aﬁom EO pfay a comparahvelv Ifnbh v,dtgr'nte for - -> .

- Another nnpmhnb and vahnble ﬂmp is cotbon, wh:ch 18 zmt

' Gnlv an imporsant export from Indm, but cotton spmmurr lb 130

“a ﬂouuahmrf internal 1ndusnry DI -
_ Prior to 1860 the . “cotton’ exgorted from Indm was vmlued at
three millions: sterling per annuom, Duung the Amemcan Civil
War -and immedialely a.ft@rwards the cultivation increased by -
Jeaps-and bounds until in 1866 the_exported value reached the

s enormous total of thirty-seven millions’ sterhng Indian cotton,

“which has a short staple, eannot competa with the long staple

i‘» American cotton in producing the finer yarns, and the presmb

1 “export value is abouf elght millions. sterlmg There are also:

5 about 200 spinning mills in India which ‘employ some -170,000

‘

loperabives, in addition fo mnumerable hand looms Whlch are

found all over the country.” - S

e here :m., 10 st xstws gmng éhe outturn of t}xa mtiou-

if capital expenditure. The - -
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pmducmg cmmtnes, 'mlt mnmt the cmsumphon oi the S} mnmb
railly, it is- said that In(h mcduce&, gome 10 pel wnt uf the

" world’s eottnn sapply. ., -+, ¢ .- SRR
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- Cotlon” id e&semmlly a m;n Lovmn pla aif, »und H?:: cultn txon
depen"c' nob so much on sml &g .on clmmtc ) It tan be reared on
m!y soils, loams, and on he{m clm's. guen i) &ufhueﬂcy of ghny
j.‘--mgd ¢ moisture, . buf e,\ccs.awu -variation. in " the mmum af
{ ’méiétm x—t“m]unous. A azmay s‘oﬂ doss rwt 1eia,m moissurs, o
> Heavy clay retaing too - mfich; imd the’ best soil for cotion ig’ ]
~!thérefore a deep well-drained” loam.: Cotton requires o greab ‘
,~deal-of attention, and Ameiican statxbt'cs show. that the’ coau ‘ol
. manuel lahour” amounts to 164" ‘e m. of. ‘he tota,l 4»coqt oi’

g“o\\ ing the erop. ' ' ; ,

(‘Lven ruitable soil, the perbonahtwof t.he cul ,watnr i3 f‘nere-?
fore ‘pelhapa bhe most important -faclor -in. coumdmmﬂ bhe
§igss gibility of mtlodncmg -coft on: culmva ion -on & new C‘mnl;
and_this iy d\w not onlv t6: the «mre whmh the pla.nu requuoci
- but-also to the 1)ecuhar Janner. in’ wmg,h it suffers by ‘\LI-J
. *;uu;ahon. Cottoﬂ orice estahhshpd deturmmtes By ‘heing

- irrifgated, and’ only the» most - admnc»d cultivatoys. 1L‘lll%€3 ﬁhﬂ

'iact. Jn Irdia ! there‘ls f dxstmcn miuuemenﬁ to the pultmtov

“td over- 1rr1mzte( the - plant Trrigation rates ate lev ied on:fhe

_crop, and if:the cotton bo 1n1gm’rel¢lp to the time 1t is gathﬁred
. the g;ound,.-m er: the «cotton . g gatﬁﬂred ‘retains | sufficient
. mofsture for a ccld weather: crop ta be sown ; fmd given' a a alight
}‘ rainfall, this second crop will come'to maturity ,without arr.xh il
3 irrigation. - ~The uﬂtwator thus pays an irrigation” rate .for

' eotton: only, bt is able to riise’ tvo.cmps by paying ond watﬁ ‘

¢ rate.
the cotbon, and fhe cultivator probably loses more than be gains,

“The deteripration of colton due to over-irrigasion ‘has also, b(‘t&l;

observed in JFgypt. - In 1905 the Assudn reservoir was Hill otk
- and deawsion for the first thuns; and there was & g}rrat e)uen,ziuﬁ '
T " of the arm.under coiton in 1908 and 1904. Wa*er was pluhlml

m those years; and yet nha ioml vwlﬂ ofg cohon 1’ i3 irN‘U" m m

»

(3L1fm1 e:;p}sm(;mrm Wi uh'ltx watgr *ms plenmful and t t

gt t*tmtms weuxd not refrain fmm Ublpﬂ’ it. -

hgh

Coa

_of inlroducing higher-class eropy, and they

¥ .
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 STTISTICS TOR 'PREPARING
illned mie the inquiries neaes:euy for disen ushing the ‘ru‘s sibi ubvv

13 “also to some extent '

*explain the advaniage of a fair worki ing nno wledge of as:mcmtl e’

“be studied, if availsble. £
- agricultural bub alko from, the. enmnoermg pemt ofw view ag -
N ‘ .
. regards the labour vmiable in the distTict. S .

to the enginesr who makes 1*'11(*at1un his speeiality.-

- Other siatistics which hiave to he ')mpxleél refer to tho numbev' ‘

and classes of the population, and for these census roports y}}usu
_This is inzportant not only fro-f the -

'I‘he labour. market bears directly on the eshmate ‘a8 if
contra, ctors-have to import labour from a distance they must be -

, pmld higher rates than if labour were procmable on' the bp()t.»‘,

- BOING, aTe. re'ﬂ]y -oxpark,

“work only within a short distance of
~ it a pight. -
< while otLFrs will work in dry
.. many-similar petty dofails become 1m1,ortfmt wnen estlmat.es

Knowledge of the habits of the puople ig-aldo NECessary ; every -

agmcultnral labomer in Indi® can do. emthwoxk of & sort, and .
Q hitercl ;:} t ‘-lm w(w]
whiiever it goes, bringing their families with them'; others wil 1
their Vxllwe, returning to
Some classes will work all day in- we‘r . foundations, - 5
excavation. only. . Thesé and

Sah g ,L‘ JF(‘”(]“

-amount to several millions sterling.

:‘11_

Tt ig bad anrlcultate, for the eXCBsBive walering dete\nomtts;

. emp}oyed op. am’
_ practically s

‘As an example of the distances from ﬁhmh hbour hms to be.

~ imported for canal works the ease of the \T&d[“l aqueducs on the .
+. Lower Ganges Canal, which took four years to bund, and v'hmh

will be xe-m rad 10§ msenﬂv in Lonnbctm K

ed.: o
ﬁhﬁ uursoxceu nbom Wai -

o ﬂafg.»eﬁ erg- and w&u.s SEESTRN
. the Punjab. . 400 m1m~ d;bmmt.

Sronecufters from Allagﬂ%ndg" . \;300» /

" Bricklayers from Bareilly T~

Liasears from Bom

““Mechauics nnd forg

‘ 'a;lway bx idn-r

vilea roand.

in Fall swing sm\‘ 16

ou 4 about the work
, bour of bhe Sul‘lOW‘llﬁ

v, 000 men wers -
} at a Ifnge work

‘UThD
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A
"\Ium of tmmpmz. men bv uuued ,aq 1t 18, o’tan ueccwmv to .

nwke ‘temporary roads for warﬂﬂpe of oz mm}s, and.if & °

bliW‘l runs through the district it offen- puﬂf £6; mnw‘ntx‘ l.t(:‘
opbmtmns for the mmnl?f*act:f.ra of - mpbarials' at’ h‘we (16{)01:4

" cloge “to’ the railway: In “he caqmof ‘the worl as"c quoted a

hrancn hm, of railway was vy on to.the work f\gm an exigling ©

“'lmémve miles- away, and, it prove ad- dwaprr to rail eoal 1,200

’»mllp: rgm the Bengal: ‘echlfields. for engines and ham mangs

fac*ure .mthez than, cari wood ﬁu N tho nehrest fczegt w*‘%
- the’ ddltzonul,( d*’amug:e of-the ‘15511red repularl{.\; of. &npph‘
ThlS, of course;” (n king the comprmmh re. efficlency of wond ¢ n@

f. ‘enal mm amount., A Lontmd for *ﬁtv million bricky: was, rnv u;

"-ouf before the' raﬂ\wy was decided 'on, -and the cuutrac tor had _
alreﬂ‘y mmrei‘d, into sab- contr;Lcts for wood fuel.. ad ho been

“able to - usp*coal sent up by ‘rail he would havu 1oade rm

{ exaraple ‘of tha “neee
. L<>fore work 1<;~L-e gun:. . o -

.7

“ additional pmﬁt of £3,000 on his.contract.. This affords an
' sty for emumg mto %H po-,sﬂ)le dbtaﬂb

8
‘In arldltmn‘to nc)tmg» the ress J‘uxces o[ tha Lountr}; as rmgxrda ;

Iabour, it" is very mecessary .td gain information a8 jo the

mafenais availahle. . T .ldchtmn to- earthwork, cannl m"meermﬂ

. 'dea}s pnnmpa’lv thh “brigks and mmtar. There i8 no greab.

