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machinery and the halance to he paid at intervals from
the profits acerning from the irrigation.  Before supply-*
ing machinery on these terms, the scheme is investi-
gated by the Experimental Pumping Department and
only aceepted hy the firm after it has heen approved of
by the department.  Usnally the hire-purchase system
ix a pernicions device for encouraging people to live
hevond their means. but where the outlay is on machi-
nery capable of vielding a large profit from its working,
the system may be of great henefit to the agriculturist
who has valuable fand which is undeveloped for want
of capital. A subsidiary advantage of the hire-purchase
svstem ix that, till the payments are complete, the
machinery remains the property of the vendors and
they are keenly interested in seeing that it is kept in
thoroughly wood working order.  Where so great timi-
Jdity still exists in regard to the employment of machi-

nery, this i~ no small advantage,
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N the Report of the Indian Lrvigation Commission, it
“ is stated that the total area throughout the country
dependent upon wells for irrigation is nct less than
16 million acres, and the Commissioners, after discussing
the prospects of utilising a larger proportion of the subter-
ranean water, remark ‘‘that it may not be sanguine to look

forward to a period when the ares under well irrigation
throughout India will hauve doubled.” An exhaustive
survey of the possibilities of extending irrigation Ly the
construction of new workson a  large seale led them to
propose a programme for expending 44 croves of rupees in
20 years from which they anticipated an additional 63
million acres of irrigation. That is to say, the Commis-
sion are of opinion that in the future, well irrigation
will be of greater importance than it has been in the past,
and of the land in India yet to receive the benefit of irriga-
tion, not less than 70 per cent. will have to derive its
supply from wells. At the preseut time only about 30
per cent. of the irrigation is under wells, but if the
anticipations of the Irrigation Commissioners ave realised,
eventually the proportion will be much greater and may
ultimately amount to as much as 45 per cent.

. Reprinted from the Indian Review for May 1908,
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()l)\'iously, therefore, every ponsible aspect of well
irrigation is a subject needing careful study and investi-
,Q.ation and not the less go, hecause in the past it has not.
been deemed worthy of the serious attention of engineers,
In various ways in different Provinces of Tndin well jyii.
gation has been encouraged by Local Governments, nnd to
some extent material assistance hax been rvendered undey
the Agricultural Loans Act by the system of ¢ Takkavi”
advances, but nothing has been done to help the ngri-
culturist in selecting the site for a well, nothing to show
him how best to tap such water supply s may exist, and

very little, and that of no practies utility, to indiente

the best means hy which the water mav be mised above
the surface of the ground. What hax .l)een done in the’
pnst has been done hy the ryot himself, what vet remnins
to he done must necessarily be on much the ..\-u.me linex.
But it is possible thut valuable assistance may be given
him in various ways and the raunge of his operations
greatly extended.

In other countries notablv in the arid regions of the
Umt,e.d States, an enormons amount of work has bheen done
to bring to the surface water for the irvigation of land,

i

which would otherwise vemaiu  sterile waste Muinly

the work hax been done by private effort, but iy Amerien

its importance ix © Dei ecogni
portance is now heing recognised by the State aud

the Fedel‘ﬂvl D(‘p:n'tment ()f ;\"l'i('ll]rlll'(' !](‘\'()t(“ 1 ]
] = R H HI XL
amount l')f time to f.ll(‘ ('ﬂ”“‘(‘tiﬂn Of ll:if)l .’lll(' HN’ [)lll)” ]
he -

tion of the results of experiments.  Bulletin No 158 of
v . . . (8]

the Office of Experiment Stations ix i veeord of Frrigat;
ration

and  Drainnge Tp\'Psﬁgutinns carvied out ip 1904, N\
904, No
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inconsiderable portion of the 743 pages of this report deals
with subterranean water and its utilisation, whilst the
extensive development of pumping from rivers, lakes and
backwaters receives the attention which it deserves. To
Indian readers the vecord is interesting as showing what
ean be accomplished by intelligent enterprise and abundans
eapital. But the conditions in the Far West are so difter-
ent from those that prevail here, that very little can be
gleaned that is directly applicable to the circumstances
with which we have to deal. Here as in America we
must start de novo and work out the problems which will
present themselves,

Under the Madras Government ivvigation by pumping
has received more attention than probably in any other
part of India. and the history of work in thix direction
woes hack as faras 1892, In his inf;eresting report on the
Divi Pumping Project which is now being carried ont in
the Kixtna Distriet at a cost of more than 18 lakhs of
rupees  whereby 50,000 acves of land will be irrigated by
pumping from the Kistna viver below the anicat, M.
R. N. H. Reid, the Executive Engineer who designed the
installation. remarks :

The favourable financial position of the projoct naturally ruises
the grestion of whether the like cannot he done  clsewhere, bhut
hefore considering  thise a brief vetrospect wmny he taken of what
has heen done in the Distriet since Messrs. Ussher and Chatterton

fiwt uggested the use of pumps for irrigation in 1892, In that

vear an area of 125 acres of land at Mattagunta i the Gudivada
Taluk was irvigated by lifting water from the right hank of the
Upputeru river which constitutes the outlet for the Colair lake,

The average lift was under 3 feet. and a 4 horse-power portahle
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engine was used to drive an &inch centrifugal pump. In the
following yoar, 18983, a second engine of R horse-power, driving
two B-inch centrifugal pumps was added to the plant of the
previous year and an area of 820 acres was successfully cultivated.
It was then decided to bring these lands at Mattagunta under
anicut distribution by constructing the Pedalanka channel and
the pumping experiments were accordingly discontinued,

Native enterprise then came forward and a firm of Guntur
and Bezwada merchants were granted a concewaion enahling
them to cultivate hy means of pumping machinery an area of
1,000 acrex on the margin of Colair lake for which they were to
pay no water-tax. In the years 1894 to 1897, in spite of many
difticulties from alternate flood and drought, they successtully
cultivated several hundred acres. A want of expert advice ham-
pered their efforts. The centrifugal pump employed which
had a dischurge pipe 15 inches in diameter, 'was too large to he
economically driven by the small 10 horsepower engine, and the
irrigation channecls were far too large. A second native firm
which came from Ellore started pumping in July of last yvear
(1900) and successfully cultivated about 200 acres of land on
one of the Colair lankas. They imported from Glasgow a Y-inch
pump driven by a direct-acting vertical engine,

The successful pumping at Mattagunta naturally fed to the
suggestion of Divi Island as asuitable field for pumping on a
large scale. Here was an area many times lavger than anv
available on the margin of the Upputeru river and which, mor(:-
over, was quite cut off from the surronnding delts. I wans in
charge of Divi Island at the time ax Sub-division Officer and in
1864 submitted a report with outlined estimate for irrigating
50,000 acres at a cost of about 14 lakhs of rupees in machinery
and works. In 1896 u wmnall establishment wans sanctioned f(;l‘
taking levels and an alternative estimate was  submitted for
irrigating 30,000 acres of waste land, leaving the existing wet
cultivation to be supplied from tanks ns hefore.
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Sanction was accorded in (. 0. No. 1081 1., dated 22nd
December, 1900, for the installation of a small pumping plant

" at Yetimoga which is 10 miles from the sea. 'Two twelve horse-

power portable engines were brought to site and employed to
drive three centrifugal pumps of 7, 8 and 10 inches diameter, the
whole heing housed under a galvanised iron-rkhed. Water was
pumped from the latter end of June, 1901, into the village
tank from which the rvots had been in the habit of cultivating
from 50 to 100 acres whenever the river!freshes were favour-
able. An area of &30 acres now ix under cultivation. With the
low water-tax of Rs. 3 for the year 1901, it was found that the
net revenue paid 4 per cent. on the capital outlay. With the
rate raised to Rs. 3 as in 1902 the return should he much higher.
The plant now at site can irrigate 1,5X) acres agninst the R30 acres
of 1901,

The ryotx at first viewed the experiment with their customary
diffidence. No preparations for cultivation were made till the
water was seen flowing from the pumps. It so happened that
the seawon wax very unfavourable for the old system of tank
irrigation. In Yetimoga. instead of 830 acres not more than 50
would have been cultivated. The whole island suffered from
drought. and in place of from 50K to 10,000 acres of wet
cultivation under all the tanks the actual area hrought to
maturity was only a few hundreds. The area under the pumps at
Yetimoga exceeded the total of all the vest of the Tslands put to-
gether. with the result that the ryots of all the other villages are
now petitioning for the extension of a similar system to their
lands,

The Tsland of Divi, which is to be the scene of the

largest development of lift irrigation which has hitherto
been attempted, iz situated at the mouth of the Kistna
river, being cut off from the mainland on the one side by
the main river and on the other by the Puligadda branch.
It was originally intended to build an aqueduct across
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this branch to carry the waters of the Kistna canals
on to the island. But a~ the water supply available i~
barely suflicient for the lands alrendy commanded by the

Kistna canals, this project has been definitely abandoned

and it is now intended to pump water from the bed of
the river on to the island. The works, in comrse of
construction, provide for lifting 500 c. ft. per second to a
height of 12 feet and the plant will consist of 8 Diesel
0il Engines, of 160 horse-power ench, dviving 39in. centri-
fugal pumps. The water in the viver ix tidal and ix
only fresh during the irrigntion sesson which begins in
June and ends in December, so that the irrigation will
have to be coufined to paddy cultivation. The annual
working expenses are estimated to amount to not more
than Rs. 2 per acre and as the water rate (']mrgvt] will be
Rs. 6, it is obvious that the project will prove high].\.
remunerative. Apart from the shortness of the season
during which water can be pumped from the river, the
conditions at Divi [sland arve unusually  favourable for
a pumping scheme; especially is this so in regard to the
variations in water-level, ax the vertical range between

the low spring tides when the upland water has ceaned 1o

flow and the wmwaximum flood leve] jo unusually  small

In high floods no pumping is necessary and the greatest

lift at the end of the Irrigation season ix not. expected
to exceed 12 feet., The small range of the tide at  the

mouth of the Kistna is largely  responsible for the verv

favourable conditions of whichadvantage is now Leing taken,

The volume of water bassing  down  many  Indian

rivers and now flowing uselessly to the sea ix not only
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enormously gireat, but the flow continues for a sufficiently
long time to render it practicable to make use of the
water for irrigation if only it could be obtained ata
sutliciently high level to command lands suitable for
irrigation. The Divi Island scheme may possibly be the
forerunner of not a few similar installations, but much
greater ditliculties will have to be faced and the financial
prospects are at the present time by no means so satis-
factory.

Outside the deltas the rivers run in valleys and not only
1= the range between summer water-level and maximum
flood-level very considerable, but the height to which
water has to be lifted to command the land is generally
so great as to preclude the possibility of pumping on
anything but a very large scule.  Nevertheless, it is certain
that if the hydraulic conditions of the rivers in India are
carvefully studied, it will be found that there is an enor-
mous field for the development of lift irrigation.  In the
south of India from many rivers large quantities of water
ave drawn off every vear by the ingenious system of
Spring  Channels and where conditions are favourable
this system of irrigation is fairly satisfactory. But in
most cases it is only possible to obtain a small percentage
of the water available and that by an expenditure of
Iabour inordinately great. If the labour had to be paid
for at anvthing like curvent rates for cooly labour, the cost
of irrigation by Spring Channels would be found prohibit-
ive.  But Spring Channel irrigation is possible because
it utilises in the ~lack agricultural season of the year

labour that would otherwise be unemployed.
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At the present time we know very little about the in-
visible flow of water down the river-beds during the
dry season of the year. There js some evidence to show
that it is fairly considerable, and that it might become a
very important factor in the extension of irrigation if
only it were properly looked nfter. It is certairnly worth

“ while to consider the question at some length. In the hot
weather n typical Indian river presents a vast expanse of
dry sand. A few inches or a few feet below the suiface
of the sand water is invariably found aund in genera]
the hydraulic gradieut of the water closely approximates
to the surface slope of the rviver-bed. By digging chan-
nels in the sand with the bed slope much less than that of
the river, the upper end of the channel will have its bed
considerably below the line of saturation of the sand, and
water from the river-bed consequently flows into the
channel. Proceeding downstrenm the chanunel gradually
gets shallower and finally its bed coincides with the hed
of the river. Before this point is reached, there is o
point at which the water-level in the channel coincides
with the water-level in the sand.  Ahove that point water
flows from the river-bed to the channel ; below that point
the water collected in the channel begins to flow  bhack
into the river and the sooner, therefore, the channel ean
be got out of the rviver and the hed made impermenble
to water, the greater the quantity of water that will he
available for useful work. If a Spring Channel with a
slope of 2 feet per mile is carrvied up a vriver, the bed
slope of which is 8 feet per mile, at the end of 2 miles its
bed will be 8 feet below the bed of the river and if the
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line of saturation is 4 feet below the river-bed, there
will be, say, two feet of water in the channel at its head.
Half a mile lower down the water in the channel will
coincide with the level of the water in the sands; from
this point onwands the channel will begin to lose water
into the sand and the volume will gradually diminish
till it ix diverted from the river-bed into the more or less im-
permeable materisl of the banks. Obviously, therefore,
a Spring Channel only taps the superficial layers of water-
bearing sand and most of the water is allowed to flow by
without being utilixed,

A succession of Spring Channels, one below the other,
is what is usually found ina river of this type and each
succeeding one makes use of some of the water which
passes by the upper ones. Beyond the head of the lowest
chanvel all the water is wasted and in many cases this
is undoubtedly a very lurge quantity, but how much it
is extremely difficult to say. In addition, there iz probably
a very large loss of water by evaporation from the vast ex-
panse of sand, but what this may amount to, there are
ahsolutely no data by which to frame an estimate,
thongh it would not be difficult to devise some simple
experiments which would give practicnl information on
this point.

From the foregoing sketch it will be seen that the ex-
treme simplicity of a spring channel by no means compen-
«ates for its very obvious defects and it seems most
probable that a well-devised system of lifting water
from a river-bed by means of pumps would be more eco-

nomical and would enable us to obtain a considerably
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larger guantity of water. Spring Channel irrigntion is
only possible with Awdimaramat labour, of which it is

dificult to express the money value. A low rate will put

the cost of such irvigation at 2 annas per acre per day
or,say, Re. 3 per ncre per month.  This 5, in  itself, «
fuirly high charge but the real defect ix the small propor-
tion of water utilised of that which is available. In tivers
with a fairly rapid bedfall and no great depth of sand
the Spring Channel is most satisfactory, but when the
bed slope is small and the depth of sand great, the Spring
Channel cannot get at more than the

water in the super-
ficial layers of sand,

1t is easy to point ont in a general kind of way the
advantages of lift ivvigation from rivers, but when we
come to the working out of details very serious difficultics
present themselves, and as yet no attempt has heen made
to solve them. The water supply of certain towns like
Conjeevaram, Trichinopoly and Madura depends upon the
flow in the sand heneath the river-heds of the Pulay,
Cauvery and Vaigai rivers respectively,  Tlhe expense
to which a town may go to obtain a pure water supply s
very much greater than what s Permissible when the
water is required for irvigation and tle experience of the
Sanitary  Engineer who constructed these water supply
schemes ix, therefore, of little value to us  in this muttm‘-.

Mr. Tota R, V', Ramanujam Chettiag, wealthy
of Trichinopoly, has the honour of be

to grasp  the possibilities

sowear,
ing the first native
which mav bhe  realised by
pumping water to supplement the (e

ficiencies of spring
channel irvigation.

He and his parthers own  w teact of
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300 acres of. land.on t.he.xright bank of the Ca'uve:');,
4 few miles below the junction of the Amazavathi \\..1|;|
the main stream.. These lapds.ave watered by ﬂ,' sp‘lmg
channel which takes off from the An}amvntlu some
distance above its junction.  The -supply . of \v.&\ter
is  always prec:n'ious and in vecent years has often fal}(.-rd,
w0 thet the return from the Jund.ix. very small. W ith
the assistance of a loan of Rs. 8,000 from (lov?rument
which las been gianted to him  under the Agricultural
foonns Act, Mr. Tota Rammnujam Chetting hax e\'e.cted o
pumping station on the banks of the Cauvery in the lmrfle-
dinte vicinity of the land to be irtigated. 'l'l)e-pum[?mg
station has been erected on the high-berm within the river
floodbanks and the engine house is placed at such a level d:
to he ahove even extrmordinary flonds.  Two wells, bne 1‘-\
feet and the other 20 feet in diameter, have been sunk in
the sand about ten feet helow the normal hot weather
water level and connected together. In the smaller \\:ell two
centrifugal pumps one with a sucticn pipe 12in. in diameter
and the other with a suction pipe 8in, in dinmeter have
heen fixed and for driving them a 25 lmrse—p()\‘ve.r
Hornsby  liguid fuel  engine has been in.s'tjnl]ed. 'lln.f
engine is capable of driving one pump :u.t a ‘tnnn ‘lmt not
hoth together.  When the water level |~'Hf:nr|y high thi
12in. pump can be conveniently run, but if the \v:\t,o.r leve
sinks verv low, there ix only safficient power to ‘(h']\'(! the
Kin. pump. Between the engine and the pum.ps 15 2 (f()l}l?-
tershaft fitted with pulleys which renders this :n.ltermntn‘e
arrangement possible. The two wells do not supply suffi-

jent water to keep the 12in. pump at work and for the
ci 1
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present a channel has been dug through the high-berm into
the lower bed of the Cauvery to a sufficient depth to brin
to the pumps enough water to keep them going Thig
chn.nnel differs, however, very materially fro;n the
ordinary spring channel as its’bedfall is practically the
same as that of the river and it terminates sudden] yvn'th
ita water level below that d'li:he water in the nd'{)inin
mnd,.so that it ix simply anﬂ't‘;pen filtration gallery.J "
'.;.ll‘hm installation has bheen at work for one season now
:,:g‘-ln egre:::hsuccess. 'I:here has been trouble with the
i 18 to certain defects in the armngements for
o pumps, but the land has been thoroughly
irrignted  and hears valuable crope of plantains and
::]:gar:me whilst the neighbouring lands, which entirely
;?en npon the spring channel, have borne anything but
sut.l.sfactory crops.  During the latter half of the year the
s8pring channel i the principal sontrce of supply and it i«
when the water fromn that source fails that the lengine and
pump. arve set working. From the experience of g single
year it would be very unfair to estimate the finaneial
resnlts which are likely to be obtained, hut there is
doubt whatever that even in the first year the tmnsnctino
has proved highly profitable and in vears to come wh(m
the whole of the land has been bro(wht under inte e
cultivation, the results will be stil] moreasutisfactorv‘ " T::e
pumping station has been carefully watched by a ;1.umbls-
:}fl othen:)l}a;)x;il)olden-s, and there is not much doubt th::;
ere wi meny more applieati " assi
up similar pumping statio:splilrcmat:):l!::: (;)‘Inx:::lsm'll)‘fi N p‘Tt
ces, maxi-

m el . . .
um lift in this instance is not more than 16 feet and t}
e

.
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pump does nothing more than raise the water which is
collected by a sort of infiltration gallery. The larger pump
raises about 7 c. ft. per second and the withdrawal of
such a small quautity of water has no appreciable effect on
the Cauvery river. Even if twenty such installations were
put up, the effect would probably be slight, provided they
were not in too close proximity to one another. If, in
comse of time, it came about that there were as many as a
hundred such pumping installations extracting from the
bed of the Cauvery river a thousand c. ft. per second after
all visible flow had ceased, it is probable that the pumps
would have to draw the water from a much greater depth
than at present. But, s0 far as I am able to form an
opinion, T do mnot think they would have any difficulty
whatever in getting the requisite supply of water as the
bed of the river is a vast reservoir prohably capable of
yielding with suitable arrangements a much larger volume
of water than 1,000 c. ft. pev second.

This year a similar experiment will be made on the
banks of the Hagari river, at the experimental farm which
is being established by Government to deal with the
question of irrigating black cotton soil. The pumping
plant is now in course of erection and it will probably
commence work at the beginning of June. A 28 H. P.
oil engine and a 10in. pump have been purchased and the
latter is to be erected over a well sunk at the edge of
the bank of the river, and penetrating the water-bearing
sand through its whole @xtent. There will be a certain
amount of percolation into the well but it is ngt likely

. that it will be anything like sufficient to keep the pump
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supplied with water,  Apangements to effect this have
yet tobe devised.  Prohably, in the fist instance, an open
“ut will be sde similar to that which has proved satis-
f""“"')’ with the (iuvery plant, but if the pervolation
o the well ix free, n pernmnent infiltmtion gallery
may  probably he constructe] of sufficient length to yield
the guantity of water required.  An essentinl part of the

programme; however, is to pump ns much of the xilt

enrried by the water during floods nx possible, and armange-
ments have been mnde to Jet the flood waters have free
weess to the pump.

The Jand tobe ivrigated by this instaflution ranx back
from the river for about a milc_ and the slope of the land
in that distance is nhout 8 feet. This introduces, in a
very mild form, one of the greatest difficulties which will
have to be contended with in connection with introduction
of pumping from vivers. In this cuxe the difficulty wil
be got over by pumping in two stages.  The \\':(t.el: lifted
from the Hagart rviver is earried back in a channel which
runs in o buuk about 4 feet high close to the Prunping
st,utmn':nnl gradually diminishes in height till it l)e(-ome;
I.ewj “"t.lh _the g“"""d ."“,d t!'e" rans in cutting up to the
i.'nnln ‘)llllll(hllgs whellv it h lifted into 1 channel running
in bank by n second engine and G '
e hoen e 10 ‘IJi‘,m_ e l"f”"l" A similar plan
e o Lomiana , ,\‘utor pumped from the

]y' - ‘ na and Southevn Texas on tothe rice fields
which, 1 recent vears, have dv\'e]()]w'! to such wn enop-
mous extent.

Mhes woiogs .

The variations in water level of the Hagmi river o

well within -2
vithin 20 feet, and as the suction of a centrifug]
[l
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pump will work well enough up to 25 feet, there has been
no difficulty in placing the engine above any probable

water level. But in most rivers the range of water level

ix much greater than thix, and it is by no means a simple
matter to arrange the machinery xo that the engine is not
submerged in high fleoods. Where the hanks of the river
are steep or almost vertical, the problem is o comparatively
simple one as n well can be ~unk in the river close to the
bank and earried above the maximum flood-level. In the
bottom of the well n horizontal centrifugal pump with a
vertical spindle can he fixed and driven by a shaft carried
up the well on which a horizontal pulley is fixed above the
flood-level. The engine ean then be fixed on the bank and
drive the pump through a quarter-twist belt. The perma-
nent masonry work connected with such s scheme must he
fuirly heavy and correspondingly expensive, and consequent-
Iv the capital cost of an  installation  of  this kind  will
amount to x good deal per acre nnless the volume of water
to be dealt with i~ large and the cost of the machinery is

a considerable percentage of the total outlay. As yet no

<nch installation has been evected in India and although
pumping from  the Nile in Egypt by menns of steam
engines and pumps hias heen practised on a very large
~eile, the pw\'niling conditions there ave quite different to

anvthing p,\'perimu‘mi in Tndix exeept possibly in Sind with
the Indus river,
In the case of most rivers the summer water-level is far

helow that of the surrounding country and the slope of the

ground ix not steep enough to allow of pumping the water

in a single stage except by incurring the cost of very deep
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cuttings, which would give an immense amount of rrouble
in flood time. Under such circumstances small pumping
installations are out of the question, ax the capital outiny
required will be too great. Where abundant water ix
available and there are large tiactx of Jand to be irrigated
it is probable that in mowxt cases the engineering difficulties
can be surmounted. It may be assumed that there is no
objection to sllowing the pumpn to be drowned during the
high floods but it is essential that the engines should bhe
placed above the flood-level. The electric transmission of
power would get nver the difficulty provided the motor
could be run back on rils whenever floods were expected.
A large centiu] generating station would he a very economi-

cal arrangement for pumping from a big river like the -

Godivari or the Kistna, expecinlly if it were necesaary t

lift the water in tw .
two or more stages, nnd continuous

pumping might be ensured even in flood time by the use of
fairly long suction pipes nud by making the stagres ;)\'en-ln

so that the suction pipes of the pumps o;n the se;:und stn z
will begin to draw water from the main stream before tfw

pumps on the first stage are drowned. [ this case it will
not be practicable to make the vertical stages more than 20
feet in height except the last one, Ordinavily, centrifugal
or rotary pumps will be found the only types which it will
be convenient to employ for irvigation work, but in some
cases one or other of the various types of rveciprocating
pump rtmy possibly be found saitable, the power being
transmitted to it by wire ropes running on large grooved
pulleys at a very high rate of speed, Where the lift is high

and the slope of the ground gradual it will be necessary to
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provide a rising main and in this connection it is possible

that the employment of armoured concrete or armoured

cement pipes may be found practicable and much cheaper
All this, however, is more or less a miatter
of speculation and it is pretty certain that lift irrigation
from rivers can only be gradually developed as one class of
difficulty after another is practically surmounted.

On the Adyar viver to the South of Madras, for irriga-
tion purposes, two pumping installations have been erected.
The first which was put up nearly two years ago supplies
water to part of the land of the Agricultural College at
Snidapet. Many vears ago when these lands formed part
of a garden belonging to the Nuwr;bs of the Carnatic, a well
was sunk near the river and connected thereto by a culvert.

A few hundred yards lower down the river is a small

than cast iron.

masonry anicut which holds up a pool of water extending
some distance bevond the Marmalong bridge on the
Mount Road. On the side of the well, away from the river,
a massive brick-work retaining wall was built which form-
od the end of nn earthen bank thcown up to carry the
water to the lands of the garden which are some 15 to 20
feet above the normal water-level in the river. Formerly
a pair of country mhotes were employed to 1ift water
from this well but two vears ngo we installed a 64 H. P. oil
engine and a 4in. pump and on an average about 1,50,000
gnllons of water per day have been lifted up for the irriga-
tion of certain sections of the farm. The power available
wns hardly sufficient during the last hot weather when
owing to the drought the river sunk to an abnormally low

level.
2
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A few miles further up the river at the villa
tatur we have erected a 14 H. P. oi] engine and a 5 ip,

pump for M. R. Ry. Appaswami Mudaling,  The
there conxists of n xeriex of roc

ge of Chit-

river
ky pools which have never
been known to dry up and fora considernble part of the

year there is a slight flow of water dowu from pool to pool

owing to the lenknge from the (‘hwnlmmnnpnkum tank and
the drainage water from the lauds under it.  The banks of
the river ave fairly steep and the lift
Some distance back from the hot we;

ather channel, a well
has been sunk and connected to the

is about 23 feot

river by a culvert
tu very high Hoods the pump
Lbut the engine

terminating in an open cut.

will be submerge ands at a somewhnt
higher level and it ix expected that the highest  floods will

not reach i, A modertely high bk carries the water
from the pump to the level of the land, the 1ift he
ed into nbout, 16 feot of suction
The instnllation was only ¢
cost of about Ry, 5,000 and it . hoped  will
sufficient water for 10 weres of land,
seems to have had no apprecinble  effuct, upon the
supply in the viver, s if this be 80, it,

practicable to et up several other installations of the same
kind.

ing divid-
and 7 feet of delivervy.,

omplete early this vear ata

provide
So far the pumping
Wanter-

may possibly he

It is well known that a conxidernhle quantity of water
passes down the Palar river

in an article published in this
scheme was outlined for sinkin
side the river and pumping
supplied from‘a central elect

in the wide sandy  bed, and
Jowrnal in August 1902 a
g wells at intervals along
water from them with power

ric station. The scheme wax
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probable th .
well, a 8“:;;)' :lfth::t blowing up the botto
per hour can be cOuan“Ch ax 20,000 8"""11:'. fof the
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many of these wells could be made to yield a very large
Mr. Pandurangs Muda-

Quite recently,
has been irrigating his lands

DEV

supply of water.
linr who, for nearly two years,
near Cuddalore with an oil engine and pump, has, with
the aid of some men from Por.dicherry put down a borehole

at the bettom of his well. At a depth of 84 ft., he struck
le which was 7 inches in

water and it rose up the borehol
Jdiameter with considernble force and filled the well to
within 13 ft. of the surface of the ground. The engine

about 300 gallons per
This resulted in

the surface of

were set to work and
moved from the well.
yout 20 ft. from
flow up the borehole decreas-
With the bore-
el, a permanent

and pump
wminute were re
lowering the water-level to al
the ground, hut geadually the
ed and eventually the well was emptied.
hole terminating at 28 ft. below ground lev
discharge of about 140 gallons per minute was obtained.
Subsequently, 8 second borehole of similar diameter was
put down with a similar vesult, and Mr. Pandurangs
Mudaliar is now able to keep his engine and pump at work
g us he likes lifting over 300 gallons per minute
about 18 ft.

a sub-artesian water-sup
tance ns indicating

as lon
froms a depth of
This discovery of
wouth as Cuddnlore, is of grent impor
from which the supply i¥ derived are of con-

that the beds
siderable extent and probably of great capacity. Doubt-
les will now be put down and

ther borelio
ill be s0 grent that the

ply, as far

the demand for water ¥
natural flow of the wells will cease, and pumping will bave
1 to everywhere to obtain a supply of water
as happened over and over again in America

eventually

to be resorte«
This is what b
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and though enterprise und upital

are not so freely
fortheoming in this country
perenninl supply of water

i~ fully vealised,
but little donht that the xa

e sort of thing will scenr here.
The Pondicherry well-horeps MIE Very expert at their work
put down horeholes to

ey cheaply nnd very evz-

and under favomnhble conditions
depths of ax much px 300 ft, v
peditiously, Thej, skill

utilised in many other pur
work were xy arvied out, vnde
supervision, whatever tiye divect yesy]
no guestion

and experience wight well b
ts of the Presidency,

and if such
stenimatically

competent
ts might b, there is

but that the indivect resnlts would he of

imruense valye and would ennhle us
the uttermost of such stopes of subterraneny water ns
actually exigt,

to nvail onrselves to

Mineral explorations in 1),

€ ARENCY tructs of the Goda-
verl Distyict have re

silted in the «liwm‘er.\' of fairly cou-
siderable supplies of artesi

ah water yy,d
Distriet near 'l‘iruw}lore, Messs,

boring for conl, have styuck o fairly strong supply  of
artesian water at 4 grent depth bhelow the swface.  In the
neighbotrhoa of Ciennada und Smnnl(-ut:nlnjnst to the
north of tje Godaveri Delta, nrtesjag
found and 5 number of hoype

ho attempt has bheen made
boreholes by meanx

in the Chingleput
Best and Co., whilst.

Water has heen
holes Put down.  But so far

Lo incrense the Aow of there

of pumping, 1, Coimbatore where
the water supply  for rrigation

thousands of wells, the
of the wells has
water under

is derived from many

ng of horeholes at the hottom
frequently e,

sutlicient pressure

sinki

1 to tapping supplies of
to rise considerably above

Yet, when the value of n

there enn be
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Generally speaking, boring for
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into the sand and lifting the water oyt v

larger quantities ca, be obtnined though naturally the

cost of getting at the wuter s much greater. Oy enquiries
during the last twelve months hay
of v

ortically much

water cnn he obtained, and i,
sunk wells with considernble rye

In the villnge of Pannam
installed a 94 H. P,
drawk its water from

vertain places we have
"eRR,
patta neap Villupnram, we have
engine and 4 6 in. pump.  The pump

acirenlar byjek well which
sunk on one side of lnrg

bearing xands which vise within 5
yield an ample supply and it js qui
1:50 cubic feet per second continy
The x0il round the

has been
9 open excavation. The watenr-
few feet of the surface
te practienble to extract
ously from this one well.

in extremely porous, otherwine
uld be sugfie

well

such a supply of witer we ient for about 300
the difection of Mesars, Parry Co.,
area of land can he irrigated
grown to obtain the
miles to the West
Pandurangam Mudaline

type employed ip that |

centrifugy] Pump and hy
with an i) eng

to ascertain what

nwned what cvops should he
most  profitable resnlts.  About 10

of Vil]upnmm, At Siruvanue, My,
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river about two Yea
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to expect anything in this divection and it ix to be fenved
that many years will yet elapse before full use i made
of the available stores of water which lie hut 0 few feet
below the surfuce of the ground over extensive arens in
the Carnatic districts of this Presidency.

