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THE BETWA CANAL PROJECT IN THE NORTH-
WESTERN PROVINCES.
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From Lizvr.-Cororer W. W. H. GreatEED, C.B., R.E., Chief Engineer of Irrigation Works, N.-W., Provinces,
to Inspector General of Irrigation Works—No. 663, dated 16th September 1868.
Wire the approval of the Lieutenant-Governor, North-Western Provinces, T forward, for

Superintending Engin i igation Works, No, 1615 i i i
dated popronding ngincer, 2nd Circle, irigation Works, »  your information, papers mnoted in the

%igntenan'g ome’s Rough Report, dated 24th August 1868. margin, on the subject of irrigation
M‘;’:&fgg“g’?”ﬁ“m’:ﬁ dated 3rd September wsgéd ath S canals from the Betwa and Dussan
8 Ho i - b - . . .
tomber 1863, oo e Lieutenant-Governor, da ®®  Rivers in Bundelkhund, as there is at
Map of Bundelkhund. Buroosh Section. tola ov-
Botwa Bootic, Burooe, Sect present no case to lay before the Gov
Bedoura ,, Humeerpoor Line. ernment of India.

2. Colonel Meade, C.8.1., Agent, Governor General for Central India, has this day been
asked if any survey of drainage area of the Betwa within the territories under his control, and
through the territories of Scindhia, has yet been executed, and if not, whether he is pre-
pared to promote such survey, wholly or in part, as far as Jhansie border, with a view to pre-
paration of a comprehensive scheme for utilizing the waters of Betwa.

3. Colonel Meade has also been asked to furnish this Government with a copy of any sur-
vey of the upper waters of the Betwa already made, and Surveyor General has been asked for
Whai.: he can give us. Chief Commissioner, Central Provinces, has been requested, in case he
has it in contemplation to undertake survey of any part of basins of rivers which discharge into
J‘}"ma, to place Superintending Engineer of Irrigation, Central Provinces, in communication
with Chief Engineer of Irrigation, North-Western Provinces, in order that uniform resuits
may be ensured. But there is very little hope of getting any information of importance from
any of these sources, and I shall be glad to know if you are prepared to help us in the surveys
of Upper Betwa and Keyn, or if we must only look to what we can do ourselves ?

4. 1 propose, if no one else will do it, to survey the Upper Betwa this season ; to examine
the Keyn and the country it might irrigate, and to examine sites for tanks in Banda District,
as far ag our resources will allow, leaving Allahabad and Mirzapoor Districts, and the Futteh-
poor Canal for ancther season, unless we get more men than I at present expect.

b. It séems right that the examination of Allahabad Canal as a serious project should be
deferred until we know how much water we shall allow to go into the Jumna from the rivers
of Bundelkhund ; but if an Engineer is available to run a trial section, and see if the thing can
any how be done or not, we will have it done.

6. Retusn of acéompanying Map and Sections is requested.

From Masox C. T, StEwarT, R.E., Superintending Engineer, 2nd Circle, Irrigation Works, N.-W. Provinoes,
to Chief Engineer of Irrigation Works, N.-W. Provinces—No. 1615, dated 25th August 1868,

I HAVE the honour to forward the documents a8 noted in the margin, regarding the pro-

- Ro“%{la Repo;;t oﬁ Ilk' oject for Irrigation from Betwa and Dussan  jeot for irrigation from the Betwa and
ivers, Bundelkbund. . . .
2. Sketch Map of Bundelkhund, showing levels taken in 1887*. Dussan Rivers in Bundelkhund.

3- Long]i)tudinnl se;tion gm.in linti of Botwa. 2. The project is scarcely in a state
. 0. 3 H a X . R

5. . Do, do of ﬁ"ﬁf.f‘.?e,’;’;, Branch do. to submit, even in the first instance,
7 Do, Qo forn Canal, Dossan River. @ osb bet but I am induced from the tenor of

’ . 0. of above canal to irrigate Doa ween . A .

o Birma and Chundrawal Nndde:s. o e your demi-official of the 18th 1netan§

forward it, rather than to delay any longer. : Revort i
. 3. Licutenant Home having discussed the subject with me, I shxfll gend up his Report m
_ original—as it is. - . '
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Rough Report by LieuTeNanT F. HoMe, Executive Engineer, Bundelkhund Irrigation Survey, on Project for
Betwa Canal —Dated 24th August 1868.

Tue following tracings are submitted to give a rough idea of the project, vez ;=

1st.—8ketch Map of Bundelkhund showing levels (at half-mile distances) taken during the
season of 1867-68.

2nd.—Longitudinal Section of main line of Betwa Canal.

8rd. —Longitudinal Section of centre line (Jaloun Branch) of Betwa Canal.
4th.—Longitudinal Section of Humeerpoor Branch of Betwa Canal.

5th.—Longitudinal Section for a canal from the Dussan River, to irrigate Doab between
Dussan River and Birma Nuddee.

6th.—Longitudinal Section for a Branch of the above canal to irrigate Doab between
Birma and Chundrawul Nuddees. =

2. Betwa Project.—Tracing No. 1 shows the general directions of the lines taken for the
canal from the Betwa River. The canal startg from a point on the river near the village of
Pureecha, where a convenient site for a weir has been selected. The bed of the river at this
point consists entirely of rock, its banks are of fairly firm soil, and its course is straight. As
will be seen from tracing No. 2, the rocky bed forms of itseif a natural weir, and it is proposed
to raise the surface of the water by means of an artificial weir of masonry in line, to within
3 feet of the highest point of the section of the river bed at site of dam (i.e., to R. L, 622-66);
in addition to this, 8 feet of planking would be added when the river is low, bringing the
water surface t0 a level with the highest point of the section (R. L. 625'66). The river banks
on either side would be protected with retaining walls, for which rock foundations can be ob-
tained in the bed of the river, The regulating head would be on the left bank, connected with
the retaining walls. The discharge of the Betwa in highest flood, as calculated from the flood
sections taken; is 714,904 cubic feet per second ; the length of the sill of weir would be 2,426
feet ; the flood-level would be raised 7 feet by the construction of the weir (or to R. L. 66267),

which would bring it 0-81 feet above the right, and 2:01 feet above the left bank ; & small
embankment would therefore be Decessary to prevent the floods turning the weir on the right
bank, or getting into the canal on th

e left bank. In calculating the afflux, the.velocity of
approach has, for safety’s sake, not been taken into consideration, otherwise the aflux would be
reduced by 1 foot. The velocity of flood passing over the weir is 11°12 feet per second, which,
considering the nature of the bed, is not excessive. '

3. It is proposed to give a maximum depth of water in the canal at the head of 825 feet ;

850 below plenking. the reduced level of the regulating head has been fixed at 617-16 or
5'50 below sill of weir,

L we 5'50 feet below top of planking of weir; this would give a slight
head of water into the canal of 0°25 feet, The depth of digging for the first 7 miles being

considerable, it: has been considered advisable to give a good depth of water, and a moderate
slope to the bed (082 feet per mile), so as to reduce the sectional area of the digging. These
calculations have been made on the supposition that the maximum supply during the Khurreef
would be 1,000 cubic feet per second, and are of course liable to correction as soon as the actual
culturable and irrigable areas have been ascertained. The slope of bed has- been fixed after
several trials, and gives about the cheapest result, for if it ‘were reduced, either the width of bed
or the depth of water would have to be increased ; the former would add to the sectional ares

of digging, and the latter would necessitate lowering the regulator head, as the weir could not’
well be raised higher. '

4. From the end of the 7th mile the digging is moderate, and at 13} miles the bed comes

out on to the level of the country ; beyond this the surface of the country falls very rapidly
down to the Branch head (31% miles), it is proposed therefore to increase the slope of bed to
150 feet per mile, to decrease the depth of water to a maximum of 550 feet, and to increase
the width of bed as required. N otwithstanding this increase of declivity, a great number of
falls will be required, and these have becn arranged so as to obtain about enough earth to form
the banks. It will be noticed that the {46 are all small, the largest being only 6 feet, and
this has been done for two reasons ; Jirstly, to decrease the amount of digging ; and secondly,
to reduce the cost of the falls. Tt is believed that wejrs of rough stone capped with masonry
n lime, and with suitable lengths of crests, would pass the canal water quite safely, provid‘ed
that the height of fall be not too great. Stone for such weirs is obtainable in large quantities,
and cheaply, as far down as the Branch head, and it is therefore proposed to adopt some such

structure for the, overfalls down to that point. Beyond that it would probably be necessary to
use brick-work. - .

. the Betwa
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5, From ti:e Branch head (313 miles) the canal would be diyided into three Branches,
viz: Left (Madhogurh Branch)-—tailing into J umna, with a len.ghh of about 40 m.iles.

Centre (Jaloun Branch)—tailing into Mullangah Nu?lah, with a length of about 34 miles.

Right (Humeerpoor Branch)—tailing into Jumna, with a length of about 64 miles.

The size of each branch will be proportioned to the area it commands, ?.nd w'ill be reduced
at points where the channels to irrigate smaller Doabs are taken off ; the dimensions of these
minor channels will also depend on the area of country they ‘have to water. .

Escapes will be made into the rivers or x.mddees at points above the h.ea.ds of the minor
channels, so that in case of a sudden fall of rain, .the supply may be readlly.redlzeeild 'Flhe
slope of the country on the lines of the branches is good, and with the exception o miles

i i 1°50 feet per mile has
: i here one foot per mile has been given, :
i w%z:: ea;r'ol:vZ; ?(1: l:}fxi b:l&::;:h,of‘;v tli: canal bed. The maximum velocity allowed either for the

main line or branches is 3:50 feet per second. o 1

8. The fall of the country is so great that to adapt'; the canal to nav1gat(io:0 w:;:dcaoi !
l and unless any special orders are . ::;11}::‘; if navigation
trary, the estimates will be made out for irrigation only. lft thZ E: :o(:itllwed o the namber
be in;isted on, the velocity of the curren;: VYOllld p;-(cl)ba.bly ave ?
of overfalls would consequently have to be mncreased.