expenditure -on- iron “and . steel, - as’ -in railways, and as the

-'\,’irmgatxon engineer is a pmnwer, .he i3 very often thrown on his

-

of irtiFation -enginecring whicly is hardly remsed i coun{.uéx -

own- resources and has not ouly to burn his own bricks qr'd
mne, but has also to tnm'h hig suhmdnme‘ 'Phir‘is an aspeg(t

"where responsible zmd tructv*orshv contracuor can be nad foi-

t}m askmb. S L ,
. \We now cofe to perlmps ﬂm most mmortant bramh of tha~
: de;m]s»compuqeni under .““1rr1;,:mon works statisties.”’ . Thal -

- 18 rmnfalk statistics: and 1ha dxsuharrre oi rzvors and nd,tlll'ﬂ.l

ainages. | D
1t hasg" alfmd} been. shown how mmmll imd eapermlly tha
“monthly incidence. of rainfdli, has nmch to.do with the’ necessity "
for 1rrxgah(m gnd also with 11% utzhty It is ausolutely essential *
to have records of Tainfal] oyor the whole of the area in which’
~ irrigation is pmpo'
of . tlre cm:chf\rge of ml ch.umw carrying natutal dxamﬂ%

B

L . A - B g N
i‘.

fed, .md itis; equully esaential to bave details -

"

[} T
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‘wtlnu that urea, and n,]“o of the channel Whn his the HOHI‘CG of

sapply. . This implies that in the absence of doﬁnﬁ{nﬂmn gaugo
recordgone’s calenlations will be svnply guesswork a‘ h \of little

~value. . In .,Lopxml countries rainfall records to be of atty exact .
o vfﬂ’m mngt extend over thirty-five 36' rd, 80 as bo include the -

cycle of cyclopic storms. This is also the period during ‘whiceff' ¢
flood levels in rivers and .other dminawég should. be observed.

" 'Records extending over this period dre seldom obmngble fmd
- one must be contens ’Mbh what one car? get, but the 1mportwnﬁ
“point to remember] is that if the rainfall records are deficient, -
-then & very large Lu,tor of safety must be allowed in desmn;ng

the workg. - If acenrate ‘data are not available, much. useful -

informa hc,n as to flood levels can 'be gathered from old -

' inhabitants, ‘whose memolymf facts 1s often very useful. *if :

Ths important - points connected ' with - rainfall as far - as -

‘ n-rwatmn is conecrned ave the quantity and ,uonthl) distribu-" "
~tion of ‘rainfall and the lability f:o failure or seriqus dehcxencv -
. Actual, statistics of mmfall are’ best I)ut failing them, local

tradif )}n or information as to i’ha crops which can il'suall ¥ be’
r-mis (.., from rainfall onl.y has a very considerable value. - W /here -

local tmdttlon fails is in definite mforvnatxon ag to the mizimam .
discl wrge ini drainage channels - and rivers.* This ‘s . mutL
cs:phmble a cultivator dﬂpendent on draumr*e fnr hisg prmntne
‘mdhods of ir ru;fmon remembors the years when the river failed
“him ‘and hs was hard pui 10 ik bo ind ‘waber for hlo crops, buf he

forgets in which of ‘the many years when: he had ample water’

. i,he channel rose to the maximum level..

When a canal is to be i,aken oub of & rivef, the 1mportant

o determine is. the minimum ‘dischargs which may be exr
~ for that determines the minimum sepply avmlable for ir’
''On.the other hand, when a canal has to Cross a riv
_ drainage channel, the important point is to kno;

" discharge, for on that is based the watey

eross drainage works. One of the first ar~

- in drawing up an irrigation pm]e“t is

all over the - avea under (*ousuwma

gauges on all rivors and drainage -
“for me muwmuia of dischar, De, es

as possible¥ . -



-/ The dange whlch may 'a,nsefhom deglgmﬁmmoss drfnnage
;works “on#dn. undcrestxmatpd ,ﬂood dxscharge reannot ;ba ‘*{;oo
strongly msxsbcd on. *The fate, of the. Nadrai a.qauduci; ’ronvays
such.an. 1mpre<sxve lpssgn to all engineets zhat its story
;told rather in detail, nzluto{:u:wr ﬁom ‘the oﬁimal rmmds wribten by,
“officers -on- the Spot: «The” “Nadrai aqueduct carsios the Lowerf
-Ganges Cdnal ovef the Kali Nads, some 33 miles from anroxa
where {58 | headvyolhs on-the Gangbs gity: sﬁmted The Kali
Wudl drains an &rea ‘abdve the, aqueducu of ‘2 317 square mxle,s,
thae . avemge zmnual rainfall bemg 32 mches ot ’thp catchme"it'
~area. -The canal ltself discharges at the aqueduct 4, ,100 cusecs,
. and ig de qxgncd in addition o its own irrigation; to sgipplement{
. ’she supply:in sore branches of the oldér Ganges Canal., ~When
the canal was first opened 1t supnhed somew,500 milés of canal
. i'and dlsmbutmg channels, an.d while still undeveloped it nn’r‘tied
',‘61)0 000; ames. : Those ﬁnureq hswe h’cteﬂy besn muel lncrmseu
-and are qnoted a8 -showing ‘the "fmporta nee .of -th 10 cana 1 'n, the:
'»fmme of the deetructmn of the aqueduel, - & -
i The aqueduct as ou"maliv defﬂn'ned was based on a HOUd-ulb-
“charge of 91 cusecs per square ‘mile.of ba!:chmmo, Wh! che corre-
~sponded. to the then : hlghcst ‘vecord flood of, 28, 000 cusecs. - It}f
“consisted -of five, Bpans of 85 feet ‘founded on: wella sunk 25 feet’
{:below the ‘bed of: the river..” It must be- rémembdred that the%
'fdxueh‘trga mxs no haphazard assamptlon, but was. baaed onh
\elnble rainfall -and’ dxscharge statlstlcs extendmc over, nearl
‘urtv years: The, r'fuml wad:opened in- -1878; and on, OL’D"
M floed ca!cuh[ed 10 be’ from 40,000 to 50,000 cuaees canie: 7
\“;ne Kah Nadu Thmcauced g0 much dnmage to the fmqueduct 4
neccss;ty fr\r & new Work Was 1mmedm.tely4recovmsed
"‘!educf wad patched up, nd deswns amx estlmates f()l‘“
‘*\mne sparniz of 35 feot vas drawn up and 1er.uh for!
. \on Jaly 17, 71885, a ﬂond of 130 UUQ curces
\the old. “uqueduc‘f ‘anid upee all. formezr (.af«;,
- “qrdinary Aood beaded up 18 fest it ihe !
) ‘xabove nver _bed’ bnln" di geLL h},g;rnanl
' Wnu,h by no’ meana,«repre ents the:
“gd the lefs ﬁdnk}gf the aqwed m:u, :
‘m the “&n mbankme it and-=

‘ti \iiow 41 to iJn'a ﬁlay st“at,mx

iz nf dou‘ut ag to-the dlSLhdlge nftbr allowing - Aor anknown.. s
“faetors. ' The cause of the flocd is contained in the Report of the:
"Meteorological Department Ior July, lea., After detailing the
: recotdﬂa rainfall it goes on to sa 1y i - -'f‘ SRR

.
v
’r:
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[

%'whx“h i3 ound ab ‘}U feot bolow the rwer-bad. «In “(‘dx ion to the' ‘

éq’a@,‘auct it swept’'away every bridge whether of rond or railway
Jh.ﬁtlowar 150 miles of its course, and the villagers, whom

ftraduaoﬁ'umchm to build “theit houses high above cionaer *L{ :

ﬂom level, eseaped 1o better than the engineers, as many vnmges
-on” the ‘higher, slopes of the valley were: overwhel med. The
Kali- Nadi fully ;usmmd 1ts nu,mo-whs rxvex oi the goddeas of .
destruculon. ‘ ®

- Bngineers find - it d1ﬁwult to dlrfest the fact that & cqtchmenﬁm

of 2,377 square miles with an average rainfall of 82 inches did -
“produce a flood of 180,000 cusecs, or 56 cu'secs per square mile of .
~eatchm@ut. Two ‘experienced engineers, Mr. Garstin (now S1r
William Garstin, of Egypt) and Mr. Good, who built the new

agaeducy, happonad to be ay-the opod duriug the who.b -of iho‘ ‘
flood and kept eareful notes of levels and velocities, S,Cs tha,t there-

: “Hrom the best infoimation obtainablo 1* FEBTNS . thwt over 1 000 squuusa e

) miles of tho drainage area of tho Kali Nadi upwards of 20 inches of rain
stell srithin a little - more than twenty-fc,m hours. Accurate statistics wore
~nob available over the w hole ares, as many gauges wpm fdxmd running over

m the mor uw

'u' ) ; "»’A .
' Wheto canal ﬂfﬁ"elg hﬂ.ppened to be stationed Lhey recon*mbed
t_lat they were ‘witnessing a record rainfall and took the _pre-.

-caution- of emptying the: gauges before they overflowed. This

heavy rainfall accompanied a small eyclenie storm-and was prac-
tically confined to the Kali Nadi ca.tdmwnf The correqponding

Mood in the Ganges t}m “" miles away. was 120, 000 chsecs only, as, .

againgt & maximum of nmziy cmuble that amonns, - T')erc can.