The vast majority of wells from which water is lifted for
irrigation in this Presidency are little better thun holes
sunk in the shattered and disintegiated rock which occewrs

near the surface.  In some of them a fair water supply is

met with at & moderate depth, In other cases the holes are
sunk to n great depth with less satisfactory vesalts. Ar n
rule, it does not pay to irvigate land when the water in the

well is more than 40 or 43 ft. helow the surfuce of the

ground, but it is to be suspectod that in many eases this is
just about the Jevel of the water plane in the dry senson
of the yenr. Where solid evystalline rocks are not en-
countered the deeper the well is ~aunk in disintegrated wnd
s\mtaered rocks, the grenter is the water supply available
and the greater the cevtainty that it will not fail  With
modern pumping applinuces it is possible to take out watev
very much more chenply than is practienble with eattle, nud
there is not the slightest question that n verv considerable
percentage of the several hundred thousand wells sunk in
the rocks of Southern India could be enormousty improved
if they were sunk =till deeper and provided with adequate
pumping machinery. Investigations in this direction nre
now in progress, and in certain canes where wells have
been deepened, the supply hns been nterially inereased.
As instances of this T might mention the well at Melrosa-

puram and the well in the Jail compound nt Coimbatore
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(2) Charges on sccount of the capital outlay on the pumping
station.
(3) The cost of labour employed in running the station.
(4) The cost of maintenance of the plant in good condition.
About ench of these items a few remarks are necessary.
forms of oil engine on the market at the
f which run very satis-

<ince the expiry of the

There are many
presont time, the great mnjority o
factorily with kerosine oil ; and
miaster patent of the llornsh'\'-.-\kro_\'d engine there have

been several engines designed to work on the same princi-
wgine.  The principle involved

he only one which allows
| snch ax that available in Madras un-
It comes from Borneo and

the distillation of the lighter.
a gallon in Mad-

ple as is employed in that e
in the working of thi engine is t
the use of cheap fue
der the name of liguid fuel.
ix the vexidual oil left after

oils. Till quite recently it has cost 3as.
tas, but to stimulate its use in oil engines employed for
pumping work the Madrax Agents, Messr=. Best and Co.,

have redaced the price to 2as. pet gallon, which em\l)les. us
to effact a very important economy in the cost of pumping
water. A gllonof liguid fuel weighs somewhat more than
& gallon of keroxine oil. and roughly about the same
amount. of energy can be obtained from ‘it ; but it requires
A alightly larger engine to develop the =ame amount of
power. Kxperience seems to show that the brake llorsé.}-
power obtainable by the use of liquid fuel in an engine 1s
nbout 15 per cent. les than when kerosine oil ix nsed. It
ix, therefore, necewary to employ # slightly Inrger engine,
and thix meansa slightly increased capital outlay. At the
Present time, owing to the competition between the various
oil supply Companies, kerosine oil is being sold at extremely
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fow 1utex and for Burmese oil we are now paying only 4 ax.
per gallon.  But even at this rate it is hopelessly out of the
running with liguid fuel at exactly half the price. Liguid
fuel possesses the great advantage that it cannot be used
in lnmps and consequently presents little temptation to the
engine drivers tosteal it. This is really an important matter
as there ix abxolutely no doubt that kernsine ol ix pmr-
loined from pumping stations in very large quantities,
with the vesult that the oil consumption of the engines is
apparently very excessive.  On the other hand, liuid fuel

forms deposits inside the vaporiser which necessitatex clean-

ing at frequent intervals.  The cost of doing this is, how

ever, very small 1 but ax the work falls upon the driver he
_naturally objects to the une of lignid fuel, all the move xo0
as it deprives him of the perquisite of a free sapply of oil
for domestic Tamps.

The eapital outiny on n pumping installation  consists of
two main ites (1) the permanent mnsonvy works and (2)
the engine and pump. I the former are maintained in
good order the deterioration is practically nil, but as vegnids
the latter it is not an easy matter to determine what
amount should be set axide annunlly to form a sinking
fund to renew the machinery at the end of n given period.
We have ho experience ax to what the working life of
these pumping stations will be though with care and good
treatment from 15 to 20 venars would be a moderate estimnta,
1t is difficult, however, to ensure that the engines are pro-
perly looked after and in the following calenlations regard-
ing the cost of pumping I have allowed 8 per cent. interest
on the capital and have provided a sinking fund which in-
vested at the <ame rate of interest will allow of the renewal
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of the engines und pumps after 114 vears. The annual

chirge on this hmsis comes to 12 per cent.  1f 4 per cent.
interext on the capital be allowed and the sinking fund be
invested at the same 1ate. a charge of 10 per cent. per
annum will provide for the venewal of the engines and
pumps in 13 years.  If 5 per cent. interest be allowed then
the 10 per cent, sinking fund provides for renewnls at the
end of 14} vemx, whilst 1 124 per cent. charge would permit
of the engines being renewed at the end of 10 years. Tt

ix, therefare, obvions that in determining the cost of pumping

10 per cent.  per antum should be suflicient and that

an allownnce of 124 pev cent. is more than nmp\e.

1f the engine be not ran for move than 12 hours per day
ane man should he suficient to look afterit.  The larger
<ized engines ave provided with xelf-starters.  The work of
Ariving an oil engine is ax light ax it is possibleto imagine.
The engine will run for hours without nuy attention
provided the labrieating avangements are in good ovder.
My experience with native drivers, however, is most unsa-
tisfactory.  ‘They learn to drive the engine without any
difficulty, but it is impessible to tench them to vefvain
from tinkeving at the engine: and when anything goes
wrong instead of getting it put right in a common sense
kind of way they adopt ingenious expedients of their own

with deplovable results. A good many of the engines that

have been in use for pumping watev have suffered badly
from the native drivers, mainly because these men are left
entively to themwelves and the engines are not visited by

ANy one competent to inzpect them for months together,
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Experience in this direction is slowly being purchased and
time moderately reliable drivers will be available.

The cost of maintenance of oil engines in good cendition
should be very slight, but hitherto, it wax unfortunately
been extremely heavy owing entirely to ignovance, eare-
lcssneas and want of experience on the part of the drivers.
With an engine properly adjusted to the fuel it is using and
kept in proper order renewals should be n very small item.
About otce in two years a new vaporiser will be required
and from time to time the brasses, pump plunger nnd pis-
tou rings require reuewal. At long intervuls the valve seat-
ings may want a little attention. And this is about all
that should ever be the matter with the engine. The cen-
trifugal pump is very simple machine and does not often
get out of order provided it is properly lubrieated. The
belt, driving the pup, is probably the most expensive item
in the way of maintenance and in my expervience it re-
quires renewal at lenst twice n year.

With these preliminary vemarks it will now be possible
to discuss the data which have been collected at Melrosa-
puram,the Agrienltural College, Snidapet and at. the Roya-
puram pumping station. At Melrosupuruan the engine is a
34 h.p.Hornsby-Akroyd and the pump was a 3in. centrifu-
gal pump by Gwynne & Co.  In 1903-04 the pump was
worked for 831 hours at a costof Rs. 746 of which amount
Rs. 300 is the charge on account of interest and deprecin-

tion, being 12} per cent. on a capital outlay of Rs. 2,400,

The capital outlay is large for the wsize of the plant, but it

must be remembered that this was the pioneer installation.
The cost per hour amounts to 14:38 as. and " for that sum
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1.440 cubic ft. of water were lifted on an average 25 ft.
A't this rate 2,500 cubic ft. of water can be lifted 1 ft. for
S 2,7

1 anna. This is undoubtedly » very high rate, but it is

mainly due to the very small pumber of hours during
winly A

i i corked
which the engine wor .
times that it has started and stopped.  In all, the engine
age durtion of each run was

and the very large number of

ran 334 times and the nver

i sequence only 21 hours, so that the amount of fuel
N conseqy Yy -2

used in starting the engine was out of all proportion to the
N - *

v irrigator’s point of view
nwmount of work done. From an irng po

the result is by no means =0 unsatisfactory, as the small
1e res b A

number of hours during which it was necessary to pump

water was due to the fact that the season as a whole
‘nter w

. .omable one and the assistance
wis An extremely favous

of the pump Wwas only required to a very moderate

extent. In the following
terially  different The wainfall throughout the
niateria .. 2 .

. - K st ,[ SO0 was n
slight, the North-East  Monsoon

year the conditions weve

vear Wwas

. : was necessary to pump from the
complete failure and it was 1 A pumgy

well all the water that cou ‘ -
arted 6B times and rn for 2,074 hrs
N N

1d possibly be obtained. The

:_.'ll‘g,:: “:l“\.emge of 363 hix. for each r'ur.l. The working
t;lee]]s(gs' including interest and depreciation, amounted to
Rs. 1,088, equivnlent to ®-39as, per hour, and, ns' the work
, milar character to that of thfa previous year,
4,290 cubic ft. of water were lifted 1 ft. for 1 anua, In
1903-04 the consumption of oil fuuounted to 786 galloxfs
or 0-945 gallons per hour, which 15 tnem'ly double v?hac it
ought to have been. In 1904-05, 1,691 gallons of oil were

i as 0'815 11 .
used and the average consuinption was g,.s ons per

dore was of s
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hour. Daring the fivst year the kerosine oil, which alone *
was used, cost 614 as. per gallon, but during the second
year 728 gallons of liguid fuel costing 3-15 ns. per gallon
were mixed with 963 gallons of kerosine oil costing 6°7 ax.
per gallon. The total cost of oil during the year was
Rs. 545-12-0.  If liguid fuel at its present price had been -
used the cost of working wonld have been reduced by
Rs. 323 and the running charge per honr to 59 ax,
s0 that 6,100 cubic ft. of water would have been lifted
1 ft. for 1 anna.

Saidapet Farn.-—At the Agricultural College, Saidapet,
a 64 h. p. engine and a 4 in. pump were installed last yeonr
and I have before me the figures, supplied by the Princi-
. pal, as to the running expenses of work done during the
five months, from the beginning of November to the end
of March. During that time the engine ran 712 hrs. and
pumped 1,617,000 cubic ft, of water to un average height
of 2332 ft. The total working expenses including in-
terest and depreciation at 12! per cent. amounted to
Rs. 476-12-0 and the avernge cost per running hour to
10'7as.  From this data it i eaxy to calculate that 4,945
cubic ft. for 1 anna. = It should be stated t.hnt during this
period the engine and pump were not working very satis-
factorily as the vaporiser was not properly adjusted to the
fuel that was heing used. At the beginning of Apﬁl the
engine was put into thoroughly good working order and the
results for the three months April, May, and June ave in-
teresting. During that time the engine ran for 665 hrs.
and pumped 1,333,000 cubic ft. of water toan average
height of 27 ft. The working expenses: amounted to
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Rs. 317:10-6 and the cost per working hour to 7-65 as.
at which rate 7,030 cubic ft. of water were raised 1 ft.
for anna. If liquid fuel at 2 as. per gallon instead of
Burmese oil at 4 as. 6 ps. per gallon had been used the
runming charges per hour would have been reduced to
614 as. and the amount of water lifted 1 ft. for 1 anna
would have heen 8,762 cubic ft.
Royapnram Pumping Station.— At this pumping station
there are now several 40 h.p. Hornsby-Akroyd engines
working on liquid fuel. and the data given below have been
furnished me by Messrx. Massey and Co., and come there-
fore from an interested source. But I bave checked all
the details with great care and I have no reason to doubt
their nccuracy. In this case the engine ran 376°5 hrs. in
thirty-three days and consumed [,189°75 gallons of liquid
fuel. The engine was working under full load and there-
fove developed about 32 B. H. P. The total running
charges including interest and depreciation and mainte-
nance amouuted to Rs. 440 on the assumption that the
liquid fuel cost 2 as. per gallon. It was not possible at
Royapuram to measure the quantity of water or rather
sewage which was lifted, but it is easy enough to calculate
what amount of water could be raised by a suitable centri-
fugal pump when 32 h. p. were available for driving it.
Thisx calculation I have made with the result that I find
that 32,770 cubic ft. of water were lifted 1 ft. for 1 anna.
Roughly this is 34 times as good a result a8 was obtained
at Saidapet and is entirely due to the greater efficiency of
a large installation as compared with a small one, to the
much larger percentage of the running time to the whole
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time involved, and lastly to the fact that the plant was
running at its best,

These being the actual figures which have been obtained
with oil engines and pumps it is obviously desirable that
we should compnve these results with these which can be
obtained by uative methods of lifting water. For this
purpose comparison wmway be made with the single mhote.
At the Saidapet Farm many years’ experience with the
working of such mhotes has resulted in the fol]uwing esti -
mate of the cost of lifting water. The average cost of a
pair of eattle including w dviver is taken ns 12 g, per duy
and the cattle are supposed to work 8 hours, lifting 240
cubic ft. of water per hour toa height of 25 ft., which.
expressed in the same terms ax have heen usel in connec-
tion with oil engines, means that the cattle ave able to lift
4,000 cubie ft. of water 1 ft. for | anna, About 10 years
ago, as the result of 2 number of experiments on various
forms of water lift I cume to the conclusion that under the
most favourable circumstances the ryot could lift 6,820
cubic ft. of water 1 ft. for | anna; hut subsequent, experi-
ence leads me to think that this estimate was framed on
data extending over too short a peviod und that in actual
practice it is utterly impossible to realise it. Recently in the
neighbourhood of Trivellore I was able to get some data
which [ have reason to believe represent not unfairly what
can be done at the present time in that loeality, A pair
of cattle working on a 20 ft. lift raised 30 buckets of 20
gallons per hour, or in 9 hours lifted 5,400 gallons of
water to a height of 20 ft. The mamool rate for the hire
of cattle, to work a mhote in that District is Re. 1 per
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day, which, of course, allows a considerable margin of profit
to the owner of the cattle. Assuming that the cost of the
cattle, which were not very good ones and not in good con-
dition, was only 8 as. per day, the result is that 2,160 cubic
ft. were lifted 1 ft. for 1 anna. At the present time when
water is so badly wanted for irvrigation the cost of lifting
it by native methods is at its highest. Cattle are usually
fell on gram and straw, and the former ix certainly 50 per
cent. above the normal rates, whilst the latter is being
<old at between 5 and 6 times the price in an ordinary

senson.
the data which even now I am able to present

l‘eg[:\:')!?:lg the cost of lifting water it will be seen that the
final result has not vet been arrived at. There are so
many factors which go to make up the total cost and
these vary very much from time to time and from place to
place-so that anything more than rough and general state-
nents are hardly possible. Under very favourable condi-
tions it may be assumed that with cattle 4,000 cubic ft. of
water can be lifted 1 ft. for 1 anna and with small oil
engines T think there is sufficient evidence to show that
under similarly favourahle conditions at least double the
amount of work can be done for the same money : but when
the water snpply is large and it is possible to install a hig
pnmping plant the working expenses are very much less
and amount to but from ' to ! of those which would be
incurred if cattle were emploved,

These questions ave great interest  at the present
time when the rains have been holding off for so long a
perviod and many wells have dried up entively, During
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the past few months I have been able to gather consi-
derable evidence that at greater depths than the agui-
culturists of this country have hitherto sought for
water there is a good deal yet to be obtained and if the
cost of lifting it has been reduced by one-half it surely
follows that where the supply is sufficient to wmake it
worth while to install an engine and pump there it will be
wise to set them up. In a normal year the ratio of working
costs is only 2to 1, but in a year like the present the ratio
is much higher and if the Trivelloredata may be accepted as
fairly accurate, the ratiois practically 4 to 1. There is a
generally prevalent iden that the wells have dried up toa
large extent and this is certainly true in many Districts,
but T am still of opinion that there are enormous quanti-
ties of underground water which miay yet be easily obtain-
ed if only the trouble is taken to locate them. Only
a few days ago I found abundance of water in, the
wells between Trivellore and the Kortelyar river at
a depth of 20 ft. below the smface of the ground
and in the country round Villupuram and away down to
the coast at Cuddalore there is abundance of water ata
depth of about 16 ft.  Aguin, in the valley of the Vaigai
in many places the water supply seems to be extremely
abundant as ix evidenced by a small well sunk near Mana-
madurai which is capable of supplying 40,000 cubic ft. a
day or sufficient, to water 13acres of landto a depth of 1in.
1 have mentioned these places which have come to my
knowledge in the hope that those who are interested in
the question of subterranean water supply will make care-
ful observations in their own neighbourhood and send me
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the results. It is seldom such an oPP"““'.‘if‘y occurs and
it would be a pity that it should be entirely neglected.
Now is the best time to sink new wells, to deepen old ones
reliable information regarding the stores of

and to gather rate depths below the

water which are available at mode

soil.

“-—0-—»*-——0—-——"



IRRIGATION BY PUMPING—I.*
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qHE problem of lifting water from one level to
) another presents many phases and under certain

conditions calls for the highest engineering skill
and mechanical ingenuity, The natives of India, as

the vesult of the accumulated experience of centuries,

have with the Persian wheel, the mhote, the piccotah

and the basket scoop, reached a high

degree of per-
fection

in their methodx of applying animal or human
power to the nraising of water for the irrigntion of
small patches of cultivation.

Over and over agnin the
defects of nativ

e applinnces have led to attempts heing
made to improve them, and especially in recent yeara n
very large number of patents have been taken out for
water-lifts by all sorts of people.  Some of these by ding

of advertising have met with ephemeral success, hut in no

instance has a modern water-lift survived the test of time,

The piccotah and the mhote, each in their own wny, are

hetter suited to the conditions wnder which the Indian
ryot works than any of the more efficient hut more com-

plex machines for raising water which have been devised.

The experiments which the Government of Madras are
now undertaking to test the fmsihility

of employing
modern motors and prmps for irvig

ation on an extensive
seale have attracted a great deal of interest tl

roughout the

* The Muelroas Mail, 1905,
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as evinced by the correspondence which from
, as 3

Mdeney A care-

i st of the daily papers.
- til;]efa:)l:):z:x‘s“\‘:;:c:\fhave been published shows
i:::,:::'“li:ﬂe'is known about the questi.on :nde;::: n;:{j
ermoneous views prevail everywhere. Itis t efer -

) . and in future articles to state as far as po

pose‘d ur this m‘d non-technical language the fac?s regard-
e Nmpk'!l::ties of the various forms of motive power
inlg’ t.lhe T:'e :n‘nploval in this country for the purpose of
which cal )

raising water.
The millions
attest the enormous 1M

is extimated that throug
nl per

¢ wells scattered all over the countr‘y
. portance of well irrigation, but it
hout the length and breadth of

e tha cent. of the total vainfall is
India not, move th:

. the water
recovered fron lls of the Presidency reveals the fact that
e wells

a supply of water less than

«tored beneath the soil. A

survey of th of t e
great majority viel

|\y far the o single water-1ift at work. That
a Sing

or just sufficient to keep
ix to say, the capacity © ;
means emp .
ere  sunk More powerful pumping

A\ Y h .
{ have enabled a much greater depth to
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f tl oved in unwatering them at
eapaeity o the

the time they

upplinnces wotle : it i unqllt‘-“"i”""me that the
1 ant 8
R n ohtained. . ) |
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work w

ater will be g ) . X
Uf‘ “f‘bﬂl than at present. It, therefore, follows that if
obtamed T o
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improved methods of doing work nre to be succexsful they
must be not only more powerful but als very much
cheaper.

From experiments which have been made in varions
places it appears that the cost of raising wuter by native
methods is by no means so cheap as in genemlly supposed.
Experience extending over many yenrs at the Agricultaral
Collage, Saidapet, hax enabled the authorities there to atate
that they are able to rnise 4,000 c, ft. of water 1 foot high
for 1 anna, which menns roughly that the cost of irrigat-
ing an acre of land to a depth of 1 inch from » well 25 ft.
deep i8 about Re.1-8. 'This may be accepted as the cost
of irrigation under favourable conditions in normal year.
But in seasons like the present the cost of keeping cattle
in good condition and fit for the heavy work of water-lift-
ing is wore than doubled, and it would be certainly
within the mark to sny thut at the present time to lift an
acre inch of water from wells 2ift. deep costs more than
Rs. 3. It is, therefore, almost impossible to obtain accurate
figures regarding the cost of native methods of lifting
water. It is always a heavy item, bat it is difficult to ex-
press it in currency terms. It varies materinlly from yenr
to year, and unfortunately in dry years when water is
most wanted, then the high price of fodder makes the cost

of water-lifting extremely heavy,

Now, with mechanical appliances the couditions are
much more favourable. ‘The seasons do not affect the price
of fuel, and though throughout the year intevest charges
have to be paid and a man must be kept to look after the
engine, yet when the rainfall is favourable and little water
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is required the cost of running and the depreciation are
very small. On the other band, in times of drought, when
the quantity of water required is very large, it is easy to
run the engil“ for longer hours to obtain a much lm‘éel'
supply, and the extra cost of doing this is usually more
than compensated for by the enhanced prices which the
products of agriculture then yield.

From the experiments which have been in progress
throughout the last three years it has been possible to obtain
fairly accurate figures regarding the cost of raising water
with oil engines and pumps. But any attempt to compare
these figures with those which would have been ob-
tained had native appliances been used is almost
impossible owing to the extreme difficulty in estimating
what would have been the cost of doing work under such
conditions. I shall certainly not overstate the case in
favour of the oil engine and pump when I claim that they
are capable of doing the work at less than one-half the cost
of native methods ; and this too when the scale of working
is unfavourably small.  Where the aren to be irrigated is
large and the supply of water abundant there is no com-
parison between the two methods. To lift 500 c. ft. a
second to a height of 15 ft. with cattle power is outside
the region of practical working: yet it presents no diffi-
culty whatever to the engineer and, in a comparvatively
short time, those intevested in the adoption of these new
methods of raising water will be able to see an installation
of this size at work in the Kistna District. The larger
the units with which we can work, the greater the econo-
my that can be effected. The difficulty with motors
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and pumps is to get them to work cheaply when the
volume of water avnilable ard the aren to be irrigated
awve small. »

The statistics of well irrigation in thix Pg‘xideno_\' show
that the average area under a well ix only 21 acres, and
that therefore the quantity of water taken out probably
does not amount to more than one hundredth of a
cubic foot per second, or, say, 12 gallons per minute durving
the working hours of the day. Many wells arve, of course,
capable of yielding a much larger supply than thix, but
few have a capacity suflicient to give full employment to
even the wnallest size of engine and pump which it is
considered advisable to install. It must not, however, be
imagined that because such - wells do not exist they could
not be constructed if .it wax advantageous to do so
Enquiries, sapplemented in some cases by experiments,
during the last few months have placed beyond doubt the
fact that wells yielding large volumes of water ean bhe
obtained over considerable areas of country.  And perhaps
what is still more important, it has been ascectained that
there are large supplies of water available in many nullahs
and streams which coulill he used for irvigation by the
application of adequate pumping power. It would be
unwise to attempt to estimate the extent to which in the
future it is possible that engines might be used for pump-
ing, but it seems clear that there is voom for the profitable

employment of a very large number of snch installations.

[ F T EEE T I EN S L

IRRIGATION BY PUMPING—I11.*

et e

“N a report on waterlifts wiitten in 1896, 1 said :—
“ Steam pumping machinery is utterly beyond the
means of the ryot, and the force of the wind ix too

uncertain, and in geneval in India it is too weak to be

profitably utilised by windmills, even of the moxt modern

type. Animals are therefore the only source of power
nvailnble, and waterlifts in future ninst contivue to be, as
they always have been, worked by eattle.”  In the main
this is still true, but within less than a decade the advances
which have been made in the generation of power by in-
ternal combustion engines have heen 5o extraordinarily
rapid that it is yuite possible now to compete with cattle
whenever the work to be done is as much as would require
the services of three or four paivs of oxen.  Expressed in
engineering terms, the work done by an average pair of
cattle may be taken as one-fifth of a horse power, which
ix equivalent to the lifting of 26-4 gallons per minute
from a depth of 20 ft At this rate balf-an-ncre of land
will be covered to a depth of one inch in 7 howrs; or, to
put it in the language of the vyot, a pnir of oxen can
water half-an-nere of land a day, and ax stated in the first

article of this sevies, the cost of watering will amount to
Rs.1-8-0 per acre.

* The Madras Mail, 19035,
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Now a Hornsby-Akroyd oil engine, developing 34 h. p.
and employed to drive a 3-inch centrifugal puwp, will
do nx much work as 7 pairs of cattle, and it ean easily be
run for 12 hours a day, so that it may be taken as the
equivalent of 10 pairs of cattle, and it will therefnne
water 5 acres of land a dny, and the running expeunses will
not amount to more than Rs. 3-8-0, or, say, eleven annas
per acre. So that where there ix wn adequate supply of
water the cost of pumping is less than one-half that entail-
ed by doing thework with cattle. When the supply of water
is insufticient to keep such an engine and pump running for
12 hours a day, the cost of working will he greater; and
when the pump can only run for four hours a day the cost

of lifting water will be the same by either method. The
avernge discharge of the pump nmiay he taken as 11,000
gallons per hour : ro that roughly the minimum supply of
water which should be available, if an engine and pump ix
to be installed, is 45,000 gallons per dsy, or suflicient to
give one watering to 2 acres of land. Of the more than
half-a-million wells from which water is drawn for irriga-
tion in this Presidency, comparatively few would be able all
the year round to yield the minimum =supply requived:
but even if the number were only one per cent. we could
profitably employ something like 5,000 oil engines and
pumps. Whether one per cent. of the wella ave capable of
yielding the supply of water or not, it is impossible to say,
as there are no data to g0 upon; bhut it is almost certain
thata very much larger percentage of wells than this could,
at a comparatively small cost, be improved 80 as to yield a
good deal more than the minimum quantity of water
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required.  All that is necessary is to deepen them and to
pump out the water from a lower level, so that the gradient
of the subsoil water flowing to the well may be increased,

The xmallest sized centrifugal pump which we can con-
veniently employ for irrigation work is one having suction
and delivery pipes of 3 inches diameter. Pumps of smaller
sxize than this are made, but owing to their small diameter
they have to be run at a very high speed, and the friction
of the water, both in the pumg and the piping, absorbs a
very large proportion of the power, and their efficiency is
extremely low. In genernl, the efficiency of centrifugal
pumps increases with their size, provided that the lift be
not too small.

A 3 in, pump will deliver 11,000 gallons of water per
hour, and if the inflow to a well were equal to that
amount, the daily yield of water should be more than a
yuarter of a million gallons, which is six times the mini-
mum quantity required. An inflow of 2,000 gallons per
hour is sufficient to make it worth while to install an
eﬁgine and pump, but it will be necessary to provide suffi-
cient storage capacity to enable the water t,o. accumulate
at the bottom of the well till it amounts to a sufficient
volume o make it worth while to run the engine. This is
what has been done at Melrosapmam, where, to start
with, the we was 21 ft. in diameter and 21 ft. deep, with
a central hole 15 ft. in diameter and 7 ft. deep, the latter-

capable of holding 7,700 gallons of water. Observations
showed that the rate of percolation into the well decreased
very rapidly if the water rose above the rim of the central
hole. To pump out the central hole took about an hour,
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and then the engine had to be stopped till it filled ngnin.
Both storage capacity and percolation aren were materially
incrensed by running adits borizontally from the bottom
of the well. The total length of these adits wasx 68 ft.
and their average width 2 ft. and, ax they were about
54 ft. high, they held when full, 4.575 gallonx of water.
It was destable, however, to increase the stornge eapacity
considerably bevond this, and accordingly n new well

30 ft. in disneter was sunk # short distance from the

original well and the two connectad by prolonging one of
the adits. The total area at the lowest level from which
water is drawn is now 1,044 ~q. ft. and with 5ft. depth
in the well, the storage capacity is nearly 33,000 gallons,
or sufficient to keep the engine ranning for three hours
without taking into account the percolation during that
time. The advantage of this large stovage capacity hns
been fully realised during the Iast few months when,
owing to the long drought, the rate of percolation into
the well hax fallen s low as 1500 gallons per hour. By
allowing this to accumulate it has been possible to extract,
with fair economy, every drop of water that could possibly
be obtained and to keep the cultivation going on about 12
acres of land.  This very small quantity of water, supple-
mented by the locul rainfall, hax proved sufficient to keep
the crops in fair condition, though it is probable that the
outturn this year will not be as favourahle a~ usual.
Where the height to which water has to be raised is
small, engines of less than 3} h. p. may well be employed.
A 2 h. p. engine will drive a 3in. centrifugal pump on a
12ft., lift, and this is about the smallest combination of
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engine and pump which can be profitably employed. The

ity seem to have been
large storage CAPACI .

ndwmtng?s of lt: . t“"ge"“om’ and many of their wells have a
fully realised bY ’ that which has been

capacity than )
m"df a ::rg:r){:::::umm. In not a few cases, by going
provi a

O Wi will
|.n-ger volume
deeper A mu(‘ll

jlable. The depth from which - ryots dm‘:
become R) i} nsiderably in difterent parts of the countf')
water var™ olo ;\eepeﬁt 'in Coimbatore and the Ceded Dis-
wod is pmhab. "- . not uncommon to Jift water from a depth
tricts, wheve l:]b. in Madras, centrifugal pumps have not ‘
of 40 ft. So ‘ﬂ'\;d on lifts exceeding 40 ft., but at the
yeu boen e‘“‘;’ oI an oil engine is driving & pair of plunger
Uomb“or'eh T;ft the water 75 ft. A8 experience accumu-
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lates we shall P . no reason Why with centrifugal pumps

deeper and there ble to pr ofitably lift water to a height

we should not be
of as much a8 100 ft..

Since these "f‘"g):: i‘::;ee:itﬂs for pumping stations have
large nnmbt.er (;d ) and the greatest difficulty experienced
been mv-estlgnt ;-o ftable schemes has not been the height
in workln'g ou P"ecmry to lift water, but the expensive
to which c::xt:n:‘hich were found necessary to cope with the
Sem.-mri“ions in the water-level at different seasons
epormonus Fluctuations of 40 ft. or 50 ft. are not at all
of the year. hore the water supply i8 derived from river
uncommon l':l . and even in wells the range may be not
:,edzl:wrtn:: ﬂ:;’ With centrifugal pumps the maximum
ar 8nO! 7

L. 5 ft.. and up to that limit
Jength of the guction is about 25 ft., P i

periments were started, a very

ArTaAD
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the variations in the water level give practically no trouble;
but beyond that point the installations become very expen-
sive, and as yet we have not ventured to tackle them,

The other chief difficulty which we have encountered in
our investigations is the very gradual slope of the land
between the place where water can be obtained and the
place where it can be utilised. This eirtails the construction
of high earthen banks to carry water over the low
ground, or the employment of iron pipes in which
the water can be carried under pressure. Both ex-
pedients are costly, and no satisfactory solution has vet
been arrived at. Where large (uantities can be denlt
with, the dificulty may be got over by dividing the total
lift into stages and employing two or more sets of engines
and pumps, one at each stuge.  This plan has been adopted
at the pumping station which ix now under construction
for the experimental farm on the Hagari River, in the
Bellary District. In this case a 25 horse-power engine
and 10 inch pump lift the water from the river a vertical
height of about 16 ft.: and it is then carried about a mile
from the river bank, the channel gradually getting inton
deep cutting, till, at a couvenient point, such water as is
vequired for the irvigation of the high level land is lifted
out by a second engine and pump. Asa temporary arrange-
ment a 3% horse power engine and a 4 inch pump will
be installed; but later on, when cultivation has fully
developed, a more powerful pumping plant will be supplied.

o — S—t

IRRIGATION BY PUMPING.—II1.*

.A_Mo——

. 5}%{.—\ KERS of centrifugal pumps invariably state their

enpacity in gallons per hour; but in dealing with
L irvigation work the units are inconvenient, and
it is preferable to employ a unit of volume rather than
one of weight. Engineers in India have adopted the cubic

]

foot per second abbreviated into * cusec,” which is admir-
ably adapted for dealing with the discharges of canals or
channels to lnrge systems of irvigation. In America, where
the farmer’s influence predominates in irrvigation works,
the acre-inch or acre-foot, that is to say the quantity of
water which will cover an acre of land to a depth of an
inch or a foot, is the unit most commonly employed. Now,
a cusec is equal to 3,600 ¢. ft. per hour und an acre-inch is
equal to 3,630 c. ft., so that for practical purposes a cusec
flowing for one hour is equal to an acre-inch.

It has already been stated in a previous article that for
jrrigation work it is not cunvenient to employ anything
smaller than a 3-inch centrifugal pump, and that such a
size of pump is capable of delivering half a. cusec, or sufti-
cient water to cover an acre to a depth of one inch, in two
hours. Our experiments have also led to the conclusion
that unless a well can supply suflicient water to keep such
a pump running for four hours a day it will not be worth

* The Madrasz Mail, 17th October, 1905,
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while installing an oil engine to lift the water: that is to
say, the minimum yield of a well must be two nere-jnches
i.’l‘ 7,260 c.ft. per day. This is equivalent to a contintous
inflow during the 24 hours of slightly over 300 c.ft. per
hour. On a lift of 21 ft. this would he about the quantity
of water that would be rnised with # whote worked by “;‘

av i )
erage pair of eattle. Those who are acquninted with

well. 1rrigation as it ix at present prctised will rendily
admit that there are u very large number of wells in tlni's
country which in ordinary Years could not 1 - \
by a Single hote. Hnot he unwatere

The question therefore whether o well will vield sufficient
water to make it pay to put dowr, . *?ngin.;

i and pump is
not a diflicult one to answer if observations a pumb

. . re made on the
well at the right time of the year, or better still if observa-

tions are made on the well two o three times during the
year. _Applicationn are very frequently made to me fﬁr the
expression of an opinion as to the pos;ibilitv of nbmininé
sutﬁciept water from a well, and ux the exln;l‘iments to oh-
tain data for framing an answer ape extremely ensy to enrry
out, I propose to detail at some length what si]ou]d h‘e
done so that any intelligent Person mny be nble to obtain
an answer himself. '
The rate of percolation into n wel) s n
the depth of water standing in the wal
drawn from a well for severn) days,

winly effected by
. If no water is

h 1w the level of water in
e well will be the same ax the level of the water in the

surroundingstrata,anda state of equilibrium will be estab-
lished.. Immediately water is removed from the.well, the
level sinks, the equilibrium is disturbed and water from
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the surrounding strata begins to flow into the well. Ob-
viously, the lower the water level in the well is depressed,
the more rapid will be the inflow, and the maximym will

be reached when the well is quite empty. Ina Note on

« Irrigation by Pumping from a Well at Melrosapuram,”

“whieh will be shortly published as an Agricultural Bulle-

tin by the Department of Land Records and Agl:iculture,
] have given both in tabular form and diagrammatically the
results of a considerable number of measwrements of the
inflow to the well at different times in the year; and those

who are interested in the matter can easily obtain a copy

of. the pamphlet.
Quite recently 1 was asked by the Court of Wards

whether certain wells on the estate of a Minor would yield
enough water to make it worth while to put down an en-
gine and pump. One of my assistants was sent down to
make a survey of the place and to carry out experiments
necessary to obtain some no.tion about the quantity of
water which could be obtained from the wells. A brief
account of what he did, the results he obtained, and the
deductions which have been drawn from his observations
will exemplify the way in which we endeavour to solve
such problems.