7. It will be remalled that the Betwa Canal passes throug?l tpe Sumptlilett;ngsiev:dgzz
State : as the supply is certain to be limited during the rubbee, 1t ltepm?:i;;eer excluding the
of the calculations of area irrigable the land belonging to that Stliz . e that
above, and deducting for ground marked on the maps as covered wit rawnels, ! bout 792.300
the total area, whicn will probably come under the mﬁuenge of thg t‘zz.n'a ,15a o ;;.ake
acres ; of this area a certain proportion will be uncult,mra.ble waste, an ;ta'ls':)mli): o Jalom
the proportion of cultivated and culturable areas” to total are; :h ;::m % ol to spoly
District, (nearly the whole of which will come under the .mﬂuence do ulte N w’hich oy
it to the total area of 792,300 acres. The total area .cultlvatgd and culturable e boest
under the canal will thus be obtained, and from it the discharge refi‘m@ or fethe canal
(which will also be the maximum discharge) can be deduced ; and the dimensions o
settled accordingly. .

8. The Dussan project.~The prospects of getting a canal out o(f1 th; Dkfxsiz;:n lii;;el;g;
not improve on inspection of the levels and longitudinal sections. The depth ot digg

enormously to the cost of construction,

. 1-
the rock and water which will certainly be met with at the bead of the canal, take away al

hope of carrying out this project. I have drawn four horizontal lines in t'he secttl)on s}:?:{llgf
what the effect would be of raising the head flooring 10, 16, 20, and 25 fei‘:' & Ovid is. at
low-water supply ; even the highest of them gives a great depth of r9ck-cut ing, Ia. e f’ace
tWo places where water-level was observed in wells, 22 and 38 feet‘ belf)w water. " t

of this, I do not consider it worth while to make any further investigation of the project.

Dated 3rd September 1868,

, ) ) -~ I
Remarks by Lizurexinr-Coroner W. W. H. GerarHzD, C.B, R.E., Chief Engineer, I"égatllon Works, Pablic
Works Dept., on Lieutenant Home's SRetch Report of Betwa and Dussan Canals.

1. Lieutenant Home’s Report shows that the only means by whi.ch rubbee 1r:(;g:(t)xo}; c;x;
8t present, be obtained from Betwa is by forming a weir across the river, proposed b immum)
feet above bed in lowest part pf section, and 19 feet above cold weather (April ot mmrlt- n is
level of water in the river. The oross section of river is very uneven, the deepest po oxfo the
°_nl.7 80 feet wide, and owing to the natural rock rising in a great.part of the se.cm::;uld be
nver to the level of sill of proposed weir, the amount of magonry in such a t'Weu(;‘ O fort
much less than would be expected from the statement that it is proposed to put a da

. .

rryin
gh, across a river 2,300 feet wide, which in the monsoon 18 & Taging torrent, carryng

715,000 cubio feet of water per second to absolube waste. . —
2. The rock bed renders such & work possible at moderate cost, but if there ls.anyv mg;‘
at all carried down by the current (and a current of 8 or 9 feet a sec_ond must ;mfv:h: r‘:zr
'ng but rock hefore it), the effect of such a dam Would be to raise the level o

hind it permanent}
. . ted if
8. This opens a large subject, but as the greater part .of th? water wot{llld b:h:alied ;f
the bed i not raised, it is desirable during this next season to investigate whether

. bl
can be so regulated as to give us control of all the water we "qut at rea;solna e
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.
height in reference to the surface of the country. Until this is done, I should not be "inclined

to recommend the establishment of an isolated weir of such dimension, and it cannot be done
unless at the same time means are found of dispersing and distributing the water which the
Betwa carries, so as to obviate the necessity of considerable embankments to retain it in the
artificial channel we should create, and to make the works pay.

4. This enquiry must be comprehensive, and embrace the area of drainage and the course

of the river from Bhilsa downwards, much of which between Bhilsa and Jhansie lies in
Scindiah’s and other Native States.

5. Should such a system of remodelling the bed of the river prove unadvi'sable, it would
perhaps be necessary to abandon all idea of rubbee irrigation from the river and open
khurreef canals without dams wherever practicable : but before deciding upon this eourse, it
is necessary to know for how long a period of the khurreef a sufficient volume of water can
be depended upon for such irrigation. We have no record as yet, but Lieutenant Home will,

I understand, be able to give Betwa gauge readings for this monsoon, which as a season of
deficient rain will be an excellent criterion.

6. Though these conclusions tend to the necessity of a great deal more survey before
canals can be decided upon from the Betwa, it will, I think, be advisable to let Lieutenant
Home finish his project, that the Government may know what results can be obtained if water
can be made available, and in this view to consider his report as if the work were to be carried
out at once. . '

7. His sections show that after 7 miles of deep,
brought to the surface of the country,
seuse, is that its slope is so rapid a
canal bed as to render navigation im:

slope of the country upon the.
mile,

but not prohibitive digging, water can be
whose only disadvantage thenceforward, in an irrigating
s to require frequent falls, and so considerable a slope of
practicable, which is a great misfortune. The natural
proposed central canal is 197 feet in 70 miles, or 27 feet per

8. Irrespective of the question of weir, Lieutenant Home’s proposals,
graphs 3 to 6, may, as far as judgment can be formed at t

9. He should, I think, be instructed to provide for the complete irrigation of the Sump-
ther State referred to in paragraph 7, The more work a canal with such d
digging at starting can be made to do, that is to say,
and dispense economically, the cheaper the water wlll b
no doubt be made with the Sumpther or apy other Stat

10. The Dussan Project is impracticable at pre
water in it during the monsoon, which we must endeavour to turn to useful account.

11. There is good reason to hope that by judicious combination of canals and reservoirs
Bundelkhund, or more broadly, the territory on the right bank of J umna, bounded by Gwalior

on the west, and the Kymore Hills on the east, may eventually become a highly irrigated and
fertile province ; but there is a great deal to be done before this can be brought about.

explained in para.
He present stage, be approved.

eep and expensive
the more water it can be made to carry
e; and satisfactory arrangements can
e when the time comes for doing so.

sent. But there is a vast amount of

Dated 4th September 1868.
K.C8.1, Lieutenant-Governor of the North-Weste
Dussan®anals.

I xxow few parts of the country (the Bhuttiana territory
canal irrigation would prove a greater blessing than the area whj
canals. In the Jaloun District, the water 18 at immense depths, and wells consequently arc
sunk and worked at an expense, prohibitive, as s rule, for irrigational purposes,

2. Any failure in the monsoon is therefore felt with peculiar severity in this tract. The
rainfall is generally more scanty, irregular, and uncertain, than in the Doab and the Trans-
Gangetic Provinces. At the approach of drought, the people are in the habit of emigrating
for the time to more favoured quarters. The tenare of land is consequently far less valuable
" and fixed than where the production is tolerably certain. There is less accumulation of capital

and less ability to tide over seasons of difficulty. And so, when drought and famine do come,
‘the miseries of want and depopulation are experienced with an inteasity and duration quite
* unknown in the more favoured tracts to the north of the J umua and Ganges. It takes years
often for a famine-stricken tract to recover itself, :

3. On these grounds I should not be inclined to fay
an ample rubbee supply. It is true that there are grea
called mar), which have an extraordinary retentive ¢

Minute by S1r W. Myzas, rn Provinces, on the Betwa and

perhags excepted) for which
ch would be open to -these

our any project that did not include
t stretches of the fine black soil (locally
haracter ; so much 80, that one finds the

+ the project of a canal likely to be usefu
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ishing' in February, though not a drop of rain may have
alon. f": TOPg e fé‘l?:n :'::riiof:(s)lu;,l S?; :ﬁe I;ii‘: wereyg,-ood during the monsoon. On th.e same
. i Yel?(;}e ur Ed that a plentiful watering in September or October would lmpal:t
gmm_‘ds . o t grodnce good rubbee crops. But in the first place, the above rem{l.lx: E
efor ont mmsmrg i r soils' and not to the others (kabur, purowa, a,xfd .rakx.n-), of whic
oo peroa th'e hner';na ith ad’mixture of sand) is specially we.ll fitted for irrigation; next, lthe
the Puro?a _(a. ll.g v iin bVlV k'soils during the rains or immedmtel).f after is uncerta.md; lwﬂen
effect of irrigating the ai sludgy mass, and which might be difficult to work ;b:n a(ains {;
?‘le’t e mt‘:) : mlt{l:a last mentioned result, whether the people woul’;‘lh r:d); M
e doubtfu.l, apart trom tine under pressure of extreme drought. _Then no do t
tal water in tho kbureeh, oxecd 05 erly sought; but T should be unwilling to support
water would be ealg 1y in E;easons of drought, unless it were shown
011)1’; should answer also for the spring crops of

as in the present season,

to be absolutely impossible to construct one tha
ordinary seasons.