“be'no doubt that in addition to the record rainfall the drainae ge-

gyzlem in the catchment area had a good deal to do with t;m
CXeessivs helght and short duration of the ﬁuod “the wholc. tbmg
was over in & day. The Ganges Canal, opened in 1854, Irrigates -~

& considerable portion of the Kali Nadi catchment area- and was -
‘constructed before drainage prineiples were recognised:  From-- -
1875 onwards dravnage nperations were carried on with great
Vmour chanielswem re-aligned, numexous dmuls were C‘iC'I"J’Eltbd

~wrt




AR B N‘n’f;«fs oN IPR[GAI‘I(J\" WORKS,

- easn, and 1aw1[s m 111?1mh1n" the mtenmtv and dm’mvmmﬁ the

" charge being gr M«ly inerg

== The ne“ .\*udrm aqud"uu has ﬁfteen smnq of 60 fe.

~ measured foxtrmhtly throng h(‘qh the . year.- - Benzlr mmu -'t:

" ~4n such wells varies considerably if t}*ev have reconbiy Ipesn dmwne

&

; irrigation,:andrin a good many instances the restoration of the;

Wl e A,

8. e

P . E S [
o
b

a,nd much i dmm to. r-le.m avay m‘m” o‘us,m Lmn to nod L‘WL
drainage, Ubvmuqiw an efficient drainago SthLm— catries
‘surplmu r;mmll much more qulduy than would otherwi

ST

lumlwm of oods.‘ 1t is thuefum necessary. in_ designing cre
“Heainagt worke to” remember thn pos SlblhD‘V‘Of ;mfmmuu ain"
ed b_,r thmuu«h d.amrxne uf the

¢ sv i

cate h*ncv mea. LN :

aq uf‘a*ust'
“five of 85 feet in tho griginal, It is fmmdcd on 268 we ih sank!
.59 fest below the river bed. The waterway-is 28,825 sqnate: fept,
“or 9°8 square feet-per mile ol, cuchmon ~and the meg ve’omtu.
for an assamed max mum dxschurrre of 140,600 ¢ sees is 6 feef
per second.. It may, bo mentmnnd that since tbe degbruelive ﬂno&

cf 1885 the nmxunum ﬁood in- *nc river un, f\” 1407 wos 19,"”“‘

. f ’ ." . o

cusees. - . : ,

‘Another pomt on whrch s‘mh%tms axe requ'rcd is fhé 1-,-.f S ﬂi
,Subznod yater. in.the area under consxdemtmn. 'Un jmn be\
nuued’durmo the nmgxess of the survey prefualny in wells in
- May ‘and "Beptember for mmtmum and maxjmumn hexgnts m
. Upper India.. In addltmn to the gmeral wall. uwulmrrh lines nf.
welld should be selected going tight across the district; Ehes 36 Y0’

“known reduced levele :m, fixed on’ the weﬂq snd, from- thege the;
dg,p‘rbs to” wa,tnr surfage ‘are mms\zlcd and v'dncml to & coms mon)
[ dat un.» ’l‘heqe meaguremonts give eross sections of sulisoil W“L(,X‘
-gurface ab (11:[1«31911‘0 pouods of the year. Itis 1mpur*~:;n m golecs,
wolls.which are not used for irtigdtiorn purpObes, as the waler lavel

o Wells” ubed for drmkmm»purpom: ouly can genarally "bo
- .found, bus if n"ugwt.mn welly miust bo used, thay should ml; he
measured withir twedty-four hours of being dmwn on. :
3 JIn tho earlier canals®of Upper Indla, isnch a8 the;Lm ,mn
_Jumna and Guanges Conals, little attention® was paid, to subsoill
water level, watmiog ging has-followed the mtroductmn of cmni

- tragk L.xs hcmva cource of considerable difficulty and expense.

f ur(mn:;e htm dene wuch, and in e,\_h(émd ensos ib hag besn

. a.nd well ifr 1gatmn «c:m*

The  first scheme was' drawn up, in 1870 to mlga{e 3% million

‘:md the " Ganges 'at’ a (,ost of . six millions . sterhng - This

,wew leen 'to make the cahal got more and ‘more dtﬂnous as’

z* 5
s 13 - ’,

found, rccessdry to; pm}ubxt 1rnguhon flom cana‘i ,wltqgeiher’j

é o
and fxdmnce mm‘ev to enable {he eultivators to dw Well.:ycu
T a,»lgm tha®s which they had abandoned for the more sasily’”
‘oblaled  canal ungc.hon. “In modern canal schemes dll’&s..::
‘watéred'fgom wells with a ‘wood sunply, guch as-is indicated by
high su bﬂoﬂ water level, are debarred frém canal irrigation, which .
‘s right and- proper, and quite a different procedure from fi
‘giving canal water and then bemg,forced to prohibit- its use.
“Subsoil water levels eaabkﬁ'?’é» 08 id‘aﬂéunst mistakes ufﬂ
‘this sort, and also aﬁpﬁ/‘ )g,ﬁuﬁﬁ)aﬁmn a% ib %he are a8 where the™
_mtrodnmon of a g ii: ind conspguent is«mclmsé ‘of pezcolmtmn C
mayraise the levé! Gﬁ he subsoil water $o'a dangeronss ‘oxtent.-r :
A vsai‘”m‘ ood ex {mp of the use that records-of’ subuod wate"
¥u put o-dg. chfOLde by the ‘%arddh Canal

8 scussisn than any -
h;n.,ahm‘ Lommm%mn A
sctm“'fmq the most mﬂlf'ult proTTem “tH6¥ had laid before them.

mn Lci‘; 111 Ouan ME

acres in- tﬁelve dratrmts inOfidh lying bebween Lhe ,Sdiduh

W@.s udmxt{ed by 111 concerned to be nnnecessarv and since- ‘that
(.afa four sepaxa&. schemes have been drawa’ ‘up, the })ronosﬂd
1rr1 fute& aren and’ the pe {:»posed expendltmn being ‘about - the
gar pe in each, 600,000 or 700,000 acres at s cost of- -about

‘three - millions. 'The pom*L for settlement was Whethpr the 2

f

‘nmo”l.t of -subsoil - water lPVb'l and the aréa irrigaled fmm

‘v ells and nutura] tankq did not render the mtloductmn of .6~
'nml unneceSDaxy Opmlon differed considerably aceording aj
fhe VGd.l'S were wet or dry, but the n‘rlgatmn oﬂ‘icers who'in 18(0‘

‘they.got more and more’ mformamon a,bout the fise of Sllboui].
water, and finally in 1899 they were gnnemlly ‘opposéd “to its
construction.  The whole- questxon hinged on,ths level of the ’
‘etibsoil water and on the area irrigated from wells, and bus for.

i_tlle\ﬂt&tlbn\lcs of subsoil lwater which had been collected it-ig -
‘p're’bty cortain that tho canal officers Would have pressed for» :

earrying out a project which they have now abandoned, exe epb -
for a very small canal to irrigate two unprotected districts which. ’
they huve recommended should be thorou ghly investigated afresh.
‘Aftgr‘.hea.rmg all tho svidence the Irrigation Commission declared



‘e*‘ - -

o~ ‘g' - .‘

f'th&ia ’shey» had notm ﬁu{;;monf. at‘r to gwe a ﬁn‘\,l (Jpxmou 5
ommended 2 Tresh mvostmamomfor a danal to irrigate’

and the “ords in ‘which they point out the. Imep
ach to

RN

4

F

m%rlcts,
. nesw 1f1ve§t1gatxon show the mit)or ame ﬂmy *"stt
drainage statistics i— - A :
e T‘:u records show thau 'ﬂmuy the ahgnmom propomd for 't
channeh tha depth to “water Iaval vanee {tom :a minimum of 11 fegtian -
< Ffardoi to s maximum of 33 foes in Lucknows; ;and; that in "certain pa:ds of .~
{ - womo distritls pure s sand is fognd at o depth of 6 to 12 fee{;below ﬂn, Sulfﬁ(’ o

!, of tho ground. DBut'mnch mdte detailed information ~will be necossary
* « before it can bo said that the conditions with refrard to water level and sak- -

sml Oﬁ(,r m»upemblﬁ obstacles fo the co‘a,strufhou ‘of a cana}

Voo

',;. aw,,.‘,, i

*

kR
¥s .
9

3

.i. o

(Tho O}J}Futlon {o fine smd near’ the gurfat ‘o i3 {hefnnn mf,m f
Ios% ﬁom pez colsmon whwh Wo‘ﬁi oc"m 3*1 the ! m.ls) E

A v
Yo *vhu‘h :t rmmc tkfu"ﬂ\hy to

v
13

% The' areas mu.,t first bo,demércw €L

@ fmrrg canal water, having- reoard sc.lc;y
“extent to which they m\j‘w dcpnud on cana} water io’it 1hmr proﬂ &
al