He found that there weve two wells about 250
yards apart, both npproxinmtely rectangular and sunk
through decompo=ed rock. The northern well was 65
feet long and 35 feet broad, with n water surface
of 2,200 sq. ft. It was possible to bale water out of the
well with two mhotes, which weve worked together
and the combined capacity of which was found to be
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8c. ft. When baling was started the lift was 17-22 ft.
and the cattle were able to lift 224 buckets in the

course of the first hour, A gauge, reading to feet and

decimals of a foot, was fixed in the well and arrangements
were made to count the number of buckets lifted each

hour and to record the level of the water at the time.

Baling was earried on continuously for 41 howrs, at the
end of which time it was found that the cattle were not

able to lowerthe water levelin the well any further, Start-

ing with 224 buckets per hour with a lift of 1729 ft. the

nwumnber decreased to 144 buckets per hour when the water
was raised 24 32 ft. It is impructicable here to publish

a tabular statement of the vesults recorded, but [ have

- had them plotted in diagrammatic form and [ find that
from the start till the water level was lowered to 24 ft.

the inflow increased proportionately to the lowering of the

water level, but that from this point onwards the rate

of increase was enormously more rapid, heing from 424 .
ft. per hour with a level of 24 ft. to

D76 c. ft, per hour
when the water level was low

ered an additional 4 inches.
Beyond this the experiment unfortunate

Iy could not be
carried as no further pumping

power was availuble. There

was still 3ft. of water in the well and the inflow would

have probably gone on increasing if this could have heen
removed. I have therefore expressed the opinion that the
well will yield sufficient water to Justify the establishment
of an engine and pump, though I am not prepaved at the
present time to say how much water can be counted upon.
That is o matter which only the experience of two or three

years’ irrigation will enable us to decide. [ have advised
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that a 4 in. pump should be fitted up and driven :y :11:
i ficient power to lift the water from .a ep
e SI; w the present discharging level. This would
of 35 f1. be'o 11 to be deepened if necessary another 19 ft.
- tl;: w:doubtedly enormously increase the flow into
o WO};‘ 'l;‘he pump will 1ift about 3,000 c. ft. per hour
:::1:1 ‘:vei]l. be capable of dealing with the inflow (:<()i the ;vte:
under existing conditions in about five h<.)urs a a{l o
impossible to say how much larger an inflow ?v1 o
tained when the well is deepened, or whether. it wx‘ ,ver
tinue for any length of time, as nft.er the rau}s ale. ?es-
the subsoil water level gradually sinks, and .m a ;(‘)rlhre,re
sonding way the inflow to the \ve.lls decrea.ses.‘ ”
l sive pumping is carried on it seems obvious tha
::t:: changes will take place more rapidly a.nd that a vc:;y

iderable volume of rock may be dmme.d of water
"0“5.‘ he year by a deep well. In this case, if we assume
d“r;ntgh: v:eil is d(;epened to 36 ft. and that the surroum?-
f:; strata contain 10 per cent. of 'water, the pm;xp,2 01({)'
worked for eight howrs n day, will in the courjse o o
days, which may be taken as the inter\:al during w ic
time the subsoil water receives no reple.mshfnent, drain an
;juverted cone of rock about 2,270 ft. in diameter at. the
round level. At first the dinmeter of the cone wﬂ].be
fmall and the hydraulie gradient steep, so 'that perco]atloi
will be rapid, but ax the water is drawn off fron? the rot:u
the base of the cone will extend and the rate of inflow wi
d“mmsf" thern well on this estate is very nearly square,
tl: :?:;:)sions being 55 ft. by 52 ft. and the water surface
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2,800 square feet. Baling was carried on for 51 ho
urs,

with the result that the water level was lowered and

the lift was increased from 29-: 28-

water level remained constant und:: at:mzus :tft'f :b:“ e
per hour. With a similar depression of fhe eatar o
in the nothern well the inflow wax only 360 c. f T e
%0 _that, if anything, this well is likely bo ; l‘::(: o
water than the northern well, 1t is probableyt.here!;:::

that a 4-inch i
. pump might also be j . )
with great a dvantage.  After installed in this well

from one well will * time the pumping

other ong et i begm. to affect the inflow to the
s el the. .quantlty of water raived from the
o e ctfnmderably less than that which would
e e 'f)m either one of then, separately assuming
ot o oth li-nls not worked. In this case I have suggested‘
et Mgw : r;):;,:l:wuld be installed, which should be
‘he pump in one well j i

;\:}; and that it sh(.)uld drivepthe o‘:h‘;:";::mt: e25((;rdl'n:y
. Y means of a wire rope running over pull Torge
—_— pulleys of laige

These tw
e two wells are of a type eommon eno

country, ugh in this

N e{:fmmu.]k]dbo n suthcient depth they may snfely
ity Tons o yield a m_odemte supply of wnte;' for a
s bm;ga ;me]. In m*dlrmry seasons the ryota draw from
oo bux:ui'l‘ p(;'oportmn of the water which might be
: ry seasons, like tha j

e;rpenenced the whole of the water p.m;pl;v ‘;s }::::e J:::
of. Many of these wells are very old and h

through a number of ubnormally dry seaso:ve p"’:ed
they have reached the maximum depth that i:' :y: :
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xink them when the water has to be drawn from them by

cattle power. As a rule, on examination they are general-
ly found to contain a considerable quantity of silt, and

the fact that this has been allowed to accumulate through

a number of years seems to indicate that the ryots find

that it does not now pay them so well as it formerly did

to lift water from a great depth for well cultivation. This

evidence is not very conclusive by itself, but it is borne

out by the fact that all over the country wages, food and

fodder ave steadily rising in value and the cost of raising

water is therefore increasing. The value of produce is aleo

but whether at an equal rate or not it is difficult to

rising,
1e fact that the

sy, What seems to be more certain is tl
soil ix becoming exhausted and that either poorer crops aré
raised or more money has to be spent on manure.

In the const districts, wells are sunk through beds of

] water-heaving sands are reached. The rate

alluviom til
very slow, on &c-

of percolation in such wells is usually
pact nature of the sand, and as the wells
sinking cylinders of brick work

Consequently,
and engines and
f them. Where

count of the com
have to be constructed by
they are seldom over 20 ft. in diameter.
they possess hut little storage capacity
pumps ecan be used only in n few o
these water-bearing sunds are within a moderate distance

of the surface the best way of getting A Iarge supply of

water from them is to make an open excavation, and at

the bottom of it sink a number of wells in a line,
ing the wells one with the other by iron pipes, which can
be worked through from well to well if the intervening
space be not too great. The wells from which Mr, Pandu-

connect-
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ranga Moodelliar is pumping water nemr Cuddalore
belong to this type. He started with one well 12 ft. in

diameter and hax sunk alongside it a second well 20 ft.
in diameter, and now he proposes to sink a third
well 50 as to obtain an increased nren of percolation
and a large storage capacity for water. Hin wells
are alveady 36 ft. deep and further progress ix barred
by the fact that they now rest on a bed of clay.
Under this bed of clay, which has been proved to have
a thickness of more than 350 ft. it is not at ail impro-
bable that water-bearing sands or gravels may be met with,
and it is quite possible that by sinking the bore hole to n
sufficient depth we might obtain an artesian or sub-nrtesinn
supply of considerable volume.*

In old river beds the sand is often much coarser and
yields water very freely. In such places there is but

little difficulty in getting sufficient water for pumps of

even considerable size. The chief difficulty lies in con-

structing the wells, which require to be of lnrge dimensions
s0 as to give a suflicient avea for percolntion.  1f the
wells are small the watev level will have to he loweral to
produce sufticient flow to feed the pump and the incoming
water brings sand with it and speedily fills up the well.
A pumping station at n well of thix type has recently start-
ed work near Villupuram, and a second one will shortly
he installed at Pandar, near Trivaluy,

Wells which derive their water supply from fissures or
springs are extremely numerous in certain parts of the
Presidency. Many of them are of great depth and stornge

* Vide “ Irrigation by Artesian Wells,”
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capacity, but the q\mntity of water they ylf?ld dg:i:‘(:
entirely upon the nature of the wnter-heanng o
which are met with. The volume of water whic ‘ a..bed.
will yield can be measured in the wu?' already dexscl; ! :
but beyond the “actunl figures obtained nothmg‘o th);
value can be deduced. Asn general }'ule, deepemngl the
well will open new fissures and bring 1na Iarger suppd)in-
water, but this is not necessarily alw.nys the (fase', a: "
formation obtained from borings furnishes no indica 1(;11 §
to what will happen. In some cases hol('!s have )ee:i
“jumped” at the bottom of these wells W}ﬂ\ lonvg 1n'o

jumpers, and fairly big charges of dyn'aumte -lm,\(‘e w\::\
.exploded in them with extremely satisfactor y 1esnt -
New fissures have been opened and a sub-‘m-tesmn wa‘e;
supply obtained. As yet we know very little aborlt suh-
terranean water in this Presidency. In course of time t e.
records from pumping stations will add very hn-f,re]y to loru‘
information : but in order that we may fully avail ourse \:&
of the water-supply which can be got at & reasonable depth,

boring must be carvied out on a very extensive scale.
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@HE ex‘pel'ime.nt.-s in irrigation by pumping, now going
on in various parts of this Presidency, are an
attempt to introduce into the country new method®

of working which have been rendered possible by the enor-

mous advances which hav ’

in the methods of producing power, T

. he application of
the steam-engine to pumping water

: . for irvigation or drain-
#ge 18 no new thing. In xome instances it has been dane on
2 large scale. Along the Nile,

in KEgypt i
g igypt, and in the

\ States of Ameriew stenmn-engines and pumps have
een largely used for ivrigation work; whilst in the Fen
Districts of England, in the marshes of Italy, and the low

lying tracts of Holland, they have remedied the natural

defects of the drainage, and vast quantities of water have

raised at a comparatively small cost, In India the steam-

engine and pump have beon oceasionally

. used hoth for irri-
gation and diainage, but,

a8 arule, the work never
proceeded beyond the experimental stage, ax the scale on
which operations were conducted was too small to make
it pay,

Fully five and twenty years ago the Otto gns-engine

proved a practical rival to the steam-engine when small
amounts of power were required. But such engines could

* The Madras Mail. 24th October, 1905,

e been made during recent years

\
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only be used wheresa supply of gas Yvas available. 'I..'he
obvious field open to an engine of the internal combu.sn;«;:
type which would be independent of n town. gas strpp]) '
to the production of the eatlier types of onl-engllle. ()1‘19.
by one the practical difficulties connected \.vxt,h their
and for some years past it has been

i me
working were overcomeé, .
s v agricaltural work

possi i . suitable fo

ible to obtain motors suita ‘

which could be placed in the hands of people possessing
. v L

ry little mechanical gkil . . ' )

ve:s compmed with the steam-engine the oil-engine is

extrentely economical.  The smallest size of oil-engine

no more fuel per brake horse-power developed than

uses steam-engine.

nd most economical type of
'_t[";:e l::.i?:-e:;gine will develop power on a lt.u'ge seale
very economically in places where conl u? cheap,
but in small engines, even where fuel is cheap,
the efticiency of the process by which 'the heat of
combustion of the fuel is converted into work is so very.low
that the cost of power generated in them is extremely high.
In large engines, a brake horse-power can be dev?loped by
burning from 1 to 1} lbs. of good coal in the boilers, but
in small portable engines, such us are frequently used by
contractors for driving centrifugal pumps, the quantity of
fuel requived per brake horse-power varies from 6 to 10 1bs.
On the other hand, small oil-engines can be run with an
average expenditure of 1 pint of kerosine oil or li.quid fuel
per horse-power developed. So long as kerosu.)e oil.m.
liquid fuel were.expensive, the advantages (?f thg oil-eugine
were not apparent; but at the present time kerosine oil
ean be purchased at from 4 to 8 annas a gallon and liquid
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fuel is available in  Madims for 2 annas a gallon, or Rs, 30
a ton,

In the beginning the gas-engine was only suited for
small powers and was worked with ¢
The dis«'ovel'y that an extremely

be manufactured

omparatively rich gus.
poor gns, which could

in enormous quantities ata very low
rate, could be utilised with advantage

led to the produetion of engines of Iy
at the present day engines up to (
being worked with produe
blast furnaces,

in the gas-engine,
e power; and now
5,000 horse-power are

er gas or the waste gases from
Still imore recently it hus heen
that the gas-engine can he combined

producer, in which the g is e
the demand of the engine,
the suction principle,

discovered
with a swmall gas
wnifactured according to
These plants, which work on

have, within the last two or thiee
years, proved an unqgualified success and  for all but the

smallest powers are likely in the futare to be more than

rivalx of the oil-eugine, l'nfortunutely they require either

s toke or charcoal and the ondi
nous coal which is available

suitable,
The items which go to m
pumping plant are —
(1) Fuel,
(2) Stores.
(3) Interest and depreciation,
. (4) Repairs.
(5) Superintendence. .
And the relative importance of these varies greatly,
ing upon the type of motor employ

anthracite conl nary bitumi-

almost everywhere isx not

ake up the cost of running 2

depend-
ed and the local condi-
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regn S . The
«s supply of fuel and cost of lalfour Th
e e e y pumping with the oil-engine is

irrigation b €
‘mw.“ why m;ﬁ;‘ is due to the fact that not only is the
proving success

i gine can be en-
-unning of the eng .
1 Jow but the runn » o08 o
oot of fue intelligent coolies who have lecene.d ali I p:
trosted to 10’ lis the demand for oil-engine dmensf if
i i ' . - . C Ol.
N-“““g. we have established a tralr'ung clnss]
el B I:(g:hool of Arts, and the idea is to tsupp y a
them in the ting for six months, the pupils being
astl 2 ) ) .
| the work from the villages in -wlnchlth:);
' " » 18 employex
sent upt:;( en \thv drive engines. If a fitter 1;8 I;5yto
. uenuiy . n .
w“:l oo o engine he usually requives fro
to drive an >
Re 20 a month 3 tlmt ngine and knows how to
. ini - the e ‘ ! '
sufficient tvaining -m mn‘ working order, he will do just as
o and in fact will consider
mounth. At the present
f different kinds at

cial ¢

course of training }

if a local man receives

eep it clean and .
l\:elf and will be content with, "
himself well off on, Rs. 7 or RS: )
L e“fm:ﬁjority of these are, so
. . o
o th'isfpt%:;lie(:: :q’o::dx: ‘the hands of people ::l:;,;:ﬁ
fau: > myl":lzl::ore ths;n ordinary coolie wages. e farm
- hl‘::mltthe engine isin charge of a boy off the
'T‘P‘Las trnined in the School of Arvts e A
who i< paid Rs. 6 a month. At Kadiamp o
AT P- his drivers Rs. 8and 7 a month respective y;,
e two men because he has & good supply o
e keep his engine for many hours every day, (.’u]‘
“:atel" “"‘? ,un:';Oor 70 neres of land with a 63 h. p. engmfeé
 rhe wmend convenience of oil-engines as a source O
po'\rv:: ::er:ndered them extremely popular all over the

time there are abou

for a few months
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world, and there are » large number of manufacturers
who make a specinlity of these motors,
oil is used as fuel there is bug little to chouse between
them, the better enginex bheing the more highly priced ;
but kerosine oil is expensive when compared with the
liquid fuel which is avajlable in Madras and which ix
equally snitable for genernting power,,

specially adapted for it. Til| some time )
only two ty

When kerosine

if the engines are
Ast vear there were
pes of engines on tihe market which would
work satisfactorily with lignid fuel ; i, the Diesel Engine
and the Hornsby-Akroyd. The former s undoubtedly
the best and most economicn] oil-engine which has heen
produced, but its initial cost js ver.\'.high and it

wonld
certainly not be safe to trust

it in the hands of the class of
people we are employing ay oil-engine drivers. Moveover,
from a purely commercial point of view the economy in fuel
consumption is more than counterbmlanced by the extin
cost of labour to look after it and by the increased inter-
est charges entailed by its high price; so that for engines
of below 40 or 50 horse-power its e ix only to be recom-
mended where skilled mechnnics must be employed irres-
pective of the type of engine in use. [y the School of Arts
we have an 8-horse power Diesel Kngine at work which
runs very satisfactorily when it ju §y good working order:
but in 8o small an engine the mechanism of the valves is
rather delicate and they are a source of considerable tiouble.
The manufacturers themselves now recognise that this
engine ix of too small a size for practical work, and I be-

lieve they do not now manufacture engines of less than 20
horse-power.,
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. or-
by-Akroyd engine works on # bf)t,all)“:‘x -
o u")m . ines of as small as 2 horse-pov -
A "md - Last vear the master pntent .on f
e ey, i i .wsult that the princnpl.e o
" o ted by nany makers of oﬂ;;:;
< it was last year,
ket which
ed as the

engine expired, wit
working b an ::‘otprue as 1
i it 1 0 >, Al
f;"‘;l'o‘::‘:b‘; :\:i‘:neoisgthe only one on the x:mrt
" iqui Y it was selec !
e w'ith :;q:;delf::l‘(')vec‘l\ li‘:ntll;w jrrigation experl-
et 'et"gv::: the only m.\e available, and tl}ougl'l no:;
::::s;:ﬁ others, it still stands first in the estngs(t)t:onmr.
those who have most to do with them'.. In bhori,ty o
Dugald Clerk, probably the greatest ]wl‘ng :fuLecture .
oil and gas engines, delivered the James .l' orest- o
titution of Civil Engineers, his subject being i
e ion. In the notes appended to his

<!
nal Combustion Motors, by

e a | '« regarding the orn
g rks as follows rvegarding H
address he vem

heavy oil engine :—

i S sively used of all the

¢ This ine is the most extensive ;
‘ Thl'h ‘f‘“i‘:‘g‘:n; of the world, Messrs, Hornsby having
B 0;' thousands of them in England. The success of

buils met clearlv that it is often better to be

ine s s very X

ix engine shows ver) - - o 1

st f ith a lower heat efficiency m 01 der to obtain
content with ¢

a pPrac 1CR g 1 ‘v \ lction and
t l en ille i)'ee fl‘()m l‘t‘h(‘l\(.\ Of constru
p

l)t g b 1008,
(2] rannin, lllldﬂ t‘le n\(bt a(l‘elge condlt ons

With the new cheap fuel engines of other makers I have
i h

- 3 hem may be as good,
practi cperience. Some of t )
- it i o e?pet.lmt none of them are better than the
but it is certain s
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Hornsby engine, which for the present has been selected s
the standard engine to be used in all irrigation pumping
installations the funds for which are provided by Govern-
ment either directly, or through the operntion of the Ag:i-
culturnl Loans Act. Not only ix there nothing to be gain-
od by introducing r multiplicity of types, but very con-
sidernble advantages acerne from the fuct ‘that the whole
supply is in the hands of one firm. Tt becomes an impor-
tant part of their business and it is well worth their while
to devate their attention to it, to stock parts which ocea-
sionally require renewing and to attend torepairs and break-
downs with the least possible amount. of delay. Later on,
when pumping engines are in common use all over the
Presidency, there will be plenty of room for several ty pes
of engine, but at present this ix not the case and mpid
development is only to be looked for by concentration of
effort along one line. It must not he imagined for »
single instant that the best results can be got from un
oil-engine by a driver who understands no more than
the purely mechanical details of working it. A good
deal of skill, knowledge and experience are required to set
up these oil-engines and to adjust them to their work ; but
when once adjusted they ought to remain in good running
order for a long time. The idea underlying our system of
working is that when an engine ceases to work satisfacto-
~vily it should be overhauled by a thoroughly skilled and
competent mechanic. Our experience during the lnst two
or three years tends to the conclusion that pumping work
is exceedingly hard upon an oil-engine, and that unless it
is in perfect working order the results are unsatisfactory.

FRRIGATION BY PUMPING—1V, o7

cal knowledge has been ac-
king of the Hornshy engine;
to publish such facts as I
ned with the

A good deal of useful practi
cumulated concerning the wor
and in my next article I propose '
think will be of pmctiml use to those concer

running of these engines.
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. @HE main resasons which led us to select the Hornshby-
Akroyd ergine for pumping water for irvigation
were (1) the simplicity of the working parts of the

engine; (2) the fact that liguid fuel could be used in place
of the more expensive kevosine oils; and (3) the genernl
excellence of the design, workmanship and materials of jts
construction. As in most other oil and gus-engines, the
working cycle is effected in two revolutions. At the com-
mencement of the cycle the piston is at the back end of
the cylinder, the air valve is open and ax the piston moves
forward the cylinder ix filled with fresh air. At the same
time the oil pump injects a jet of fuel into the hot vapori-
ser behind the piston, where it is converted into vapour.
During the return stroke of the piston the air is compress-

ed in the cylinder and driven through the contrncted open-

ing between the cylinder and the vaporiser into the
vaporiser itself, where it mixes with the oil vapour. The
capacity of the vaporiser is so adjusted that when the

piston has completed the return stroke, the pressure and

temperature of the mixture of oil vapour and air ave

such that an explosion takes pince and the piston moves

forward, making the working stroke of the engine. dJust
before the completion of this stroke the exhuust valve opens

* The Madras Mail, 31st October, 1905,
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and the burnt gases pass into the exhaust. During the
second return stroke, the piston drives out of the cylinder
all the burnt gases, and the exhaust valve closes as the
air valve opens for the next cycle. It will thus be seen
that energy is generated in the engine and work done on
the piston during only one stroke out of four. During two
strokes the piston is yunning almost free, and during the
fourth stroke it is working agninst a gradually increasing
back pressure. I¢ is obvious, therefore, that a fairly heavy
fly wheel is necessavy for steady running,

To start the engine, a lamp is used to heat the vaporiser

to a temperature just below red-heat. This takes from

5 to 10 minutes, depending on the size of the engine.

After that the heat generated by the successive explosions

in the cylinder maintains the vaporiser at a sufficiently

high temperature. The working parts of the cylinder, and

the neck connecting the vaporiser with the cylinder, are
kept cool by means of a water jacket, through which water
is constantly circulating. The hotter the cylinder the
greater is the thermal efficiency, but the smaller isits

capacity for doing work, as when the cylinder is very hot
a less weight of air is drawn iuto the cylinder and there-
fore a less weight of explosive mixture is formed. Provided
the vaporiser is kept hot enough to produce a well-timed
explosion, the cooler the cylinder the greater the amount of
power which can be generated by an engine; and in this
country, where it is difficult to obtain cold circulating
water, it ix desirable to have sufficient water passing
through the jackets so that the temperature is not raiseg
heyond what is hearable to the hand. With pumpind
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installations it is ensy to obtain a sufficient supply of water.
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horse-power the vaporiser gets very hot that the explosions
take place before the end of the stroke and a very incon-
venient back pressure is set up which geriously diminishes
the power of the engine aud causes it to lose speed. For
reasons which at present I have not succeeded in discover-
ing, some engines are much more linble to overheat the ,
vaporiser than others, and we gnd that theonly offective
way of dealing with them is to decrease the heating sur-
face by removing ® certain number of the mdiating ribs.
In every case this has proved a satisfactory cure.

For the pumping installations which we first put down,
desirable to keep the capital outlay as
and, accordingl¥, engines Wwere provided
f them, necessitated the
h the

it was considered
sall as po.\'iible,

which, to do the work
n of their maximum horse-power throug
nning time. Experience has shown
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to the rarity of the atmos-

engine of a given

engines are used
y, the loss of powerdue
to ax much
adjusted and a sufficient terminal

machiner,
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pressuve is veached at the end of the compression stroke.
When thix is not attained they can never work satisfacto-
rily, and the fuel consumption must always be extremely
high. In practieal working it is donbtful if the Hornsby

engine is quite as economical in fuel consumption n~ wome
_other types of engine, ax the simplicity of the method of

ignition is to some extent purchased by sacrificing thermal
etficiency. A high compression is conducive to efliciency,
but if it exceeds a certain amount in the Hovushy engine,

then pre-ignition takes place with bad result.

The practical management of these engines is extremely
simple, and can be entrusted to intelligent coolies who

have received n short course of instruction.

Where thie load
on the engine varies considernbly, it ix desitable to wvary

the stroke of the pump so as to adjnst the fuel supply to
obtain ns nearly as poxsible an explosion at every stroke.
When the engine is working satisfactorily the governor

sleeve should be just flonting and oceasionally the oil sup-

ply should be cut oft.  The lubrieation of the engine is
a very important matter and o serious item in the total
cost of ranning it.  The lubricators should always e kept
in good working order and the best oil that is procurable

at n reasonable price should be employed.  Nathing better
than & good mineral oil can be used, but they are

comparatively expensive, and an engine can be run fairly
well with castor oil for the main bearings and a mixture
of coconnut and kerosine for lubricating the eylinder.

e
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HE rivalry between the maker= of oil and gas-engines

as sources of motive power is keener now than at
any previous time and except for very small instal-

Intions it is difficult to say which ix best adapted for pamp-

ing water for irrigation. For installations requiving less

than 10 hp. it will, I think, be generally accepted that =«
cheap fuel engine of the Hornsby type cannot be surpassed
wherever liquid fuel cau be obtained at a rate not much
in excess of Rs. 43 a ton. In the South of India the
great majority of our pumping stations will be under
10 h.p and with liquid fuel available in Mudras at 2 annas
a gallon, or Rs. 30 n ton, there are not many places where
it will cost more than Rs. 13 a ton for curiage from
Madras.  When move than 10 h.p. is vequived, the gas-
engine in coujunction with a suction gas producer using
charconl as fuel is likely in some instances to prove a
more satisfactory method of obtaining power.

Many vears ago, in the emrly duys of the gas-engine,
their use was greatly extended by Mr. Kwmerson Dowson,
who invented a method of manufacturing gas suitable for
generating power which was very much cheaper in working
than the ordinary coal gas manufactuved in towns for illu-
minating purposes.

In his producer a jet of steam under

* The Madras Mail, %th November, 1905,
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pressure was introduced beneath the fire bars of a closed

turnace, and was arranged so as to serve as an air injector.
The mixed air and steam in fairly definite proportions
passed between the fire bars and through a mass of inean-
descent fuel, resulting in the production of lay
of gas consisting mainly of a wmixture of nitrogen, carbon-
monoxide and hydrogen. Valueless as un illuminating, gas,
it 'was admirably adapted for gis-engines, and the very
ecovomical results obtained with jt gnve a great impulse to
their development, and to-day it ix employed in a very large
number of plants. The system ix simple, but it requires a
boiler in which steam under a pressare of from 30 to 50
lbs, per squave inch is maintained, and
which the gas is stored till required.

it requires a certain amount of

rge volumes

a gas holder in
Obviously, therefore,
skilled supervision and is
not adapted for working on & small seule, The fuel used

must be anthracite of a  good quality, and thix finther

limits the field in which it can be ukefully applied. These
disadvantages have been fully recognised hy gas-engine

makers, and in their efforts to meet the ever increaxing

competition of oil-engines they have sncceeded in mnking

snormous improvement, in the methods of munnfuctnring

hich
in conjunction with gas-engines ave likely to obtain a final
victory,

g1, and have finally suceeeded in producing plants w

The suction gns producer plants now on the market
require no boilers, no gas holders, and ean be worked
without ~xkilled labour. From an Indian point of view
they possess the further advantage that they can easily be

manufactured in the country by existing engineering firms,
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The usunl fuel is anthracite, but wheve this cannot |
obtained at any reasonable price, good hard coke or cha:-e
coal may be employed.  The gas producer must be looked-
n'pon us. part of the power-generating plant, and for any
glveu. size of engine the producer must be of corresponding
capacity. It ix possible to obtain these suction gus plant:
of v-ax-y small size, but they are much more costly than oil-
engines of corresponding power, and it is doubtful if they
are so economicnl. The lowest limit of size seems to be
about 10 horse-power, and the largest at present in nse
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of generating about 300 horse-power, With
the consumption of fuel per brake
in practical working

are capable
anthracite coal,
horse-power i8 extremely small, and
medium sized plants may be safely reckoned upon to
yield one brake horse-power per pound of anthracite, or per
pound and a quarter of coke. Properly carbonised charcoay
will give about the same results as good coke, and it will
be a safe estimate to assume the one ton of good charcoal
will give 1,500 h. h. p. hours.  The cost of charcoal
in  India varies a good deal. In Madras at the
present time it ix about Rs. 25 a ton, but in large quanti-
ties it will probably be possible to secure a supply for
Re. 20 a ton.

Some years
litv of manufacturing iron in the Salem District from

charconl, and  Mr. C. W. Brasier, who was then
District, estimated that charcoal

ago there was a discussion as to the possibi-

Forest Officer in that
could be manufactured on a fairly large scale and

delivered at u distance of ten miles for Rs. 8 8 a ton-

This is probably
little doubt that in most parts of the Madras Presidency
it would be poxsible to obtain charcoal at Rs. 15 a ton if
This means that for

a sanguine estimate, but there is very

there were a xtendy demand for it.

one rupee we can obtain 100 brake horse-power howrs.

Using liguid fuel in an engine of about the same cupacity’
we could hardly expect to work with less consumption per
brake horse-power hour than four-fifths of a pint. This
would mean that 100 brake horse-power hours would
require 80 pints or 10 gallons of liquid fuel, which in
Madias would cost Rs. 1-4-0 and in most places Rs. 2.
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Roughly, thervefore, we may sy that a suction g8 pro-
ducer plant for fuel costs nbout one-half that of & Hornshy
oil-engine. The other items which go to make up the xum
total of the working expenses are not very different in
either case, though the capital outluy for a suction gna
producer plant and gax-eugine is wbout. 20 per cent. greater.

It will thus be seen that the popularity of the suction
gas producer rests upon a thovoughly sound basis, nud
although as vet but few of them have venched Indin, wny
one requiring power, whether in small or large quantities,
would be very ill-advised not to cousider the claims of
this comparatively new method of obtaining gas suitable
for motive purposes.  Within the last few weeks a pinut
of thix description has heen installed in the Mount Rond
to drive a dynamo for electric lighting work. Since it
was started [ have had it under enveful observation, and |
have come to the conelusion that it can e run as easily ax
an oil-engine at a slightly smaller cost. .

As a typical instance where a suction gas producer plant
can be installed with advantage 1 may cite a case which
was recently under investigation. At the foot of the hills
in the Goduvery Districta natural luke of considernble
extent has been formed by the grudual closing up of the
mouth of a lateral valley by silt deposited during Hoods in
the river. Tt ix estimated that this Inke is capable of sup-
plying sufficient water for 500 acves of land. and I have
recommended the installation of engines and pumps to lift
the water out of the lnke to a height sufficient to command
the land. Three sources of motive power were practicable,
(1) Diesel engines, (2) Hornsby oil-engines, and (3) gas-
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The third was finally selected because 1t involved

ines.
e the smallest annnal outlay.

the owner of the land in

ithi + distance from tl
Within a short Jdistance !
of forest land which belong

o pumping station are

situated considerable tracts

to him and from which he e obtain supplies of charconl
] ,

at a very low cost.  BY working his forest systematically
Wt '\ )
he can obtain enongh charconl from an acrve of land to

S 16 N M M (23] W .
K v welr seient for an acre irrigation. This is
'llppl_ po er suthcier

verv ratisfactory result,
. t Iand will greatly improve by svstematic felling.

as there ix scaveely any doubt that

the fores .
The suction gns producey i c«sm‘nmlhvely new to India,

but there is searcely any doubt that it has a great future

in front of ot.

e r=he
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CONCLUSION,

M) EFORE concluding the sevies of articles on Trriga-
tion by Pumping, it is necessary to discuss briefly
the methods by which the power generated is nctunl-

ly applied to lifting water. Thix pait of the business is

open to treatment in great detail.  But the discussion is
mainly one for technical papers and ix not susceptiblo of
popular treatment. The simplext and cheapest method of
lifting water is by means of the centrifugal pump. But,
unfortunately, the centrifugal pump as ordinarily installed
is by no means an eflicient machine. "The loss of power
ranges from 60 per cent. in pumps with a 3 in. suction
pipe to 45 per cent. in pumps with a suction pipe 10 or 12
inches in diameter.  More favourable results than this ave
frequently claimed by makers of centrifugal pumps, but
it is doubtful if in onlinary practical working they are
aver vealised. A centrifugal pump with a 2 in. suction
pipe would be n most convenient ~ize to employ on n very
large numbe:r of wellx in this country. But the efliciency
in extremely low, nrd on a lift of 30ft. probably three-
fourths of the power put into the pump would be wasted.

"The centrifugal pump as an irrvigation machine has never

been studied with sufficient care, but it is likely that this

*.The Madras Mail, 17th November, 190,
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omission will be remedied in the immediate future as both
in California and India the matter has been taken up and
a great deal of preliminarvy work done.