I herefore in favour of carrying on the present scheme, with any modifications
4. T am therefore in

*H iecti dduced by the Chief Engine.eer. As
that may b e. found advisa.blehfm;ia:: ldllnf;h:z;gfct%znis:pressiou ghat the th:’fa’aﬁ(:,:;:i a: nl;
o e at;r’ does not carry with it the same axrou:tter beoabt o,
rlros t'hmugh 1'001_(5’ c(mnSt;}"l,l of course there would b.e suffictont t of such matter,
ot s Hl{nalayan v 1ion gome considerable silting. Thebaimzu; experiment.
and suspended.m the wfate;l, t;{ 9;0:183),&“ e aight be ma 1o the su Je; o sxperimnt,
Ot the wam i - 'l1 the present project Shoul.d’ w 1lec0mmel:;eeenqiiriei; as to the

i 5 :t " sa:in eItlmfée“::l‘je tha,z it would be exPedle;_l ‘ :0 T{?s'c?)c‘éhe Governor-General,
ﬁ;l;:;?;)oretg:tﬁetée rg/Zr. i”erhaps Colonel l\:et;t:t Cofs .B'l:opag;: could give u; some 1itnf0r$:e-
. ‘ itd rinten i e result,
:?Od Ma];:i O;izgw;n% li;f" ti:l;mﬁ:lveszz:n . surveyséds.ull))iiyt;: I‘}v;:?va,t I believe, keeps
Chif(gomt:issione;, Central Provinges, might S l:e_a-s:;he bind—-ﬁows through the Saugor
clear to the west of that Province; only one affluent,

Distriet.

h
6. I am sorry to find that the Duss’an 8c trom it. -
hetter projeet may yet be found of dl‘awmg,w;’;te; ::ia District. I think that the Cane River
. the ba B ict
7. Neither of these schemes extends tO U o for that District. '
might be surveyed with the view of providing ‘"lg‘.lf;‘;: ri;ate a given area in Bundell;llmndt, }:Z
judgi b Wi 4 tity than
1 unt of water tha b a greater quantity
shoul?l‘ b?bg::glir;g;gg]:haa?:he black: eol Win'lgl:()b:li);i Zl:)?;):)pensgup into greater Cra‘;-ks atn d
: t of water
i least for rubbee crops. N considerable amoun
:i(;g:l‘::, glsicg(}az;::elf:Zd W(;uld swallow up, and ran to waste &
before the surface land was well-irrigated.
R
Dated 26th Septeraber, 1868.

ioation Works,
Note by Cotonsr R. StzscEEY, R.E., Inspector-General of Img*i; twa and Dussan Rivers have been
THe résults of Lieutenant Home's surveys oo the t?th comments by himself, and 2
sent to me in the rough by Lieutenant-Colonel Greathed’nw;’rovinces on the subject.
Minute of the Licutenant-Governor of the North-Wester ly difficulty is how to get oub of
e on yéor 4 or 5 miles, but nothing 1m-
ht be avoided, as I shall explain
uld not think that thert_a was
1 on ariver 1n t?le
feet a short dis-

me
proves 80 unfavorable. I trust that so
eme

on irrigation in Bundelkhund.

2. The Betwa Project is comparatively s?mple- e
the river. The sketch sent up shows rather heavy dlgS‘“g.
Practicable, and so far as I can judge, a great deal of this mxi
presently. The dam does not seem to be formida})le, and 1 fs ;2 teot fair fal
any risk in its construction. Colonel Fife has bm.lt'a dam o tam wall of 7
Deccan, agd it stands quite well. There is a subsidiary low da ge be followed here.
tance below to break the water, and some such plan could‘ of cour ial arrangement would be

8. The Betwa floods seem to rise some 40 fee.t or 8o, and a 21‘11‘1!31:8 no diffeulty.
necessary for shutting them out of the canal, but in this there w thed’s remarks regarding

4. 1 do not exactly follow the scope of Lieutenant-Colonel Grea raph 8). Lieutenant
the effect of such a dam as would be necessary on the Be:W: (S;E:E ig impossible;, there
Home says plainly that allowing for a theoretical aflux of 7 9; antry is,so strong that the
would be only 2 feet embankment needed, and thfa slope °.f the cl?l only be-in the extreme
length of any embankment would be very small. Further, 1t wou .

, Hloods that the water would rise in this way at all.
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5. Nor do I follow what is said about the rubbee cultivation from such works as are
proposed. We have quite sufficient evidence to show that there will be a fair body of water
passing down the Betwa during October and November, sufficient at all events to give absolute
certainty to the sowing of the rubbee, and that the supply will continue so as to give some
help to the crops even as late as March. Itis quite certain, moreover, that if arrangements
can be made for storing water above the dam in sufficient quantity to give a full rubbee supply
for the whole area commanded, the water must be distributed through the same canals that
deliver the khurreef water, and in fact that the stored water must be thrown into the Betwa,
and taken up at the dam.

6. Therefore it seems to me, that there can be no sort of question that some such scheme
as Is sketched out by Lieutenant Home will be the only means by which irrigation can be given
to the Districts under consideration, and that there need be no hesitation whatever in working
out the project at once in detail, and proceeding to execute it, unless the cost should be far
more heavy than T anticipate. The investigations into the possibility of a full rubbee supply
- may of course be properly put in hand as early as practicable, but it would be most objection-
able %o delay the maturing of the project for the khurreef canal for any such purpose.

- 7. Neither am I very certain whether I should not prefer tp have the khurreef canal in
actual operation before attempting to deal finally with a stored supply of water to supplement
the rubbee cultivation. I have no doubt that what I call a khurreef eanal will practically
save the country from famine, and Ihave not perfect confidence in our being able to store
water in the manner in which it must be done in this case to give what we want in an
economical way. I think with our limited Engineer power that we may best do at once, and
as speedily as possible, what we know that we can do certainly, and unless the available
strength of Engineerf is much more than I anticipate, I should distinctly oppose any
immediate investigation into the Upper Betwa during the next season at least.

8. I have already stated my conviction that the extreme North-West view of refusing
irrigation, unless a permanent full rubbee supply be given, is a grave mistake, and I regret to
see that the Minute of the Lieutenant-Governor of the North-Western Provinces seems to
take this view in the present case. The 3rd paragraph does not reject absolutely the sort of
scheme which could af once be carried out from the Betwa; but it seems to imply that the
Lieutenant-Governor would prefer to have nothing done till the Engineers have tried to get a
permanent water-supply for the whole tract to be irrigated, and have either succeeded, or finally
shown that it is impossible. I cannot too plainly declare my own convictions to be quite
opposed to this course, and I trust that on further consideration it will not be pursued ; but
that immediate measures should be taken for maturing the design for a canal, which will atall
events give complete khurreef irrigation to a large area, and which will be perfectly suited for
the distribution of a rubbee supply if hereafter the means should be found for obtaining it.

9. The experience of the present year seems to be sufficient to show that the real appre-
hension of serious danger arose from anticipated failare of the September and October rains.
As soon as the late rain fell, every one declared himself easy. Such a canal as we can with
perfect certainty set about at once from the Betwa, will do much more than give the equiva-
lent of a good September rainfall. My belief is, that in 19 years out of 20, it would give
such protection to the rubbee as to secure a moderate crop, though of course the greatly
superior advantage of the therough irrigation that would be got by a full cold weather supply
is not disputed,

10. To think that when a satisfactory supply of water is available, the khurreef crop is
likely to be altogether secondary, also seems to me a delusion. In Bundelkhund particularly, I
believe that rice cultivation will greatly expand on an abundant khurresf supply, There is
no solid ground for Sir W, Muir’s apprehensions that black soil may be unfit for irrigation.
There has been abundant experience on the subject in Madras and Bombay to remove all cause
of fear as to this soil being unsuitable for artifieial irrigation in any seuse, eithersas regards
tke agriculture, or the fitness of the soil for emhankments or channels. So far from its being
bad, it is very retentive, and so long as it is kept moist, which channels in use always would
be, there is no disposition to crack.

11. On the subject of the value of khurreef irrigation, it is worthy of remark that at the
present time the irrigated area on the Western Jumna Canals is as nearly as may be equally
divided between the rubbee and khurreef. Iam not at all disposed to take Colonel Rundall’s
extreme view, that the khurreef crops are likely to displace the rubbee in Northern India
at least, but I see no sort of reason why the natural capacity of the soil should not be as fully
utilized in the khurreef with tropical products, as in the rubbee with temperate ones.
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12, Returning to the project as it is roughly sketched by Licutenant Home, I would
remark that the levels indicate that there will not be much gained by bringing the water to
the surface at a higher level that 585, which is at a point near the town of Mote. Above this
the fall is great, and the space between the Betwa and Pahooj, Yvhich rivers practically limit.
the area irrigable, is narrow. Now this point of 585 feet level is about 1(% miles from the
proposed head, and in this distance falls aggregating 214 feet have been introduced in the
canal channel to overcome excessive slope, The natural inference would be, that the canal
bed level should be worked dack from the 16th mile, when the canal bottom is, say, 581 feet
with a proper slope until the river is reached. . So far as I can see from the levcls shown on
the map, there is nothing to prevent this being done. The project shows the level of t!1e
canal bed at the dam as 617. The necessary level to lead to the leyel of 581 a..t the 1.6th mile
would be 5955, so that the water is taken off aboui.; 214 feet higher than is essgntml. 'I"he
difference might be made up either by reducing the height of the dam, or by taking a point
lower down the river to start from. This part of the project should be revised at once
I think, - ol ¢

13. no objection, if it be more convenient or economical to carry-
ing tli, z:;:;ﬂzhﬁi :lha.vf;i{b;if the bid of the river, so as to be wholly submerged in extreme
floods. All that would be necessary would be to have a proper rég ulating work at that point

on the canal where it finally left the river bed.