~vithe auxi 11')111‘;}, of t}_wr foils, for al i inn, ',!'lrh subsoil”water :
- ,".':Lthm these &reas, ‘und outside them up b0 uxeumxxtq L thoir mﬁm-dmu) ge!
Dutfulls, and The dgpth of ovnr m;rr- lodm, mush Le o“.:ervnd ‘and Eh: Syigd dna’
“planor eross wections of "the 'counﬁy 3 amd sl nlfitln‘~s Jbearifty. on’ the
' nwcsc;‘uv for and: the pe ihilityot completely draining the tiact Tikely o bo
Auenced by, the r'mm must bc thox ughly mvemtxgx‘wu’ bafore 'mi,“dcu BI01L
A wd‘i ’)'fmc sible ‘on ‘this unpoua'l's qu’*stv;n "Thé projects’ fm‘ L}m eanal
. .epntaift o good. «3001 of }_en&ral infurmation on these points; boi, thou
complofe *1ix Qn'fmg-mnb details, they. were mepwr&f‘ ok o time what tho
ngcossity for very Lle‘uul.ﬁ& ohservat iufis of fho Lind we hmé ot

- P '
: ¢

N xe’c been ’(’nlly 19')];5{,1 ‘g N Do
: It mlLtLuﬂ‘*be s; { tht the ch xon ag to the- e‘(pemht;u ‘
;several ‘millions sterling depends on the queﬁtmn.s of 3¢
- water levels and drainage rofeiy ed to above. - -
 The next “pdint fo consider in these prehmlmrv m
;« is what ig cilled the ¢ dnty-".of water. Ve
The-ferny ¢ Auty 7 of vv**te,r ar waber © fiuh‘ 15'& ten‘:h ustﬂ
by ier 1gatxon engingorg o 9\:}% <5 ruvam 4uﬂ’r of wov} ‘thakb.w ater
_ . floes -or rhay bo mmmted to'do in wrwarmfr c"nps.v *16 desmﬁu
o f“ wurse; on'the kind of cvep and quo uu the pr)ﬂmon m a cmml
"j systemn at Wm:zh thio duty is -euti rmvl For'.exampls,- Supp
- that 50 }(,r pcib. of the water™entéring “{ue head of o canal is
G dost b‘? \uerf'(n m«-n evapor .1t10§1, An& iwasti belure. n, 15 uel' vered
Jon ‘50 Hields &QIDH hmd}‘s&s,c{imﬁ(‘" ’L*T"\——’\LC{ *m:w s ny NON

4 hadd not

ve tm%t; oni:

.

STAT TS FOR 7’%1“‘AI‘*‘T AN, T H@l"‘r(}}u’ TRO T
- . A ¥ oA \( '77‘ \'”

S meang o :
ot & m(yqn exagger mon fﬂ 50 suUppPOse ﬂmu one’ cu fe of
g, continuonsly w 7 e
,\} L pontinn ; will serve to bring to mat umy 200 acres ¢ gf
% the duty of one cusee at tie szcl s for whes b“q
- cahut in order to deliver; thats ¢ 1560 D
cusecs 'must be taken in atl the canal h i OE 19 o feld o
’ al head, so .
”mal £ shat for w th
s head dwly of one cusec is 100 acres only‘ : Ior heat th?
. 7 1
n “;ml}ud lbe aboub one quarter of L“hlq - The volumus nfwb zﬁhe
‘ ;Cl’ol)s ;‘1;; channels (}lnve fo be deswnbd depcnd on the clan b;’
o he -irrigatad, on their .
area, and on the d
s & e dutyefor th
Hdm[l); s Du;y ~—;q]’chulefole .an 1mportanu factor 1ny§03mn§&§
8. In India the measure of duty i :
wﬁbﬁfﬁw e uty 18 the ares of a N
| 01 tha & Ogl) Yfl]l}mh one cusee flowing contumouely durmg thapl&§ '
i u P wi bunrr to maturity. In America'the measu l ?’
| ; : e 0
as m Tzdn, usm« the expre*::zon secrmd mot

Wﬁter g V
ol of ‘ifitér ?ffi?fi“ﬁfﬁ ii‘éiﬁssff‘f‘m}femﬁ n b o g
o) e of T an‘acre to a ethof
, dl(ajj‘}omxgiludxntt}alzfaii 55‘0 ‘cubic feet. ‘This voluzpize is ca%lefim
w_‘ pors-lo F;“ oro of ()111’ by m tIhe number of aere-feet required to .
- e\pnes\ed m fept. n Other words, it is the depth of the:/
Cmp. Whpm o Inmae (or “in inches) whmh is applied to the
orop. Deat requlres five waterings of sbout 4 inches -
.J.Opt‘ Ic}mc: or, say, a d@pth of 20 mches altogether. “The du o
‘L\,{CZC;&\‘ airﬂ:‘e\r?fure 170 acre-feet or 20 acrﬁ-mcﬁ:j l;;
: 2 wale orage in'a veservoir is designated ag so nar .
ae 10“{0U£ {mgl slns 13 Jacfal as the acre is the unit umd éogrlﬂn »
B 31 oo Y -
o m;;; f ; uix full is exprpﬁsgd 28 50 many mdves in depthu
iy s fan&etﬂeeu the cusec or second- foot ‘and the acre-{uog .
- cr; S { ¢ cusee runmuc, for twenty-four hon g, will cover all’. )
o a depth of 1'98 fect, of say 2 feet, so thzt ona o <
I ‘uvm&m for twenty- four hours is eqml io 2 gere.f nz;b ”sp VHS""
gff l “mt:“ are used in different. countries, such vag Lheani(;l?q
o 1;1 bl: i};:;;;péan& the litre in Southern Emope, msfealfli ).2 .
e n_mf&} " e:;b 1e prineiple is the same. Duly is, in shodt; ™
oy e pressing the volums of water reqtme_d to mfyhlw i
o the ;gtz:;re;x otila C;/I‘ta,lz‘ erop, whether that volume ba s,xpre esed
: jl epth of water applied to.a unit arvea, or the o
Zli:)lg;sw?f; ],::rne required to mature & unif area. ’}pudentqii{
Dl al curious dl scharge unit. w‘fuch is used in the Western .

o)
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mermftn ’Sm‘ﬁ:,ﬁ tnay be mentioned; i
T, Tie am(-um m&efmﬂd Ly Blate law

and varies from 1j40° cusge in h"ta
. Califorois.., The' &xpw%qwn often apw irs jn A'(‘lwl Lc»t
Stnbisiics. zmd is apt to puzzle tpe Tnglish reud
da ﬁ;,xtmn ig that the ‘hwhalge nh]‘\)l“”h an drifica. of. g0 md,nv‘
um‘e inches undser o ‘16;«'\1 of 8o man inches. .&i.na.l 66
any miner's inghes. - 77 L . LT
Tho - daty of Wiler ;gfz be v v(’ in fwa wxys. Given the
; eupp]v av'ula,bln the duty, detemnmas the ‘aven “}ubk ik, wui
if i3 desired.to mlnate, t:ﬁe daty

LAz

';,&‘te, or rrwen the ar )
duetermines there quned dis chn,?"c, uhe )daqs
assumed in buth cases., -
* Water duhv 15 .obviously & matn?ex of lnwaﬂ on-imom ~auch as’
‘mml climate, rawhll erop ;- ‘.ELU hl; /0 o ba ¢ :enaulrred, and’ \\ﬁen
. #l] s said dnd  done mhme is 4 “sonsideiable, ‘slement OP
ancértainty. If ig howevel, n vety nnpo;t'mﬁ Factor in deter-.
P 1Wining the dimensions of 1rrtmmorr channels; and the difticulties -
. st be fd(,ud Exi)enence g8 meri on exxsmng gystems under :
k- blmﬂal‘ mndxtmns isthe best puide;. and in Indxa,, thowrh the
" couditions aﬁbct,'mn the duty VAry ‘30 qenorint-usly in* different
districts,’ :yet for each distriet- ‘there- s Ya. Lmlv -woll determined
g’dn‘tv for each cwp Forxy emmple, mosi; anméel& ‘would accept
48710 150" acre per L;u;ec as 8 fair field duty for rice without
41'}Yﬂlhl“ mqmry When, however, there 1shttle Iocal information
a‘;«aﬂahie, it is‘possible, by knowlng how. mmy waterings a erop
< feqm"eq 1 bring itto me \tuntyiﬁ,nd wn‘xt dcpth of Water iy
11‘371&11} ayphed to calenlate o value for the duty. - R
vy, Wheat'in L'pper Indm y 6n-the gmnnd for about four months,
way 1 120 days, and rbcewe hwm{utmmﬂs ‘of; say, 4 m(,hes ba(‘h.
% "The" c.uhex waterings ave hpavier.than this, and Lhe ,htgr
Léuings not go hm,vy, but 4 chxes is a foir avemge. S ‘
. Thug gach acre of Wi 19.1(3 recewés 43 SQQ X 17 ‘"4 500 cublc

,» ft*ét.nf‘xva.ter‘ e : s o
A _alRec runnmn U’)‘ﬂtlﬂddllﬂlv'—'SS ‘;00 cubm feet ‘}gel day ‘-‘fl'
10,3‘7“ '\)U(f -“ublc fee( in 120 days. ‘\ _1 o TR ;‘f« hE
R 10,868,00 e
B0 gk ﬁor wheqtm‘e u_see Wﬂl ,m igat a»xw,(:%—()oof}"' 140 an ru;
L oy - ' ¥ '\
o :l\q; } the vrhcat area.xm;e cn.n g,enemlly uount on mr‘uv Ij ¢

R « ey, Tt i

QI‘A TSTIE

S‘m sm' 2 I“L'hes‘,i :
dt it may he a‘,suma\ii‘f'
ot whoats P
b sewqons mown as the,
{Q‘)u St hiok weather crops ar e maizo, -
which requires qo mueh”
Wzme, Whlchz ur) atpd R

8 ce**t:dm TR m' of r in the whess sex
\} 'ha?f uf one Wa’:t ;

- water uh«)n it ia trvah-& by its
in. Lom seagong. Labigrop is prin
. ~r ol -
The dutics gohor xhv a\,cepfed

t.fo50 fa
T

- . ; @ o
‘ suwauana 1s o*ﬂ‘* 110 LO Mt."‘a-,rbs

*en rueq !
b fr{hu . ‘the - Sﬂ”g” u“"f”‘dﬂ "f ave b' weh ula e
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- junds are placed at their disposal.