Of the loss of energy which acews in centrifugal pumps
when they are worked, part is lost in the pump chamber
itself, and part in the suction and delivery pipes ; and the
proportion that the latter bears to the former is often a
considerable one.  Where the level of the water which
has to be lifted fluctuates a great deal, the ordinary centri-
fugal pump car only deal with it when the 1ange of level
ix not greater than the suction height of the pump. In
ordinary practice this is limited to 20 ft.. but if the foot
valve is carefully designed o as to present but little obstruc-
tion to the flow of water and if the suction pipe is of sufti-
cient diameter to carry the water at » moderate velocity,
it is possible to work with the suction length as great as
28 ft. For instance, the ordinary 3 in. pump has a 3 in.
suction pipe, and the pump should be placed not more thnn
22 ft. above the minimum water level. Butif a 4 in. pipe
he employed with the same pump, the suction height can
be increased to as much as 28 ft. and the loss of energy in
warking the pump correspondingly decreased. In many
wells in the South of India the level of water fluctuntes a
grent deal more than thix and may amount to as much
as 50 or 60 ft.  In such cases it is most convenient
to use a centrifugal pump with a horizontal propeller
supplied with power through a vertical shaft. Such
pumps may be employed with a suction pipe from 25 to
28ft. long and can therefore be easily fixed when the water
is moderately low and they will work perfectly satisfactorily
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when submerged. The engine is placed near the mouth of
the well and the vertical shaft in the pump earriex a pulley
fixed in position xo that it con be driven by the engite
through a quarter twist belt.  Thix arrnngement ix some
what expensive on nccount of the necemsity of keeping the
shatt in perfect alignment ; but it isx very simple and the
cheapest way of dealing with lage quantitiex of water.
In America, where water is often raised from great depthis,
the vertical shaft and the hovizontal pump are very com
mouly employed with the best possible results, nud in not n
few enses the shaft is driven by an electric motor either
mounted direct on the upper end of the shaft or at some
little distance off and driven through a quarter twist belt.
Where the quantity of water to be lifted is not very
lurge, bucket pumps might be employed with great advan-
tage. In this matter also we must look to America mainly
for examples to copy. Knglish practice in the matter of
pumps is exceedingly good and substantial, but it is gene
rally too expensive.  What is wanted in this country i~
for the local engineers to manufacture n class of pumping
machinery which avouds the fimsiness so frequently apps-
vent in American designs without running to the other
extreme, as is the case with Eoglish makers. It s in
evitable with pumps of this type that they should be ex
pensive and heavy when compared with centrifugal pumps:
but, on the other hand, this advantage is to a lage
extent compensated for by their superior efliciency, n>
it is not difficult with a lift of 40 ft. ov more to obtain
a return in the water lifted of 80 per cent, of the
energy put into them. That such pumps have not been
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used hitherto is mainly due to the fact that they require a
wood deal more skill in the design and erection of them.
BBut now that the matter has been taken np by Govern-
ment, it is reasonable to hope that this difficulty will
disnppear. In selecting a pump for irrigation work, the
quextion of efliciency is of extreme importance. It is
often better to pay two or three times as much for a more
eflicient pump, as it means that a smaller engine can be
used to drive it and the saving in cost of the engine may
be sufficient to pay for the extrn cost of the pump. The
final result ix that the working expenses are diminished by
the smaller amount of power which has to be generated to
drive the more etficient pump.

The majority of wellx in this country do not yield a
sutlicient supply of water to make it worth while employ-
ing engines and pumps: aud, as in most places where well
irrigation is extensively carried on. there are nmmerous
wells in close proximity to one another: it has been fre-
quently suggested that it would be profitable to employ a
portable engine and pump, which might make a daily round,
litting out the water from a number of wells. This is by
1o means impossible : hut the plant will be costly and will
require skilled men to sapervise it. so that it is hardly

likely that it could be done with any profit,

A more practicable plan, but one which hasx not yet
heen tried in this country, willbe to put down a central
power station and distribute energy to a considerable num-
har of wellsin the neighbourhood.  There are at least

three wavs in which thix could be done.
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(1) On the oil tields in America it ix & common praetice
to work a number of deep well pumps by wire ropes
attached to a Inrge eccentric driven hy an oil or steaw-
engine. OUn the Kern Valley 0il Field in Southern Cali-
fornia I saw in some instances the pumps of more than o
dozen wells being driven by one centrally situnted engine,
which, through a pnir of bevel wheels, drove a verticul
shaft carrying two eccentrics, to the sheaves of which wire
ropes radiating in all directions were attanched. The shaft
made about 15 revolutions a minute, and the eccentric
throw heing abont 12 inches gave the pump a stroke of 2ft.
The wires were suspended in slingsx attached to cross arms
on wooden poles and the pumps could be worked satisfac-
torily up to a distance of half n mile from the engine. It
will not be diftficult to adapt this system to well irrigation
in Indin, and there are hundreds of places where clusters
of welly could easily be found and from which sufticient
water could be obtained to give employment to engines of
considerable power.

(2) Electric motors and pumps might be installed in
each well and the energy supplied to them from a centrul
power station. Thix system ix hardly applicable on a small
seale but could be used with great adeantage where there
nre a large number of wells,

(3) At a central power station the engines might be used
to drive nir compressors and the power distributed through
pipes to wellx, in each of which would be installed a Pohle
air-lift. Thix system ix better adupted to tube wells which
are carried to a great depth. But it is also possible to adapt
it to wells sunk in beds of sand where the fluctuations in
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the water level at different seasons of the year are not very
great. The air-lift is extremely simple, and if properly
designed, is faily efficient. Tt has been extensively used
both in Europe and America ; and under certain condi-
tions it might be advantageously employed in irrigation
work.

Irrigation by Pumping in India is in its infancy, and it
can hardly yet be said to be out of the experimental stage.
But that does not mean that it is unprofitable. I do not
know how many pumping installations for irrigation
work exist at the present time in Indin, but in Madras
Presidency since the heginning of lust year about 25 se-
parate plants consisting of oil-engines and centrifugal
pumps have been installed either directly or indivectly
through the operation of the special Department which
has been created to develop this kind of irrigation. These
25 engines involve a total of 190 horse-power and are
capable of irrigating 1.260 acves of land, the value of the
crops grown on which may be estimated at Rs. 1,25,000.
This is . small beginning, but the work is steadily grow-
ing and there i~ no doubt that eventually mechanical
menns for lifting water for irvigation will be extensively

employed in every part of India where the conditions are

favourable.
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* Reprinted from the Tndinn Review for June, l‘.l;).:; h
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world is there more scope for them than in India
where millions of cattle are daily employed in raising
water from wells for the irrigation of land, but unfor-
tunately, they are tooexpensive for the individual ryot,
and there is a generally prevalent idea that the wind -
currents in India arve too light to wmske the mmount of
energy derivable from them of any material value.
About two years ago | was asked by the Board of
Revenue to furnish them with information regarding
the utility of wind-millx for irrigation work, and, as
there was no trustworthy information available, I pro-
posed to Messrs. Parry & Co,, the Madras Agents of
the Chicngo Aermotor Company, that, if they would
place an aermotor at my disposal for purely experi-
mental work, T would undertake to collect and place on
abservations.  After consultation with their
was settled that a 16 ft,

record the
principals in America, it
aermotor mounted on a 70 ft. tower should be handed
over to me to experiment with and the Board of
Revenue agreed to furnish the necessary fuunds.

A new aermotor was accordingly sent, out, and I had
it put up in the compound of the School of Arts,

Madms.,  An attempt wax made to sink a well, bhut the

<ub-soil proved
abandoned and a masonry tank 10 ft. squave and 5 ft.

50 unsatisfuctory  that the well was

deep  was constracted  under the aermotor tower, It
was oviginally intended that the aermotor should dyive
a vocking lever at the ground level, to which lever two
pumps vods were to be attached. one  working an 8 in.

pump, the other a 6 in. pump, both to be fixed 25 ft.
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helow ground level in the well. But when the well
had to be given up it wax found impracticable to arrange
for driving two pumps except at a  greater expense

than was warranted and only the 8 in. pump was fixed in
the tank,

The object of the experiment was to ascertain the
quantity of water which the wind-mill would lift to «
certain  height every day in the yvear, aud as there
WAS NO  necessity to  use the water for

any purpose
it was decided that the

pump  should be aranged
to Jift the water 25 ft. and allow it to fall back
into the tank. To ohtain the information required,
tacheometer was titted to the pump to vecord  everv stroke,
and to obtain the quentities of water lifted, it w:m-‘ only
necessary to ascertain, us nccwmtely as possible, the d(-liver.\
of water per stroke.  “I'o do this, another tank 10 ft. uquar;
and 5 ft. deep was built nhove the level of he ground and
the water discharged from the delivery pipe was enrried to
it by a two-inch mnin fitted to the bottom of a wooden fun-

nel into which the water lifted by the pomp was discharged.

The nermotor and tower were halted together hovizontal-

Ivon the ground and weve then lifted inton verticsl

position by means of a devrick.  The plan followed was the
very ingenious one devised by the Aermotor Company, but
it gave ux a great dead of trouble, ax the tower. though it
has proved to he amply strong uongh in the erect position,
was not well adapted to resist the steuins brought  upon it
during the process of lifting, notwithstanding the fact that
the instructions of the Aermotor Company were cavefully

earvied out in regard to the addition of temporary bracing
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to vesist the bending stresses. The wind-wheel was gearec
down to work the pump in the mtio of 3jto 1. The dia-
meter of the pump was 8 inches and the length of the stroke
16 inches, so that the theovetic discharge of the pump was
2'9 gallons per stroke. Careful experiments repeated a
great nuuber of times by recording the number of strokes
required tofill the measuring tank showed that the average
quantity of water delivered by each stroke of t..he pump waus
9:5 gallons or 86 per cent. of the theoretic delivery. After
preliminary experiments a daily record of the work done by
the wind-mill was kept from the end of March 1902, and
readings of the tacheometer were taken every morningat
8 A.M., at mid-day and at 4 P.M. Tt wasat first intended to
set up an anemometer to vecord wind velocities, but.‘ after
enreful consideration of the matter it was finally decided to
anemometer readings and to obtain all the

dispense with the

information regarding the wind movements from the Obser-

vatory in Madms whichis situated not much more than a

ile away. . . e
wellabove the influence of obstructions to the wind caunse

The sermotor was 78 ft. above the ground and

by buildings and trees, and as the whole country, for miles
x-;)und ix a practically dead level plain, it was thought that,
considering the observations were to be extended over u

long period of time, it would be hetter to aceept the Obser-

vatory anemometric
with instraments not so carefully calibrated as those of

determinations than to admit a new

set
the Government Observatory. .

The aermotor has now been in operation for mo}'e than
one year and sufficient inf()rmatm!\. has been obt,ame]d. tu'
decide the question as to the suitability of these machines
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for irrigation work in Indin.  Mr. R. L1 Jones, the Deputy
Virector in charge of the Madms Obwervatory, has been
kind enough to furnizh me with n copy of the Observatory
wind records for the whole yenr and this statement gives
not only the daily  wind velocity in miles but also the
wovement of the wind in miles for every hour throughout
the year. He has alxo been kind enough to furnish me with
other data regarding wind movements in Indin of which,
as will be subsequently seen, considernble use has  been
made in this paper and 1 am greatly indebted to him for his
courtesy in this wmatter. Mr. J. Cook, of the Centeal Col-
lege, Bangalore, and Divector of  Meteorology in Mysore,
has also been kind enough to send me valunble extimets
from the records of his Observatorvies, and I am glad to
acknowledge my indebteduess to him for the same,

It seems unnecessary to publish  the whole of the data
which have been collected, hut as a smuple of the vecords for
the whole venr, Table I summarizes the results of the ohser-
vations made during the month of June.

To determine the 1tio between the work done by the
wind-mill and the daily velocity of the wind in miles wax
the main object of the experiments and this was easily
done by plotting the observations on section paper, taking
as ordinates the number of gallons of water lifted 25 ft. per
day and as abseiswe the wind movement in miles per day,
When the observations had all heen plotted, it wis found
that a stenight line having the equation. X =175 (Y -53)
represented the results very satisfactovily, where Xis equal
t the number of gallons of water lifted 23 ft. per day and

Y ix the daily movement of the wind in miles.
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Tnble 11 has been compiled from the average wind velo-
cities measured at the Observatory in Madrs during the
30 yenrs 1864 - 1894, using equation (1) to determine the
avernge nmonnt of water which the wind-mill ean lift.

The other columns in this table show (1) the depth to
which an were of land would be covered during the
month by the water liftel by the wind-mill: (2) the

average monthly vainfall: ang t3) the depth of water

which would be supplied to 10 acres of land by adding to

the natural rainfall the onntity of water lifted by the

pump.  The months of Februney and October are the lenst

windy in the yenr but duving the former the harvest ix in

general progress whilst during the latter the cninfall i
usually heavy. In March aud April there is practically no
rain, but the water deliveiwl by the wind-mill would be
more than sufficient for the seed- bads required for an aven

of over 10 ncves. Duving May, June and July strong

winds are prevalent and the wiuter lifted by the wind mill
added to the average wminfall would

to a depth of over 6 inchex,

1 cover a field of 10 ncrex
Thix is suflicient with careful
use for the irrigation of almost any crop, and ] am there-
fore of opinion that a 14 ft. aermotor will do sutficient

work in Madras to ivvignte 10 acves of land when the water
hax to be lifted 25 ft.
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TanrLe II.

Tainfall Gallons | Inches, f'l‘oﬂ ra:ln-

Wind: L5 chen of water|depth on; fall n.'l; q

- daily during lifted per| 10 acres waterlifte

Month. elocity i day 25 | per  incheson
veloc the | day .

in miles. month. | feet. month., 10 acres.
wRY O 1se20 | 218 307
January MBS D b4 | 177
Kebraary 1 (5 | eav  17ale| 297 | 278
March o 191 G2 24140 | 320 3-82
Apel Towd 212 30450 | 40 | 821
To ) 291 20215 | 3RT | 598
June O oawe | oaer b | a7 |7
oty o 456 20080 | 2RO | T45
oy 156 $60 1Ra20 | 230 708
Beptembet' | 153 | jlao 12280 | 162 12:62
g;t::a‘l):rber CO]res o2 e | 260 133(1)
December ... 183 SR 22740 311 3¢

Before discussing these results further, it will be \ve]l' to
give a brief resume of the results of experiments on wind-
mills which have been made in other parts”of the- world.
«The Water Supply and Irrigation Papers, pl.lbhshed by
the United States Geological Survey No. 20, gn:e an .:w-‘
‘count of an extensive series of experiments.mth wm(%-
milla made by Mr. Thomas Perry. The 'experlments were
carried out withextreme accuracy and with very el‘a‘ibm-ate
apparatus and the results of them may be summarized as
fOlz(l);m ;Ille maximum work which can be done b?' a wind-
mill is pmport.ionul to the cube of t';he wx.nd \felocxt.y, -

(2) The starting power of a wind-mill is proportiona

f the wind velocity. ‘
to(t.‘r)e “’;‘lllaews:eed of an unloaded wheel increases in a

somewhat greater ratio than the velocity of the wind, but
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for practical purposes there will be but little error in ax-
suming that the unloaded wheel revolves at a xpeed pro-
portional to the wind velocity.

(4) The hest speed for » wind-mill is from 0°55 to 070
the speed at which it runs when unlonded.

(5) The best lond for a wind-will at any given velocity
of the wind ix from one-tnlf to two-thirds the maximum
starting force at the velocity of that wind.

A large number of experiments were made to determine
the best form for the vanes of n wind-mill and the best
vesult obtained showed that a 12-ft. wheel having an aven
of 113 sq. ft. developed 6,836 foot-pounds of wark in a
ten-mile wind, or, in other words, that a 12 fr. wind-mill
could be made to develop 0-207 H.P, in a ten-mile wind.
This vesult is corrobornted by experiments conducted in
Denmark at the Government Experimental wind-mill
erected nt Askov. There it wins found that the best result
that could be obtained, when applied to a 12-ft. wind-mill
would give 0234 H.P. ina ten-mile wind. These results
can be very approximately expressed in the following way.
The mavimum work whick can he done by a wind-mil in a
tese-mile breeze ix equal to vne foot-povad per second per
square foot of wind surface. A 16 ft. wind-wheel has an
area of 201 sy. ft. and shonld therefore supply in a ten-
mile wind 201 foot-pounds of work per second equivalent
to 00373 H.P. From the equation X =156"87 Y, it is
found that the nctual work represented by the water lifted
is 0198 H.P. or 53 per cent. of t.’he maximum work that
can be obtained from the wind, Allowing for the friction
of the gearing and the loss of ehergy in the pump, the
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efficiency i« satisfactory and the load on the pump is
evidently suitable.

A careful consid .
very important conclusions which are entirely confirmed by

eration of these results leads to several

the experiments on the aermotor. Although the maxil.mun
work which can be done by n wind-mill is proportional
to the cube of the wind velocity, the actual amount of
work which it does when pumping watar is proportional
to the wind velocity, becausc the work done depends
upon the number of strokes of the pump, and the
number of strokes of the pump depends upon the velocity
of rotation of the wind-mill, and this, we have seen, is
approximately proportional to the wind velocx.ty, This
pesult is fully borne out by these experiments since the
work done hy aermotor is found to be exactly proportional
to the wind velocity. A similar cesult was obtained by
Mr. W. H. Moreland, 1.c.8., the Director of the Depart-
ment of Land Records and Agriculture in the United
Provinces, who, in « A Note on Trials of an Aermotor in
Well Inrigation » published as bulletin No. IT of the Agri-
cultural Series of his Department, gives a table on page 3
which shows that the quantity of water raised at different
velocities of wind was approximately proport.ional to the
wind velocity. The practical meaning of .thm is thut the
wind-mill works with the greatest eﬂiclenc)t vivhen the
velocity of the wind is just sufficient tO keep it in .Steady
motion, and, that at any other higher velocity .of
the wind only # portion of tl.le useful work which
the wind-mill could do is utilized. If a convenient
arrangement could be devised whereby the Load put
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practice, it is found inconvenient to alter the length of the >—
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*wind-mill is to provide it with two pumps worked through S
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wind velocity of 10-08 miles per hour would be requirved, 2 T
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* A wind-mill has since been erected at Melrosapuram in which = z°
the pump ix worked through a rocking lever and the point of
attachment of the pump rod to the rocking lever can be shifted by
a traverxing werew. [n thik way the stroke of the pump can be

altered through a range slightly more than double the minimum.
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From Table ITI, Table IV has been cowpiled by taking
out for each month the average number of hours in the
month during which the wind velocity was over 8 miles per
hour, and also the number of hours in ench month during
which the wind velocity averaged over 10:08 miles per
hour. From the totals it will be seen that the wind was
strong enough during 3,791 hours to drive one pamp and
rufficiently strong during 1,985 hours to drive two pumps.
This means, that, neglecting any work done by the wind
when the average velocity was below 8 miles per hour, the
total quantity of water mised by the wind-mill during the
year would have been increased Ly 524 per cent. if
another pump could have been attached when the wind
was favourable. To drive three pumps the wind veloeity
would have to be 1154 miles per hour and the table shows
that this velocity was exceeded during 917 hours in the
year, so that the addition of a third pumnp would have
increased the work done by a further 24'3 per cent. If
a 10 inch pump had been attached to the wind-mill instend
of an 8 inch pump, a wind velocity of 9:28 milex per hour
would have been required,

Table 1V shows that during the year the wind exceeded
this velocity during 2,795 hours and the quantity of
water which would have been lifted by the 10 inch pump
would have been almost exactly equal to that which was
lifted by the 8 inch pump, as when the 10 inch pump is
working, it will in any given time lift 1345 times as
much water as the 8 inch pump. An examination of the
figures given in Table IV shows that with the 8 inch
pamp the volume of water lifted is more uniformly distri-
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TABLE
Number of hours in each »

howr exceeded 8 wmiles (A),
cxceeded 11°54 miles (C), exceeded

Month. l A
t
248 186 217

February |l Gee| 88| - 140
March 248 156 93 217
April 60 240 180 360
May 3R 341 217 406
June | eml| 300{ 210 360
July .. 372 217 62 %Z“?
August o :Z‘"J 62 s
September \ .l!.gﬁ)
October
N‘:)vomher o 270 1R0 . 533
December 20 217 15H B

Total 3701 | 198 a7 | 2795

buted throughout the year than would be the case if the
we may fairly assume that

larger pump were used, and
e for work with a 16 feet

an 8 inch pump is more suitabl
sermotor in Madras than a 10 inch pump would be. Tt is
important to notice, however, that the difference is not
verv material and that, in places where the wind distri-
but:ion is anything like that at Madras, the size of
the pump inay VArY within considerable limits without
materially affecting the quantity of water which would

be lifted. .
Table V extracted from the Mysore Meterclogical papers
gives the mean hourly velocity during the four years
(1895 to 1898) at Bangalore, and fm&h&“ble we have
Y 40
o7
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17 IR SR NV P R e RS BT R ot m;* 71 , 4 T0| AR
TR ol ol wr] om0l 76 1:;-4§ el 62| e ea| 81
9 20 w3l ool el 7o T 124 1 RN T ‘ 71| R4
2 2 \ aa | wo| 100 R 77| 2o ﬂ‘ B2 102 i R | 64 l 76| R
21 22 a3 | 106 10| w4 | w5261 120 w4t 73l 6o i 73| &8
2223 ({18} 107 ‘ HET] Ry 04 12:5 ‘\ 127 \ 10-4 [i i (385} TH 0.0
93 Mid, .. ot w3l e2| 77 100 121 l 124 1 104 R0 |6 1 75 &9
Total ... | 2200 2272 | 2091 | 1808 | 2208 | 3269 | 3150 2795 1931 | 1722 | 1913 | 2390

¥ The figures in this table are taken from the Memorrs of the Mysore Meteorological Department
and are not comparable with the figures for Bangalore in Table VII.
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TanLe VI,

Number of howrs in sach month the wind movement

per hour exceeded 828 miles (), exosedod 1043 Miles

(B), exceded 1194 iles (C), eccreded 950 miles (D)
- !

. Month, I A ’ B l' C D
_ —_—
|
January 620 279 310
February H8 J08 384
Ml.r_ch +34 155 0
April 240 90 155
ay 851 31
June e 720 720 540 ™™
July TH i 651 | H
August ™ 403 2790 Ty
September 300 . . 150
October a7 .
November 270 30 e 180
December 6851 ‘ 279 27 i 310
Total .| gagg 300 |} gay 4,328
{ 1

- e
constructed Table VI, similar to Tuble IV, in order to

frame an estimate of what would he the work

done by a
similar aermotor in that locality,

Ax the station in over
3,000 feet above the level of the sea, the d«nsity of the a

i less and may be assnmed to be 0:9 of ¢
As the work done by the wind i«

ir
nt at sea leval.

proportional to the mass
multiplied by the cube of the velocity, a wind of 8 miles

per hour at sen level will he as effective n< one of B:2R8 injles
per hour ga¢ 3,000 feet elevation. The totals of the
columns of Talle V show, that a single 8 inch pump could
be worked for 6,039 hours, and that two pumps could be
worked for 3008 hours, whilst three pumps could be
worked for 1,887 hours, giving an increase to the amount
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of water l.ift.ed of 50 per cent. forh tw;o pumps a;;d: :zr::::;
i for a third pump.
e oiezsu:;; :nvf:ould work for 4,328 hours this
::::ie:v :mltiplie:i by 1:35, the ratio of the worlf d;:nem:y
two pumps in any given wind shows that the l'(?f;:;: lf) az
Id only lift 96°7 per cent. of the water li y an
:(?:ch pump, and an examination of the table shows
thlut the greater part of this work wou‘ld be don:
ing three monsoon months and that dlll’lng. the res
::fm::g year the 8 inch pump would be 1mtzensely
more effective than a 10 inch pump. From .these gulx;:
it would appenr that the wind movements in Bakngal "
are so much stronger than in Madras that the work w ::
a 16ft. aermotor wonld do would be 60 per cent. gren r
It would be interesting to extend this method of mve;stx-
gating the prospects of a wind-mill to a nmube:: olf] ot 13;'
Jaces in India, but the hourly data are not availa et fm
: ust content onrselves with the daily returns published
:; n:he Meteorological Department. In ']..‘abl; VIIl~ :l;:
rage daily wind velocity for each .mo‘nth in the yeﬂI o
::m 28 stations fairly evenly distributed over n ia
is given. .
l f\'e have seen that the work done hy. the fa::mot:;) :in
Madras is proportional to the daily velocxt:".o t;:aig ua:
the equation heing X =175(Y—53). .'-\;?pvylmi ’ th.r:: v
tion to the figures giving the a.vern{;e da.ll,\ ve om‘.) l l{;
out the year we obtain the ratio given in the horizontal line

();_};,3) Thix method is based upon the assumption

185-33 /- .

that an 8 inch dump is in use. But in places of low
a
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wind velocity it would be ndvisable to use a smaller
pump, and in places of much higher
results will be obtained with
seen thut the energy of the

cube of the velocity

wind velocity hetter
n larger pump. We have
wind i proportional to the

and that the starting  power of the
wind ix proportional to the

spuare of the velocity, and
it therefore xesms not

unreasonable to assume that the
energy which ecan he derived from the wind may be tuken
A8 approximately equal to the spunre of the
velocity.  In Table VII. ix
average win

aly wind
given the mtio of the
velocity at  ench place to  the
. . . M

wind velocity in Madins (W..)

M 2
numbers (

65 ) - A comparison

n \'(‘l'ﬂgt‘

and the spunres of these

of the two sefs of

M 53 M
figures, 165. 53 and (ﬂl") shows that only

extremely low or e

in places of
xtremely high wind velocity there js
any very material difference,
inclined to think that the latte
probable nmount of work whiel
wind-mill in any loeality

and for thix resson, | am
r wmethod of estimating the

tean he obtained from

is the mope accurnte,

It will be seen that at the great majority of stations
the wind forces are so slight that we may unhesitatingly
&8y that wind-mills are of no value

- Theve rewmain, how-
ever, n certain number

of stations where the conditions

L]
are favourable, and nx these represent the wind conditions

prevailing over an enormous tract of ¢
this resnlt : that though over the greater part of India
including the whole of Northern India, the
wind is of no practical value,

ountry, we arrive at

energy of the
yet there are many places in
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shsular India where it should be proﬁta.ble to tr;\:(:::
e 'M ‘s for irrigation. Along the sea coas
use of windnl bay a:d from Dinmond Harbour to
Kamehi to B ,;;\.rge tract of the Dececan, over.the
Mg d probably in most of the hill stnt}onsi
e {M;lm}:. \\'in«lzmi]]s, if not absolutely idea
© “'i!l be fo.“l;"ft.ing water, ave by far the che.r:pest
machins l' t of mechanical devices available. From
e ton, whic has heen obtained as the result of
as. it is easy to calenlate the effective
: and it will be seen

the equation which

observations in Madr: ‘ “
horse-power obtained from a w.m(.i-nn , o the pom
that when the lond is fixed, as it is by fh(l.i\;t,e,d ghe

deht over which the water 1s . ‘

'lm(::w ::f‘l(:; the wind-mill is not very large e.\'e,) “1—,‘::
'lt(:'l(lm"pl?reezes are blowing.  On the other h:’md, 123]1;; -
e h\ -ed that a wind-wheel of from 12 to = .t] .
P 10 be sufficiently large to extract all the
. obtained f;'om the majority of . Wel.]s
and that, as it is most effective m

diameter
water that can be
i ix country, fective
. n this country, . : ctive in
. it isa more convenient aid to irrig

hot dry weather. We have seen that

than at first sight might be expected.

Amou (.‘“e( tive wo \) ; Wl ld'l I;‘l cnn (l() 1=
nt Of , l‘\ A\ hl(h ¢ 1 1
the ¥

l 0 ent vt l “t '4) 1 Qa .'e(?‘)n(] pump,
nerease l‘(‘l' cent by ‘l(‘ FLTE N 101 ()i LN l

. reased ) . . i . A ’. . . sma
‘ wt ()f thih’ :N‘(“tl()ll Is  ¢om p-ll thive ) N ]]
b

and as the o A-mill tower and one pump,

‘i cost of a win
compared with the

1 that all .
3 ,]\' ,-e(-nmmen« . :lle £ (h'l\'e
I sbrone ;9 Jiould be arranged so as to he ab !
lifting water = ) R
pumps during period: he movements of
e | Iy high. Taken a~ a whole, the
sufficiently high.

» than in
:nd in India, though very much feebler th
the win ’

wind-mills erected for

when the wind velocity i
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temperate climates, are fairly relinble and conveniently °

distributed, the maximum wind force usually occurring in
the afternoon when the water in the well will probably be
at its lowest level aud the work of lifting it out therefore
greatest. 1t may also be noted that, as a rule, during
rainy weather the wind movements are feeble, Lut water
for irrigation is not wauted then; whilst hot dry weather,
when water is most wanted, is usually accompanied by
strong winds. The actual results of irrigation with aer-
motors should therefore be romewhat more favourable
than caleulations based on average returns indicate.

As the result of experience with the working of the aer-
motor supplied by the Chicago Compauny, I am of opinion
that these machines are not xufficiently strongly constructed
for work in Indin. A good many minor breakages have
occtirred during the courwe of the experiments, but the moat

serious defectx were due to the bad fitting of the valves in

the pump chamber. The design seems to be excellent but

the execution was bad und much trouble might have been
obviated if the pivots on which the flap valves turn had
been made larger and fitted into bhetter designed nockets,
A wind-engine and pump cannot be placed in inexperienced
hands; they require carefully looking after, and slightest
defect or damage should be remedied immediately it
ocenrs, It will not pay to keep an experienced ftter
to look after a xingle wind-mill, but the man could easily
look after a dozen wills and where such colonies of wind-

mills can be established they should prove vemunerative
investinents,

- cattle, an
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d fitted
A 16 feet aermotor mounted on 8 40ft. tower an

ted over a well,

3 will cost, when erec .
with an 8 ulxc:()g““:"d we may Assume that the cI:t, 50:
bt “8 , he’snme in good order will be about . . ;
maintaining - ts should yield about 6 per cent.

investmen 7 th.
mouth. Such in¥ ed. or Rs. 7-8-0a mon
tal expended, essive

deprecia.tion is perhaps an exc'f
, M e
but it will be well on the safe sxd.e i \;']
nmount to allo® es to Rz 12-8-0a month, making tile
is com . 0 X e
o Thlsf the wind-mill Rs. 95 a month. .\owf, e
total €0 © ch work as at least 2 pairs of g

. 2 as mu . .
Wi"d-ml“d“';“ﬁswd'o with two punmps, it will be equivalent
‘ B

{ cattle and the cost of lifting water wti:
. ' . 67 a mon
t'OB P“_“ ‘nmount to from Rs. 1H to }'L'i b.n ; fmu:
them ™ win in favour of the wind-mill o
thoring & S onth. This is the result that can be

m
Rs. 20 t.o.Rs. 433 but there are thousands of square
Obt&ined n Madras, m\)ch more favoumble

i in where

try in India W ourmble

l:‘e :bmina\, and I thevefore conclude ;hls oril:h

‘ - . ( w
":eo“lt‘st’:’" '; my observations on a wind-mill in L‘[a msn o
0 . I3 X
h u:tmment that there is & wide field in India o:;ewmer
the 8

the proﬁt.nh\e employ

for imi gntion.

interest on the CAP!
Ten per cent. for

roiles of cou

ment of wind-mills in liftin

s



WIND-MILL IRRIGATION IN AMERICA.*
.
@HERE ixn gencrally prevalent idea that in the United

Satex wind-mills are very lirgely used for lifting
" water from wells for brrigntion, and during a recent

visit to that country I availed myself of sael opportuni-

aut exanctly what a practical
race like the American farmers have been able to get out
go » typicnl American wind-
mill was lent to me by the Chiengo Air Motar Company
and T kept it under observation for n vear in the compound
of the School of Arts, Madras, At the end of that.

ties ns came in my way to find

of the wind.  Not very long »

time
J felt justified in expressing the opinion that *there is &
wide field in Indin open for the profitable employment of
wind-mills in lifting water for irvigation,” but that * the
air motor supplied by the Chicago Company was not
suficiently strongly constructed for work in India.” In
the United States 1 saw mnny thousauds of wind-mills, but
very few of them were used fop irvigntion.  They are
nearly all employed either to dvive light agriculturnl machi-
nery, to ruise water for domestic purposes, for watering
stoek, or for a small gurden round the house. The water
is raised from n well and stored in a tank from 10 to
20ft. above the ground, the tower of the wind-mill being
usually made strong enough to carry the tank. In most

instances the supply of water required ix not very large, and

® The Madras Mail, 1905,
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is filled, the wheel is thrown out of the
a good breeze is blowing it is not
of the wind-mills in a village

as soon as the tank
wind. And even when
uncommon to see the majority
i idle
or smal] town standing 1dle. .
the cheap wind-mills of Awerica rapidly wear out, and so
‘ y looked after and not allowed to run

Experience has shown that

they are carefull

"";‘:;:::f‘::; wind-mills are of small size, 8ft. and 10ft
Jdiameters being most numerous. 1 visited the work.s of the
largest firm of wind-mill makers in the world, ﬂfld in con-
versation with the Manager he claimed that his frm had
sold 400,000 mills in the last few years and tl.mt; they‘
were exportel to all parts of the world. Judging fl‘()lfl
the size of the works and the very complete mechani-
cal equipment, there seemed to be nothing improbable about
the statement of output. But I was surprised to hear that
they themselves did not consider their wind-mills strong
enough for regular irrigation work. To sell large numbers
of mills it was essential that they should be cheap, tmd‘ to
keep the cost of construction down to the lowest possible
limit economy of material is practised to such an extent
that the factor of safety ix reduced to a minimum'and t.here
is very little margin for wear and tear. In the design light-
ness is considered of extreme importance so as to save expen-
Jiture on materinls and transport, and methods of construc;
tion are adopted not because they are the' best that cz-ln b
Jevised but because they require little skilled labour in t:e
fitting of the parts and the erect.ion. of. the '\vhole. T e
result is not satisfactory from an xrrlgatlo.n pou:xt of view,
and thix is borne out by the fact that wind-mills are not
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largely used in the United States for irvigation, except
in certain areas where the local conditions are nnusually
favournble.