14. It appears from the levels that a line could be taken for the canal from the head as

10w proposed much nearer the river with important saving ?f diggi;g;h Tlh:;?l?lagube l‘ea-son('ls
! - it i ible to speak gener Cm :
eele not having come up, it s only pose e(f vefer is that of navigation. The velocity

15. The only other point to which I ne X This d
. : 24 miles per hour. is does not
proposed by Lieutenant Home, 34 feet per second, 18 aboui;er tw ting 01:& oL chin, o velo

seem to me at all to prokibit navigation. With steam pOwer &= ti
city through the wafer of b mil%;s per hour might easily be given, and therefore an effective

ment, is
velocity of 2} miles: whether the traffic would be enough to pay lf{or Sltll(;};imtlx :;:lr%:e line of
avother affair. I think Lieutenant Home should be wl(?.itf‘; l;::nf ’ But-gif thought worth
canal fi for navigation, probably that passing K oonch an '?1 not.be necessary to carry out
while, the Humeerpoor line also could be s0 treated. It vg 1l be so placed and arranged
locks at first if the expense is great, but I think the falls should all be so p

a8 to be suitable for locks hereafter. ) y v the
16. T may add also that Sir W. Muir seems o0 be under some misconception as

i it, 1 der-sluices

silting up above & dam. No harm or inconvenience e(:; ; ial{lslfeﬁ(‘);mnls, I:fatlz)tfi(;g‘l})rl: I:rafize as a
: W ,

are constructed (para. 4 of Minute). The pond form: the level of the canal surface,

supply for irrigation of course, as its surface is only ab . thed
17. I now turn to the ]’)ussan scheme, which ;Lleutenant Home and Colonel Grea

i i I1d be declared.
Beem to regard as hopeless. I confess to not seeing why this condemnation shou e declare

: - i
18. It may at once be admitted that the line sketched by Lieutenant Home is impracti

. ‘o gl id it.
cable from the tremendous digging at the head, bub e qt‘:te smfpcl:' t:h::;)(; l:e modified.
. . . ; f how the proje .
19.°I Rave sketched out in a rough way my jdea o b T have sketohed in, 3 conveying &

From a general vie level lines Wh o
vastly beﬁ;?er idea of :;xeosfu:fl:;e cf?:ﬁ::ion than & bost of figures, 16 will bel Z:e:af 1;:,:2.‘::?0: IOP;
18 too high along the whole upper edge of my map t" a‘,imlt of g?:?th more I;odera:tel
%mve therefore discarded that part of the area, and have limited myse e Y
laclined portion, '
20. The head of the canal (coloured in green) woul
tenant Home’s line. There is & line of levels given on
far as T can see, there is 0o sort of difficulty about it.

come to the surface somewhere about the 585 feet level.
ever until we come to the Betwa Nullah, which must be crossed by an aqueduct, the canal

bottom being about 50 feet above the dry seagon level of water in_ the nullah]; Thf;eb s vory
proper section of the nullah, and I cannot say whether of no? such a wor would be ;rfary 4
expensive, but I do not see why it should be, After this pullah is passed, there 1s nothmg

d be taken below and inside of Lieu-
the actual line I have followed, and so
The water in this canal, too, would
There would be no difficulty what-

. turther whatever to cause difficulty.

21. The general comments made as to the rubbee supply of & Betwa canal ?'PPIY ?181'9
also, and I think a design for a khurreef supply should at once be worked ou’: and, if possible,

begun,
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22. It seems that the area for the Betwa Canals is about 800,000 acres, ang for the
Dussan I calculate it at 600,000 acres. Rejecting one-fourth as unculturable, which is pro-
bably too low a proportion however, we get 600,000 acres and 450,000 acres, respectively, to
beirrigated. Taking one-third of these areas as the annual irrigated crop, we should require
something less than 1,000 cubic feet per second for the Betwa, and 750 cubic feet for the
Dussan. If the supply in November is more than this, I think the volume given might be
increased, say to 1,500 cubic feet, and 1,000 cubic feet. Above this 1 do not think it would
be necessary to go. The data of the present season will certainly give as bad a supply as we
need think about, I incline to think thiat the design should be worked out 8o as to admit of
an increase of volume from 1,000 cubic feet to 1,500 cubic feet, hereafter for the Betwa
Canal, if the 1,000 cubic feet capacity is first adopted : and the same in the case of the Dussan
Canal the original 750 feet being made expansible to 1,000 feet.

From Lizvrenant Arrrue H, Bager, R.E., Executive Engineer, Bundelkhund Irrigation Surveys, to CLiNTON
Axprrsow, Esq., Superintending Engineer, 2nd Circle, Irrigation Branch, N.-W. Provinces, No. 289,
dated Jhansie, November 27th, 1869,
I nave the honour to submit the Betwa Canal Project, consisting of a general report on
the scheme, together with designs, estimates, &e., as appendices thereto.

2. The cost of the Betwa Canal (see Appendix B) is close upon 90 lakhs of rupees, of
which one-half represents the estimated cost of the reservoir-dams,

3. The total cultivated area is equal to 527,981 acres. Taking one-third of this as likely
to be irrigated in one year, and Rs. $ per acre as profit to Government in Land and Water
Revenue (vide Chief Engineer’s No. 20941, reporting on Lieutenant Home’s project), the re-
venue will amount to Rs, 5,27,981, which is a return of 5-86 per cent. on an outlay of 90 lakhs.

4. The Betwa Canal will not have to bear the burden of the 54 lakhs—the estimated cost
of the head-weir and the two reservoir-dams—if khurreef canals are taken out in directions
similar to those Iaid down in the accompanying map.

5, Lieutenant Home’s project (omitting the head-weir
this amounts to 36—nearly double. The difference is attri

for navigation, to heavy expenditure in crossing drainage,
of the project,

) amounted to 18} lakhs of rupees ;
butable to the necessity of providing
and to a more complete development

6. The Chief Engineer, in his letter above referred to, says,
depth of digging, doing away with falls, and deferring
canal will probably be much reduced below
think that the Betwa Canal, its branches and ir
less than what I have estimated.
large reductions may be made sho
and if some more economical way

in para, 25 : — By reducing
building of hridges, the cost of the
Lieutenant Home’s estimate.” I wish I could
rigating-lines, when completed, will have cost
In the cases of the Ghusgowan weir, and the reservoir-dams,
uld it be found unnecessary to use granite facing and paving,

be devised of holding up the extra 10 feet water at the Khoord
Dam. In the other works it does not appear that any great reduction can be made ; the

rajbuhas might have been taken somewhat more in digging, but such a course would only lead
to remodelling hereafter, as the rubbee supply is about one-third of that of the khurreef.

7. The guiding principle in designing the main canal and the navigable branch, may be
said to be similar to that laid down by Colonel Brownlow in his reply to Colonel Strachey’s
memo., dated July 13th, 1867 ; the difference being that Colonel Brownlow would take down the
average minimum at a velocity of 24 feet per second, restricting his khurreef volume to that
which gives a maximum velocity of 3 feet per second, and that I have taken down the maximum
required supply at the highest limit of veloeity, with a section giving the least difference in

depth as the supply falls consistent with the necessity of providing for navigation—a necessity
which is a fatal obstruction in executing a canal

for high and low supply to the best advantage.
8. On former infomation it was decided that the Betwa Canal should be so designed as to
carry about 1,000 cubic feet per second, capable

X of being increased to 1,500,
9. The maximum demand I find to be 1,408 cubsic feet, including 150 cubie feet per second
for navigatien at the tail of the

Calpee Branch. By taking this down at the highest velocity
other requirements are satisfied.

10. The Betwa River Survey Maps and Sections are also submitted with the appendices to
the report, a list of which is as follows ;e

Apperdix A,—Mr, Richardson’s memo. upon his design for constructing lock and fall in the same

.channel where the/Calpee Branch supply has been much reduced by the Kudowra
"Rajbuha which runs towards Humeerpoor.

s o
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Appendix B.—Calculation and general estimates,

»  C.—Estimates of ma.qonry—works.
D.—Designs for  ditto.
:: E.~ Ditto  Rajbuba bndges:.R’e © Offcers
uesti t to Revenu .
}’(;'—?)‘;‘i;rzz:;tgfqﬁzsc:;gsg;m (reply to No. 1159IC., dated 7th September, 1869, from

H Voi?;[? z(:;l:iiaiig.the gections of the main canal, its branches and the rajbuhas,
» —

11. On the main canal the double locks designed in the Ganges Canal remodelling project
have been adopted. .

12. With the exception 6f the first fall, where the canal-bed widens out from 40 to 84
feet, all falls are laid oblique to the axis of the canal.

13. The fall from the tail of the Calpee Branch to the bed of 't:e J{mlrlmg Sis i:elt‘tinf:iihin )
distancé of about half a mile, necessitating some Fourteen lozzz;ew:: t:e ;re(;t assistance I l.xa.ve
. . sact, I desire to express my ; h »
e g e L ey g o e
cei om my a: . . )
debil‘i,hy, lia.s, ne{rertheless,,adbered manfully to bis ;’101:; .ward;s enabling me to submit the
great interest he takes in his profession, have done mu '

project at the present time.

1

»
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PART L
0AB.
N THE PHYSICAL GEOGRAPHY OF THE D | |
de 25° 42’ 80” N. to the River Jum‘na,
t’“ba the Betwa—its affiuents—and embracing
o of the proposed Betwa 'Ct;??]l,;
i ting in hi
dulating surface, alterna lls
lya:?il::g‘:: disintegrating masses of granite

REMARKS O

THE triangular space extending from lati
bounded on the east by the Pahooj, on the west tion field
an area of some 1,500 square miles, forms the 1rr11ga
Higher up the Doab, the country presents gene;a
and valleys, broken here and there by quartz dykes,

and its associate rocks.