£ of supply, and India affords some mmarkablu -examples of he !
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_ The detailed exam ination of. the }1‘0 ost’ osists m m‘mnm,
vial lines for the ore important branches, designs ]
larger masonry ‘works aro drawn: up, sueh as:

=]

golieducts and othu large drainage prossings, and gﬁtme‘f ly an
“estimate of cost is- pxuprwod more deisiled than ‘m,‘u i

mpted  in tbe yrehmma;v investig: stions,  Voree ags“g ol
ﬁmncml le;,ults ave dmwu up, mh,nﬂ pecount of the ihaoe 11ﬂ{’e'>~ .
ary 1o complete the work, which has s diveet bedring on h@‘f
im‘resf aconmulated during the time of construetion, whith will
o added to the m.p:sa‘i gecount. The project is mb;ﬂwa te
- erpert eritici s from the engineering, financial and’ *sconnmis

Tt

16 estinates are submitted for sanetion, and the project is plaveu :
on' the list of works to be consfructed when funds wre available.

*In' she ‘meantime the engineers in churge of the work prepare
© working drawings, programmes s of operations, and generally work

on gll details, so that thoy can begin conqtmv*mﬂ 885000 85,

In the foregomrf reﬂmml's it has basen faken Ew“* =rmm d Lhah
befors plehmmary investigation, -the soures- from iwhieh -the -
water -supply is to be ‘derived has hesn decided on. In tha, -

L xa:nrher u'ugatxon achomes the boundaries of the arch to b«»

irrigated were limited to hydrographical boundavies, and -the

! supply from each river was digtributed fo the ares which cﬁuld

mmanded by its ‘watérs. Modern irrigation epgineers ir
nud.I‘Ch for sources of supply, have found it necessary to’

B

ignofe these by d;ovmphwal boundaries, aud the swrplas wator” .
of one eatchment is often divertd o ‘supplement he deficient
‘supply - in 'another, and thia . diversion of supply has ¥ n{z!ﬁed in_'
tome of theboldest works of constraction in modern enginecring

"i; Orie of the most notable characteristios of- modern i nrmmztm

- pr«:}‘:e\c;s is the width of view with whick engineers h:gmrd SOUrCCE

{ormidable natufal ebstacles which haw to. by overcoma by ﬂ‘
“irrigation engineer. ! '
In the extreine south of Indin \‘np dis tnuu of Lindura Ezw af 1f="i

snifered dram sinpeture of the rainfall

peinis of view; and if it emerges slmsfmtmm from thess tests,
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4, 0N the eaatbrn side of the moudﬁam “n‘)rc«,‘ 'hn 'the :
- gide of the range the rain never fails,” a,nd muuh of tl*’;nmi*'
ig carried by .the Periyar River into the egén,
‘high 1::13 been built acress the, vitley of th
"L‘“;‘UUI&({"‘G waters ave earried” inio- %hﬂ Vigal !
throngh & gunnel pierced under the rocky .,.:tmaabd
iunndl which ' s fitted with regnl Atiﬁg);;lzz{eee is more imn‘
“raile in length, and a volume of 30,000 milliors J of cubie fuet 0
water is annually diver Led fmm the thc:n iy ‘hc, ca 'sf?e'“ :
GF the peninsula,.. : ¢ o
© Arfether boid pro;echq now under x(.enstrdéi‘ion iﬁ the ‘Piir{h ’
;h)(,e of the snoy v-fed rivers of the Punjab irvig ate in their awn -
articulal areas; these are the fhumm ot tha west, the € m‘;-r?
in'the middle, and the Ravi on the eavt:. - The ¢ x:i fing irr ;u:t;:)
nak(,s up neéarly the vsﬁoh,k edid W er ‘41-0;{)} o;f the { b;‘;i] .
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fmd an irrigated area of two million fwms 48 ang mpmm ) e
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orL buH 16 eosh of*the canal must mznmn% ic- several miliiony,
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 Yudia, from which i hing beon mluxhted tim 1 ‘;,ce%. ::){ &hg .

fo t wa o
A 1:01!-101 only of the rain which 3“5 on a cat wmem ﬂO;‘y 8.
s Phe rest is absorbed or ev aporated. Abscrption varios

slozical siructure and mhm cmﬁﬂw afion, snd en
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sence of frees

ic
with he g
the sutur
and vege

on or dryness of {he soil, apd on the pro

station in ﬂenm&l. Evaphration varies with the i»ajfii/lﬁ,m

the h vvromnh se condition of theair. . The mtﬁnsufv _
rn-off

many tanks in India, and these are very useful when the con-
Liiio}-S'of a new projech coincide fan"ly well with a.lmie of n.ll; .
existing Project. Vailing ench staiistics, measurement of th
yivers discharging from the catchment is the best guide to go by. :
* . The following data extractecf from. Sirarge’s Tmo‘f on h;dmz;_
'.nbcpl\'()l_’s are 1':@&11 as npnroxxuatzmm to what may
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‘ v WUE fontrad-
& of (*\cpmmxml c,ﬂ,tc.lmen{s like tho rocky pls ol { A

" sainfall isrun off by the rivers. - , 9
. 1t is'of importance ia designing Stomge WOqu "G Lnu‘v the
nmvxmum discharge or flo sod diseharge w ‘hich® may he expected
fL"m o l’éﬂ(‘blﬁbhf, and also to know tho rate of 1'“_“ off or i,(m‘: "
filie mmumm' in passing of the fléod discharge. On these =

flﬂma ucuen& Lb m%hmge on which a waste WEU‘ is ao»wm-d.
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: irg-;:,ions aver'lgn rai nf‘ﬂl is of no use. in ‘mal
aliewanee for maximum discharge, eyclonic storms aecompamefl
by intense rainfall must be prtmdpd for, and-the configuration
of the catehment is imporfant in such conditions, Ll steep

- rocky catehments-the rate of run- off is much more 4 “t’;pld than
in andulating well-wooded. ccuntry, and from smal areas the
rate of run-off is rela*weiv gréater than from large ar‘eab..‘

The offect of cyclonic rairfull on the design “of a storage

- reservoir is gell illustrated in the case of the Marikanave storage

- in Blysore. The catch*ne%t aren is 200 square miles and the

annusd rainfall avera,ge._ 25 mvheb, which i& caleulated t&give

8 run-off of 10,000 millions of cubic feet. The supply wili,

- however, be subject to great fluctuations as the annudl.rainfall

. has been as low ag 8 inches, and this, owing to a large number

" of existing lanks, gives practicdlly no run-off into the large:

 Teservoir. - 1t was originally proposad to construct a dam to slbore

20,000 millions of cubic feet. When tho design came 1o Le

: \»or}mfi out, it was found from records of*cyclonic rainfall that

", 20 eseape ch panvel for 607000 cuse 2cs must be constricted. This:

‘, conld anly be provided by cutting s deep channel throughhiard

- rack, and” as a matler of '3.‘;}31!1} tmg it was found cheaper to

inersuse the hewht and seclion of the dam so as to xmpomd

98,000 millions.of eubic feet and place the bed of the escape at ¢

hWhm level, thus avoiding the expensive rock culting,

s’} The grosd capamLy of a reservoir is caleulated” from the’ fs,rmq
boundéd by the contours between high-water level and the bed v

r‘,f the resenyoir. The available capacity is the: volume stored
between hlgh~water level and the level of the ‘outlef - froni- the‘

Eresert mr \&hl.,l* ig'governed by the level ontfo which-the Watu:;

%has to ba delivéred. . From:this must he dedueted the loss fr oni
evaporation .which may vary from 8 to 10° feet in" deptlu