Progress is so rapid ir the States that it is difficult to get
accurate statistical information, and even when such infor-
mation is obtained it soon gets out of date and porsenses
little practical value. In conxequence the following figures
and statements taken from the sixth volume of the U. S.
Census returns, which relate to the year 1899, cannot he
aoccepted as nccurntely representing the state of aflairs at
the present time, for there is not the least donbt that thete
huve boen considerable developments since then. Neverthe-
less, they help to subxtantinte the conclusion I have come
to that no very great use is being made of the wind to lift
water for irvigation. In 1899 there were about 170,000
acres of irrigation under wellx, of which over 152,000 acrex
were in the State of Califoimin. And as to the motive
power employed for mising the water it is remarked :—
* Wind-mills are not generally employed, even the smaller
plants being operated by steam, gnx or electricity, ” In
the States of Kanwas and Nebraska wind-mill ivrigation is
generally regarded ns having reached it< highest develop-
ments ; yet it does not amount to nnything material, since
in 1899 there were only 1,909 acres irrigated by 599 wells
in Kansas, and in Nebraska only 843 acres of such ivri-
gation. Even if these figures could to-day be multiplied
ten times, which i« doubtful, they would not represent
anything very important. '

Of the neighbourhood of Garden City, Kansas, Mr. E.
C. Murphy, of the U. S. Geological Survey, writes :—

. plants furnishing water to irrigate
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“Perhaps nowhere in the United States is irrigation from
wells by the use of wind-mills carried to the same extent as

there, where may be found hnndreds of wind-mill pamping
for 1 to 15 acres each.”
During the irrigation season, which e.\'t.end.s fro—m x.kpril to
Septelﬁbﬂ', the average daily wind velocity is 295 miles, and
the water supply 1% contained in beds of sand and gravel
itunted at depths below the swiface varying from 8 to
40ft. The wells are usually 3 to 4 ft. square and sunk as
far as can be conveniently done into the water-bearing beds.
They are lined with wood, and from the bottom perforated
galvanised iron tubes from 6 to 12 inches in diameter are
put down =0 as to increase the area of percolation into the
well. Nearly all the pumps are of the reciprocating piston
type and are, as a rule, 8, 8 or 10 inches in diameter. They
are well designed, and the valves can easily be withdrawn
for examination and repair. The working efliciency on
lifts of over 20 feet is usually 75 per cent. or more, From
the results obtained in Madrs with the nermotor it would
appear that under such conditions a 16ft. aermotor should
be capable of lifting an average of 42,000 gallons per day
from a depth of 25ft. or enough water to irvigate 20 acres
of land. The conditions, therefore, ave very favourable
for the employment of wind-mills, and it is not surprisin:g
that they have been made use of. The only wonder is
that more of them are not at work.

Undoubtedly the main reason is the. urfsatisfifctory
character of the ordinary wind-mill, which ‘1s so lightly
built that it can only be allowed to work in moderate

winde and is, therefore, arranged to gradually move out
8
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of the wind as its velocity increases. This i a serious de-
fect, as the power of a wind-mill is proportionate not to the
velocity of the wind but to something more than the square
of the wind velocity. Obviously the wind-mill should be
80 constructed that its efficiency ux a motor remnins nearly
constant through a wide range of wind velocities, In
order that this may be the case the initial lond should be
extremely small, 5o that the mill will start ina very light

wind, Asthe velocity increases the load should incrense
in nearly the same ratio, and the work done will then be
Proportionate to the squave of the wind valocity. To attain
this result in a pumping-mill is a very difficult matter and
has never yet been satisfactorily accomplished. It can only
be done by using a pump of variable stroke, aud introduc-
ing some simple device for making the length of the
stroke proportionate to the velocity of the wind. Any
arrangement which is not nutomatic is of very little value,
except, perhaps, the device of driving through a rocking
shaft two or more pumps provided with simple weans for
throwing them inor out of gear. With light winds one
pump can be used, with stronger winds two and in some
Places it might be profitable to employ a third pump. In
America thix method of working would probably be of
little value; as it would entail periodic visits of & man to
adjust the load to the wind, and this would be costly,
But in India it would be quite practicable, as labour here
is very cheap and the diurnal variations in the wind velo-
city are very regular.
Our limited experience in India and the results of my
euquiries in America are in complete accord. The cheap
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American wind-mill outfit is not . suited fo‘r inlge:st:n
work, and a stronger, stiffer design is absolutely r;ectme r);
if it is to find favour in this countl‘?'. T?)e mm;‘u s;c ers
should aim at producing a wind engine with a w ec; ah.uh
1686, in diameter, mounted ona tower 40ft. high, lv; 1(;
is sufficient for most places. T'he Wheel' shou ]e
seared down to the pump shaft in tl-le mtlf) of'3 to 1,
ol he pump should be from 10 to 20 inches in diameter,
:::et\dei:g o: the lift, and fitted with mechanism yet to be
invented, which would enable the leng'hh of the "stt"okeT;(;
be varied automtically with the velocity of the w ;x:h Jhe
design should provide for utilising the full fort.::, oth e vind
up to 30 miles per hour, but bevond 1:,}115 yel?CI )i,.ble gthmw
nor should come into play and as quickly a.s. possi .e '
the wheel out of the wind. For such a .Wmd-engme fan
pump erected over & well it would be pmctl(‘:rk;e toTI:y r:nm
Rs. 1,500 to Rs. 2,000, or from £100 bo £130. . e pifu[;
is a comparatively simple matter, but . it x](;\q:xre}s :a;'itﬂe
design and must be well made so that it will he bu e
likely to get out of order. Bucket lclmthers ar: pro le}f
the source of most trouhle, but I am mf.ormedcv T‘[;it. a
ther makes a much more durable mat,erm.l fo'r suc .mgs
than the ordinary hark-tanned leather \\:Inch is now.r univer-
sally employed. If this be so, it is an 1mport:ant hlm;])rov:-
} t and should be adopted. In any case, it should be
men'b] to remove all the valves from the pump and replace
f:sm eit,h certainty even when the pump barrel is. deel?ly
oo, 4 in the water. The wind engine pump invaria-
:ll:mdz:gilll:he work on the np-stroke, and to obtain a

fairly uniform resistance to the turning moment of the
airly
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crank shaft, the weight of the pump-rod and bucket rhould
be more than counterlmlanced, ~o that on the down-stroke
work is done which is restored during the up-stroke. This
can be effected by Houting the pump rod in the delivery
tube or by the use of counterbalance weights. By suitably
proportioning the section of the pump vod to the section
of the delivery pipe, » very satisfuctory distvibution of the
work ean be obtained with a fairly nniform delivery of the
water.

For irrigation it ix absolutely necessary that the pump
should deliver the water into a storage vreservoir which can
be most cheaply made with earthen banks, provided these
can be made water-tight,  The banks should be about 15ft.
wide at the base, 2ft. wide at the top and 4ft. Gin. high.
The reservoir should be square in plan with sides not less
than 60 ft. long on the inside of the banks at their hase,
and it should be filled to wdepth of 3 ft., ~ as to supply
water for about 2 acres at n time,  The reservoir should
be provided with a small outlet to the well at the 3ft. level
to prevent overfilling, and with a fairly Ilnrge masoury
sluice 50 that its contents may be  dischinrged mpidly, as
otherwise there will be » great waste of water if it i~ rup
on to the land in a small stream. In Amerien, and
especially in California, much greater attention is paid to
this point than is usual in Indin, except in gardens where
masonry conduits are in common use. If the practice were
_extended to fields under well irrigntion, the greater duty
obtained from the water would amply repay the extra cost.

To conclude, wind-mills have not yet had a fair trial in
India. Some have been set up in Districts where there
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1 all have been too lightly built

form
for the heavy work they have been called upon bo pe:; o

- e
where the wind was strong enough. I:] Ami:;:apresent
ined : but even there

-exults have been obtained ; ‘ ‘
o o1 1ill is recognized as unsuitable, and manu
whether the demand for s'm
ke it worth their while

was insuflicient wind ; an

cheap type of m :
re considering
<utficient to ma

facturers 2
irrigation mill s

to meet it.
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han one-third are entirely dependent upen

acres, or more b
water drawn from wells. In the Madras Presidency, exclud-

and tributary States and Zemindari lands,

ing feudatory
the aren under irrigation amounted to 5,803,937 acres in

1494-95, and of this area 1,084,060 acves were supplied
with water from 427,539 wells whilst the lands under other
sy stems of irrigntion derived a supplementary supply from
139,136 wells. These figures will serve to indicate the
nterests involved in irrigation from wells,
but possibly 2 cleaver iden may be gained from the calcu-
which, thongh based on admittedly
detail what well irri-

magnitude of thei

lations given below,
show in greater

approximate data,
In Madrus, the average ares under

gation in India means.
but in other Provinces it is larger, and

each well is 21 acres,
4 acres per well,

le of India probably averages
s must be about two and-
nstructing 13,337 wells is
furnished by the
126 each,

for the who
so that the total number of well
a-half million. The cost of co
Rs. 16,88,753 in certain returns
Board of Revenug, Madins, or an average of Rs.
and as in many places the wells are much deeper than they
are in Madras, we 1nay assume, without fear of exaggerat-
ing, that the average value of a well in India is Rs. 150,
and that, therefore, the total eapital invested in wells

\ts to the very large sam of 371
den or well cultivation

given us

amou! evores of rupees.
Taking the duty of water for gar

at 250 acres per cubic foot per second,
10 million acres would be 40,000 cubic feet

the quantity re-

quired for over
,and if we assame that the average depth from

per gecond
lifted is 30 feet, the work which has to

which the water i8
be done amounts to 136,000 horse-power.  Cattle, however,
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do not work more than 8 hours & day,
of native water-lifts certainly does not ¢

80 that the aggregate horse-nower
India and employed in

and the efficiency
xceed 50 per cent.,
derived from eattle in

lifting water amounts to 816,000.
Assuming that throughout the

is an avernge of two hullocks
each well, there would be

cultivation senson there
at work every ddav at

about 5 million cattle wo
employed, and ench would e doing work

of one hovse-power, a result whic
far from the truth,

equal to nne-sixth
his nudoubtedly pot very

The average qunntity of water yie

lded by ench well i,
upon the above assumptions,

8,640 gallons pev aday, n
volume so small as to entirely preclude the yse

of any, bat
the simplest possible applinnees for lifting the water to the

surface, Steam-pumping machine

Ty ix utterly beyond the
means of the ryots, nnd the foree

of the wind is too uncwr-

tain, and, in general in Inding it is ton wenk to be profit-

ably utilized by wind-mills even of the

most mudern ty pe.
Avimals ave, therefore, the

only souree of power nvailable,

and water-lifts in the future® st continne to be, ns they

z\lwu_\'.\‘ have heen, workel by cattle, Moreover, the Tndinn

agricultural population are so sill,’,{ll]ul'l_\' devoid of even the

most radimentary  mechnnical kil that it i~ abwolutely
necessary that machines, intendel
designed to work without complic,

As will be seen in the

for thejy use, should be
ated wearing of any kind.

sequel, native methods of lifting
water comply with these conditions 1l possess at the same

time, under favonrable cireumstances, o fairly high etliei-
J oy Y Tawve _Ancee _ aldhiteiid

* It should be remembered that this report was written in ) R06

before oil engines had hecome the simple, practical motors they
are to-day.
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hich renders the task of endeavouring to 1mprove

ency w : ; .

upo)n what is alrendy in use exceedingly .dlﬂi.cult. don
The enormons amount of energy which is expe d on

has naturally attracted much a

sl . . '.ve".\' <
raising water from ent parts of India,

i i in differ
tention, and from time to time, in

i luce wha
; . n made to intré
tempts e bo¢ but so far no great amount of

t were consider-

ed improved appliances,

5 . heen achieved,
uccess has .
ol held that little or nothing can be done. ‘b
| which have been prepared on the subject,

and the opinion is now gene-

Of the
rally

specinl reports, :
\ vited,
wo at least may be ¢l . red in
t“:';l t} l)«»}mrtnwntuf Agriculture and Commerce e
e i st importan
o 1 )\\' t Provinees and Oudh, of which themostimpo ot
Yorth- et 3 I .
o aptain Clibborn, B.Se., an Executiv

The first is a volume published in

)
jon ix a veport by C
section 18 i rep 3 ! .
\ who was placed on special duty X
i fast amoun

and who, after collecting a vast am
ex in the North-

aneer n co
bna 1 s ll"(’*('tl()ll
wit l\ t ]l("‘ llltltt‘("l
s y
M . H s Fy .i « 41 .('
()f f T = = Xisting l ract
nto wtton 1t rdin existing practi

= number Of
‘ ¢ * ~ )ill(‘ ‘ ML l .
\ es l)l ovINnee arge n

carrving ont a very o
iformances of the vavious types

e s on the pe R e
experiments unequivocal terms the

i pre in
water-lift in use, expressed

sy . . . .

) 1 e A N nOthln" to 1m-
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. . extend .
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men who have devoted much time nnd ingenuity to the
production of improved water-lifts and their uﬂ'oru: have at
any rate, resulted in diawing public attention once more to
the water-lift question. The trials conducted by the
“ Water-lift Committee " showed the necessity of studying
the problem scientifically and of taking into nccou;nt ]
factor which had hitherto been entirely m;gluztml, viz., the
mode of applying animml power. Notwithatanding the
number of experiments, the results of which have heen
published, it wax found impossible to compare the perform-
ances of the new machines with those obtained from
native water-lifts owing to ghe insufficiency of the date
recorded, and though it did not fall within th; scope of the
reference to the Committee to obtain the necesanry fignres,
1t was considered highly desirable that n fresh w; of expe-
riments should be undertaken, ~o as to render it possible to
make fairly exact comparntive statements on the merits of
totally different forms of water-lift, after trinlx which
should be neither tedious nor difficult to carey out.

The fact that animal power is employved 'in all forms
of water-lift renders it exceedingly (“tﬁ(‘l'I" to make com-
parative trials of machines, some worked hy one clasx of
bullock in a certain mauner and others \vm"kw\ by another,
and ponsibly inferior, cluss of eattle in o totnllyv diffevent
way. Not only have we to take account of the mechanical
eficiency of the mnchine, but also the method by which
the animal ix made to work must be considered, u;nce the
amount of useful energy which can be obtained from an
animal depends very largely upon the way in which the
muscular efforts nre made. The work done by an animal in
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motion may be conveniently divided into two parts, which
we may term internal work ard external work, respectively.
The latter only is available for useful employment; and, as
the sum of the two is probably a constant quantity, it is
evident that the more we can reduce the expenditure of
energy on internal work, the greater will be the amount
available externally. For instance, a bullock walking along
a level road expends the whole of his strength on internal
work, which simply resultsin the transportation of his body

from one place to another, but if we yoke him to a cart, the

work which he does is partly internal and used in his own
movement and partly external and employed in drawing the
cart.

What ratio the internal bears to the external work
cannot be accurately determined, but there are some facts
which enable us to form an approximate estimate. A
bullock doing no work can be made to march only a certain
number of miles in a day without experiencing undue
fatigue. The addition of a moderate amount of external
work diminishes the distance which can be travelled, but
only to such an extent as to indicate, that of the total
muscular exertion the greater part is expended internally.
On » horizontal road and walking at his natoral gait, a
bullock can exert a dimught of one-tenth of hix weight for
a period of 8 or 9 hours a day. That is to say, he can do
work in drawing & cartora plough along the level
equivalent to what he would have to do if he walked up &
gradient of 1in 10. XNo animal is strong enough to
exert a continuous draught equnal to one-fifth to his weight,
forany length of time, without” injury, and a draught
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oqual to one-third of the weight can only be exerted
spasmodically and for very short periods, yet & man or a
bullock when in training can, with compurntive ease, walk
up a gradient of 1 in 3 and continne to do so for a' very
long time if the pnce be not too great, and if the surface
walked on be sunitably prepaved. It is evident, therefore
that when an animal raisex his own weight a'gain.st. th(:
action of gravity, the external work, represented by the
potential energy stored in the animal’s body, bewrs a g’:'enter
proportion to the internal work, which ix uselessly expended
than is the cnse when the external work is du; to a |;
exerted through a certain distance,  For instance, a hullp ‘k
will walk, along the level, two miles in one Inour’n ai (;c
draught equnl to one-tenth of his weight and will (’:o :";m:
we.may term, a unit of work,equal to raising his' own
weight one-fifth of a mile; np a gradient of 1 in 3 he would
pr«')lmhly walk 11 miles in one hour and vaise his o:‘
weight vertieally through half a mile, doing 21  times .
much work.,  Even if he could anly do one mi;e r | M
up the slope, the potential enerygy z-;nrecl in his lx::e' w mll“l
a"till b 12 times s gveat as if he had  been empl(’)ye:"i:)
dray .y . et - t
' pl:lll:;-.u weight up o vertienl shaft by o tope pussing over
.inti(rull_v we iy assume,  then, that an animal
\,\'1th the sume nltimate vxl»-mlitur'n- of  energy c:m'
do twice as much work in waising hi - wei
agninst  the action of gravity u.sl l;:: m{:" h‘:“:hewe;il;t‘
other way it ix feaxible to emplov him. This fact hai
long heen vaguely known, but has 'nut been made much
use of, owing to the difficulty which has been experienced
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le mechanism to embody the idea,

in designing suitab
machine both cumbrous and costly.

without producing a

This the Hindu cultivator has recognised, and with more

than chumcteristic ingenuity has devised a compromtise be-

tween the two methods of working in an exceedingly simple

munner, as exemplified in the ordinary country mhote, in

which he putially obtainx the advantage of the bullocks’
weight, by making them run down a steep incline when
drawing from the well the bucket full of water, whilst in
the picottah, which he himself hax to work, the principle
has been fully carried out with the vesult that it is capable
of but little improvement, excepz in the direction of mak-

ing it a less hazardous machine to work.

A paiv of bullocks is a vague term | they may be worth

Rs. 40 or Rs. 250, nnd one pair may easily be capable of
doing more than twice as much work as another ; vet in

previous sccounts of experiments on water lifts no more de-
finite information than this has been forthcoming as to
Dealing with water-works, engi-

the power employed.
the trial of

neers are accustomed to state the results of
a pump something in  thix way. The engine driving
the pump indicated ‘ x 7 horse-power and ‘v gallons of
water were lifted against a head of “z ' feet in a certain
time. Unfortunately, we cannot measure the work done

cattle in absolutely definite units asin the case of the

by
but it is a generally accepted fact that the

steani-engine,
strength of well conditioned animals of the same species

is roughly proportional to their weight, and it would there-
fore have ndded enormously to the value of former
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experi A
Mm:n:‘:; v:::;f-hfts if the weight of the eattle used

The value of a water-lift depends partly u its
mechanical efficiency and partly upon thz e:i::"pnlc
?f the method by which the strength of the ani ayl
is utilized when working it. The mechanieal m:'ln'
?ncy can usually he determined without diﬁicult'.3 bc‘;
it doea. not seem possible to express in numeri l’" .
the ratio which the internal work of the animal cl:ea:s"::

that done externally. For practical purposes, however, &
13 14

coT\ﬂbmt involving both terms ix what is vired i
this can be obtained without dificulty. Tl::qnm ’ ‘mf
u?e.ful work done in one hour, expressed in <foot, . do
divided by the weight of the animal in pounds prenonts

14

the vertical height in feet, to which e ivare

erti by the expenditure
of a similar amount of work, the animal’s hody :eox:ld be

cr::::!.ﬁ 'l;}lne magnitude of this conatant, which may be
aSimp‘:r:n e);n:e:med 't.he oo-e_ilc'cient of wtility, offers a
lift as s © stntm.g concisely the value of a water-

; & machine for getting work done by the ney of
animal power. The determination of thix con:gt:ntyhﬂ

therefore been one of the i
: most iinporta 1
trials recorded in this paper. Portant. objects of the

In trials of water-lifts, there s a liability to a seri-
OuR error in estimating the outturn of work from the
fact that animals can be made to work at a much faster
rate for a short time than they can sustain for a pro-
longed period.  With experience it is possible to judge if
animals are seriously over-driven; or, if experiments can
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be extended over a suficient number of hours, over-driv-
ing at the start will be revealed by a gradual slackening of
the rate of doing work. In the present series of trials,
every effort was made to secure that the animals should be
driven at their normal speed, and it is believed with
success, but as in most cases there was only a limited
time for experiments, the rate of working was checked
against the animal's weight. Agricultural authorities,
in calculating the rations for draught cattle, assume the
working day to be eight hours and  the rate of do-
ing external work to be 025 foot-tons per . of
weight per hour. This is considered to be the maxi-
mum amount of work which can be obtained, without
affecting the health of cattle, and an increase, either in the
rate or in the tota! quantity of work done, =oon produces
deteriomtion and sickness. There appear to be no data
available as to the amount of work which can be got from
cattle in India, but it is probably rather less than in tem-
perate climates, and the value of the figures obtained in
these trials lies chiefly in the fact that they enable us to
judge at what rate the cattle were worked. It will, of
course, be understood that the move the weight of the animal
was used, the greater should be the rate at which work
can be done, and that the highest rate should be obtained
for lifts in which the animal exerts no draught, but simply
raises himself up an inclined plane till it overbalances the
resistance to be overcome, and useful work is done by the
steady deacent of the animal under the action of gravity.
In this case the mate of working ought to be about 05

foot-tons per Ib. of weight per hour.
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More than 50 yenr~ ago a Mr. F. W. Simms communica-
ted to the Institution of Civil Engineers the results of some
observations which he had wmade on the amount of work
which horses can do at vavious mtes of working. The
avernge weight of the horses was 1,176 [he. and the results
are concisely stated in Table 1.

Tasre 1.

e e
Working day in l":lmt-pmu.uln of wark lh-lnnti}f- amount
hours, one per horse per of wark done in
minute, a day.
— T e e - T m e t—————
8 RAR TR tn
(3 24 040 ™~
41 e 27008 6o
. RUAT N NS

In Captain Clibborn's report on  we

Il irrigation in the
North-West  Provinces are

given the results of nn exten-
sive series of experiments made on the (quantity of water
raised from wells of different depths by various methods,
from which it appears that the work done by eattle varies
very greatly, depending on conditions not explicitly stated,
but of which the most important, evidently were, the size
and strength of the animals, the depth of the wells and the
type of water-ift employed. In Table 11, a few of the
rerults have heen extmcted and the capaeity of the bucket
is given to serve ax an indication of the size and strengti
of the cattle ax it is evident that only big, powerful beasts
could exert a draught of over 500 Ibs.

WATER-LIFTS, - 129

TasLE I1.

‘- Work done perfhead

i r minute in foot-
Depth to water- ! Capacity of hucket l;ro«lnds assuming
surface in feet. in gallons. efficiency of litt to
“ be M) per cent.

i
i
- l 1 T
o 9 { W,884
i | N 7426
p ,‘. Tt 2 3,136
lné e 318 2400
B L 17 ra
( e e

In the same report, it ix stated that with meu, working
the dhenkli, the nseful effect obtained averaged 1,120 foot-
pounds per ﬁ)ilm@, which wonld mean that, after due allow-
ance hnd been made for the imperfect efficieney of the
machine, the men were doing about 12 foot-pounds of

work per Ih, of weight per minute.

In Table I11 the results of the experiments mnd‘e in
Meadras are collected together. and sufficient details given,
to show that_the variations in the output of work are
mainly due to the different methods of making use of
animal power, and it will be seen that they oc.cur exa‘ctly
as one would he led to expect from the conclusions arrived

‘hen discussing this point.
,It';lt:l;:l::s obtiine«‘l :'(i‘th picottahs worked by men are

very striking, especinlly when it is borne in mind that the

work of one man is almost entirely contined to guiding the
bucket rod and emptying the bucket, and that only t1'1e
two men perched on the see-saw lever are employed in

"
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Tanee 111,
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lifting the water. Compared with the dhenkli, in which
the water is raised by pulling with the arms at the end of
a balanced lever, the resultant effect is more than twice
as great.
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With the exception of the Persian wheel and modifica-

tions such as the chain pump, all the water-lifts used on

TanLe 1V,

£ ofx 2y,
= = . =
T jgz 8%
\ Z =4 iz 8
{ £ |55 .58
No. |z 1722728
Name of lift. Nature of wovk, ' of = I=fcle R
fmen. | 2 |2 %2 g n %
g &= :
| - ™o E- 2‘.’3
! ! =3 @
| F 188 I8¢
{ £ 3= "e =]
1 z = =S
Dicottah ~EWalking on see- 3 08 2610 | 254
saw lever, 3 a3l 2737 | 241

wells in India consist essentially of a combination of two
distinet parts.  They are (1) a bucket or buckets for hold-
ing the water and (2) an arrangement of some kind by
which animnl power can be conveniently applied to do the
work of raising the full buckets from the well, The buckets
are usually made either of leather or iron and may be
divided into three classes: (1) a simple leather bag such as
is used very largely in Northern India, which requires a
man to be specially stationed at the mouth of the
well to tilt it over to discharge it~ contents, or a plain
iron bucket or dish of the tvpe generally used with picot-
tahs ; (2) cylindrieal iron buckets suspended from stirrups
=0 as to automatically tilt over and fill when lowered into
the water, hut which require a tilting bar or some equi-
valent device to empty them ; (3) leatlier or iron buckets

fitted with valves. The most ingenious and simple of all
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these is the common leather mbote, used all over the
South of India which consists of a roughly hemixpherical
leathern bag, suspended from an iron ring and ﬁ‘:ted ”t
the bottom with a leather trunk cr discharge pipe, the e:d
of which is held by a sepaiute rope ahove the Iev;l of th

water in the bag, whilst the latter i being drawn th .
well. The ropes are so ad justed that on rveachin l:Iup m‘e
of the well the bag continues to rise whilst 1,|,egt . “'k 'p
drawn inwards, with the result that the water is |;| :a;ll" l:
eonfpletely discharged.  Of iron buckets fitted wil:lu \‘ la r“
various forms have been proposed, but the onlyv one “t;lP:
has so far obtained any vogue, is that used witl.n tlne\t It.:

wat.;er-lift; it is eylindrieal in form with n fat bnt.u. ) 'n
which is placed a large flap valve opening upward ‘"""l .
.'the bucket enters the water, and kept closed b!' th e
of the.water on it during the ascent, till at) tl: l;:)m::
valve Js raised by a system of levers, which mre de ::-'ewe(:
by coming into contact with n fixed stop, -

Of possible mechanical arrmngements for applying animnal
powfer to raise the buckets an indefinjte munln:r :)uld l':e
devised, but, owing to the necessity for extreme simplieity
and c.heapness, there are few that can be considered"pfwlt)'
practical importance. A single bucket, suspended obfn)
Topo passing over a pulley, fixed over the mouth of )tla
VYel], and attached directly to a bullock's yoke ix t.lw
Bun}'ﬂest and almost universal way of wurkiﬁgv throu hm::
Indlt.l f\n(l when the details are arranged to suit thegl 1
conditions the single mhiote, as it is called, ean lmxdl;t:e
surpassed b.y any more elaborate method. When two
buckets are in use they can be made to balance one another
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by carrying the ropes round the drum of a gin or whim in
opposite directions, so that when one ascends, the other
descends, as exemplified in the ovdinary double mhote.
Reversing gear, to obviate the necessity of making the
cattle turn round after each bucket is emptied, could easily
he provided, but would seldom be used as it would render

the whim too costly to construct. By the use of bevil

. wheels, the whim can easily be adapted to work Persian

wheels and allied types of water-lift, which continuously
vevolve in the same divection, In the Sultan water-lift,
the buckets are balaneed by being suspended at the ends
of a rope which is carried over a series of pulleys so ar-
ranged that a pair of hullocks can be yoked directly to the
vope, which when pulled in one direction raises one bucket
and when pulled in the reverse direction raises the other
bucket. Lastly, there is the picottah with its balanced
lever worked by men and the various modifications of it
which have been proposed to render it suitable for employ-
ment with cattle,

Experiments have been carried out either by the Water-
Lift committee or by Mr. Benson and myself since the
snbmission of its report on all the types of water-lift
enumerated abave, but no attempt was made, nor was it
Jeemed desitable, to experiment with pumps and other
devices of modern mechanical engineering,
gation has been purposely confined to appliances used by
ryots or likely to come within the scope of their very
restricted resources.

Methods of measurement employed in the experiments :—
All weights were determined and draughts measured with

ax the investi-
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a S;alter's Spring Balance, recording to 500 s, and indi-
eating differences of half a pound, which, previous to the
mlfnuenceb:ent. of the experiments, was tested with dend
wellghts. Measurements of draught and friction were made
by inserting the spring balance which was used as a (l\'n:\—
bmoxueter in the line of action of the forces exerted by' the
. ulloc!ts and employing a number of coolies to work the lifts
u:; their place.  In machines like water-lifts which of neces
sl > ‘e N . . "
y are somewhat roughly constructed,

no great. amount of

lﬂ')()lll 15 9.\!’9"(]0(1 on tltt"ln“ th(‘ LUITHAN “lg purt.\ tog tahtl .
re

ana, 1n ¢ d ‘e i ,
I, (()ll.\"llllell((., tll(‘/ \\'nl'l\lng l\ not [K‘l fectl N 0(""‘
el . -
Slnd the fl 1ction varies CO".\‘l’l](‘l Ill)l\' ill

of the mnchine, n single operntion

I' 2 AN » Mt of « raught s, t +
10 Measure men f i

l. b‘ < l e
' N N, 1t ltf()ll
not Vel’ elL\) ﬂllll the ll‘.\lllt\\' nre,

values obtained from g 1
In most instances the av

+ I every case, the menn
arge number of observations

erage quantity of water bhrought
[

up by a bucket was
A ket was mensured by passing the water into n

tank of known dimensjons ; i i
~ and counting the number of

bll( ]\e N i (3] Ne LI Ui Sleve ¥ [}
ts e llll(‘(] t s t nnt
l g Talse tlll vater IQ Ve l to an am

which was cavefully mensured

and emptied s The tank was always tilled

Vel )
al times and the mean result was un-

doubtedly very ace
could 1 yvery accurate,  In one or two instances no tank
ould be procured ;
procured and the water was mensured in a pect
an -t i V .
gular trough duy in the ground

. and, wi OBET Dre-
cautions ! » with proper pre

. iltll\jlll“ttn :f.\;vertuin the loss due to percolation, it was
the o ‘.w ‘. 01._\ mvthn'l.- The eattle employed during
he il lf- - every instance weighed on platform
“e.lglnng machines, the wells chosen for the experiments
befng. specially selected with reference to the facilities fv;'
weighing in the neighbourhood.
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Ntoney's water-lift :  The principle feature in this lift is
the employment of buckets of wrought iron suspended
in a stirrup by two adjustable pivots attached to the bucket
very slightly above the centre of gravity of the bucket
The mouth of the bucket is inclined

when full of water.
are turned outwards and

and the lower ends of the ~tirrup
formed into rings sliding on steal wires which are suspend-
ed in the well from screwed evebolts attached to the fram-
fastened by some convenient

ing above. The wires are fi
guides to the

means to the bottom of the well and act as

bucket ascending and descending and prevent it from

to and fro, and thus strik-
On the

horizontal

either turning round o swaving
ing the sides of the well or the sccond bucket.

hucket being lowered into the water it turns

and as it sinks fills with water. On being dvawn up it as-

sumes a vertical position and vises steadily till the discharg-
ing level is reached, when the upper side of the inclined
mouth comes into contact with an iron bar fixed across the
framing of the lift and the stirrup continuing its upward
motion causes the bucket to revolve about the point of
contact of the bucket with the iron rod, and thus dis-
charges its content into the delivery trough. The lift was
arrying the ropes which hold the buckets over

worked by ¢
Two buckets are attached and

guide pulleys toa whim.
<« that as one bucket ascended the

the ropes arranged
dead weight of the buckets was

other descended, and the
The whim consisted of a drum built of

ed by an ivon spindle on the top of a
and. The bullocks worked
as 383 times the radius of

bhalanced.
wood and was enrri
post firmly built into the gro

at the end of an arm which w
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the drum. The whim was worked alternately in one
direction and the other, the cattle being made to twim
round whilst the bucket was discharging its contents,

I'mproved single mhote of M. R. Ry Subba Rao:—

The improvement on the ordinary single mhoto is
effected by attaching a rope to the draught rope and
carrying it on to the large dvam of n kind of windlass
erected at the end of the inclined plane and at a consider-
able height above the level of the end of the run. Ropes
wound round two smaller drums, one on ench side of the
large drum, earry weights which  balance the weight
of the empty bucket so that at the end of a Jift
A3 soon as the bucket is emptied the draught rope automa-
tically rises in the air nnd the bullocks are able to turn
round and walk up the inclined plane in a natural enxy
manner instead of being forced backwards ax with the
common plan. The improvement effected is undoubtedly
very considerable, as not only ix the weight of the empty
bucket balanced but the animals arve alse  spared the
cramped and unnatural backward walk up a steep incline
which probably tires them more than their exertions in
drawing the bucket out of the well,

See-saw water-lift of M. R. Ry Subba Rao - -1n this
fog’m of water-lift the bullock is wnde to walk along
a platform supported on a roller and by his weight
it is eaused to oscillate up and down, Two ropes areat-
tached to one end of the platform and wound round two
small drams forming part of a windlass, round the large
drum of which a rope working an ordinary single mhote is
passed. The platform is not supported in the middle but
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s0 that the working end of the
at s i therefrom, #o that t
d: :;u::n‘::;:]c; preponderates and the bullock has to walk
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at. just before this end of the

shock, when
into the water,

in so th
form by a short chain so .. ils rest on the
plntf(nzl renches its lowest position the rails res

i ‘ ereby the plat-
ground and their weight ceases to act and I:ll:1 " {he (;;e g
forni comes to rest mare gently than wou oo i
orm come: ) .
t} locity of descent continued to accelerate
e veloelt
very end. ' ) | e v
;" le mbhotes.—-- Experiments with single mh
Ningle .