The proximity of these rocks to the sul:f
possess no natural conmected form of antic tion
country, present formidable obstacles to the consf'l'“'c v 3
point on the Betwa River than that now selected ; a'n.f,se
sity of having to fall back upon the bed of the Be';:;”‘ !
for the proposed canal in seasons of extreme drought. ay be found desirable to take out a

Should the Oorcha Reservoir-dam be constructed, 1t md tracts which lie between Jhaosie

high-level kburreef canal at that point, :310 irrigate the sancy '

and our present starting parallel of latitude. . ) a Doab, it is usual to
In the absence of a map exhibiting the arterla..l drainage ;y::ebn;tfeen the two rivers, from

assume that there is a backbone or watershed lying soi;w[ zide.

which the drainage disseminates and flows into them on ?1 o Iy different. The high lands
The suiface formation of the Betwa Canal Doab 18 WI;,('ije{s while the low lands occupy

border upon the khadirs or valloys of the Pahooj and Bet.Wah ;nels, which unite only as they

the central part, draining themselves by two separate cha town of Calpee.

approach the Jumna, falling into it about six miles above the

: hose great mar-beds,
1t is in this central part that we have a basin for t_,he_ fo‘:m?tli?(‘):f atnd theg:)eculiaf nature
which, on account of their great fertility without ?.l‘tlﬁClal 1rr1gi:erati’on, and must still be a
of the soil composing them, have excited much enquiry and o0 ortant of all questions affect-
subject for careful investigation, forming, perhaps, the most ;mpttention ; my desire to arrive
ing the financial prosperity of the canal, It attracted my early ; those contiguous to it, being
at some conclusion regarding the nature of these mar-beds, ant. uity was of such a perplex-
much increased by the apparently prevalent opinion thfit f,he contiguity
ing character as to render it impossible to define their limits.

s tabut he surface-soil,
From the settlement papers of the district 1 obtained the dmtnbufxl::m::t: in the wells of
and from my own subordinates the thickness of each stratum by meastion lines of the survey
the country. These well-measurements were taken along th.e crogs-8ece ing sections.
which furnished the reduced levels. and enabled me to compile the accompanying ¢

. : ine GH ; the other
The amount of the central depression is shown in the section on thedh(;l: o tlte , other
Sections, on AB, CD, EF, exhibit thq spring level, and the nature and depth

i i the elevations, which |,
he irregularity of .
a'f:e’ a,nd'z together with the rapid outfall o'f flhe
—— of a large canal from 2 much higher

the neces-
is is further prevented by s
tilflsas the only available storage-basin

4
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c

Sf)ils characteristic of this Doab ; while the map gives their general distribution. The difficul-
ties in the way of constructing a more perfect map and sections were too great to admit of its
being attempted. The present compilations are generaily reliable—quite reliable enough for
our purpose. In the sections, the vertical scale being 264 times larger than the horizontal,
small errors in measurement become necessarily greatly exaggerated, Where there were no
kutcha wells, the zemindars supplied the information required by stating the natare and depth
of eacp stratum pierced when the pucca wells were sunk ; two feet or so of error might easily
occur in such cases. Again, the dividing-lines between such soils as mar and kabur, purwa and
rakur, must often be ill-defined. Nevertheless, these drawbacks have not prevented us from
estall))lishing with certainty the order in which the beds are to be found throughout the Betwa
Doab. . .

The different soils can be brought under four principal heads :—
(1) Mar . Black soil,
(2) Kabur . Rich loam,
(3) Purwa . Sandy soil. :

(4) Rakur, . { Coarse sandy soil ; sometimes containing nodules of kunkur, at others
masses of quartz, gravel-beds, &c.

7. In the map or “ soil-chart,” the area coloured grey contains :—

Mar. . . . . . . . . . . . 76 per cent.
Kabur . . . . . . . . . . 7,
Purwa . . . . . . . . . . 5 4,
Rakur . . . , . . . . L2,
100
The area coloured sepia contains :—
Mar . . . . . . . . . . « 29 per cent.
Kabur . . . . . . . . . . 53 »
Purwa . . . . . . . . . « 14 »
Rakur . . . . . . . . . 4,
100

The burnt-sienna tract is nearly all © purws ;” it contains patches of rakur, but this last
is generally found underlying the purwa-beds, and is only seen on the surface on the edge of
the khadirs, and in deep drainage-lines.

8. Mr. Anderson, the Superintending Engineer of the 2nd Circle, sent two specimens of
dark soil to Dr. Murray Thomson, who gave the following analysis :—

No, 1 Specimen— Lighter coloured.

Siliceous matter . . . . . . . . . . 7852
Oxide of iron and alumina . . . . . . . . 9-16
Lime . . . . . . . . . . . 308
Magnesia . . . . . . . . . . 115
Organic matter . . . . . . . . . . 2-88
Water . . . C e . . . . . . &2l
100-00
No, 2 Specimen—Darker coloured.

Siliceous matter . . . . . . . . . 7624
Ozide of iron and alumina . . . . . . . 1050
Lime . . . . . . . . . . . 1:87
Organic matter - . . . . . . . . . . 312
Alkaline salts . . . . . . . . 2:27
Small traces of magnesia, water . . . . . . . 600
| 10000

9. Out of the 528,000 cultivated acres, 300,000 acres may be said to be  mar » goil ; it
is black, friable, very retentive, expands greatly under moisture, contracts as it parts with it,
leaving a surface cut up by a network of fissures, fertile without irrigation. .

10. Mr, Wilson, the Geological Surveyor, paid me a visit on the 28th October. During
his survey of the district, he had been struck by the apparent unconformabilit).r of the alluvial
deposits, and he requested me to allow him to have copies of the plans and sections I had made.
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BETWA CANAL PROJEOT IN. THE: Nonm-wmnk‘f-rmﬁ.
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sy &

" He considered “ mar” was identical With regur,” the blabk sotton:soil of ‘tﬁd'Nérbddda

Valley, and that it was chiefly derived from the decomposition of the

abound in the high lands to the south:
In Vol. IL., Records of the Geological St

the lucustrine deposits in the Nerbudda Valley 2=

“‘trap ¥ rooks which

joy of Itdia, page 282, a ngction‘.ia‘gim of

A. Coarse conglomerate, with large boulders ; also reddish clay, with kunkar. |

B. Loose sands and gravels.

C. Pale brownish alluvion and regur, presenting a sequence similar to that oi)ta.ining in
Bundelkhund, C == mar and kabur, B = purwa, A =rakur, -

\ PART II )
THE IRRIGABLE AREA. THE CANAL SUPPLY, AND THE DISTRIBUTION OF THE WATER,

Frox latitude N. 25° 42" 30,” which we have taken as the parallel from which irrigation
will commence, the triangular space bounded by the Pahooj, the Jumna, and Betwa Rivers, is
much diminished in area by the extent of the ravines in the valleys in which  these rivers flow.

For instance, in the Jaloun District, the area

is set down as 989,713 acres; of this no less

than 146,777 acres are taken up by ravines, leaving 842,936 acres as ordivary land :— ,

RAVINES.
Pergunash, - Por‘:::::h. Balsnee. -
Square miles. Acren. :
Jaloun . . 528 8,860 311,806 | = 906,448
vy S : 7916 50,662 283,884 | | 220,298
Oralee . . . . . . : . 62.11 88,350 ) 188,344 1“,”‘
Enies . . 9554 16,346 | 189,804 | - 129,959
Madhogurh , . . . . 6728 48,060 160,376 117,816
TorALy 22034 148,777 989,718 842,936
“—: . .
The cultivated and culturable . . . . . . = 560,065
. . .

Leaving a balance barren e

. =292,871

Ag the ares of the Jaloun District amounts to nearly four-fifths of the whole area, and we
have no knowledge of the distribution of the land in the Native States, we may apply thess

to the whole area. From the foregoing we have the following data for the Jaloun

District :—
5 e
Aeros, Poroentage. N‘.“'::"L
Cultivated | .
e . .. 88070 5539 e
fllambs D1 I o9 o
. e .| sessm 3474 238
. - Torats .| 843,996 100°00 640

n
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If one-third of the sultivated land be supposed %o be irrigated any one year, in every
square mile 118 acres, will require irrigation ; and taking half, and half 59 acres for the rmbbes
and 59 acres for the khurreef, every square mile of the bangur,” will have to be protected by
0-848* cubic foet per second in the khurreef, and 0:295,t cubic feet per second in the rubbee.

The * bangur,” or high land, is what we have to deal with, rejecting the eultivated lands
in the khadirs or valleys of the Pahooj, Jumna, and Betwa Rivers, as not wanting water.
Frosh he Lmiting-parallel to the Jumna, this high land contains an ares of 954,880 acres, or

1,492 square miles, distributed ae follows :— . : ,
X . ’ ‘m.
 Rritiah or Native Tonttory, ‘ ’ . Distriot. -
Square miles. Acres,
British . . . . . « | Jhansie . . ]
Niative ‘. . . [ o smPther . . . . N . lgg:g gk:g
British . . . . .| Jaloan . . . . . 1,115-0 713,800
Native . e+ .| Bownee . N 46,400
Do. . . Behree . o . . 100 6,400
lx'). . . e . . . . Dntteah . . . . . . 866 23,380
British e . e o .| Humeerpoor |, . o s« v o B8B 84,240
« Toraze .| 14020 964,880