ﬂf'cmﬂmﬂ to eclirzate, and also tno loss due to. 1eahage and’,

ub;ornt ion, which ﬁepende on- the nature of the bed and: szlio
glopgs of the reservdiz,, but may roughly be taken as equal tzo-

ihklf the loss fwm ay‘npomﬂom B T
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S *‘ VHEN irr ,fmn 13 ei"ﬂ(t d by me ans of a mnal dmrm-’r HER
' ‘@ river; 16 is necessar ry to bive some moins
low-water level in the river 1o a height sufficient to
e requnur( supply in the canal.” The method adopted”

nmmtfun the

is io build & ‘barrier twms’ the river, and such -burriors are of

various i 3‘1 s, dbppnd;'xg ina nennial fm*, on the local conditions
affecting. the s s se]eded “dnd th m“‘ﬂrmsb av“ﬂahle for
constraction. . E P

) Tha md;an tygia' of bar: rio oen sists of 5(,1!'1 swbmeuglble
sveir which atfords nd pfxss oo o for the river until the wafer has.
fisen au&‘.ﬂentl*y to pass over the top®of menezr.\,'l‘he' hend
slmce.s of the canal are. p‘aeed immediately above - the weir, and
in order to clear away any silt derosﬁb which may form in front.
of the canal head, mwerful sluices are gmmded on the flank
of the weir below the eanal bead. The Eg 5;3.,1‘41 type 1is the
#barrage,’ wmd- is of Trenc ch origin and con .sm,s of an inssub-
:m(,rwmi renulator formed of piers restm-v on s pm.,fuxm or
ﬁ(m ,and mvzmd ww above -flaod level.. Yemcil £rooves are
,(,.w ir the piers and the level of the river ahove the: barrage i3
rr,gulalnd by raising or lowering shutters which "glide in the
IEYO0Ves. | In flood time the shutters are fnlly opeued antd the 1
; ge P(Lsam thmugh fhe vents with a minimiug of

2

holé ‘discharg
obthnh : Lo T

The Jrdian *:veu and the Errvphan berrage are permanent
“tTUCth‘b“J, but there is in Indin a method of raising the water
fsugface by temporm'v dumns employed at the head of the gicab
Ganges Canal, which is umque on a large ecale, but which is
?‘Mso fized orx' come of the Spanish rivers. - Af Hardwer, whers
th,g Gonfres bursts through' the Siwaliks, the river is ¢ eonfined in
o ‘comparati ively parrow uh{l")ﬂ*‘l and this ig blncked daring the
petiod of 1ow water by dams or bunds, which foree tho water
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o the side chdnnel fr(m‘ which the cmml mLos off When the
;cd ~subside in Septe emtber or - QOctober a bund composed of
ugh wooden craies or- iz‘sq filled with boulders is formed
ross the river. These rest.on the bed, which is compfsed of
hiulders, and the eribs are. weighted quﬁicmutly { “‘“jremznln' in
\«.,mcm when mW«;ml from, ?*amvs‘ When in positifn the cribs.
re Lcmpxetfiv filled ‘with bou ders thrown in from the bnmzea.
ere is n considerable amdunt of leakage "through the first
tongds anden. second buud of sm'ﬂl boulders and shingle is
tprmed below it, and, if naccdss 2ry.below ihat again mfhn‘dbmd
;f gand completdy blnvls thd channel.  'When™ the xiver is"

.

L]
(‘ugihﬂﬁﬂly blocked, - Lovxnm L] requned for pacsm_g off any

u*; Jug water which may come down the river. A permanesnt
Bseape head is thereford builty f‘ﬁé geparate from the bunds, down
‘ ioh excess wator I3 pussed b g channel ‘which joins the river
selow. During the ﬁ(\oda the bunds’ are swepb away and are
&'emnstmcted next year.’ ‘This gy stem has becn in ase foiy aver
fifty vears, and is. adopted mainly for financial reasons.. The
‘IJUI.\db cout less. than £2,500 per annum, which is very much less ™
than the ma, mtanam,e and interest on the cost of any permsnent,
structum which could be built at the site. Hardwar is very’
Fave 1b1y situated as regards the supply,of materials for the
[bund 1ds; thereis an uniimited quantity of timber in the neigh-

g

ey

,_ﬁmm in the torrent beds. C o o
- Permanent weirs are generally designed to head up the low--
“water levél from 10 013 feet, though the delts harrage on t‘te
§ Nile, with the help ¢f a recently built subsidiary weir below

 now helds s up 20 deet, each portion of the work holding up half the
- total head. In; considering the design of a weir the ef tor’t of
© ths 'xﬁ,u*{ in caysing possible inundation.above the weir. 'fnutat be
- taken into accounb, and it may be necessary to construct marginal-
_embankments to prevent water overflowing the a<1301n1nu lands.

an extent as to raise the food levels above it fo an:inconvenient
height. There is also anothor effect of obs tructmff the uo

way which mukes it desirable to hxmt the Lugnt of fhe v welr.
In several instances' in India tho afflux caused by the weir is so
sl asto be ol no prac tieai importance’; but the’ obstruntmr 1o

Ty e

z
i
i
£
u

<« the floodway resulls

bouring forests, and boul xlezs can be got for the cost of collseting -

- The weir thum&;m muss not obstruct the flood wuterway o such®

&
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) i‘ .- % & ‘
n 'ruw dal silting of the river ’hecx 3}ng L
water channel a!’*f‘?r thofloods may be Y!;Tj*,

the wcir and the low- o
away on the opposite gide-of the river from the canal hesd 50

o g i C Mysen

that - # is hﬂm!ﬂt o g(,i, a. ‘su;‘p‘:g into -the. eanali- These- |

difficulit nob ocour in weirs or regulators of the barrage

ul
L,vpe, the obstruction offered by the 1;101'.* is

8 §'er§’ shight and the . i
shutters which hold up Lh water cau bo anb "'*ty wmc:"mi in tl 8
floed geason, - ‘ “

¢

weirs in lelu, \verp y xys hmlt %ohfi ba, tho~
i are & m“nlp*omxso between the nnm(w able’

mnre,;eeent da
nh«? woir “and lhe mmnmbm shiutters of the nalmsrc_«.‘ Th

ower ‘portion of th weir 18 b‘u‘t so‘ud and the erest is fitted with
}‘_‘L}OGL &hm.tam WAI“H. are mlscd when it is desired to hold up &
m‘r cre bt d mc* tha ﬁwuq.

'morzl Lo 1e41uung t}u, on“tr ustior

ﬁu@@. V"‘y, can be ‘wr cd as- "geonring . Clmreﬁ fm{l theu  ;
rige of zhe ﬁ _ :

'h_jﬁ) ’ U
a river bed above u 'v aiv dazring
"te'w in may resuls i;."cro'ss
'tLP welr dt armg
¢ l‘\'myn ba vmdea
nid’ mm«aqnan :

f\

‘I‘mmi ipulation daring th e firsh
- iﬁ;putilt" fedature of river 1e«>u
S‘m L. are ?Jv ays fori ned 1 i

& 1

& .
S

oods.. Buch crnss. mb

11a E

eig 1\ourhoud of hig: works
engineer. The moree evenly t
ttex, and the legs mﬁ be— ‘the co

During low watér "iuutm'u »u‘ im‘pf rfused and &hea
"ma i csb Hoods come down LM opportnm 1js seg for dc ring W
A rise 02 everal mf,hem smight Ve mqqul aver the
jub it ‘s preferable fo drop a:gertain number,
assing over the Towered shubters 7
1 and more or less rapidly cuis it
*‘:awfw. “Whern the woumg; Lelion ceases, the &Luttum are rajsed,-

“ and anosier geb ave worked in” the’ same Wa), £0 that gradually |
o mum o§ ﬂxa %hoahna in the hF‘lth(}‘uhﬂOt{ of £ wmr is ;‘Jm«)_\z‘eal‘. ‘
i woivs may be cl'!“%‘h” as Luxlﬁ‘fs’ii' ‘ ",
fvth wmcql drop on Jo Fevid 1:11301'#@0115 flocr, such

a
=

K 2 =d-}.:5.’
) L()p m‘ the shatbers, !
soleetod so that the eurrent;
g impiaw‘% on-the edge of n

vl \w u‘ on dm {)m goss”
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9, Weirs withoub a v ,Jc&i dvnp, bub with ¢ an 1mpmw' nis floor
slf»pmﬂ' downward from the weir c,reSu, sach 34 the Lm.u.d welr
on the Chemab. . . - ¢ z g :

- 8. “Weirs without T’{‘L‘ﬁl@i" & fhop on nn}g:nrvmust ﬁoor,g(,onsxstmw :
iof a mass of stone with opan ]omtq slopmrr downwards from the
weir crest, such ﬂ.& tha Dehzl weu' on the Sone aﬁd the ( )Lchla, Woir
“on the Jumna. ‘ L S
. The Narora’ nnd nhm:h Welrs ha.ve been eleet“ *f\'1%e¢s' ;
: becguge both of thiem fculehd some years ago, and the leasons for
- their failure and the- mp*hods adopted in- lepzmmw fh%\m %ﬂmd
 ugeful lesvons in weir uualgn Y T R

The Narora weir wak mmlm W b‘uﬂ; as.. m the, dnml'n‘;
F (Plato IV, (2)). the 3-foot, fqﬂmg shittiers being adddd Wlew years:”
later to give additiona "comnmnd Jdng the eanal jaq hrrigafion
uewlnped There axe sewral c.n%rs to which weirs are subicc B
‘There 18 firsk the xhnrfcr ot the oveiflow qcomnw ‘oud the uown-‘ .
- stream bed and eutting 1 Jackwards until nmlly the main ww tlc i
‘undermined.  The down stream talus is “des fruad to yrey
f"m our, and ag an fzddnional protwimn at Narora the g-lgmu; .
Cstren mn eurtal wuil wits added.. It is dpub tful \mefhr” this” >
rtain is of vm Hiueh' use ;- if SCOLr- GVer Was éenoub enl-ugr to; !