Jatri ‘here they
i ‘oimbatore ixtrict, w
mude at Palladam in the Coimba

ket i of ¢ -hich are trained to
we worked with a single pair f cattle, whi
ar 3 2

: of the run is

walk backwards up the ramp. T.he :lops orhe
imi in 3 which is about t -

therefore limited to 1 n pus e
hat the cattle can be backed up. At Bellary, w ‘ hp:
RN the lift is usnally worked with two
up alternate buckets of
and bucket are

ments were also made, :
M - > ] v
prirs of cattle, ench poir drawing e
- e
water. At the end of the run, thero]

Jdetached from the yoke and fall back ul\to ‘t,he‘; \u::, ::::i:
ing the driver who grasps the end of t 1? rop: ',‘d o retun
up the steep slope. whilst the bullocks tu'm ml.:g t;\? o
up a side path, which is not nearly so :tl,e:};;(:(md -
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of working, it i« possible g, ke the slope f the rnpe
Very steep and the gradient jx wsually from 1 iy, 2l to lin 3.
The weight of the bullocky i the
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Coimbatore Distyiey,
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Name of water-lift,

Double mhote, Saidapet. (18 July 1xu;,

Htoney's improved
double mhote,

Stoney’s improved
double mhote,

Subba Row's improved !

single mhote,

Subba Row's NeR-vaw
lifg,

Sultan water-lift,

Andrew's Persian
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|
|
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-

pounds of uscful w
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cattle in good condition and that no time was wasted
The results are strictly

whilst the trials were in progress.
comparable and represent the perfornmnees of each water-
lift under fuvounrable conditions,

The cnlenlation of the etliciency of aomie of the water-
lifts was a very simple matter since the work done by the
animnls could be measured just as easily ns the energy
which was stored in the water lifted; bat in other eases,
which will now be discussed, considerable difticalty has
been expevienced and the values tubulated are ogly nppro;

ximate. In the see-saw water-lift of M. R, Ry. Subim
Row, the etliciency when moving very slowly wius found

to be 39°6 per cent., bt at the working spewml it was im-
possible to determine it, nnd it wans therefore heen arsumed
as 50 per cent. which cannot be very far wrong, In the
various forms of single mhote, the energy expended by the
bullocks has heen estimited by nddiug to the work done
on the bucket rope, the work done by the ladlocks in
lifting their own weight up the focline durving the return
journey. About the Intter quuntity there can be no ques-
tion, but about the former there is some ambiguity due to
the fact that the tension in the drmught rope is partly
caused by the musenlar exertion of the aninmls and partly

by a portion of their weight being thrown on to the voke
during the descent of the incline.  The importance of the

latter quantity increases with the gradient of the ran and
on a very steep incline enables a pair of bullocks to exert n

draught much in excess of what they are capable of on the

If allowance were made for this, the etliciencies

level.
would work out somewhat better ; as a portion of the work

f
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done, whilst the bucket is hauled up, is due to utilizing
some of the energy stored in the animals’ bodies
when they stand at the head of the incline ; but this poten-
tial energy only represents part of the muscular energy
developed in the return journey and it ix in fact impossible
to accurately calculate the efficiency of this lift,

. Compnred with the co-efficient of utility the actual
efliciency is a matter of no great importance and it has been
thought better to adopt the method given, which is an
approximation to the truth, mther than a more complicated

one based on  assumptions which are not capable of

experimental proof. The etliciency of the picottah is very
diticult to estimate owing to the rapid movements of the

men on the oscillating lever and to the fact that the third
man, whose duty is chiefly to guide the bucket rod and
empty the hucket, does very little of the work of lifting the
water. It is nsually stated to be 80 per cent., which is
probably corvect if only the energy given out by the men
who work the lever be taken into the account, but it is
certainly much less (about 60 per cent.), if it be considered
to be a machine worked by three men.

From the experimental results presented in Table V, it
seems justifinble to draw certain conclusions, of which the
most important is undoubtedly that the native methods of
lifting water under favourable conditions have not yet been
surpassed by the best and most improved inventions of
vecent years, The mechanical efficiency of modern water-
lifts is higher, but the mode of applying animal power, to
which sufficient attention has not been paid, is distinctly
inferior, save in one case, and the final result is, that as yet,
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no advance has been made which will jn any  degree
compensate for the increased cost of the new water-lifts,
The see-saw water-lift of M. R. Ry. Suble Row alone
seems to offer prospects of being developed into something
which will be materially better than anything at present in
existence, The machine examined by the water-lift
committee was mechanieally very imperfect, vet the
co-efficirnt of utility obtained was very high, and as it
demonstrated clearly the possibility ‘of using eattle to work
oscillating platforms, it must he regarded ax the first step
in what will probably ultimately prove the divection in
which the greatest improvement can he made, ‘
Stoney's improved double mhote ix undoubtedly, from a
mecht.\ni(-al point of view, the best water-lift that hax vet
been constructed and it has accondingly  been wmade the
subject of more extensive experiment than any other.
The efficiency is very high and does not appent to he
capable of any further improvement, but the animal or
animals have to walk in a cireular path  and are in
consequence unable to exert ns powerful a dimught as when
walking straightforward. This is particulerly  the case if
two bullocks are yoked to the revolving arm  when the
inside bullock works under great disndvantages and most of
his energy appears to be consumed in internal work.
Probably the best results would be obtained with two
comparatively small bullocks yoked to separnte arms,
radiating from opposite sides of the drum s0 ax to balanee
one another; but if thix would necessitate two drivers the
increased cost would more than counterbalance the
improvement in the conditions of working. The time
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the weight of the bucket, and the fore,
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austed when more than a single
To obtain good results
that the capacity of
of the cattle and

copacity and too rapidly exh
pair of cattle are worked on them.
with the single mhote, it s hecessy

the bucket should be suited to the size
the gindient of the run. and it is evidlent that in many
cises thiis is not so, with the resalt that the external work
done benrs # small ratio to the total museular energy deve-
loped. Where the proper system of warking s adopted
and the capucity of the bucket is suited to the \\'vigh'r of
the eattle, the single mhote is au exceedingly simple, cheap
aned effective water-Hft and is especially comyenient from
the fact that o varying depth of water in the well cruses
absolutely no trouble whatever 1 workiug. Yet it is not
without its disudvantages, and the ryvots would gladly wel-
come sy suitnble substitute tor leather® ju the discharging
trunk, ~oas to be able to dispense with the necessity of
Stout canvis

used in ~oibe Instauces with great suecess. hoth in vespect
Lif & knowledge of this
fer no susall benefit

1 aware,

Q"“l'l"."i“,'.’ clhineklers to l‘e,mir it. hins been

to Jdurabality and cheapness, an
fact was widely diffused, it would con

upon the rvotx of Southern Pudin,  So far as

Lave pot been triedd with the single

self filling iron buckets
mhote though there seenis to e 1o reason why on Stoney s

rute, thev should not he a suceess.
Ju conclusion, 1 seems desizable to attempt some extl-
water by means of cattle. A
Tabie V leads e to

svatenn, at any

mtte of the vost of raising
of the figures given in

carefnl study
process has recently
shows that it is

e chucklers

ured hy the chrome P
huckets und ey p(‘rl«'nn‘
inl supplied by vills

* Leather manutae
been introduced for water
a great improvement on the mater
or country tanneries.
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the conclusion that under very favourable circumstantes

Indian cattle will do about 175 foot-tons of useful work

per pound-weight per day of 8 homy, so that to develop

one-sixth of one horse-power the animul wounld have to
" weigh 653 bs. nnd thix is probahly above the nvernge weight

of cattle employed on water-lifts ;: but assuming that

these figures are approximately correct, it ix not difficult

to calculate what should be the cost of lifting water. A
pair of animals, ench doing effective work to the extent of
one-sixth of & horse-power, will pise 66,000 gallons one
foot high per hour; or, from 2 depth of 23 ft. will rrise
21,120 gallons per day of 8 howrs. A pait of such bul-
locks would be worth Rs. 100, the cost of feeding theém
would be at least R, 10 a month, aml the wages of a wan

to look after themn Rs, 3. The renewnls of water buckets,

ropes and the gear at the head of a well wonld amount to
Rx. 2 4 month mud the depreciation in the value of the

cattle to one rupee a month, making u total of Ra. 18 per

month.  Axsuming that. there are 24 working duys i the

month, the cost. per working day sminounts to 12 nouns and,
for this sum, 21,120 gnllons of water enn be lifted 23 Ceet,

or 44,000 gallons one foot high for one snnn,  This means
that it will cost 13 nnnas to mise vnough water from u

depth of 25 feet to cover an acve of land with one inch of
water. Thix vesult ix wndoubtedly too Jow ar under

favournble conditions it bas been determined by long
exparience nt. the Agrirultural College that not more than
4,000 o, ft. or 23,000 gallons can be lifted one £t high for
one anna. Broadly it nmy be stated that nnder trial

conditions the output of the water-lifts was shout double
*
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that usually obtained by the ryots with their Yeaky huckets
and generally inferior cattle and that the cost of a one-
inch witering pev acre for a lift of 25 feet varies between

one aud a half and two rupees, It is seldom, however, that

these expenses are definyed in cash.  The rvot breeds his

own eattle and from the land cultivated their food is wholly
or partly obtained, whilst the servant who looks after
them receives the grenter part of hix wages in kind, Any
considerable extension of well cultivation in a few vears
wonld materially change this primitive state of aftairs, for
there is neither capital nor Libour available to allow of

auy eapid inereass in area and both capital and labowr will

Lave to be provided.  If the former is fortheoming, wecha.

nical applinnces may be confidently counted upon nx effi-
cient substitutes for both animal and human abowy, To
provide the data to demonstrate thix, has been the object
of this investigation since at a very early stage in the en-
guiry it became evident that little could be done to im-

prove existing  wmethods  of applying animal power to
raising watev,
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URING the pust few yenrs Tndin hus boen visites] by
two  fumines  over widespread arcas and mevernl
severe dronglhits which hive affctesd cnadler but ~tll

The  uricultnral

very cotsideruble  triects of  country.

population, nud thoss diveetly dependent on thew, have
heets throwe out of emplovinent wped thetr siender vesoarves
being soon extucusted, in cnovmons nurbers they heve been

forced 1o seek for the means of subsistence on the avlief
works which Government buve opetned 1y good or even

AVErHYEE Veilrs the axports of whent and ather food stafls
from the country prove it the syea onder caltivation s
stall in excess of the requivements of the paprdly grownng

pupulation. In famitoe vears the ~weplus prodace of the
non-aftected parts of the countey s diverted from the Cxperrt

trade and carvied by the milwiss 1o plees where there
is a locsl deficiency, so that an the woirst vens thae s

enough fool tor all woad 1t is stply the provert v of the
A <t cesston of

people that puts it beyond ther reach.
favourable sexsons wonhl materiallv voprove the  conditpon
of the lamd-omning classes but it wonli lewd 1o pa ey
Iation of geain in the villages and the Jabouning closees
Auring these vears of plenty will stmplv inerease an nan

bers and the next failure of the rmns wWill findd theny .
it complete destitytion.

now —only mme of them

’ *The Tudinn Review. June 1'am,
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The problems which Jndian Adwministrators ave called
upon to face in the immediate future, to combat with this
deplorable stute of affuirs, ave very dithicult and the solution
of them will muke as henvy denruds upou the energy and
resaurees of the execntive as have ever heen made in the
It generally agreed that the most presing neces-

past.
sity s the developuient. of industiad occupations whereby

new sources of wenlth mny e opened out and the land

relieved of the excessive proportion of the population which

i» now entivelv depeident on it The mineral wealth of

the countey must be utilized o supply it~ own require-
ments, new industries must be introdoeed and old ones
resiscitated.  Jnstead of exporting vothing but paw wmate-
vials, 16 will he necessavy to send them out incmanutac-
tured state and the internal tinde of the empive will have
to be worked up with some semblauce of the cnergy and
perseveranee which the Jupanese have displu_\'wl in rendering
themshves independent of foreign  venafacturers.  The
difficulties are wrently etilinced hy the inability of the
Government to Wipose proteetive duties, and other means
of assisting mascent industries will have to be devised.
Waork of this kind, however, proceesds very ~owly and it
will be nony vears, it ever, before  hudia can be justly
ranked among e nnafacturing countries of the world,
and 1o the ieanctin,e wore attention must be paid to the
great work winelh b been Hoing on all thix century, that
cultivatov as tar as ]\()hhih](‘-

of rendecing the work of the

independent of the vyristions of the =enson~. Rv anicuts

and canals we fave practivally made use of all the water in

our great vivers which cun be relied on to low continuwously
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subterranean supplies of water
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veafized in pructice.  The wel)
half n cubie foot per secomd, w

oY X 1
below the ground. It js providoed with an o)

pump. The engine is ouly worked for
thevefore, has to lift 2
that poriod,

Allowing an eflicie
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we obtained the
work a ] 1 vexult that to
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work and either sinks a hollow cylinder of brickwork int
the ground till water in sufficient
‘pectations ix renched, or he excav
hole in the dixintegrted voe

juantity to mtisfy Bis ex-
Atex a ')ig “-c(“"g“luf

k which forms the snb-roil nnd
goes on deel‘?mng it till the inflow of water in greater than

can be dealt wit}, by the modent water-lifting wpplinnces at
his disposnl. Y e after venr iy ¢
water level ix low, he may ine
the number of mhoges on the
valuable water-yielding

rense the depth by adding
well and in thia way umny
wells have been sink.,  let us
SUppune, howe\'er, that the nwatering of the well in the
hot wenther jx necomplinhed
pump, the work of CXCAVRUDE Will e enay and the
depth may be BpEdly increnned till either tlu: inflow s
grenter than can be denlt with o practien]  consider-
tions clearly jwdicate that it jx wot worth  while to go
any deeper. Fu, water to flow ., A owell the level

n the well must 1 lower thay, i the sub-aoil nnd the
greater the difforence in le
tending to mnk.

nopawerful  engine ansl

vel, the ureater s the forve
the water low inte the well. Rt the
lower the leve] i the well, the Rrenter in the nmount of
U raise the water above the
"imerous shallow  wells to n
.few deep ones, The number of cattle employed in lift-
1ng water is enormous and it i5 inprobmbly that any great
extension of wel} cultivation cap tukesplace und.er the
present system for Ilnck of wuimal power to do the neces-
sary work of extracting the wate, A ryot must hawe
cattle and while ), CrOps ave growing  they can be
profitably employed in raiving water, but «Iir«:’tly he has

work which lus to e done
surface an ryots prefer

he hot wenther when the
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offered ;
o i he i T o0 i el
by the Madv (1o ¢ fands placet at my disposal
o the s -c.)\m-.nnwnt. at the instance of the Chief
b%;:nc;»; for Trrigntion, Colonel Smart, R.E., [ have
of uﬂi,:l;:eoi;n :::“ytiut:gth: test of practieal working the idea
be the hest wel‘; m. .tl et wlat R
o Mo t'.' l $othe settlement and at the beginning
e ! ried to unwater gy by working a Persinn
\ ", eontinnously night ap.l dny by means of pelavs of
. ullocks. T soon found it denirnble to inerense the );mll"
g power and  accordingly pleottah waa <ot u'\ and
worked by gangs of coolies uight and day.  The drlullﬂl"
on the \‘wll amounted to ahont 2 500 ;'ullm o honr
:»I:I'Oullm\‘lnu: for frregularitios to lx-twm-n'. ﬁft\l-sn':c; ﬁi'ﬁ\‘
N L X an
l«m.:,.;:: o;mtl:::\n s“, Pev slay. This vesulted in n gradual
ater-leyvel till the llc']

51
to 51 feet, when the level

swession mmounted
inflow  wasx equal becam. staticnary and the

! to the amount withdpowy, Arrnnge-
;wnts were then wmade with Mesin, _\',‘k‘..;, ‘ Co #"r
-Tl:uh-,v\sf to supply MY hul\.».l,(,“-,.,. ”m_";'"_‘. .\.-k;n‘ul
m'."”#'lm.‘ and a4 J-inch centrifugnt [)llln't; {l,,: ('um"vi
"“. ton being enpable of |i|'tilljl 170 wallons of water per
:l:lrm‘m ton height of 300 frny Pamping was \—:,.,-h.,]l,,t
A ¢ end of Maveh and in 1 Eew honrs the wel was emptied
: r; nttiampt was then made to, deepen the well m“i . v: m«.l.
ot 15 feet i dimmcter was stink T feet when Ir'ml 'rm:k

\ . I N . . |
Was  met, with. 0 crense  the 6, t My w h" 4
1 1herense lll wreas ’“‘l i,_h 3
p‘“‘"l’\tl“" ('1)Il]l] 14\1\6 Pl t t ory l"“‘”'
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e RYAl
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grated rock -
Four wepe started, but twe of them had

~consnmes about
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p hefore they had been run out 10 feet on

to he j!i\'en u
other two were carried outwards

acconnt of boulders, the
nhout 25 feetand 20 feet respectivelr, and the percolation

through their sides forms the main source of inflow to
the well. The cost of the adits was Re. 1 per foot run,
W= soon as the rate for excavating
them pose nbove that amount. The result of the opera-
tions was to increase the inflow from 40 to 66 gallons
per minute or from 60.000 to nearly 100,000 gallons
per day.  Pumping IS 1 all through the hot
inflow

and they were stopped

continued

wenther and the Jias somewhat decreased. On
and found to be about

the 20th Jnly it wis measured '
67,000 gallons per duy. With the advent of the rains
o inflow will materially increase but

ancertain., At present the engine
, three periods of from two to
ases, the tlow of water

it s lew('tw‘ that th
how much s quite

Funs nine hours a day.
When pumping ce
at the beginning of each

5 feet of water to be

1t
thiee hours each.
the well and
about
39 feet and the engine
dav costing as. 12,

acenmulntes i
working interval there 1=
The nverage hift s

2 uallons of oil per
R~ 12 per month, =o that

including the cost of

removed.

The wiges of the driver arve
the total cost of )'llhhi"}-’ the engine .
v Re 40 per month, Later on with
) amount to Rs. 60 per

acres of dry cultivation
The capital outlay

stores mmonnts to 06

hours it may

longer Funning
for this swn 30

with water.
he cost of fixing thesame

month and
will be fully supplicd
on the
nmounted to Rs,
month for interest.

2 500 and an
repairs and depreciation will be a

i y and t
engine and pumj
) allowance of Rs. 40 per
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very libernl provizion, making the total monthly charges
Rs. 100 when running snd about Rs. 50 when stand-
ing. Assuming that water isx required for eight months
in the year, the total cost of this engine and pump will
be Rs. 1,000 per unnwmn.  For this sum 30 acres of dry
crop will be watered and | nm inclined to think that
posxibly, with the supply of water to be expected, the
aren may bhe much larger but only a continnance of the
experiment over several vears will enable thixto be defi-
nitely determined. The conditions under whieh thin ex-
periment ix being condneted nre by no means favourable
and much hetter vesults could be obtained in many
places. The well yields a fair supply of water, but
there are undoubtedly sery many which wonld give
double the supply.  The eugine and pump worked to their
maximum capacity would 1ise 250,000 gullons & day to
a height of J0 feet ov nemly half » cubic foot per
second, sufticient for from 100 to 125 acres of dry enli-
vation.  Unider anch civemastances, the cost of supplving
water to the Iand wmdd.n(nt amount  to wore thay Re, 12

per acre per annum. Thix i 2 vesalt <o very  satisfue-

tory that when it becomes known and fally  rveafized it
ought to lead to an immense emplovient of these modern
methodsx of lifting water.

It ix well kpown to engineers that the cost of generating
& unit of power 1upidly decrenses us the mmnunt of  power
gencrated by a single engine increnses.  In view, therefore,
of the fact that the great mmjority of wells nre nnable to
yield sufficient water to give ndepunte employment to even

the smallest engines, it has occnrved ta we that possibly
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large tracts of lund could be supplied with water from wells
by «lectrieally driven centrifugal pumpe, the power being
gonemted ut » contral station and distributed by & net

. work of overhend conductors.  From an engineering point

of view the problent ix o compamtively <iwple one and its
practicability simply dependa upon the cost of the installa-
tion hath as veguisds eapital antlay and  working expenses.
I have, therefove, obtained extimates of the cost of

- the machinery from weall-known firms in England and with

the information thus obtained 1 have worked out two
tmmginary  xchemen  neuming conditions that could be
vealized in smnuy places in this Presidency. The first
seheme ix n comparatively maall one for the irrigation of
five or six hundrl acves.  All the land is assumed to be
sitnated within s vertangle 2 miles long and 1 mile wide,
The wuter-supply is dovived from twelve wells scattered
aver the arvn.  Fach well may be assumed to cost Re, 500
though under favoumble conditions, they would not eost
move than half this smount as the depth is not. to exceed 35
foet.  The water would he lifted by a 3 inch centrifugal
pump driven hy ndiveet coupled 3 hovse-power electro-
mator, the pamp and motor complete and fixed in the well
eowting s 750, The curvent would he supplied from a
genemmting station situated near the centre of the area and
5 miles of overhend  condactoms costing about Rs. 630 per
mile, wontd b vequived for distributing the evergy.  The
genemting station might be supplied with a steam engine
and boiler costing Re. 4000 or with an il engine, in

which liynid frel conld be ured, of the same power costing

Rs. 5,000, driving » dynamo costing Rs. 1,800 which
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would give ont a current of 27
sure equivalent to 20 electricn]
dviving 4 of the pumps under
average load which would

Mperes at 350 volts pres-
horse-power ang eapnble of

full load, o) 5
come upon them. Eael, pump
would dischirge 150 gnllons pey minute, o that with 5
pumps going the supply of water woulq he 2
second  or sufticient, foy 0 aepes of land.
of working would e ¢

0 rnn maotor
emptied and ther shut off the carrent,

up by pereolution, whilst the
dl"iving another

under the

cubie fuet pev

The method

tll the well was
and allow it to R}l
current  was employed  ipy
another well, With
ater would b .
an average of 10 hours pe
total cost of the

notor in 3 motors
running ont of 12, w AWn from each well
rday, fieluding al
installation would 1.

Engine house

items, the
as follows -

.. <« Rs. 2600
Kugine and dynamo .. S 5,800
Switeh boawd, ete, .. e H00
12 Wells wt 500 .. e 6000
12 Pumps and motors ut Tt o 9.000
5 Miles of line at 650 Prvamile o 0 g1
()(mtingenciex 1o oo ..

w850

Total 31.000

The working expenses wouli be as follows
Repuirs, interest and deprecintion ot 1210 o Ra.
Liguid fuel at Ax, 3 per gallon wy, » gallons,

per hour for 5,000 honps . . .. L.R7H
Supm'intenden('e and Tabour Rs, § 30 Per mensen

for 12 monthy .. . 1Laso

o 200

Total | 7,510
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nverage inflow into each well is half a cubic foot per second
and that the average lift ix 30 feet the total actusl work
which will have to be done by the pumps will he 88 howe-
power. To determine the power required at the genernting
station, we may make the following assnmptions regarding

the efficiency of each part of the system of power distri-
bution (—

Efticiency of dvhamo 40 per ceut.

90 per cent.
T
Do. pump . ..o 45
Combined efficiency of whole system 30 per cent. so that
the engines will have to furnish 227 horse-pewer., The
following estimnte of the cost of the plant niny be taken as
approximately aceurate ;-

Efticiency of transmission . .

Do, motor

R
Engines 45,000
Dynamo 4,000
Eagine house - 7,500
Switch board and fittings | 2,000
1) wells at Bs. 500 eachy || 20,006
40 motors and pumps ot R 750
each . 30,000
Overhead conductors 10 piles at
R, 1,500 n mile 19,000
Contingencies, 10 per ceunt, 12,700
Tota) .o 1,42.200,
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The working expenses ou an  assumed runaing of 5,000

hours per annum would be : -

Rs.
Fuel for engines - 11,250
Saperinteudence nind Iabour 3,600
Repairs, interest nnd depreciation
at 12} per cent. 19,775
Miscellnneous stoves 1,000
Total Lo 33,625

The aven that could be irrigated would be Letween four \
andd five thousamd acres aud the annual charge for pumping
woulld amonnt to not move than R, 8 per acve.  The cuse |
considered ix perhiaps & fuvourable oune, but without doubt \.
a enrefnl examinntion of the countey woakld reveal many
wuch, and it is eminently desitable that advantage should
be taken of the nntural fucilitiex where such exist.

So far we have only considered the question of well irvi-
gntion when the power ix ~applied by oil or liguid fuel
engines, but it i open to us to go one step further sand
consider what use can be made of water-power which in

certnin distiicts ix available v vast yuantities throughout

the greater part of the vear, Without going into details,

one or two genernl facts may be noted which tend to show
that there is a wide field open to engineers in Indin in

utilizing the power of water falls to 1ift water from wells

over very extended aveas. For industrinl operations a
pe

continuons supply of water all the vear through ix generally

essentinl, nnd expensive stornge works have to be con-
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structed to tide over the period of senveity of water during
the hot mouths of the yenr. When the water-power ix
t0 he used for pumping water from wells the failure of the
supply of power during the hot wenther is of little or no
importance as the cultivation can be so arvanged that the
land vequires no water at that season.  Water-power ean,
therefore, he provided at  much less expense for snch
schemes as we are now discussing, and if it be a profitable
undertaking to genernte power at the Canvery falls and
carry it over 90 miles to the Kol mines, under onerous
conditions regarding failure  of the supply, it is obvious

that it will be still more profitable to atilize water-power

under the nwuch less exacting conditions which would pe-

vail in frrigation pnmping. ‘

The report of the committee on utilization of water-
power at, Pevivar stated that electvic energy could be deli-
vered in Madura 80 milex away for Rs, 22 8 0 per horse:
power per annum and in Madras for double that smn or
Rs. 45, Itis more than donhtful, however, if this resalt
could under any civcumstances be attained and it wonld be
safer to assume  that the actal cost would be about three
times ax much but even then it would appear to be prncti-
cable to lift water from wells or 1ivers by the agency of
electrically transmitted energy over the greater part of the
South of India. The minimum power available at the
Periyar during ten months of the yvear is otheinlly stated
1o be 30,000 horse-power and there is veason to suppose
that the efliciency of the whole system of generntion, trans-
mission and utilization would be one-fourth, so that 7,300
horse-power woud bhe the work actually accounted for by
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the water Jifted, U an nvemnge lift of 40 feet this would
be equivalent to 1,850 cubic feet per second or sufficient
for 412,500 aeves of land. At Rs. 10 per acre for annual
charges this would amount to 41} lakhs and would permit
of a eapital expenditure of at least 3 crorves of rupees, pro-
bably a much lavger s than wonld setunlly be needed.

I bave diawn attention to the possibilities attendant on
the atilization of water power for pumping  purposes be-
case ultimntely 1 think they will be vealized an an
excembingly big seade, It that day  is vet distant ol the
business of immedinte practical  importance 1s the smaller
schemen which 1 lave outlived in this note.  They involve
but w small expenditure, each one started and proving sue-
cessful adds to the atore of  information we must gather
about undergronnd water and places s in a position to
ensure that in subssquent undertakings the risk of tailuve
will be n constantly diminishing quantity.  The exceeding
simplicity of working, chameteristic of good il engines
and their remarkable eeonomy in the matter of fuel has
chnnged the conditions ander which water-lifting can be
undertaken. It is necesary to reconsider the position and
demonstrate by powetien]l  working that  the primitive

applinnees of the vvot can be superseded by methods of
water-lifting xo greatly superior as to open out entirely
new possibilities regmding the utilization of subterranean

water,

o m—r —e
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F?q;i.ON IRRIGATION BY PUMPING
AWELL AT MELROSAPURAM
1902-1905. ’

o —

N thef 3

“ : o:lmnng note all mewsmrements of wate tated

in cwbic feet, m gy

Jeet, and the unit i
- of tine which it i

most conveni i e
et m?nt to employ ix the howr. One cubic foot
‘ ahbrevinted to cusee) is enual to 3,600 cubi feet
yor hour . et to
¥ our and an acre of Jani requires 3,830 cubic feet &
3.45:30 cubic feet 0

cover i .
o :on‘) n .dep.tln of 1inch, so that o cusee. is verv nearly
S co:l::.e-l.“(.h per I.mlu- or 2 weve-fees per d";, Tlni's
at mchu wuten:‘;m;: Whtmh?hip' becnuse in well (‘u.hvi\‘u(\i(m
If, in the fnt,mi (l:ll ‘::“:h::'m.m;&‘ oo depth of | ineh-
used for w ‘ c foARG pumps arve extenxively
e .‘\\e.ll ll"l.lgﬂt\()l\ in Indin, it is almost certain ”";t
o hw:ll (,e:mlin‘,.'ul prump will be the size most. lagely
4 PIl)opel( :;‘):9(:‘? “"PN'-I ty of xuch a pump when worked x;t
inch in @ honrs "-}‘:‘“t‘(‘“”.“ one-half » cusec. or an acre:
dny of 12 hm“:; S0 ‘. "T.t such »\-pump will witer § acres per
50 e 5 e s ad will be snitable for nreas ranging from
0 ACTHS,
Six miles \
Kast of tl:: t;')(:ll:; r\[m;t:h of Cl.‘i"g“‘l"" and a wmile to the
settlement which :\‘nﬂmf(‘):‘lll‘ldl.(‘:“} way is n stanll Panclinma
Andrew . l ed in 1893 by the Rev. Mr.
o theofe:::r:iwe Church of Scotland Mission. At the
had been by ients commenced about 50 acres of Jand
wonght under cultivation and the erope were
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watered hy 5 wells, sunk since the sett.lement‘ wWas ﬁ,-?t,
started. My, Andrew has always taken a great interest in
well irrigation and bis design of Persian wheel.to suit local
5 tested by Mr. Chatterton in February

requireiments WA 5
Bulletin No. 35. Irp

1896 and the vesults are recurded in et
November 1901 the settlement was visited by Colonel
Rinart, the then Chief Engineer for Irrigation, Mr. Benson,
the Deputy Director of Agricultaré, and Mr. Chatterton,

ras, and it was then

the Professor of Enginee
decided in consultation with Mr. Andrevw that the well
was likely to prove suitable for

mnrked A on the site plan

experiments in puulpiug and Mr. Andrew agreed to carTy

them out under the genersl direction of Mr. Chatw‘rt,on,
The object of the experiments was (1) to axcertain what

yuantity of water suc
its maximum capacity, (2

guantity of water could ) ¢

ening it and by AnY other device® which might suggest

themselves in the course of the experiments, (3) to employ
fugal poP to lift the wnter from

the well and to ascertain the cost of such work and whether

it would be feasible t0 employ such motors and pumps
whereyer there was # sufficient supply of water to give
them employment-

In G.O., No. 10-1,, dated the 10th January 1902, a
sum of Rx. 1,000 was p],wed at Mr. Chatbermn's disposal
s of March pumping ¥ started from the
ected there by the Rev. Mr.

well with the water-lift er :

Andrew. Relnys of cattle weve prowled and the lift was

worked day and night till the 15th of March. At the end
12

ring in Mad

an oil-engine and centrt
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of the first day it was perfectly obvigus that the 1ift with
the capacity of 250 cubic feet

per hour could produce little
effect on the well,

A piceotah was accordingly

work alongside which probably doubleq the drnug
well.  There were no means of making a
ments of the discharge, but with both
tity of water 1ised from the well
per hour, or 10,000 cubie fee
the gradual lowering of the w;

set up to
ht on the
‘Cirate weasutre-
lifts going the quan-
as ahont 400 cubic feet
tperday. This resulted in
iter-leve] til)
amounted to 53 feet when the level hag

the inflow was equal to the

the depression

tne stationary and
amount withdy wn,
ments  were then made with

Madras, to supply a 33 H. P,

Armnge-
Messs, Massey & Co., of
Hnrnshy-;\(‘kl'n)'cl oil-engine
b made hy
and pump starteq work
and in a few hours emptied the

of water soon restored the ¢

and a 3-inch centrifugnl pum Mesax, Gwynne &
Co. The engine on the QTth’Mumh
although the inflow
vel when Pumping ¢
ular ahout 9 foet

21 feet deep and to Increase the inflow 4 ¢
in dinineter was exe

well,

eased.
The well was cire

i dinmeter and
utral hole 15 feet

7 feet when haml
y and it seemed tseloss

further. From the bottom of the
adits were then excavated in the

avated to g depth of
rock wax met with to proceed any

well four horizontal
purtially disintegiated
ntre at vight angles to

5 feet 6 inchex high and 2 feet wide
and ultimately attained the length of 35 feet, 25 foet,

10 feet and 8 feet, respectively, Ty, .

doned after being yun a short distance nwing to huge boul-
ders of hard rock blocking the Way. These adits increased
the inflow from 100 cubic feet per hour to about 870 cubic

rock. The adits vadiate from the ¢e
one another and are

o of them were aban-

feet, Pumpin
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1GATION RY UNPING b 79
. A

reather
2w continned throughout the hot w
£ Wi

5 f July

_ On the 20th o
. . - decrensed. . .
and the inflow grndually :| to be about 450 cubic feet pe:
and foun t was only P"wtic{lhle to
' a time,

it was measured

s the veari
hour. At this time of ¢ two or three hours at

ting about 1,440 cubic feet
'l‘v\\‘ than a third of this

. i deof t
run the engine for pet jods o -
a8 the punp was capable of i

i s owas
per hour, whilst the inflow e e
i . ngine was a S \
e e lually decreasing mte. due to the
i » well at a graduadly . [ 0 the
e i f the difference between th
- and that in the well.
mised from the

-
goadual diminn . orer
in the surronnding roc k
1903 the water
ement without
had hitherto been pursued

the water

Till the end of March
woll was utilised in the .w(;l. l
M’mnt“m:: .:ngine and pamp should be
and that he should \\'0}~k f.‘,he
the water for the irrigation
1 hitherto been grown.
again on the 28th

any change n

the methods of cultiv

It wnx then nrianged tha

- Andrew
handed over to Mr.

ilising
snme at his own cost. "“‘"‘ R b
. an
of more pl'ﬂﬁu'hl" erops ll'\llo(ﬁ and
cebruary U9,
7th and 8th ¥ : ore made of the rise
(n the 7t} nth mmslnvments were 1mac
mo i

of the same o well due to percolation

el 1 h
and fall in the water level in t -
nres ohtain ‘ -

A~ the volume of water in the we
AN

are given in Tables |
1

and pumping. Tl'ne fig
and 11 of Appendix 1.

ens faivly accura .
ell \\nﬂ e mte of percolation and the te
ate th

¢ been entered in the
of pumping » . subsequently made on
. 1 ts were ¢ R
table. Similar experimen - 1903, on the
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6:'3 2 : nhvof Apr] 1004, and agun on the
h an

April 1905.

telv known, it has been
at any given lev

possible to calen '
nd these figures hav
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These results are shown in Tables ITI, IV, V and VI of the

same Appendix.