_ At 0843 cubic feet per sscond, in the khurreef this area will require a supply of 1,268 e

cubic foet per second. . .
At 0-295 cubic feet per second, in the rubbee this area will require a supply of 440 cubic
feet per socond. - ) ‘
The distribution of the supply is eontained in the following table :ee
S N | . » ] Uovheted.” | gparvest, | Hubbem
. e Total Aveas, | ouble toot oy Rajbabe. SR R i
Distriota, | Cultivaied. | Oultarable. Barren, second. , : : R - - LI
. B | Sor.mil, | Cobfoet | Oub b
M. | Acres, { Milee, Acres, | Miles, | Acren, | Miles. Acres, | E . 3 Attaria R . . . . . . e gg . r ] ' 18
Y I . - ' Lower Jaloun Line . D . . . 18 13. :
B¢ [tmmel oo da GAM | V| LRl 0wl uw e '&‘}Sf’“ Sl o 2 b 13
Native | Bownee o)t el 10 | riine | sere 1,116 { 713'000 o0 [ 8389 uli - do 4 D ,
R R e R K i o |
Britsh | 1 || Homespoor | oo o] se| 120 | i 23| mamw Wa| 108 , , Tomazs .| 108
Tomis 83497 | 537,981 | 148°61 95,110 | 51843 831,760 | 1,402-0 | 084 560 | 1,386°00 '“o-o m———-— ‘
. ‘ — ~ - Sub-distridution Table No, IV.—Calpes Braneh. '
Distribution Tadle, shewing the water required for the srrigation of the lan:i ddp&mﬂd wpos ‘, - . e o . WATER-SUFPLY.
the main channels, ' o Rafbbe. - irrigated. Ehurreef. Rubbee.
Canal, | dren to be | \ATSR-SUPFLY, FAR BacC Bqh miles, | Oub. B, W’B
. Irrigated. — ' . .« %t B 7
Kiurre. |  Bublos. - Lol o - ® 18
- ‘ ma . o . * * h . / 9 S
Bqr.miles. | Cubfet. | Cub. fast. S 2 . 3%
Main le N . o . . . . L. 252 ' 212 7‘ o : : : .. . . . ) N v : l, 7
.+ ~Kootound Branch . ¢ ‘ ¢ * ¢ ¢ 467 - 898 ' 18 LI . . * ' o7 4 88 { ”
.Taloﬂll do' P . . . . . . . 198 167 u’. PR . * ¢ . M u ‘1 . n
Calpee = do. L 575 488 170 ¢, I T T o ~1 # ?
pee e '} . . . . hd lg 8 8
' _ - Tomars .| 1,492 1,258 " ‘F':i.v . S ; Porars w8 686 ’ 170
; oBmrse t 5 =020 f



- ) H ' d ﬁfty
’ . prised in the accompanying map. One .hun(.lred an )
The fomgomidh;i]:sb:: :;(llned to the irrigation supply to admit of navigation at the tail
cubic feet per seco:
of the Calpee Bmfh'.

. BETWA CANAL.

MAP
SNWDN IR
SUPPLY.
NSTARSTHN OF WATER
PART I1I1. v v :
FLObDDISCHARGE OF THE BETWA. L : , \
- _ ulation of the flood discharge of the Betwa River is based, upon
L Nm]HHOd: t:achum Sagur Ghét, another about two miles above Parcecha, and
phroe ?;d;?ﬁ well:::e s;be The discharge thus obtained amounts g 715,000 cubic feet per
the thi .

second.

. curred in the month of June 1868 5 the reduced level of its
. The l?lgh“t k::;::dgﬁz‘;p?site each section-line of the Betwa (soe Survey-.sheets)—the
mmdiwhbm:gxge thus caleulated amounts to no less thap 1,008,600 cubic foet per second,
ﬂ(?(’d Home’s results differ from mine in that his upper flood-levels are lower, giving
Lleutenantth:water -surface. But such a debacle as this far exceeds the true discharge. It
loes f“f, tpnmsary to ascertain by caleulations, based upon the flood surface-levels throughout
m;&rs; of the river—which had a uniform section

aod an unbroken fall to the bed—what
the discharge would be, for the sake of comparison with that obtained by other methods ;—

, ) RLot | .
Nnm;:tf S“Ei"v‘;rm“ R L ::dnlv"' Fi0od, June Dutfae:zes 1 Areas. Perimeters,
ws . * 1868,

i

Burwa Sagur Ghét, . 605:39 669°10

96,000 | 2200 437
Kolwan . 60300 66450 | 12,180 | 78309 2,000 391
Bhoopnuggur . .|  go2+g] 662:61 4,650 | 96100 | 2080 458
Tilheta e . .| 60239 66092 5100 | 91800
Lower Bihtari | 602-39

1,880 48'8

65683 11,080 81,100 2,100 386
Oojain . . { deep still } 649°01 11,900 71,800 1,620 44°3
Pareecha gauge water 64567 4,500 74,600 1,700 439
Khurd . . . 60065 641:09 5,400 82,320 2,070 397
Moratia N . 57133 62581 14,750 126,900 2,940 431
Dhumna . | roken d Y6956 | 6,300 94000 | 3960 | a9y
Dhowanie deep still 61921 4,750
‘Ghusgowan o : water basin | { 61900 4,800 112,700 2,720 414
Calculating with these flood-levels and surface-fall—
The discharge betwoen— Oub Ft, Someam
Burws Sagur Ghat and Kolwan . . . . . = Pe;g;% ) PROTOSINOOSRAPEND AT FRE SURYET 0P IWDLa SIVIONS, SALOUTYA, b
Kolwan and Bhoopnuggnr . . . . . | 036’400 '
Bhoopnuggur and Tilheta . . . . . . = 1’061’100
Tilheta and Lower Bihtari . . . . . . = ,972’600
. I
Mean discharge, | _ 1,013,875
Taking a mean ares 88,680 square feet
the secti

S a.nd_ ® mean hydraulie meqp depth 432, of all
wer Bihtari, the fa]] 3, flood-surface being =12-¢7,

bed. This part, then, has to be thrown out, ang small mdden
i : ' th
o \‘mlculatlng the dlﬂcharge by Blope of bed-— s 8l e rest’ as fal'
Mean of the areas = 86,825
Do, of hydrauli M.D= 4307
Distance=20,83o foet,

drop in the river-
s Lower Bihtari, used for

.o /! Werestaken at lower

Disch 293 gauge gave thig ion in the water’s surface=
1scharge = 29 034 cubie feot per second, with . i
Aud with 25-efficient 92-5= 39, ,200 by co-efficient 9 ;

cubic feet Per second,
-
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On the 10th September, 1869, Ligutenant Dyoce, R.A., assisted me in taking the dis-
:hglrge of the Betwa River. The observations and other data are contained in the following
able :— X

OBSRREVATIONS, DEDUCTIONS.
No. Areas, square faet.| Burface Velocity. | Mean Velocity, %‘:ito‘c"l:;l Duch;Ee:,o;:ll;l? foet
L 442 V0=1'10 1:00 1:65 730-12 .
11, 286 | V1=2356 2:30 265 757-90
111 693 V2=8'33 3:00 2:96 - 2,051-28
IV. 1,206 V3=325 2°92 321. 3,87318
V. 1,971 V4=389 250 350 6,898°50
VI. 1,792 V5=389 350 37 6,648'32
VIiI, 1,028 V6=46 3-93 366 3,762:48
VIIL 2,116 - V7=3176 338 . 8-34 7,067°40
1X. 672 V8=3'67 330 3-20 2,15040
X. 399 V9=344 310 312 1,244°88
- X1, 2,035 V10=3'50 315 304 6,186'40
X11, 714 V11=325 2-92 263 1,877-82
-XIII, 1,188 V12=2:60 2:34 1-67 1,900:46
xIVo cos V13=1'10 1.00 aes see
14,492 Total dischalrge . . 45,149°14

With our present means it would be difficult, if not impossible, to take the discharge
when the river rose much higher than R1.618'41~—on account of the velocity preventing the
use of boats—the level of its surface when the above discharge observations were made.
To caleulate flood-discharge therefrom— ' '
¢ / Discharge at 81.618'41 ==45,150=D
Flood-level, June, 1866=669'10
Level of river-bed = 608'06
Depth of water, time of observation=10-35=d
Ditto ditto flood =61"04=d,
Data ( and dy—d=50-69

Area of water section=14,494 square feet==A
Mean velocity =311 feet per second
Breadth of river on water-linez=1,400 feet=0
Slope of banks——46°=...
Perimeter of section =1,440'
\Required flood-discharge =D,

868-10

D,—D 8.8 1 . :
2Pt x {5 — e} =790 A
and D, = 888,290 cubic feet per second.

_ 1f we calealate the flood-discharge by using mean values for the ares and hydraulio mesn
ﬁh:r;th, all the way from the Burws Sagur Ghat down to Khoord, the result is not far off
Thus: The mean ares =84,000 square feet
. Do.  hydre. M.D.=42:99
the fall in the bed = 474 foet
and the total length = 54,810 foet.
Then : Dischacge =84000 x 90 x /4899 x T8
‘ =485/400 oulio foet per uoond., ’
'
‘ '
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Making this up to 500,000 cubic feet, 5o as to give a wide margin, and allowing that 50,000
cubic feet per second might be discharged into the Betwa between Pareecha and Ghusgowan, the
area drained being 200 square miles, and the rainfall once this year 16 inches in 86 hours, we
shall have a total discharge of 550,000 cubic feet per second to pass over the cana] head-weir;
and 1 think that we may safely assume that the flood-discharges cannot exceed this quantity.

PART IV.

THE BETWA A8 A SOURCE OF SUPPLY..

In TEB following table, exhibiting the discharge of the Betwa for every !;lonth from
December 1867, to October 1869, a period which includes a season of severe drought, we have

at a glance almost all the' information required on the subject of the  Betwa as a source of

supply 1

Year. Month, Date, (Discharge.| Year. Month, Date. |Discharge.