1L back fo the curtain wall it is not likely to stop thers. - ’[‘ae;j
ta hs must thercfore consist of mn ss05 of stone sufncxently heavy-
to resist cutting back ‘”’xjﬂ"le is alwa)% a cerfainamonat c‘fi‘bq,m 4
- helow 2 weir, but so long as lt 18 kept well awa; from the work,
tbere 13 no -danger. h)r'r'xample, gsome 250 feet l;mow {hg
Narora under sluices there is alwaysa 80- foon hole. The talx‘%
however, vl’huenhy prevm*s cutbmg back and the hole 1 ja“mj
bharr taless. - e :
Another danger to Whlcn weirs- are sub]ect; ig icakmn’t
; il'or floor, which is known as- “piping.” - Thé
3 generally sinter flowing updrﬂ“we(xh “a. weir, and n uuim i
iausos sufiicient loss of head the
fwater s g0 lpw that the fonndation
However, water imm. an upen qpq" k undmnc"th thv weir ir
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tive
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‘ml.ed and ﬁmmv t‘"\ weir is undnrmmmi Lo (i

It is ’mportant in daswmrfr a weir that tac Iang th vi rh%
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be mcapzx.bic ot carrymff smd along
springs run clear and Parry no sand’

_ they ave, perfectly harmless, Tho ¢ anger of p1pmg Lﬁlxxererxrm;
515 abovo ‘the weirtalready

. by the formatmn of ‘rregul:

: referred to. These shoals &nd to catise parallel currents, {czwg
. the up-siream faea and so scomr out the bed ahove the wem AR
Nﬂr‘\)lﬁ. and, on other wuxs ihis acbxon is defeated by cons%ru"m«
:long spurg of rubble at xug,h* angles to t‘qe Weir 80 a8, to rvur‘e A
flow ‘ab rigkt angles to the weir Cftut
© 8,800 feed Inn«’ and is divided up inio sec*mns by thre
spurs, or dividintg groynes as thay are called. Deforé
%y q, 91 earvgutq and scnur neés

80 Xtddced by’u
with tho water.

3

groynes wore concty
“weir wall werc of common oe
"‘;‘:ia an unbroken. Zw:m!nm sa
: well away from $ho weir eresb
" 'Thee dangers. indicatad a,‘n(;
seir ut mf :mdmon i
? ’\amzm Ayeir is an uxamplu h a other forces tu uzsz;.,
L the 1 ound.rg &ctun 01 the waie '_ml tbe welr flosy, and the fﬁr{:o:
i - of the upward pressure, due o uw hend of water, wlhcu tends to
b] w up tha floor:. J_h(l ;h af mue 1s meb by giving the fion ‘;
qudwmnt thicknoss and cover mg, 1‘, wzth ashlar bloeks g
,unww ant $hab the fwhl:‘:f ould b properly bedded in mortar
CAny nnpetfemon in the mmt«z is sure to-Jead to trouble, and it i
4 nustrd e in hydrawlic works to have ashlar joints too finar It is
“hetter to have thicker }Ulnt“ ani be sme taab they Lre proL r!.;,r _,:
l‘ea with mortgr. '\ ' SR : B g
The up*mzd pressuré o & x'cu' ﬁoor due io the hé il of W an,r {
hdd up is a very important faeﬁor in rerc desmn and reqwmm
eareful study. This upward pressure is dlmllmhed by tha
yass%a of ﬂ e water thr ou;m tha iounua‘mon maternl an whn
weir rests. The, pressurs iz '8 maximum ab. the up sshu:.u,;

3

“t now the un- mwn Dud
H

Ve m-e mare Or lf‘s'2 r'om,mm to z“‘

3

3 d

vxz,, .

o

!

!

i

:wtmﬂ-pu’nh of « the nndmnmth ﬂow, aud is reduced at fhe /
xpmnt of ‘exit fo Queh an éx -ext that’ hcs veloc;ty is ineapable, (
]

'of carrying sand” with the wmer. - To
ﬁzur, the pressure at the point of exit as zero. The pressure ot !
1y point can be found by dr.x.mng a rJ"M anvxed ernfrle wlloaufr

, Lo ‘
of iba wa ”{ anf} a ")fl apn-

L.xd

h}ﬂ prossa 118 (“hm to- t

‘Qéhtﬂel*t i
fend 18 nob ir. 11! :

reseu nﬂ the ‘*ctnal

15 m,aﬂy ) bh 51 & umf, and ve ‘Yhi assurie

‘4B any Iiu{ldh'\}n nom& Aut uﬁew t'

[AXtAL 4} 713‘ t:uru .urtm
vx under ﬂm sfona’

xhn haight of
:.J: al uut 3 ’*e ns wfi the

u’um} & Lu.l.hb, "

.,»m ")f Lhk’ pm H uf *11) WOIr \—ul"‘ ¢

pﬁx 0‘1 § or 9 {eet. Borings

o.aboul &0 foct on each sida

"Bjat the. lrc'd ofur‘e:'s, who wers man
ngquainted with the 1 ts, decline Lo ecimm
sitive ommm. L s ST e e p .
“The author was in I}ngi nd when t‘ne:";}?ujil;-{el;}i nf-curra& Jut '
'1 his retyin he was called on fo complele the: repaivs j&mmh’*"
wid already bocn pui in hand, He Had opporfunitien of d
:en ing tho whele mubler vith ang xr' eers whao nad 'L it the weil®

@
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1a ol 'tha ¢

RS
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p

{ some m w mm "fw'f‘_e:f»’rz.!. f
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e s Ciisgdiiasa

one '01 i.wo fiLC 8 md.) be
, acx-ulent du.m% ul,
il hx
hdm*ﬂ in 18‘8 :'ithe m,udem o«:’cum,f1 mn }8%. pﬂlb—‘ the&lm*
re added ,Lhe nater was headed up, 3 year affer “Gdt, to 18 feah
}*ovv the Hoor, which’ withsfood the p"esqzzre ;
sign 01 & uaek for sxxt en )ears.'

W

Tl}f‘ seunnd pomi I‘s, wby (ﬁd thc, crrm; f d.-‘; yztchmw blow un J
1 d L‘ul me 5{1})1'(}5111(}]1

up blod 18 weighing, as they zLd ha lf a ton u.xi
The third fset is very. mmﬁcant n tus -

_hecideut, springs-in the talus wete’ OLS erved to b’ blw mg, sand ¢

‘although ap fo that time they were radiing elear,

occurred a.very few houts:after this was gbserved.
The. suthor’s. é; inion, which he gives ‘-‘&'}du n}l by

the ﬁoor"mm firsh uﬂddmme:’a‘;b) i 3

The dcrlﬂenb

ne1h1ps the corcrete and masonry, semrd d'mv *ram the wshl ar, ;%

leaving o horizontal joint - into: Whlf‘h Water found its w'w,N
and this prob ably occurred when the watez up, Btream &ud &owm
stream'of the weir was ab. mbout the same lbvm.”, To resist Lne~

head of 11 fech when the w‘zter w as pondf, Lup ‘there 'Tm.» Ulh_} 4

1 foot of nshlar floor left, and it a,ceorcxm,qu blew up. ‘The talus’]

‘slones were also undermined and’ thwbn, and were t‘ mg\nppefd i

up by the rush of water Lhrou'*n fhe cent in the f Jnﬁ ﬁsﬁi were
not blown up by hydrostatic pwssmo. V'thn the floor firsh |
seitled it would probably crack.at: the toe cf the crestf wall, ‘thug

;accounting. for the strong - sp"mmat; that pamt

removalof mosh of the foundation sand under the ffoor means
that there was litils friction. to reduce the velos xty due §o the hicad.
- It will be seen  that. the theory of. piping and sg
;qmie as consistent with ’che facts as the Dblewing up

for thid reasen !he local Lgmneers Areé by no means
thp actual cause of the acnldem. S
" ‘Let us now gee how the weir was stvenguhcnﬂd 'zfmu the m.uumt

N

%

and the theorutical prmmplﬂs whwh Ied up to iJxe meapns employed

‘Ior HLrnnnthenmg the Wo;k

; The sand- §
fblmvirg'in the talug is also accounted for by piptg, as the ;