It will be convenient to examine these figures in xoine
detail. On the 7th February 1903 at the commencement
of the observations there was 3:42 feet of water in the well
and the rate of percolation duving the first hour avernged
540 cubic feet. At the end of four hours the depth of
water in the well was 833 feet and the avernge rate of
percolation during the lnst hour was 307 cubic feet per
hour. During the night the depth increased to 12:33 feet
which level was renched 10°78 hours from the commence-
ment of the measurements. The engine was then started
and it lowered the water-level in the well over j feet in
the course of the first hour, which, ailowing for a slight
inflow during that time, showed that the discharge of
the pump was 1,880 ¢. ft. per hour. As the depth
decreased the lord on the pump increased and its discharge
diminished, In 3} hours the well was emptied and, the
engine being stopped, percolation again commenced to refill
it. At the end of one hour the water had risen to a level
of 2} feet showing the rate of percolation equal to 590 c.ft.
per hour. But as the bottom of the well is somewhut
irvegular this figure is not very relinble and it is probably
a little too high. During the next two hows the rate of
percolation averaged 488 c.ft. per hour, and in the follow-
ing half an hour the water rose 1'08 feet equivalent to a
rate of percolation of 670 c.ft. per hour. This result ix
inexplicable, After n rest of 3} hours the engine wax
again started and emptied the well in 2:28 honrs. When
the pump censed working, measurements of the rate of
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percolation were continued for four hours and the figures
obtained are much more regular than in the previous case.’
The observations made on the 28th February were of a
very similar character, and it is evident that during the
three weeks' interval no material change had taken place
in the condition of the well. These observations show that
the rate of percolation varies with the level of water in the
well and is greatest when the well is completely amptied.
Arsuming that not more than 3 feet of water was allowed
to accumulate at the bottom of the well, the inflow would
have heen about 512 c.ft. per hour. Similarly from the
measurements made in September and December it is evi-
dent that the vate of inflow had increased to 1,100 c.ft.
per hour, and from those of April 1904 that it had then
fallen to 610 c.ft. per hour,
1t was obvious from these observations that, if the maxi-
mum quantity of water was to be obtained from the well,
the level should not he allowed to rise much above 4 or 5
feet, nnd in ordinary times this would mean stopping and
starting the engine . conriderable number of times in the
course of the 24 hours. To get over this difficulty it was
suggested to Mr. Andrew that he should exeavate a much
Invger well alongride the existing well and connect the two
by extending one of the adits. Some assistance was obtain-
el from Clovernment and a well 30 feet in diameter and
30 feet deep has been dug, so that at the bottom of the
well the area of the cross section is mow 1,044 sq. feet.
The result is that a large quantity of water can accumulate
in the zubterranean reservoir without materially raising the

back pressure which prevents inflow to the well. The new
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well adds very largely to the aren
tion can take place, but ity
act as g subt;ermnean reserx
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With small centrifugal pumps which necessarily 1run at
A very high speed nnd have smal] driving pulleys, belting
gives a good denl of trouble and neither Jeather nor cotton
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From the details given in Tables A and B of Appendix
11 it will be seen that the cast of labour has been extremely
high amounting to as much as Rs, 46-8 O per acrein
1903- 1904 and Ra. 70 8 Oin 1904-1905. This includes
certain non-recurring work, but even when allowance is
made for that, it is evident that the labour has been very
expensive, Whilst in the statement of receipta credit has
been taken for the produce of the tenant's land and back
gardens, no corresponding debit has been made un account
of the labour employed on these lands in the statement of

-expenditure. The accounts, therefore, are of no value as &

#tatement of profit and lows,
The issues raised at Melrosapnram by these experiments

are two and they should he clearly distingaished from one
another, The results obtained xo far show that, with
adequate pumping-power, it is possible to improve the

water-supply and to cultivate n very considerable tract of

Jand under a single well. Fignves have been obtained

which show accurately the actual eost of pumping and
although they are very high yet they ave valuable as show-
ing what has actually been done and as indiesting clearly
the direction in which improvement must he effasted.

As regards the determination of the duty of water, the
dnta collected so far only afford appmximnte information

as to the total quantity of water which wns used on the

land at Melrosapuram. The record shows the number of
hours the engine was at work in each month and the levels

from which water was pumped, from which it would be
possible to calculnte fairly accurately the quantity of water

raised if the discharge of the pump at each level was accu-
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wutely known. Unfortunately, owing to a variety of minor
cnuser, the eﬁiciel;cy of the engine was net uniform. The
driver generally cleaned it only when bad running showed
the necessity for such a measure and a great deal of tvou-
ble seems to have been experienced with bLelting owing te

the attempt to run with belts which ought to have been

discrnrded as worn out. It has been assumed that the aver-
age discharge of the pump was 1,440 cubic feet per hour

up to the time it was damaged nt the beginning of April
1904 and that after that date it did not avernge more than
1,280 cubic feet per hour. 1t is scarcely probable that
there is an error in this assamption to the extent of 2 per
ceut. either one way or the other, and the data collected
would be extremely valuable if any account had been kept
of the use made of the water. This unfortunately has not
been done and the only information which can be fur-
nished at present relates to the averge duty of water for
the whole farm. From Table J of Appendix II it will be
seen that in 1903 1904 the minimum duty occurred in
June and was 208 acres per cubic foot per second, whilst
in 1904-1905 the largest quantity of water was supplied
to the land in November when the duty amounted to 137
acres per cubic foot per second.
It must be remembered that this note is but an interim
view of the work done up to date and must in no sense be

taken as a final statement of the results which are likely

to be nchieved. Both in pumping and agriculture every

one connected with Melrosapurnm has  had to gain ex-
perience and on the engineering side this has been possible

with greater rapidity than on the agricultural where two
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or three seasons will yet he required to,enuble the culti-

vation to be fully developed.

It ix not a small matter that
“during the last year the actual out, of pocket expenses were

met by the value of the crops raised and in the current
year it is expected that the farm asxn whole will pay its

way with a clear margin for sapervision after meeting all
charges for intevest and depreciation.

In judging of the work done at Melvoxipurnm it must
be remembered that the Free Church of Scotland Mission
regard the irrigntion and agricultaral  experiments which
have been in progress theve as quite secondary to the social
work of regenerating the Panchama uonnnunibt.y which was
the original ohject with which the settlement was founded.
It is not a small matter to have demonsteated that a radi-

cal change in the system of dinwing water for irrigation
for wells is pm\ct.icnhle, but in the eves of Mr. Andrew
and of hix co-ndjutors the work of regenerating a fallen
race is infinitely more important and Mr. Andrew may be
accounted as excewdingly fortunate in being able in one
scheme to combine plaus both for the mornl nnd the
material advancement of the Panchama community,
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TaBLE 1I.—deasurement of inflow-
. to well at M
puram, 28th February 1903. ‘ olrosa

h:)l:xi:ehi-‘;m Depth of Rine or Mean | Percola- |Disch
commence- watﬁr in (fall of levelidepth of | tion in | of pu‘:l’;;‘-.
ment or well in |of “’llk;" ini  water cubic feet; in cubic
censation 0 feet. well in in well | per hour, feet per
punping. feet. in feet. ¢ hour,
U 00
025 (13174
0-30 1-0b)
150 347 &l 24 6T
175 3R6 | 0By aen | S
200 420 | 049 4400 e
225 $HR 1 033 42 vy
2:50 +06 e I 7T 165
275 F13 % I | 1 S S 1 X} 492
3400 067 136 . 540 44
350 631 0G4 54 3
TasrLe I11.—Measurement of inflore  to well at Melrosa-
puram, 26th Neptember 1903,
Time T | opth of | Rise or
hours from | Depth o i8¢ o Mean | Percola- !Discharge
commence- | Woter in fall oflevel) depth of | tion in | of pump
ment or well in  of water _water  |cubicfeet | in cubie
cossntion of feet. _m well in | in well | per hour.. feet pe:
pumping. | feet. in feet. hour
0 195K i
0B 1840 2% 1655 .
100 1550 220 ,2.;‘“; |
150 13:21 213 1214 L LT
200 1108 7o P | 2006
300 T8 125 670 | T""I
350 8-0R 10 53R | l‘&;"
400 OR (R 3 : 1‘721
450 400 T 162 . I 1600
500 325 029 4411 - 1450
533 206 096 B | L |
023 302 0R3 £33 11005
042 475 075 a2 a2
050 475 067 SR LI ’
018 542 066 275 0 BI3
043 B8R [ 3501] éa7 | T2
068 867 i

TaBLE IV,

Aprssoix L.

uranl, 2 sth

_ M oasurement of inflorc
December
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w well at Melrosa-

1903.
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-0 o )
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Y 12:20 o
B o
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n '
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—.l casurement of i,
puram, 6tk quq 7th

How 10 e
Lpril 1904,

Time in
hours from

, Depth of
commence-| water i

well in

ment or
cessation
of pump-

___ing.

feet, I

2-25
+4%)
Gy
7RO
905

10+(x)
]

1145

12:00

12:50

133+(x)

13133 !

1363 .

L2

14:33

1460

1470

1500

1550

Rise Mean
or fall of depth of
water iy | Water jy

well in | well in
feet, i feet,
175 312

2:00 2N

180 600

125 Ry

LRI 902

070 1035

() 107

055 172

0%y 1225

0 1275

031 1318

0730 134x

029 13-7R

041 1412

02y i 1447

g

o0 b

%) ] |

TasLy vy = Weasiremeny of

pruram, 7th Apy
T I m—

il{/’(nr
i 1905

Lat 3y, ¢lrosy-

x

erco- |
lation i, Dm(-harge

cubje

of pump in

feet per | “ubic foet

hour,

per howy,

. \
to well 44 Molrogy.

Time in hours . Rixe Mean [pop. 1 Diks
from com- o \'\')l:tlx)‘t:liu or fu}l of Jdepth of tiu:,“;':: charg, of
menoon_mnt or well iy \\'nu-r_ M water gy cubje Plun" n
cessution of foot well in well in feet per | cubio
pumping, ) feet. feot. houy., fllx't per
) - ”.'-:‘,-, ; [IOE] ] ”“,62‘—7 - —.‘.‘_’4 - )0})!.
25 I 06 L 073 3he
050 ! 07K 1n rR3 354
075 (FRR L B 095 454
100 1 01y I8} 327
150 | '2‘_) 015 127 265
N
2 BH 15 82 205
300 1-70 012 1-76 fﬁ;
350 1-82 1R 1-91 318
R
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d the
Oun thix day the engine and pump in .y mintutes l()“(}r(td
A

. 1 foot.
raer in the well from 2 fet(;xtetgmm- level.
tion restored the water to

In 120 minutes pereola-
By actual measurement

WaN K ta ed that the ay erage g vas 2
t tl X l’ﬁ('hl\l’!~ e of the R plllllp' A\ )‘4
) ‘ certain h 'l“l’l(‘l) let - '—-(__. stoy nge (~apn(~ltv of well het-
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o

'y K o7 = 13068
4 ATy =24 X7
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y — .-), 7 7

aE— K3
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Discharge in cubic feet

Liftin feet.
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Speed,

62:’
(159
660
a7
67hH
696
T4
742
747

per hour,
1,745
1750
1.5:32
{44
1384
1250
1.255
1.245
[ 1
1.724
1.
[ (]
1.416
15344

Wa ter
horse power,

0068
-0}

B e h e
B¥oore
EELHILY
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APPENDIX 11.

TABLE A.—(General Statement of Churges incurred at
Melrosapuram, fron: A pril 1903 to March 1904,

(A) Eugine and Pump— MeAoromeoa
Engine oil 303 8 ¢
Driver's wages 60 0 0
Repairs,ete. .. .. g3 (
Interest and deprecia-
tion at 124 per cent.
on Rs. 2,400 -« 300 0 o
(B) Cultivation -
Labour 5417 )
Seed 28 0 o

Manure and silt 380 10 7

TT—— - 1,250 1 8
(C) Land-tax .. .. .. 19 0 10

Total - . 2,015 10 10

Note, —The area under cultivation way )5
2004 ner ¢
accounts ax regards labonr charges only apply t:)‘ ll(;"(i.‘i":ltc:::: Bh’?"‘:!
remaining area includes the Mixsion garden “of .

! tically no” attent;
:he a%merukamtoun‘;.u';g to 2:30) acres for wh?ct;\oll:(‘)
ave heen kept and 3 acrex of land s v ;!
no Becounts can by ohtam 0 ‘A sublet to tenants from whom
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f
IABLE B. (IG’”’ al D ‘m"w”‘ 0, C)"a’ ga INRCUTY Gd
u 6}1 m}"“‘a’n, f' om -'P’ d l -'04 to ‘u ar dh 1905.

RS. A. P. BS. A P

(A) Engine and Punp—

n45 12 8
Engine ol )-0 .
[
Driver's wages K
‘.— . -
Repairs, etc.
Interest and deprecia-
tion at 124 per cent. )
400 . 300 O (
’ - 1,088 1 10
B 797 8 1
o174 2 1
201 14 9
1d silt .. $ 0 am
15 14 3
(U) ranae v
Total .. 2,277 9 O

- i v 29 a N, hut the
Vol Tk Arca unde (‘\lltl\‘ﬂtlo“ WA 18 cre
. e is 3 829

ahove accounts M"‘@““’; l;bo the Mission garden of 341 acres

. i s A . -
e N“m‘:mi T::ul:i,::im practically no attention, the back
where the frui ’

. 925 . hichnoh  ir
yards of the settlers amounting to 2+ D acres for whi

ta have been kept and 108 acres of land sublet to tenants
accoun av :

btained.
from whom uo accounts can be o

ur charges only apply to 11:32 acres,
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TabLE C.—CGeneral Statement of Ineos

ne derived at Mel-
rosapuram, from April 190 d at el

3 o Mareh 1904,

Area, Crop, Total value. Value per
acre,
ACs.
BsAl RS,

586 Plantaing M3 3 ¢ 1

01
0-48 Sugarcane 203 15 9 425
341 Gardens 16 13 14 34
230 Produce of the
backyardy 00 0 ¢ 120
065 Minor preduets,
such as yamy,
ragi, ete., ang
miscellaneoyy
receipts 011 R

(2) 464 Saffron | ..
| 1ede foot-
note (5)]

—_—

Total .. 17.54 T

1,284 12 1o

: . m——

Note. —(ay iy ar

from wi et excludes 3 qeres of lnnd sublet to tenant
1OM 1o accounty can be obtained
(" The recej

and hence included iy g}

Pts from saffron wepe a)l realized

during,
¢ accounts of 1M1 1005,

199

; Mel-
. Income derived at |
—General Statemenl af _
Tame D—Gor Jrom April 1904 to March 1905.

rosapuraih ! val Value
Y .
Crop. Total value. yop gere.
Areun.
RS, A, P RS,
A 6612 6 T
TR Plantains o4 14 2 157
B Bugarcant .- a7 0 R 7
iardens . 150
341 L kvards. 370 00
5 Quce of the backyards. U a1
E Pro¢ o2 oe
saffron P
(o 6 ‘:laigor produ(-c‘mul miscel 132 6 &
7 ) Janeous receipts e
" . R 1H 0
Total. 1723 204% 1 r»

a3 140 (vide 'l‘al‘)le )
) <affron area of 1614 acres
from whom no accounts

’ Thix crop Wis grown in
oo (”)) ':’l‘l‘ll: cext}vnt excludes u‘::t,.-
) U
and the ares of 106 acres sublet to tena

can he obtained. . ”
Y lecor g
anie E.—Record of 1 '
. for the year 1903 -1904.

| Number of
{ times the

rations at Melrosa-

])711'(”" s

Number of
hours the

Month. ‘ ""‘ﬂ:::o::m engine ran .
3 . I
———e [ HRS. MTs.
T, AR 140 ]¢;
S 3 N H
Aprit - 3 O
May i o a7 nz a2
June L , + Wb
Jaly VPP 9% 53 20
Angust o - i ® |l: ;..
September o v o 6 { 2
()(.'A"“ul' . o o - " e
November .. n 6 26 8
December L. l‘KH - “
Junuary - : . 15 137 50
February ... ] + 142 40
March ke
Total ... 334 R3 53
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PUMPing operations qf Melros-

puram, for the wegy 1904- 1905,

Number of

; Number of

Month, 0:’ ';."‘: t“:':x houry the

"‘;;;h -d engine ran.

T 1904, T ‘HRN. MTS.
April 30 5 %
May o 16 14 45
June 4R 158 25
July i3] 216 "
August 1R 228 40
Beptember 42 47 25
October = 36 82 1o
November .. 40 2
December o 38 M3 20

14905, |

January S8 43 22
February .. R 133 54
March . DD 1n2 g2

[ [ - — ———
Total ! SR 2073 12

TaBLE G.—ZTable showing the kind, q,

of il wsed Jor the En
April 1903

gine at ifel,

Hount and priee

O Ware) 1904,

i Amount of o]] n

‘ gallon, I; Cont of oil,
‘Month, : Lo L
{' Kerosine, ! "r';'(:lltd " Keronine, '},:.‘:_.ltd
1903. 3 ’ RS AL P R A, p
ﬁpril . lmﬁ“ 87 0
ay . ) 32 8 0y
June / 160 61 4 o |
July R) 32 K 0, .
Beptember Ry B30 0 oo
October 34 6 2 0
1
February 192

Total - 7.':2 ‘

R

M M7 8 0] 6 2 0

|
Total number of gallonxs of ofl

Total cost of oijl

lﬁ

R§. A, P,
303 8 0

201

2d price of
sho Bl"g the kl'ﬂdv am;r:)ia:{lm},{1904
1
Tase H.— "b“.,wa‘ Melrosapurant,
oil nsed for the Engi 0 March 1905.

. Cost.
Amount of oil in ! I
! B g‘“onu. e . '. - 'd
SN e © Liqui
- Liquid . Keronine. U fuel.
Month. Kerosine. fuel. l
S
. . P.
Lo /—_——'—_-—1 Rs. A. P. | RR. A
; 6 00
104, 32 (3R120 0
1)
\oril ag |40 6 91512
Apr 1n2
- 4
74 3
May 173 13 4 0
June &) 0
w3 0112 B
July 143 o R 1613 0
24 0 6
August ! MR - 6l13 0 0
A ' 22 15
Heptember . ‘ 60 | ¥ 6|21 0 0
October l " ‘ 120 | %76
! ]
- U
November : 152 |
December !
i 2127 10 6
19005, : pm o1/ 2
t 46 n
. al4 D
January ‘w P ;l 500
- 0 a0 {15
February ... 1’ . ; l B
Mareh . T .,a—-~—‘
— : 5 6
= TR 1322 1
03 = o
Total ... 1,601
! Cof ol : RS. A, P
——T tal numher of gallons 0 .. MH12 8
o

Total cost of oil
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TasLe )
. I

I
Num- ' Rainfail. Duty of watel
her ?f Gallons 6F ~— e
Month. hourx water : 1 s
et B T R / £ |4 FE ] Ao
was at : £z £ X S 2 per
work, z ] = Z2 FT o | euw
el o= z Tx
1903, f
April. 1400 | 1,260.000 vir, [ sz 21
May. i A VL LY <01 | = 20
June, 183 ] 1647000 Lot | 42 N2
July. a1 | K10.000 64 | G 420
August. A3 [ 4TTO00 R T 721
September,| 10 17100 Tqn 4 L2
Octobher. | 19| 170000 ST YL
November. | N/l AY72 STrdE AV AN B
December., 26 234000 | oy ) I / 1,475
1404, /
Junuary, AL N 25 32 1Nz
February. R s S XL LT i YA Al
March. 143 | L2RT.000 [ N2 308 207
April. 135 [ LORoo | ye7, t15 274
May. s bpeoomn [ ooan 350 M7
June, 156 | 1248000 [ 137 RTH) 247
Jaly. 216 ] L7250 ‘818 ANT 177
Augunt, 2263 / LRORANNY [ 1400 Sl ! 164
Septemberf 147 [ 117600 | 127 g 1252
242 [ LRG0 130 24 1h5
i~ 632 137
NEA 2o

Octoher. 2
271 2065000

November.

December, | 142 0 1144000 07
19005,

January. EE O NN T TITS b 325 23

February, L3 10720000 N/ 34 258

Mareh. 112 RGO 252 342

Note.— Tt in assumed that the aversge dischavge of the pump
during EN3-1904 is 1440 enbic feet per howr and the area wnder
T 1904-105 the pump discharge is

cultivation was 20004 aeres.
assmmed to be 1,280 cubic feet per hour and the area under culti-
vation wan 120 peres. Comparison of the rainfall data of Melrosa-

puram with Madras and Chinglepat indicate that the records of the

former are valueless,

IRRIGATION BY ARTESIAN WELLS.*

——10:

N un article contributed to The Madras Hail in October
Inst, I wrote: - % The wells from which Mr. Pandu-
ranga Moodelline is pumping water near Cuddalorve

+

derive their water-supply from beds of sand near the
surfuce. He has started with one well 12 ft. in dinmeter and
has sunk alongside it a second well 20 ft. in diameter and
now he proposes to sink a third well =1 ax to obtaiu an in-
creased area of pevcolation and a large storage eapacity for
water.  Hix wells are already over 30 ft. deep and further
progress Is barved hy the fact that they now rest on a bed
Under this bed of clay, which has been proved

of clay.
to have a thickness of more than 50 ft, it is not at all

improlmble that water-bearing sands or gravels may be
met with, and it i= quite possible that by sinking the hore

hole ta a suthcient depth we might obtain an artesian o

sub-artexinn supply of considerable volume,”
It ix intevesting now to he able to report that Mr. Pan-
durnngn Moodelliar hux emploved some well-horers from

Pondicherry to test the trath of this conjecture. with the
At a depth of 84 ft.

vesult that it hax proved correct,
from the surfuce he struck artesian water which rose in

hix well to within 14 ft. of the level of the ground, At
fiest the supply was very copious and a considerable volume

* The Madras Mail, 19th \p;;; ’] o,
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of sand and mud was brought up with it, but after a few
days the supply decreased and the water came up clear.
Last week I visited the wel] and measuved the discharge,
the top of the artesinn tube being 28 ft. helow the ground
level, The internal dinmeter of the tube is 7' and the dis-
<harge amounte to 140 gullong per minute or, say, 200,000

gallons per day, wkich is Probably sufficient for the irriga-

tion of 50 acres of gnrden produce, Daring the day time,
Wwhile the engj

'k, the water js kept
dow of the tube jx free, but

enses the watoy. beginx to steadily rise
in the wellg and the static

water rises when none is drawnp off, ix 14 ft. helow the sur-
face of the ground.  This js, therefore, what is usually
termed a sub-artesian supply.  Ag My Pnndumnga Moo-
delliar’s engine and pump can easily dea] with a discharge
of 300 gallons per minute, T have advised him to put down

two more 7' r&er well, aud this he has
already 31 ft. deep at the
€ started, it wij) only he
lightly over 50 ft., and the
Rs. 100 for each, borehole,

D in the well so that the mouth
A% 800n as pPumping ¢

" borehioles in his la
agreed to do, A4 the well ix
place where the borings  will 1,
necessary to carry them down 5
cost of doing this will he about
It is probable that when this iy
over 300 gallons per minute wijj)
10 hour pumping per day,
command the 60 acres of land which
Moodelliar owns in that neighbourhood.

As already stated, the well-boring

ried out by men from Pondicherr_v,
learnt that o ver

done an assured supply of
be obtained, which, with
will be moye than sufficient to

Mr, Pnndumngn

operations were car-

and from them we
Y large number of artesian welly are in
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N WELLS.
IRRIGATION BY ARTESIAN

irrigation

- south of Pondicherl‘y' ‘f‘ork nn:wiathm

use in the m“nw:;:‘; I believe, f‘il.?y “endi(:he"y, -
o of,nrtesi:'m wells In P(:‘ e
there are & numbe,r.;on regnrding tl?ese ls: e of the
the genernl iml_)r:c“mw]y stated “,C: "\‘  Report of U
) tfh‘:-umtion regarding 11f
¥ ng @ total snpply ©
any irrigation under

- t‘l) im.pre&'i(m, which 1
jan water-supply

. i fairl
supply 18 .
ll':')ilg"tioll (ommiasiot, ived 10

e TeCce .
. they have . v vieldl
tion that ":in Pondicherry it

4 we . L3N
artesian o allusion 18 ma -

1 NECH. o . rel
o2 c“welh and 1 think t‘hel &t the avtes h im-
; : < tha
these . to shared, 18 th Thood is not of mue
have hithes 4 it neigh"‘“" ) 1| be seen from the
in Pondicherry mt,l i i8 erroneous wil
That. th
portance.

jef visit to the
oo a brief visit
t which I gathered ‘:“l;ll'f Pandurnnga Moo-
following facts ith M.

itory in company W ndicherry crosses

French territory l1ufmm Cuddalore t‘O]P‘l)f out, and almost
. st . 1B

delliar. The ™ v abont & mile and » hrough alternate

-1 its . ither
to wind For some miles on eithe
or ¢

. the year ix

intry at this time of ssing the

the cot amediately after pa soida
almost ven miles from Cuc

X or se to be seen, and

t of the land on

in which

the Ponniar l'l\'(?
i . ns
immedintely b%-"-_l .
French and British
renc

way U

cide of the “"“‘1 ¢
barvren, bl o
dry and hich is si .
stoms House, Whi ddy are
Custom hes of bright green il ter par
love, pate Kilinjar viver the Ef"e’l‘t_‘_“ion and presents a
. - cultr .
he road is “:d‘:t‘“p felds which ]1el:e and
to the bur n all along the road
o and which can be beiin rond beyond the
there intervifﬂ o Leaving the o f wells in various
in the far distan '.nspecwl " ulunbel“:) two well-boring
. oy we 1 : v tw
Kilinjer river “ee were accompanied b3
. las W
villages, an

hey(md the
both sides of t
strange contiast
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maistries and by the owners of maost of these wells, we
were able to get fairly nccarate information regarding
them. All the wells are bored the same diameter, viz. :
77, and in depth they vary from 150 to 250 ft, The
tubing ix made of sheet iron viveted together in lengths
of 4 ft. and the rvots measnre the depth of a well by
the number of tubes employed.  One of the best wells we
saw had been sunk to a depth of 184 ft. and appavently
yielded a supply of about half & cubic £t per second.  The
irrigation  under it wax said to he 20 acres, and the
cost of putting down the well Rs. 300, The water in
many of the wells appears to contain salts of iron as
the channels flowing away from them bore evidence of this,
In one village, Pudukuppum, there were 10 wells, and in
another village, Kilinji-kuppum, there were 12 wells, the
total aren under irrigation in these two villages being 150
acres, or an average of about 7 seres per well.  One of the
well-boring maistries, Manicka Gownden by name, in-
formed me that he had lewrnt the trade from a man
bronght to Pondicherry by the French Government, and
that during the last 10 or 12 vears he had sunk between
200 and 300 wells, whilst the other maixtry cleimed to
have put down independently 210 wells. These figures
may or may not be correct, but 1 am quite certain that
there are many hundreds of wells to the sonth of Pondi-
cherry and that probably more than a thousand acres are
under irrvigation from them. [ was told there are a consi-
derable number of people engaged in well-boring and that
about 25 sets of well-horing apparatus are in use. No
attempt has been made anywhere except in the well belong-
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ing to the Anglo-French Textile Company at Pondicherry
to incrense the natural flow of the wells, and the resultis
that most of them yield only a comparatively small quan-
tity of water. It would seem that the greater number of
wells are in French territory, but there are also a consi-
demble number in the British villages =eattered through-
out the country between the Pouniar and the Kilinjar
Rivers,

Une or two attempts to obtain avtesian water have, 1

believe, been made in Cuddalore : but thev ended in failure,
or rupposed failure, because no water rose above the level
of the ground.  Mr. Pandurmnga Moodelliar's boring on
the banks of the Ponniav River shows that the bed of arte-
sinn water ix of enormously greater extent than has hithey-
to been supposed, but that in its southern extension the
pressure is not sufficient to bring the water above the level
of the ground. Although the number of horeboles which
have been put down is very cousiderable, the quantity of
water dmwn from these sands is by no means large, and it
ix probable, nay practically certain, that by pumping it
could be enormouxly incveased. The villagers told me that
in the rainy season the wells yield rather more water than
in the hot wenther, but that there is no great difference in
the yield throunghout the yenar.

The value of this water-supply depends very much more
upon the fact that it is constant throughout the year than
upon its actual volume. But, unfortunately, the poverty
and indolence of the ryots precludes them from making
any use of its perennial chamcter. Usually, where artesian
water is available, two crops of paddy are grown and the
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land is heavily manured with castor cake. There seems to
be scarcely any doubt that, if a number of small pumping
stations were installed throughout this timet of country,

several thousand acres might be brought under sugar-
cane cultivation and the wealth of the people enor-
mously increased. There are no large Jandholders, and
individual ryots are quite unable to undertake the opern-
tions necessary to fully utilise the value of these stores
of subterranean water.

When a well yields more water than the owner re-
quives for the irrigation of hixland he sells the rest to
his neighbours, taking one-third of the gross praduce of
the land in veturn for the water. Powsibly wome such
system as this might be adopted on w luage sceule, but it
would be better if it were undertaken Ly private enter-
prise than through any (iovernment agency, as not only
would it be necessary to find capitul for the pumping
machinery but also for advances to the ryots to emable
them to undertake improved methods of cultivation.
Where water is supplied to the ryots by pumping, the
cost is naturally greater than when it comes from a

j tank or channel, though it is always very much less

than that which the ryot incurs when he balex out
i water from a well by means of a picottah _or mhote.
$Nevertheless, he is extremely unwilling to pay a  water
‘.‘ﬁmte which may amount to Rs. 15 or Rs. 20 per acre per
; jannum, although this is very much less than he is netually
< paying when he employs coolies or cattle to lift water
for him. In the one case he has to pay money down,
and the ryot dislikes parting with money, whilst in the
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other the payment is made in kind and is usually a part
of the produce of the laud itself. The introduction of
the varam system seems to be the wmost likely way in
which it will be practicable to bring to the aid of the
vyot capital which would be fireely available before
ready means of applying it can be devised. Sugarcane
cultivation offers’the most favowrable field for expen-
ments in this divection, and so far as I am able to
judge, the country round Cuddalore possesses unusual
facilities for the gmwth of such a erop.

The cretaceous deposits of Pondicherry are well known
to geologists and have been the subject of several learned
memoirs, but the artesian water-supply derivable presuma-
bly from the extension of these beds hns not received
the attention which it deserves. 1 have no information
ns to the position or the area of the out-crop of these
water-bearing =ands, vet from an economic point of view
it is important that these should be thovoughly investi-
gated, so that sowme estimate may be formed as to the
capacity of the subtertanean reservoir,

it



IRRIGATION BY PUMPING IN THE
UNITED STATES.*

, —O e
FOR the last three yvears | have been® in charge of the
experimental irrigation pumping plants in the South
of India, the first of which was extablished at Me!
rosapuram in 1902, and as there is a prospect of the num-
ber increasing very rapidly in the immediate future, |
thought it was desirable that first-hand information shonli
he obtained rvegarding similar work in the United States,
where during the last few years, they have heen installed
on a larger scale than anywhere else in the world.  With
the sanction of the Secretary of State for India, T visited
America in the autumn of last year and accordingly in the
course of my tour spent =ome time in the districts of the
States of Utah and Californin  where there are large aveas
of irrigation dependent upon water pumped from low Jevels
to a height suflicient to command the land.

The total area of the United States is very nearly three
million square miles, and of this nrea not less than one and
a quarter million square miles between the Mississippi
river and the Pacific Ocean ix so situated that cultivation

without irrigation i either extremely precarious or nbso-

lately impossible.  Till the passing of the National Recla-

mation Act by Congress in June 1902, which authorizes
ige construction of irrigation capals and reservoirs by the

* The Indian Review, May 1905,
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Federal Giovermnent, the development of irrigation has
been entively left to private enterprise. The earliest
settlers weve the Spaniards who came from Mexico up the
vialley of the Rio Girande viver and found the Indians of
that, region, ** watering the thirsty soil, as their forefathers

had done for unnumbered generations before them and as
their descendants are doing to-day.” These pioneers of
Envopean civilization recalled the wonderful fertility of the
irvignted fields in the sonth of Spain and the colonies which
they estallizhed, in what are now the tervitories of Avizona
and New Mexico, imitated and to some extent improved
upon the primitive pructices of the red-skinned savages,
Later, in the middle of the eighteenth century the mission
futhers of Mexico established a chain of stations along the
Pacific Const from Nan Diego to San Francisco and to

them the credit is due of introducing the methods of
irrigation practised in Spain.