1867 | December. . .| 21 | 1,028 [ 1868 e 120

1868 | January . .| 18 878 » J‘,l,ly . . . .l 18 914
» |February . . | 5 740 |, |Auwgust . . .| 22 | 4072
” 3 . . . 17 590 » September . . . 30 1’500
” mo« o .| 29 427 | , lOcdober . . .| . 160
» | March . . . 6 343 » | November . . . » 81
» 9 .- :ljg 250 g December . . . » 675;
i1 S . . 220 1869 Janu . . . ”» :

1} ‘A'pnl ‘ . . 5 196 ”» Febma;{y . . el » 53
» ” B A 145 » |March . . .| o, 4
g s 29 109 |, lapil . . . . 15
» ay . . . 6 100 2 May . . . . LH] Land
't » . . .1 18 89 » | June . N T ave
” J” . . . 30 74 ” Ju]y . . . ”» 22’000
» une . . 6 70 ’» A.ngust . . . ’” iy
n | ow N I 1 68 | , |September. . .| , | 45000
» ” . . <1 39 68 » | October . . . » oo

P 1,

By the beginning of May 1869, the water ceased to flow. The first freshes came down on

the 9th July, since which date the lo t disch i second.
The table tells us tha west discharge was about 10,000 cubic feet per seco

at in ordinary years we shall always have enough for the canal from July to
February, and that in the months of March, April, May and June, the supply must be supple-
mented by storage, if regard be had to the cultivation of sugarcane, rice, indigo, &c. In ordi-
nary years there appears to be no doubt of the Betwa, yielding sufficient to give full irrigation

to the rubbee crops, but in times of drought we have no h £ ly after the middle of
October. In plain words, 5 "0 70 Aope of a supply aiter the m

the early monthe of the khurreef ; so that if perennial irrigation is to be our aim, the reservoirs

must contain enough for nine months. It appears, however, unnecessary to make provision
for « sugarcane,” &e. During years of drought, it will be sufficient if we ensure the irriga~
tion of the rubbee by a five-months’ supply, from October to February, These rubbee
reservoirs will in ordinary years be full in February, and be ready to irrigate the early khur-
reef ; and this can be done without any danger of the reservoirs not being re-filled, as at the
worst of times the river brings down 4,000 cubic feet per second during the rainy season, and
is still discharging 1,500 cubic feet per second towards the end of September.

Without reservoirs we can always secure the khurreef, and this saves the country ; the
produce does not go to pay the State as the rub.bee produce' does, but the people get a store
" of food in their homes which staves off the terrible day which a bad khurreef and no rubbee
must inevitably bring upon them. _ |
" The prevailing opinion is, that in Bundelkhl}nd, owing to the regularit.:y'of the rait'lfau
and the excessive fertility of the soil, a canal project cannot be a remunerative one, especially
. a5 the Betwa dries up with the rest of the country in years when a canal is most wanted. It

as happens that nearly every year there is some pergunnah or other which has suffered from
50 t}:f; rain ; and it is worthy of consideration that the Betwa n.ﬁg.ht be carrying the full sup-
wlan of ordin.;r years, although the whole tract we intend to irrigate be suffering from the
.l 4 fori ree of supply lies in a belt of country extending hundred of miles
severest drough‘t:{ .for 1!:5 50111 in, and I:riry different eonditions may obtain in the upper parh of
?t: aZog:emtoth:h:)r::g;?:li}gs‘:?x; the lower, Superabundsnt rain might be showered over
i those, ‘

i

o Al

the river may be said to be dry during the whole of the rubbee and -
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hilly country through which it flows, creating vast reservoirs among the substrata, which
would, by percolation into the river-bed, afford the usual supply when the lower part of that
Doab has been denied its share of the life-giving drops, and presents a barrem, miserable
waste. .

As to the readiness of the cultivators to make use of canal-water, it is very probable that
at first the results will not be encouraging, but it is still more probable that the use of the
canal-water will continually be on the increase, and that a higher and more proﬁts{.b.le sta.te of
caltivation will develop itself through its fructifying channels. That the trani.ntmn w1.ll be
slower in Bundelkhund than in the Gangetic Doab must not be a matter of surprise, consider-
ing the backward condition of the country and the natural indolence of the people.

PART V.

THE BED OF THE BETWA. THE BARRIERS AND THE SITE FOR THE CANAL-HEAD.

Frox the Burwa Sagur Ghit, which may be said to be the point where t.h? rivgr de~
bouches from the hilly country, down to the neighbon'u'hood of Ghusgowan, a distance of
seventeen miles, the Betwa is crossed by four rocky barriers :—

, No. 1, at Pareecha. No. 3, at Dhumns.
s 2, at KXhoord. 1 4, at Ghl,lﬂgowan- *

These barriers form almost continuous natural weirs in the river’s bed, the co.ld-weathet
supply flowing through narrow gorges ; but in two cases only does the bed of the river assume

& lower level beyond—at the barriers of Khoord and Ghusgowan. In the Pareecha and -
Dhumna barriers, the bed is, we may say, on the same level above and below them; -

disregarding of course the doep still-water basins which abound in the river, one of which lies
immediately above the barriers at Pareecha. ‘ . . .
At Khoord the bed falls rapidly, and at Ghusgowan the river takes it ﬁn.al. leaps into
the plains of our Doab. Such sites obviously present the most favoura.ble? conditions for the
construction of weirs and reservoir-dams, diminishing the afflux, and allowing of the greatest
_possible storage. . _
- The project being inseparable from the question of storage, I have chosen the Ghusgowan
barrier for the site of the head weir. The drainage of the country must be crossed by the

canal in the upper miles of ita course ; but, this cannot be avoided except by taking the canal
out at Pareecha— Lieutenant Home’s weir site—and such a proceeding would entirely vaelft :

our making use of the Betwa’s bed as storage-basin from QOorcha downwards, ‘

To make use of the supply stored up in the river-bed, the cax.'xa.l-!xeﬁ must of n’ecessity.be‘ |
built below the first great fall at Khoord. The Dhumna barrier is the first available s.lts,‘ '
but there the flood-level already rises too close to tha.t.s of the country to a.llow of a design
giving much afflux, The canal would be about 24 miles longer, and the drainage to be crossed |

very much the same if low levels are sought for to avoid deep digging.

The drainage flows towards Ghusgowan, parallel to the river in a defined channel, and
a canal taken out at Dhumna could be carried so as to make use of it ; but the same can be

* done at Ghusgowan, and it is a part of this project to make use of that -drainage chan
a8 far as possible, and thereby diminish the cost of excavating the main canal. :

It does not appear possible to take the canal out at & sti]l_lower point witlfogt‘ inct?rring‘ 8.
forbidding amount of expenditure on masonry works, in croseing the .wide ravines which diss -
figure the country as the drainage nears the Betwa’s banks. Were is not for this, the Ghus- .
gowan weir would have been another reservoir-dam, holding up a large supply for times of

scarcity and drought; but, whatever be the nature of the modifications D:nd improvements
suggested hereafter by the lowering of the canal-bed still more, and. carrying the canal on &
lower level despite drainage, I am of opinion that the Ghusgowan barrier is the best and last
#pot for the head-weir, Here the river takes its last great leap before the khadir begins. Wo
are prevented from going higher up by the necessity of providing fc{r storage ; from going
below, by the great depth of the bed below the surface of the surrounding country.

e PART VL e
S LINE OF CANAL. LEVEL OF BED AND WHIR bug. “r’ :
. T ameatisfied that the line lzid down by me from G_huagown-to the obligatory ’
near Reo, is taken along the lowest eligible contenrs, luw;bg regard &: the ditBoult m@

' . o
i »
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the surface beyond, where a line at a lower level would involve a greatly increased expenditure
in masonry-works; also that the sill of the Weir cahnot be raised sufficiently high to allow of
a line on & higher contour being adopted—owing to the numerous ravines which such a .lme
must cross but which adopted line turns—being adopted with due economy in exeav.ahon-
Assuming, then, that the line chosen is the best that circumstances will allow, it remains to
decide upon the most suitable level for the canal-bed, considered in connection with that of the
weir-sill,

The level of the country at the weir side is 619—620, and R.1.605 may be taken for
the level of the highest known flood (June, 1866, 604-83). The length of the weir would be
2,600 feet, and it has to discharge 550, 000 cubic feet per second. .

If the sill of the weir be at R. 1. 600-00, to caleulate affluz :—

80J,

¢00..

Discharge through AB= Q,=4.2.5. AB/29AB
Do. do. BC=Q,=c.5. BC,/2/AB
Total discharge= Q+Q,=Q; ¢=0.5, co-efficient ; b=length of weir=2,600 fest.

=c.b./2AB. (22 1 BC

ch
=5 /3B (2.AB+3.BC)

=08x2600x802 _
8~ 4/AB. (2 AB+15)=550,000;

whence, by trial z==AB=14 feet, and the reduced level of the flood passing over the weir=
8190, or nearly that of the country.

X At Ghusg.ow?.n the general level of the country is 6200, about three-quarters of a mil.e
above the welr sibe; 80 that any attempts to raise the sill of the permanent weir would entail
the construction of long embankments on both sides of the river.

o i:oseems, tr}::.m, ad:is;bleto adopt this level 6000 (or 599-96) for the sill of the permanent
masonry portion of the weir; and since the caunal must carry 9 feet of water to avoid a
broad bed, and to produce the highest limit, of velocity with the most convenient slope, the

‘t’;:“‘m ﬂl?;ring v;::ld be thx::.:go‘se, which gives & uniform digging of 16 to 17 feet along
. : e a8 as obligato int h . .. st
nishes rapidly up to the site of tbel%rstrgzlll)?l noar Reo, from which poin the digging dim!