-tlement jg
heory, and
psitive as to |

2

i

< gt

(TYPES OF\WRIRS B

‘twd possible metho
the fioov strong er

of strengthening the wdl
igh fo resist any possible
u u to redues the prie Basnre under the ﬁ04:>r5;«5r,113 S
t?nv ,,mmi portion-of the weir the latier wos tho remedy adopted,”
:,\Mn/i the - damfwcal cportion was 1Lrthbp strengthened b‘* thp s
addition of 18 incheg of masonry. * A dwart wall 8 feet high was -
 puilk rmr thu down-stream-edgg of tho floor to form a Watég"
. cusghion beia\v the weir wall, mfl this hag alsn the eitect when
_the down-stream river bed ig dr ;‘c 2ountert balanciftg S=fecth of ..
“hemps‘ﬁuﬁ pressure. . The redus n of pressure under the floor ./
,,.;vgaq effected by aldm"'“‘1 APro ﬁ“ﬂf % fest uf puddle, extending

f
3

"L 80 foet up g;ea‘_n “ﬂw: {PLOIEPLLQ fromn ge our by 2 feet of p'tchmg o
.above.ib. ami by a rezmmal evogs wall” of masonry and a ass of
moble‘ At the up-sirea ’L ‘edge of tho .puddle a”c

‘*“hé@- pl““f“ was uz" on ‘Li, mm.mum ienth of

i cut bv r»al'sﬂle;eurrcms and Md been' replwmd by
.bule pdr fring, s0 that-the st rhing- nomt of undemea th flow was
Cagainst the we ot ﬁ,WalL i~ C
“glarting-point o f ‘
¢ vesult that the m’e%aro gradxenf; was- ﬁ‘xt enﬁd and thr upwa,r'i o
- pressure on the floor -um-un’vmbivn,&ueed + The curtain of sheet
- piling lengthens tho palh along which the underncath waier has
¥ to travel fo reachits ‘exit, 2 nd still fUI her rédilcc;s‘ 'ﬂi‘e upwai'd
presque on the Hoor, = L s
= Negl geting the effect. of the cartaing, ‘he dlaﬁ"am shows x? s
the’ flattening of the pressmre gradient 10,J>ens the upwazd §
© pres isure on the floor. - It is assumed that the grouted pitching
s nob wu integral pars of the ﬂoo;, and ‘that ths po;nt of .exify
o is ab the end of the masony. " Thiy-is. m ac coxdanﬂe V/L.u the Va
“dacts. At the same lime, 2
" talus, so constructed as g "s;; :ﬁﬁcé*#&!@ﬁ,

han the efiset of ineryf Wﬁ;}{

Y

I

elte a
slthough it flattens thf *'?f” ulic gradioni™} g "nxf t‘*e o i {

B 3 % A"‘?" u:- - ¢ b
ot «mt down sireumn§f 53 AL (O - “ : {

Taore are certain fpnclfaions Lo be drawn { a,m\,he hxstory Q‘E,’

Jthe Narora welr whill DU &

@ .
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: tensioh of an im ”wmmb}m nprcm up ﬁt“ BATTY dee CEAREE
hthp up furd pressure on thn;ﬁuor Lelow the drop wall bﬂ flalten- .
Hn *%he m}dmuhc gradient ;g‘whxlu the extens Gn of an In'gﬂLme~aL1r‘ #
floor &nwn ‘gtreum, thoagh iffalse fatiens & g"udzent, m cEeRses
tho ple&sﬂ - o1 tha floor. o : : :
20 A Luriam wall iz effective in feducing “the npquﬁ ime'ssnré
of /tho underneath water only if pluced wp stream.of the floor.
“As regards apward pressure qn the floor, it has 1no. stfect n
reducing iteif plaued dowg stwt,“'m ‘and. iz only a»»;,rge&utzon
xq&imt cutting back and undermining. e
© 8. The water-tight floor below the drop’ wall sboum be st"ona :
en(,arrL and. wide enough to withstand the impact of the falling
f'v.n.(u:v.‘ It should also be strong enough'to resist “the upward
pressura’ of tho water af any voint, and shonid be wide: enough
iy cbvm’ce any blowmﬂ of sand at the peint of exih, '
muu od pitching down streamy sho ald ot be made an.
it of the fleor, or, “if 6 s, the eflfect in increasing the
upwwrd pux“snre on the"floor: must be taken into consideration.
Thero are two pointg connected » 1(7"’“\‘113 repairs of this Wull“
.‘regm'am«* swhich & note of \xammg must be sounded.« Up-
giream carthing, Whether of wells or plless, ara. mnr(, pfipcuwe in”
-preventing piping than a: corvasponding length of hmmunmi
“apron, as they alter. the direction of flow and sheek the move-
meni of sand; but this is true only if they fc;rm a perfectly
water-ticht curtain, - Any Iutervals lefé in .ihe vortical enrtain
_form yuns through which- gprings, m}{g a way, and unless the
“curtain ig perfectly staunch i} i3 more hlul to assist piping than .
tow avcni. it. In-the restoration ol the Delta barrage ou the.
 Nile the' ;Hea,test souree of trouble was the leakage belween the
',g,,xles fcui Lin which the original fioor bad been built. . This
7 led to tha wdoptwu of & special form of ca wst-ivon pile.
! b::lﬂt mrmﬂe curfain. . One sido of the pzlb
the {ther had 2 projesting
fitecjabo the groove of the:
4ins a spuee Lemeen
Eué grodve. “This space
en filled with Portland
emen* f**gua, ‘thus f.ormmg .1 W uer-"' ga Jomf The Warora

piles wa F2of timuber cub to o feather edge on one side, which

"

fi

: i’rc;m -the ﬁ: g pils.of a®

s a4 th ¥ ~*1“1“ ‘& waber-
R e

sueh is the case.

o the up-steeam puddls

Bhe \xholb of”mencv of the xyron m L‘m"mv up wir BAT

hourru thm e is

T 1.

depbadc on ther .
25”“ : PLLES

* being o W ator-tight junchion
‘-kegg\ esn thg pum} axm *he '

- 8iDE _f—:LEu?ioN

;“ce,{‘

ﬁim

ey
A .

SRR I

o
=
o=

”1;(

£

st qundt - .
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71ne feni } p{,é_
- gion,  and ‘2 tigh
© . oaintai er! het
) - Cleﬁfj ;(ud .11 o ‘,
Cedanger g ;nzuf
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JENLARCED

howeve
\1 me,muermg .
The'r ropairs to the \arnra
© gvoir have been & 'i
"(_fr)_u }E (,h th

N henab w*(chiev

thr, Reen nd type of weir--witl

L pervious Hofir down siream. ltv x-zsinr‘,—
in.its «m,mal [orm m fn,ﬂe—d in 18«).,'

£x r‘mr?c of -

: amw, as

bl it
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reaf qu! 8 foe t
8. welr: crokt a solid -masonry vm,ﬂ 5 ieex
! 'tmvn arc at one in ﬁttepn for 58 m:at. horizontal,
; "m me'e,wa & groubed ialug emenumq for 49 fag

L& . { o
mz sl,pe ag'the masonry floor ; this talus was 6 feet thick, and - _

s fer. naved by a wall 10 feet wide, compmed of | bluc k3 ot -
xson“}v *ﬂ inb .u,.Ob cuuca. . p —ulca.m of *h{* wei

soow 4
a triangl
which-wr “mectnt snnniv bo prev nt sconr. - Tho woir

ﬁtm,d wmh falling shutters 6 feet higit, and the up- i water:
lu\el W fi‘*‘, fect above tho point of exit. In th

]
w3’

e s

o

g

-
PP

outo,

fdilure’ was’ duo, to piping or leakage under the floor, which®
f*‘PPi}%‘Gntlr%ﬁ’é’Pmu(‘gﬁia‘in the lino of an old side channel ¢ '

UL Lnanne of. ;1}
which. nad beon edteq up. The mlpexu_ mle base 1v1rinh of

: f“#l—G;?

[

the anrnn nx*end'n" "1 feat up- gt ﬂam»of the' ‘Tez‘;
At 50 feet-up. shemm of the crest a ling of wells'20 fee
ebx: Jarms a Lurtam ‘wall, but 1t is“doubtful wneuxer these mwn*
nok have ‘beon bez*nr omitted. - Unless the ‘wells. arc’, sunk '
l%ﬂv vertical it g “difficult to stuum‘b ihe spaces betiveen”
em by dny method of piling. - Up stream -of- the puddle fk*(—*‘o
s & belt of pltchln 20 feet. ’\‘”Ldu and 5 feef thick for preventing
seour: The impermenble. base of the weir hna thus. been i 11—
"lb'LSQG 1rom 108 feet-to 179 feet, the head of water: remaining
fes,t as befow, but the uOl 1t at which tlie underfiow I‘“r'ma
Laﬁ‘ beén removed 71 feet up stream. ~The remerks on t.lxe,'
arota. ‘Weir apron apply equally to the Chegnab weir, a§ thes -
brinciple on which: the sueﬁui,henmﬂ was based i3 t he same 1'1
2ach; thougl the 2o struction det.uls arc hl‘gbtly different.” 7
P"Om ‘whiat has 'ﬂreaav been said it will be seen that the
ength of Wnneruaﬂjle fioor is an :mpurt(mt factor in ae«:iun.nn

Wﬂlr of onc of the first two types, and the ienr*nhs adoptud m
eral 1 1 porhnt WOI‘L%- mav be noted :
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