On the East Coast, in the Carolinas and Georgia, the
cighteenth century witnessed the gradual growth of rice
eultivation on Jow and mashy lands bordering on  tidal
vivers, At high tides the fresh water was hacked up the
vivers and flooded the rice fields, atlow tides the water
receded and the fields could be drained. From small be-
ginnings the rice planting became an important industry
and in the years preceding the great Civil War 80,000
acres vielded annually nearly 50,000 tons of cleaned rice.
The ruin caused by the war and the changed labour condi-
tioux consequent upon the abolition of slavery led to the
abandonment. of many of the plantations =o that for the

a3y
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went by private enterprise so the Federal Giovernment hus
taken up the work and has already provided nine croves of
vupees for the great projects now being investigated, Pre-
vious to this the scientific study of irzigation problems was
taken up both by the Department of Agriculture und by
the Geological Survey and the valuable sevies of reports
which they have been issued, have provided pelinble data
upon which engineers could base their designa and legisla-
tors frame adequate laws for the protection of water rights.
Compared with India the conditions in the States nre in
almost every respect diametrically opposite.  Everything
has been left to private individuals and they have had a
perfectly free hand in every way, theve were no vested in
terests to contend with, capital was abundnut and veadily
forthcoming, Jubour was very expensive but timber fairly
cheap, the farmers ave educated aud enterprising, for live
stock there is an indefinite market and the products of or-
chards and gavdens vealize high, and often, fancy prices.
The effects pl‘()tlll('ml ])_\' these conditions are ('1eul']_\' visible.
No large or comprebensive projects Lave been enrtied out,
present necessities nnd not future prospects have controlled
the situation, contlicting interests have grown up, involving
much litigation and frequent scenes of lawlessness,  The
paramount consideration was an immediate return on the
capital outlay and in the fuce of ndverse circumstances it

has exercised a dominating influence over  the chnracter of

the engineering.  Problems have been tackled with a bold-

ness which in some cases verges

on recklessness and much

of the work will have to be done over again.  There is no

doubt that the general policy was right but it was a tempo-
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vy one and theve ix abundant evidence that a change is
in progress in the direction of a demand for more solid
construction and hydraulic works of a more permanent
charncter,

When once the value of irvigation was demonstrated, it
was but natursl that every available source of water-supply
should be exnmined and the prospects of making successful
uxe of it cavefully investigated,  Farmers who had no hope

of obtaining a guavity supply  delivered on to their land
turned their attention to the subtermnean waters and from
wells sunk to the water bearing beds soon found it was
poetionhile to obtain sufficient for a pateh of alfalfa or a
vegetable puden which proved of immeuse value in seasons
of deficicnt minfall,  To mise the water above the level of
the ground windmills weve freely resorted to and in the
‘th run \H\\'(‘ ‘\l'ﬂ\'(‘d \‘\“\\'\'llit‘ll‘ ROUTCes Of ‘K‘P\\'(‘l‘ \\'he\\ the
quantity required s not large and no great storage capa-
ity is needed o tide over peviods of ealm  weather
Hundreds of thowsands of windmills are now in use for
pumping water in the United States but only a very small
percentage of thent ave doing much beyond supplying do-
mestic requirenients, watering stock and irrigating small
frnit or vegetnble-mardens, Where irrigation from wells is
i vogue, the water-supply s invariably  derived from beds
of sind and gravel in which it frequently was found under
artesinn pressure sufficient to cause the water to flow up
the bove holes above  the level of the ground.  In many
enves this happy condition of affairx still prevails and theve
is n considerable area of land watered by such artesian

wells but in most instances the number of borve holes tap-
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ping the water bearing strata is so great that the pressure
has fallen very considerably and the water now has to be
raised by powerful engines and pumps.

Apart from windmills which are used to a not incon-
siderable extent for irrigation in the States of Kansax and
Nebraska, irrigation by pumping is most largely developed
in California, Utah and Colarado and in the rice growing
districts of Texas and Louisiana. The pumps employed
are mostly of the centrifugal type, with either vertical or
horizontal spindles, and for motive power practically every
kind of modern prime mover has bLeen tried ; whilst in
Californin the system of lifting water by compressed airis
in use and apparently with success notwithstanding the
waste of energy which must necessarily occur when such
a medium for transmitting power ix employed.

Compared with what is known about the vield of water
from wells in Indin those used for irrigation in Amerien
give very large supplies. Few, to which pumps ave attach-
ed, yield less than half a million gallons per day and many
of them several times that quantity, In

consequence the
units of power are verv much larger thun  we ean lope to
install here, the range being usually from 20 to 60 H. P,
Where the water-supply ix derived from other sources than
wells, as for instance from rivers or lakes, the pumping
plants are very much larger and engines of several hundred
horse-power are not uncommon. The depth from which
it pays to pump water variex enormously being dependent,
on the value of the crops which ean be grown, om the cost
of motive power, which is itself a function of the price of
fuel, and upon the duty of water for the crops under enlti-
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vation. Exceptional vesulta are possible in districts where
electric energy derived from water power is obtainable or
where crude petroleum oil is found. In Utah State, at
American Forks, electric power is sold at from 3'3 to 42
pies per horse-power per hour : in  California, at Bakers-
field the price i 5@ pies, at Mount Whitney 3-4 pies and
at Riverside 9 piex. In Madrms, oil engines  will yield a
brake horwe-power for from 9 pies to As. 1, per hour using
crude oil costing Ax. 3 per gallon whilst in Texax similar
oil ean be purchased at ratex which fluctuate a good desl
but probably do not avernge more than As. 1 per gallon.
In Cnlifornia liguid fuel iz equally cheap hut it is unsuit-
able for oil engines on  necount of the Targe amounut of
asphaltum in its composition, and the distillate bas, there-
fore, to be used and the price of this is pectieally As. 3
per gallon or about  one-half the usual price in Madras.
tn the other nrid States these favournble conditions do not
prevnil and the statement wonld be roughly aceavate, that
in respuct. to the cost uf  genernting  power they are no
better off than we nve in the Madrs Presidency.

In the following votes I have attempted to summarize
the vuxt mnass of detailed information which was kindly
placed nt my disposal under convenient headings,

Windmilla, These ave not lagely wsed for irrigation
work except in Kansax and Nehraska, wheve the winds arve
strong and velinsble and the water hearing strata is no
great depth from the smface. For domestic and other

purposes vequiring only xwall amounts of power the
American windmill is nsed in enormons numbers, but for

the sake of cheapness they are too lightly constrncted and
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three-phase system of trrnsmission s in use at a pressie
of 6,000 volts, which is veduced by means of three 170 K.
W. transformers o 500 volts at the pumping station. The
lift of the water varies with the level

in the lake, the
range being from 2 feet to 5 feet, and the discharge of each
pump is 100 ¢, ft. per second,

The price paid for power
is Rx. 15 per harse-power of continuons supply per month.
The efficiency of the motors is stated to he 75 per cent,
and the totn] ethciency of the station including all Josses

when working on the mnximwn lift, 33 per cent. hut at
lower lifts the eficiency falls of.  The irvvigation season
Iasts six months and the pumps ave at work 98 per cent,
of that time. During the month of August 1904, the
pumps were running 7321 hoursout of 744, Naine hours was
lost at the geperating station and only 21 hours nt the
pumping station.

Storms and unfavourable meteorolagical
conditicns sccounted for more than hinlf the lost time.

in

the Utah valley lightning is often very intense and causes
much damage to electrieal installations, nud it is generally
considered hetter to shut down the station, when violent
storms ave in the neighbourlood, thau vun the rvisk of a
transformer being burnt out.

This  pumping stution cost
anout Rs. 1,530,000 but it entt only be vegarded as a tempo-

rary expedient whilst the whole question of jrrigation from
the Utah lnke isx under investigation by the  Engineers of
the Geological Survev. 1t ix bevond the weope of this
paper to enter into a discussion of the intevesting problems

which the irvigation in this valley has given rise to but
pending their solution this electvieally driven pumping
plant enablex 40,000 acves to be supplied with water at a
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compayatively small cost,  The duty of the water appears
10 hie abiout 100 acres per c.ft. per second and as the pump-
ing season Insts 180 days the quantity of water delivered
1o encl nere amomnts to about 36 acre feet.  The working
expenses ave less than Rs. 150 pev acre which ix a vevy
small chnvge on fand the groxs return from which a vevy
low estimate places at over Rx. 100 per acre,

In the town of Awmeriean Fork small electromotors of
one-hinlf H. Poave instatled in 2 number of gardens to drive

Tovee pnmpx working on tube  wells for domestic supply

and for watering the lawng, shirabberies and orchards vound
the houses,

The charge for a 12 hour day xervice is Rs, 3
per month, The Municipal Corporation devive part of
their water-supply from an artesian well sunk  to a depth
of 400 feet, in which the water vises to within 22 feet of
the ground level. A three H. P. Motor, working through

a conntershaft, dvives an ordinary plunger pump, which
vaiser the water into a tank from which it is delivered into
the town mains.  The total life is about 36 feet and the
charge fou power supplied continuously day and night is

Rs. 36 pev month.  The pump is placed at the bottom of a
brick well nbout 6 feet n

diameter, and the motor ix
above the ground.

A small wooden =hed covers the whole
plant and once w day it is visited by a wan to oil the

bearings.

The generating station of the Power Company is situ-
ated in the American Fork Canyon 9 miles from the town.
The plant consists of two 500 H. P. Pelton water wheela
worked under a head of 290 feet and diiving two 250

K. W. three-phase alternators at a tension of 6,000 volts
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In the town the pressure is reduced to 2,300 volts and

each group of users is supplied at cither 113 volts or 230

volts through small transformers fixed on the poles carry-
ing the transmission line.

It was not possible to  ascertain the extent to which

electricity generated from water power has been made use
of in Californin to raise water for ivvigation. The Agricul-
tural Department of the United States are collecting infor-
mation on the subject, but their data ave as  yet very in-
complete. The General Electric Company to whom I ap-
plied for assistance were kind enough to supply me with a
list of thirteen lnrge electrical wsupply compnnies, all of
whom were furnishing power for

pumping  water. [n
consultation with the officers of the company, three ivrign-

tion stations were selected for inspection ns typical of the
others, and the following notes are compiled from informa-
tion gatherved locally,
The Bakersfield Power, Transit and Light Company has
» generating station in a Canyon 16 milex from the town.
The current, which is three-phase alternating, is transmitted
at 10,000 volts and is used in the town for lighting pur-
poses and by the trmmway ax well as for pumping  water.
For irrigation work 27 motors of from 30 to 40 H. P. are
in use and for the water supply of the town » further 10
or 11 motors are employed.

The water is found in beds
of gravel about 60 feet below the ground and au abundant
supply can be secured by sinking tnbe wellx,

The water
is under sufficiont pressure to rise to within

15 or 20 feet
of the ground.

At one of the town water suapply stations
two 12in. tube wells had been sunk to a depth of 100 feet
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sud the water was drawn from them by a centrifugal pump
divectly coupled to a three-phase induction motor. The
pump wax placed just above the wells and the suction pipe,
Hin, in diameter terminated in branches, passing down the
two wells. The pump was of the ordinary horizontal type
and 1an at 950 revolutions per minute, delivering 540

gnllonx of water per minute through a 6in. pipe under a

total head of 110 feet. The pump was primed by ruanning

water into it from the delivery tank, both suction pipes
being fitted with foot valves.
At the irrigation stations the arrangements were differ-

ent aa the lift waz only to the level of the ground and did
nut in any case greatly exceed 30 feet. The electrical
pumping stations all belong to the Power Company
which supplies the water to the Kern County Land Com-
puny, who use it for the irrigation of Alfalfa, at the fixed
wate of Rs. 41 per cubic foot per secoud per day. A 30
H.P. motor will raise about 41 cusecs, so that at the price
charged the power realizes less than 6 pies per H. P. hour,
and is almost exactly Rs. 21 per month. The pumping
stations differ from oue another not only in the size of

pwinps but also in the driving arrangements. In sowe,
the pumps are of the horizontal type and driven by a belt
from & horizontal motor, in others the pumps are vertical
and the motor is divectly connected to the pump by means

of a vertical shaft. Under the conditions prevalent round

Bakersfield there is not much to choose between the two

methods of running but the opinion of the men in charge

of the pumping work is in favour of the helt driven pumps:

The belt is a lexs efficient meaus of carrying the power
15
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from the motor to the pump than is the vertical shaft but
the lubrication of the latter and the arrangements to resist
Fhe thrust due to the weight of the motor, pump and sh'aft
if not more liable to get out of order than belt-dn've!;
pu'mps, yet give rise to more serious nccidents when any-
thing does go wrong. The hest evidence that can be addzl-
ced as to the ease and simiplicity of working at these pump-
ing stations is the fact that althongh thev are 27 in
number, they are all looked after by two \'01||;g men who
are paid Rs. 120 a month each in ad«lit.im; to fheir board

The wells are a considerable distance from one another un({
fot: these attendants to get round to each well once a day
1t 18 necessary to supply them with n horse and huggy.
One of them accompanied me on my visit to several of tl;e
wells and T saw him start and stop the pumps withont th

least difficulty although but a few 1
been a farm hand

wonthx before he had
. and had had no training either in mecha-
n.lcn] or electrical engineering work. At the first station
v.lsited there were 4 tube wells of 12ip. dinmpt‘er qunk in a
line, the distance between them being 10 feetL 'l:lle aump
w:as of the vertical type and wns plqu at the bot:l‘oml of a
timber pit about 16 feet below the gronnd, the suction pipe
was horizontal with four branches dipping into the fowm
wells.  While pumping is going on the water sinks in the
wel.ls about 15 feet to produce the hend necessary to
mafntain flow, 50 that the maximum lift is 31 feet. The
deh\.'ery of water averages 41 cusecs and the efliciency of
the installation is 51 per cent. The motor was of the
three-phase induction type rated at 30 H. P. and working

under a pressure of 500 volts. The motor, pump, vertical
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4 delivery pipe were carried by a steel frame works
angles and bars and stiff enough to

shaft an
square in plan, built of
keep ail the running parts in perfect alignment. The

tinnsformers, two in number, were in a separate ghed and

the connection with the high tension lines was made by a

onstruction placed outside, lightning-ar-

<witch of simple ¢
and an automatic device for

vesters were also pm\'ided,

switching out the motor should a tenporavy interruption

at the curvent
Two other pumping stations were also visited in which

cause the pump to lose its suction vacuum.

horizontal helt driven pumps were in use. The belt drive

was rather long and the belt was of very ample dimensions

for the power to be transmitted. At one station the pump
was primed by an ordinary force pump worked by hand
and the operation of starting was distinetly laborious; at
the other a small pump was driven through a countershaft

by a belt oft the pump spindle. The pumps were placed at
a level considerably above that of the water in the wells
consequently the suetion lift wa~ much longer than in
In other respects the

and
the case of the vertical pumps.
equipment of these stations was all of the same type.

The water delivered from each pump is run into a sump
provided with fine screens to damp down the oseillations of
hen passed over a thin edged weir made

the surface and ¢
The weirs weré usually 3 feet

from a sheet of steel plite,
gth and the depth of water on the crest is mensured

by means of a Hook's Gauge, siding with A micrometer
screw on a graduated scale.  In Bulletin No. 86 of the
. 8. Department of Agriculture, discharge tables for
weirs have been computed and are found of great

in len

such
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value in measurements of water coming from channels or

streams as well as from pumps, The extraordinarily high

value which water for irrigation has risen to in recent

years, has naturally led to more care in its measurement
than is the practice in India and sharp edged weirs, es-
pecially those of the Cippoletti pattern, are very Im" ly
used in ovdinary distribution work. ' i

Ontario.- This is an irrigation colony entively de-
voted to the cultivation of citrus ' .
" started by Messts. Chaffey Bros,,
subsequently better known in‘

fruits  which was
of Outario, Canada nud
connection  with their

‘ in South Austialia,
When supplied with sufficient water the

irrigation schemes at Renmark
fertile and the conditions generally ,y ’“0".'-‘ eerenels
to the growth of oranges abn(;w;:rl:l) ""e pwllhf‘l.]"' e
‘ ? ons for which there is a
splendid mavket throughout the States and admirable trans-
Pox:hation facilities. The quantity of water available f(.nv
irrigation is limited and insufficient for the aren of land
which could be brought under cultivation ; hence there has
been every possible inducement to prevent waste of water
and securea high dutv. The water supply is mainly
derived by pumping from artesian or suh-m'wsiz;n wells nn;l
it is conveyed to the fields in concrete pipes and the distri-
f)utory channels are all of concrete, Furrow irrigation is
invariably employed, and to avoid loxs by evaporntion, the
water is sometimes cavried down the furrows in pipes
buried in the soil,
In Southern California flowing water ix usually mensured
in “ miners’ inches,” of which 50 are equal to one cusec
and one miners’ inch is considered suticient for the irriga-
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tion of 10 acres of land in Outario, so that in ordinary
terms the duty of water is 5300 acres per cusec. The
profits from citrus cultivation are very considerable and as
land without water is valueless, water rights are extremely
valuable. The capitalized value of 1 cusec, is about 3

Jakhs of rupees equivalent to Rs. 15,000 per annum and

equnl to a water rate of Rs. 30 per acre, but water especi-
ally in ~ensons of searcity is  oceasionally  sold for much
higher rates. One man who has move water than he needs
ix able to dispose of his snrplus at the rate of Rs. 75 per .
day for 30 miners inches or 0-6 cusecs, which is considered
2 suflicient watering for 10 acres. At Ontavio the water
sapply ix controlled by the San Antonio Water Company,
the whole of the stock of which is held by the fruit grow-
ers in proportion to the avea of land which they occupy.
Ench 10 acres is entitled to a continuous flow of one
miners’ inch, hut as that ix too small & stream for satisfac-
tory irrigation, the custom ix that each 10 acre plot gets a
stream of 30 winers inches for one complete day in the
month. The electric generating station is situated in the
San Antonio Canyon about 8 miles to the north of Ontario
and the power is brought into the colony hy overhead
transmission lines at 10,000 volts pressure.  The pumping
plants make use of the greater part of the power but it is
also emploved in  driving motors for miscellaneous work,
for electric lighting, and for electrical cooking and heating.
For these purposes the energy is retailed at from As. 1-3
to As. 1-6 per Kilowatt hour.

The wells from which the water is pumped for irrigation
ave situated in the debris at the foot of the San Gabriel
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Mountains and are 8 in number. A description of one
pumping station will apply to all. The power for all the
wells is distributed at 2,200 volts from a cential transfor-
mer station where the lines from the genernting station
bring in three-phase current at 10,000 volts. The wells
are supplied, each with & 50 H. P. horizontal induction
motor capable of working continuously at 60 H. P. output
and the centrifugnl puamps are of the vertical type and
driven by quarter twist belts, At one station the pump
was placed at the bottom of a timbered shaft 140 feet deep
and immediately over a 12in. tube well sunk a further 460
feet. Owing partly to n long series of years of deficient
rainfall and partly to the very heavy demands now made
upon the stores of subterranean water, the level in the
wells at North Ontario is steadily falling and nearly every
year it is necessary to deepen the shafts and lower the
pumps.  For this reason the horizontal motors and belt
drives are employed. At the time of wy visit the depth of
water flowing over the 3 feet measuring weir was 3-37 5in.
indicating a discharge of 90 minen’

tnches or RO cusees
on a lift of about 155 feet.

The pumps which ave two
stage usually run for months without stopping but they
areexaminedand oiledevery fourhours. Electrienl power has
been in use only some three years but previously both ol
and steam engines were employed, pumping having been
necessary for the last ten years.
The Gage Canal Compaiy, Riverside. This Company
ssess 13 groups of wells sunk on the banks of the Santa
na river and a supply of about 1,500 miners’ inches or 30

ecs is obtained by pumping with power purchased from
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the Edison Electric Companies’ system, at the.rz'xte of A:e l
r K. W. hour. One group of wells wa.s. 6 in num 11:
::ch a Tin. tube sunk 400 feet. The \Vf\ter rises ver): x)le;n Y
to the ground level and the working hfi \)\;as al‘)out'ji... ;e;
The gauged discharge of the pump wa.?‘ 265 mm(}a.lT lub. ©
or 530 cusecs. The pump was \'ermm? and driven | y .;
horizontal motar through a quarter twist l.)elt. B.[uat:i.o
the wells consist of & single tube \U‘or 12 .mches in dia-
meter and sunk to & depth of from five to Sl?i hundred feet.
Vertical motors mounted on the pump shaft m.'e not em-
ployed as the pumps have to be lowell'e.d occasionally and
whilst the wooden shaft is being sunk it 15 necessary to keep
the pump running. It is, therefore, suspended by a stout
wooden framing from benms fixed at the Hoor level of the
motor shed.  Formerly all the wells use«l.to flow but now
no water can be obtained except b\ pumping a)nd the co.Qt
of irrigation per acre has been raised from Rs, b to 1{,5_.23
M. Pedley, the General Manager of the‘ ~bnn Jacinta
Land Company, thus briefly narrates the history of th.e
Temeseal Water Company’s plant.  * Ten years ngo this
company had flowing artesian wells, but the supply gradu-
ally decreased owing to a series of dry vears, and then tl‘xe
(-o;npamy began to pump from some of the weaker w e].ls n(;
order to supplement the supply from the strox:n,::‘ev ones :Tn
in a short time all the wells ceased to ﬂow.. hu_e pt‘unpul)g
was begun with centrifugal pumps n‘nd oil enﬁgm‘ea. lT}:e
water level fell steadily  about ten feet per year and the
wells were then dug dJown to water level and the p.uml')g
lowered, This process was unsatisfactory and expensive in

er suits - the greater
every way. The pump~ were not suitable for g
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depths and the engines were not powerful enough and so
had to be changed. Then the company experimented with
a steam driven air compressor and raised the water by in-
jecting compressed air into the wells at a point about 160
feet below the surface ; the bubbles of air, mising mpidly,
expand as the prexsure decreases and xo lighten the column
of water that the pressure at the bottom ix sufficient to
eject & considerable stream of mixed air and water, The
process was convenient and reduced lahour hecause the air
was all compressed at a central station and piped to ahout
20 different wells doing away with a number of small oil
engines. It was, neverthelexs, very expensive, and, finnlly,
the company had to adopt electric puwer generated at a
main station and distributed to motors.”

The brief account is interesting as typical of what is
going in the country not only in regard to irrigation by
pumping or even irrigation generally but in vegard to al-

most all fields of activity. Some one lights upon n good

thing and every one wants to be in it, over development
ensues and difficulties ave created, which are met by heroic

methods, the very boldness of which contributes not a

little to the ultimate wsuccess. The Californian  orange

grower has in some vespects very favourable conditions

under which to work. His present prosperous condition

is due not ouly to wnaking the most of them but
Iso  to the display of unusunl skill and energy
bined with adequate capital to command the
ices of the benst obtainable expert engineering assist-
and further to what is perhaps nlmost us important,
unded faith in the possibilities of modern engineering.
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of the compressors
direct actinpre\so.x-s was found by indicating one of the
Th 1] dg cugines and ‘ml‘tiph-ing the result by four
e wells dis re | - A .
s discharge into a common fAume and by current

meter ohservations
servations the flow was determined to be §-014

cusecs equal to 41°1 H. P,
o - F.in the water lifted.  Four times
the indicated H. P, requived ¢4 drive g e comronen

was 17334, so that the efliciency

cent. In each of the wells a tin.

single compressor

of the plant wux 237 per

tube was

o . was submerged 90

et and the compressed nir from the rece; )
- ‘elver

of 45 Ibs. per squ

at n pressure

are inch iIs enrried |
in a small pipe ]
the well and the end of it ix turned A

Al . up so as to discharge
the air into the 6in. delivery pipe )

The most rec et
very pipe f “?‘t practice favoms a stubmersion of the deli-
e from 24 to 3 ti
- p p. om 23 t0 3 thmes the height to which the water
1z to be lifted and the nic pre ‘

to allow a free flow. ssure should e just sufficient

The lllt‘tll()(',\ ’,'\ \\']li(‘h the above

stated effici -
leney wi sterini
Y was determined ave, of cours fes
y e, open to erti.

(‘*l.sr'n as lacking in accuracy but they ap probably devoid of
Te.snous ervor and agree with the generlly )l‘('\"ll;'llt impre

sion :‘fn<>ng Californian engineers that t}.wl (-ti’i(‘-imu-\"";l"'(:i
established plants ix in the neighbourhaod of 23 }.w: t‘::t

Several jnstallations were visited in

) the country round
Pasadenn in company with Me, J. B, | . ‘

1 ""T greatly indebted for much ('uurt(-u::.i‘l::l\l:;::‘:;nf-:‘- \:\l;:::.
;n“kmg enquiries in this matter.  Pat of tl‘w ‘wute‘l‘ -*'“PP“I’
t:r t(:\e town is derived from 4 wells each of 10in. bore h‘lll)i(

' hie 1ift about 60 feet,  The air compressor
was of the two atage type and the pressure in the receiver

was 80 b - .
- per square inch. The water was raised to

" where labour is very expensive,
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passing through 2 settling tank to
lifted an additional 40 feet by a
off the fly wheel shaft of the air
longed to the West Side Water

ground level and after
get rid of any saund was

centrifugal pump driven
The plant be

compressor.
ase by the town was under consi-

Company and as jts purch

the engineer in charge was unable to afford any

deration,
information regarding etficiens
belonged to the East Whittier

consisted of 14 wells dis-
The lift was about 20

cv or working expenses,

The second installation
Land and Water Company and
charging into i concrete flume.
feet at the time but only a few
supply i~ being taken it i~ probably

wells were being  drawn

upon and when full

considernbly more. The air compressor was of the two stage

a Corless engine, which under full

type and was driven by
ating H00 H. P. Steam was gene-

load was capable of indic

ed in tubulay bailers, liquid fuel be
and there is no doubt  that herve,

it ing used. One man was
in charge of the station
the advantages of this me-

thod of lifting water were exemplified in a high degree.

At a thivd station
of T0 feet and the other «ix  with lifts of

near Dehuonte  there ave 9 wells.

Three with a lift

from 83 to 92 feet.
dieating 140 H. P. dvives the compressor which raises the

A Smith Vaile compoand engine in-

air to a pressure of 56 1hx, per square inch, 62 ¢. ft. of free
¢ used per ¢. ft. of water lifted.

adr at
luiries subsequently made in London it appeays

From end

that the Pohlé Air
(iveat Britain and on the Continent. Mr. (. T. A. Hanssen,

atributed to the Eungineering Lrview of July
t upwards of 900 installations are at work-

lift ix very extensively used both in

in an article co
1904, states tha
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In a paper read before the British Association of Water
Works Engineers, Mr. W. H. Maxwell, t‘he Borough and
.\Vater Woarks Engineer of Tunbridge Wells, gave some
interesting information vegarding n Pohle Air Lift which
he bad installed to supplement the water supply to the
town. The boring ix situnted at a distance of 530 yanis
from the engine house, and is 350 feet deep ; 200 f.eet is
15in. diameter and lined with solid steel tubing, 150 feet is
1.3§in. in diameter and lined with perfornted tubing. The
Alr compressing plant consists of two sets of two sta;!e com-
pressors with intercoolers. The steam cylinders are of Bine
and 12in. diameter and the air c_vlinde;'s of 10in. and 6in.
dinmeter, the stroke being 14in. The compressed air is
c:u:ried to the well by a 4in. east iron main terminating in &
24in. pipe which descends to the bottom of the well and by
a U, piece delivers the compressed nir into the rising main
which is 7in. in diameter.  The cost of the inumlluti—on ex-

<luding engine house, boilers, and lining and boring well .

was Re. 50,625, A number of tests of the plant have

been wmade which show clenvly that the efficiency i greatly
d.epemlent on the mtio of the immersion of the sit pipe to
the height the water is lifted. I the tria], which gave the
best result, the lift at the beginning was 84 feet and at the
end 106:6 feot, nnd the ratio  of immersion to lift vavied
from 3:01 to 22, The avernge discharge was 24,100 gal-
lons per hour and the efficiency ealeulated on the 1. H. P.
of the engines wan 36°8 per ceut. and on the I. H. P. of
the compressors 46 per cent.

Even better results were obtained with nn Air Lift fitted

up by Messrs. Hughes und Lancaster for raixing sewnge
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at Rotherham. In a well 4 feet in dinmeter a rising main
12in. in diameter was fixed and immersed to a depth of 25
feet. Air under a pressurc of 12 Ibs. per sq. in. was deli-
vered through a 3in. pipe. The lift was 9-50 feet. During
a trinl 18086 gallons per minute ov 4823 cubic feet per
second were raised with 3-441 cubic feet of air per second.
The efficiency was 49'5 per cent.

A well designed Air Lift is probably superior to
a centrifugnl pump as a machine for lifting  water
and it is the inetliciency of the methods of compressing air
which are in the main vesponsible for the low mtio of the
output of useful work to the total power expended in Air
Lift plants. Messrs. Parons and Co., of Newcastle upon
Tyune, have introduced rotary air compressors of a construc-
tion somewhat similar to that of their well-known steam
tarbines and the results obtained with them ave of a very
promising character. Driven by steam turbines or electro
motors such machines are likely to prove an immense ad-
vance on the cumbrous and costly air compressors of the
reciprocating type with their very troublesome valves.
"The Air Lift is a device applicable with advantage only
to deep tube wells and is not likely to be of much use
in Indin,* where the wells are usually shallow and
ander normal conditions seldom contsins any great
depth of water. For the water supply of towns, and pos-
sibly also for irvigation, it might be worth while to experi-
ment with tube wells, sunk by hydraulic jets in the deep
sandy beds of some of our rivers. Air Lifts are the only

* Except in places where Artesian supplies of water have been
found.
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practicable means of drawing the water from such wells

and it is more than probable that very large quantities of

water could be obtained in this way,

The wells would re-
quire protection from scour

near the smrface and the
cheapest way would be to take ar

Tvantage of some eXisting
-
permanent

masomry structure stretching across the river

such as a bridge, nnicut or eatsewny.  American experi-

that the v}mking of the tubes by sand
can easily be prevented,

ence xeems' to show

Pumps.  Ameriean engineers have natm
deal of attention to machinery for

Californian practice of to-day

ally paid a great
lifting water and the
is the outcome of fully five-
and twenty years’ intelligent study of the many phases of
the water lifting problem which irrigation nee

essities have
brought into existence.

For denling with large quantities
il pump is universally emploved and
the details of its design have heen gradually perfected
that it is now a fairly efficient machine o

of water the centrifuy;

bit)
apable of running
Pl"llp mnke)x are pl‘(‘pﬂl‘(’"l
to guarantee efliciencies of from 60 to

continnously for long periods,

7H per cent, the
higher value with the larger pumps, but in

practice, when
the friction of the suetion and

delivery pipes ix allowed for,
the useful work in the water delivered is seldom more than
515 per cent. of the power expended,

For high lifts two
and three stage centrifugals arve employ

ed, the pumps beiy:

placed at the bottom of a pit sunk to the water level,

They ave invariably of the horizontal type with vertical
shafts and are generally driven by quarter twist helts
though in some instances where electricity is used the

motors ave fixed above ground on the top of the ver-
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; are running, the down-
ical shafts, When the pumps
hcad thrust is partly or wholly balanced by the upward
WAT 3

on the pump wheel due to the suction entering on
pressure

the top of the pump casing. When the pumps dmfw :m.t,e;\—
f - several tube wells grouped togetl?er oot val

O f the question and at starting either steam
. pumps are used to create the necessary

ves are ou
elector® or\;lliere foot valves ave in use the pumps are
vn-'cumdn.fmm an overhead tank which ix kept f‘ull .of. waf,er
. ldm(-) dv for use at any moment. For the rice irrigation
“‘" “ '3'" ~)- nd Louisiana both rotary and centrifugal pumps
o ‘“The latter ave preferred though the former are

The quantities of water dealt with are

are used.

more efticient. v . ’
otimes extremely large but the 1ift is not great, averag

som < e ;

TO bout 20 fest. The diameters of the pump discharge

ne as much as 60 inches with a delivery of 100

< s panae up to .
pipes range up Divect coupled engines and pumps

i - second.
"".b“' i,eit:xt f::(ln::i(:\d belt orrope drives are l.l.\'lla“y employ’ed.
" ormousx development of windmills for ?umpmg

.n'f:re}:; led to a good deal of attention bein.g pn;dt t.f)tstll:o
:;ex;'.ign of small Bucket pumps. \ cm-efl;lvset:fess(; e:: ani
Professor (). P. Hood published mﬁthe ‘ u. : l, S.hp(f)w o
Trrigation Papers of the ieological -.\m\e) 3 -
concies of over 80 per cent are easily obtmm‘\be when
emc’e"c‘(:ﬁ ? working is not too great. The most ur'm;tortant
o Spee‘nc;he design of these pumps is the provmon.for
} tm’i}:drawnl of the piston and suction valve for examma.l
t"e Wl'v air when the pump is submerged. O.n the oi
::;:1: ;fr;:lifornia ] saw a laxge number of deep well pumps

o o4 'v n
worked by wire ropes attached to a large eccentric drive

fea
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by an oil er stenm engine. In some ensex wore thag a dogen
wells were being pumped by one centrally xiu.mwd engive,
which through a pair of bevil wheels diove n vertical shaft
carrying an eccentric, tothe sheaver of which the wire
ropes radiating in all directions were attached. The xhaft
made ahout 15 revolutions per minute and the eccentric
had a radius of 12in. giving the Pumps n stroke of 2 feet.
The wires were suspended in sling attached to  croes srms
on wooden poles and the punps could be worked satisfacto-
rily at a distauce of hulf a mile frow the engine.

It seew~
to me that this system in capable of very

extended
application in this country where there are many tracts

of country with numerous shallow wells, none of

which are individually eapable of vielding sufficient water
to give employment to the smallest practionble installation
of oil engine and centrifugnl pump. By installing a bucket
pump in each well and coupling it up by wire rope to a cen-
tral station of thix kind it will be possible to employ an oil
engine to pump water from all the wells situnted within »
radius of half a mile. The efficiency of this' method of
wansmitting power is fairly bigh and it ought to prove
yuite as economical o method of pumping as with centrifu-
gal pumps. To adapt this system to ivrigation a greet
many details have to be - worked out  Lut there appears to
be nothing serious to overcome. It ix certainly worth -
trying in this country becayse, if successful, it opens out a
very wide field for the application of mechanical power to