If the depth of the diggix.lg be di@mished 4 feot, by raising the weir-sill in the sbove
supplementary method, the difference in the cost of the excavation will be found to amount to
a lakh of rupees; but the cost of the additional fall at the obligatory point, and that of the
apparatus, will more than counterbalance it, to say nothing of damages that will probably
occur from the shock of many a gigantic forest tree brought down by the flood, nor of the
impossibility of converting the reach of the river above the weir into a reservoir holding UP
water during the dry months to a height of 15 feet above canal-head flooring,

"BETWA CANAL PROJECT IN THE NORTH-WESTERN PROVINCES. 19

In the foregoing calculation of the afflux, the velocity of approach V was disregarded.

i §50,000 _ o, )
It is equal to %ﬁ:ﬁmﬁ:S 46 feet per second :
Taking V=8 feet—
L3 A
=mr—y
¢ - 605
B .
ol 600
AB=¢; BC=5; b=%:=g_:=l nearly.

¢=0'6, and 4=2,600",
Q,=Discharge through AB=14e¢. &. ‘/29{(”-]‘)..*“ +‘)f_ﬁ}
=4 x 05 x 2,600 x 8:02 x { (z+1)§—1 }
Q,=Discharge through BC=c. 4 BC. v/% (1)
=0'5x2,600x 5x 802 x (¢+1)
and the whole discharge=Q=Q,+Q,
=6,051 x (a-+1) §—1} + 52,180, (s+ 1)}

by trial #=18 feet. » L
This would admit of the il being raised a foot, but it is safer not to take it into account.

. ischa —-M =]1 .
The velocity of the flood-water = V1= Dl:cm‘:ge—g,euox ) 11:23 feet; per second

N . . i leave the weir-sill at 600-00;
Considering all things, I believe it to be best in 'the enf_l to . .
to have no supplementary ':'PP“mt“s’ and to put up with having to dig 16 feet as far as the obli

gatory point,

PART VIIL
ON THE FORM OF WEIR,
i istance, the high ridges or bar-
Trover the rocky bed of the river usually extends a long di ) th r
riers are rarelyemoreythan 50 feet broad, sometimes only 30 feet. It is thef-efore desirable
that the weir should, while answering other requirements, be of a form which gives—
No. 1. The smallest convenient base. . i
s 2. That it should possess a greater stability as the flood increases.
» S That it should pass off the water as easily as possible,

-
LY

e

. -, and here
The general level of two-thirds of the Ghusgowan ridge may bbr:"'g‘k:: ,:f;,:s;émour to

the weir would be 20 feet high ; supposing the ridge to be 50 feet » n;o ot L

use this base in the most efficient manner consjstent with ovoy mqoo:iifehnn'- R
It appears that the form ABCD is the best adapfed to theso ORGHETE: gy i

Esrs,
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If the crest be diminished to BE, and a batter given in front, the rock would not give
sufficient base, and the piece DFG would have to be built up to supply the excess wanted.
If to avoid this, the form DHIC were adopted, the water at half-flood would strike with great
violence against CJ ; an action which would in'time produce dangerous resulte if the rock had
any inclination to disintegrate at that place.

The long batter BC both eases the flow of the water and supplies the backward forces P
and W, to add to the weir's stability at full flood. For these reasons I consider the form
ABCD that which should be adopted under the circumstances.

1t is true that the above considerations are not necessary in the deep part of the longitu-
dinal section, where the weir reaches its greatest height—50 feet ; but it appears desirable that

the weir should have a uniform appearance, and I have therefore thought it; fit to adopt the
same form throughout.

PART VIII.

CALCULATION FOR THE DESIGN OF THE GHUSGOWAN WEIR.

Poixt G is the centre of gravity of the weir.
Let W=weight of the weir;

P=npressure (at flood) of water;

R=resultant ;

S=stability of weir;

AB=b; AD=h; CE=nh;

AU=f. {9 =weight of 1 cubic foot water,

U=f; {91= ditto ditto of wei,r.

Then, resistance offered by the weir=: Wy, x OT= 2—%'1‘) xhxg, % CT to find CT

From similar triangles, MQ: QV :: GT: TV s, Ty = 2V * 6T
nk x (Sb +nh\A e
)

2 33 +nh)3

o ——tn T P9

6 25
and CT‘; CV+4VT +nh

__(b+nh\ , o} brnk
=TT (G).
whence OT=8884+20%0 4852
8(25+nk)
and resistance offered by Weire=Wg x OT

— (25 +nh), 6.5.10.% + 9n3A% 4. 373
_T)h'yxx { n.h + 2n3%9 4 35 }

i 8 (28 +nh)
=g, {-é. (@08 X85 46b1k) Jove e vessersvssnnsnssnn(@)-
Y
e
“““““ iy T R NGRS i :
N Rt &
\ (]
H - — ~——
la 5 by ""_
\
\
\
\\ H
\ a
\ L]
\
\
LY
\
\
\\\ V
\ .
r = iy b’ ?P_) '
\ |
\\ ‘
\
2 o ANX g
g E )

&
N
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The overturning force =

«@

B+
=Pgx CK=Pyg x—-—sf
& 3+

= { (7 +)*(5D)

=g { L}

L T

also=R x CN.=8, to find

and the stability of the weir is equal to «—f; by similar trisnglss—

- the resultant R cuts the base of the weir, we have,

OX': ON :: OX : OT

Y s CNxR
or .0x=CN'OﬂTOX= ___v%_

=8
W
That is

CX=g, {z.’mamsm} —g {aﬂowf*ﬂ‘}

o3 (Zb +ob) .
The resisting force of the dam__WaxCT

overturning force

g x CK

=g {% (2w + 80% + 8b.m.B.) }
e

0. {2 e 3r+m) }
And if ¢,, the weight of stone masonrY,

' __2(2n%8% + 80% 4 63.0.B)
7 YT EY

and putting this equal to 4 we have

2 (2nsh 4802 + 6.b.nh)=4 (3fh+2f* +ht)

3Rt +3b% + Bbn h=2(3fh+2f* +5*

' ir wi t hig
» In the deepest part the weir will be 50 fee
© over it is R1. 619'0({ or 19 feet above sill, S=194

the foregoing equation (3 ) we have,

> = 12,144- ;
5,000n° + 3b® 4 300b.n=2 (2,850+ 722+2,500)

and if # the batter=1

8b9 4 300b= 7,144
b +1005=2,381

b+50= /2,381 +2,500= J4,881=69'9
b==19-9, or 20 feet.

1f in equstion (3)

n=1; h= §; then p=21"4 feet.
=10;

h=15;

=20;

h=25;

h=410;'

This result is of course due to the

- disreganding the downward pressure or weight of

”
”»
”
”

”

Jculation of the pressure from
- water over the dam.

b=21 ”
3=20"7 5
=205
»=203 ,
b=20 ”

If in equation () we substitute the following valuog—-
b=20"; n=1; h=50; f=19; n=29

the istance from C to X where the line of resistance cuts
=2 {axwuxaouaso.so} - {a.19.sox|.w+w }

h, A=501;
Subst

NG N
the point X where

€00 40t 00O BBY Tt aus SRONCC RN (’ ).

be takén as donble that of water g, the ratio

X

@)

the level of the flood passing

ituting these values for 4 and Sin

food-surface, snd tvo g

the base of the weir

=389 foat.

3.5, (3 20+ 50)

&

i

EER I
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"PART IX.

RESERVOIRS.

THE difficulties that present themselves in the maiter of storing a sufficient water to

supply the Betwa Canal in season of drought are more of a financial character than created
by any inadaptability of the country to the formation of reservoirs. The present scheme is to
make a main storage-basin, twelve miles along, in the bed of the Betwa, from Khoord to the
Burwa Sagur Ghit, in which length the river has little or o fall, and a subsidiary storage-

 basin higher up above OQorcha. This appears to be the cheapest way ; and if other good sites .

are found, the Betwa Canal might have a perennial supply. In the hilly region to the south
beyond the plains of Lullutpore, great facilities may occur for holding up large volumes of
water at a small cost. Mr. Willson, the Geological Surveyor, lately told me that in the
neighbourhood of * Jacklone,” where the Betwa leaves the high lands and tumbles futo the
Lullutpore plain, there is a reach sbout five miles long in which during the hot weather the
water lies still and fifty feet deep, the whole body being held up by an immense natural weir,
over which the Betwa discharges itself at other times of the year. Perhaps other favourable
localities exist, and although the distance of such reservoirs from the canal-head would be a
great drawback, yet it is very advisable that these tracts be examined before the present scheme
be finally adopted. :

Turning from the Betwa’s bed to search for reservoir sites in the surrounding.country, the
most favourable sites are those in which the drainage crosses the quartz ridges, a phenomenon
produced by the formation of new watersheds by lines of intrusive trap traversing the country
in a direction different to that taken by the quartz ridges. ~Generally, advantage has been
taken of such places, and a number of lakes formed behind the ridges; these lakes cannot,
I believe, be much increased in capacity, and now they only afford irrigation for the land lying
immediately below the dams. There are, however, two sites which may on examination prove
to be well adapted to the formation of large reservoirs, The first is about ten miles up the
Jamnee River, within twenty miles of QOorcha, and the second eight miles higher up. The
Jamnee cuts clean through two paralle]l quartz dykes, so that it is very Ilkely that short dams
could be made to hold back a large supply. It appears advisable to have the localities sdrveyed,
with a view of ascertaining the merits of such a scheme. One great drawback exists in the
" fact of the Jamnee River being the boundary of British territory, so that one-half of the
reservoirs wonld lie in a Native State, which would not benefit by the canal.

The « dam”’ of the proposed main reservoir will be sitnated opposite the village of
Khoord, close to the « Lower Khoord Section,” below which the river takes a sudden drop of
twelve feet (see Betwa River Survey Plans and Sections).

The idea is to raise the crest of the permanent dam as much as possible without producing '

an affiux, which would entail heavy embankments ; and on this crest, by means of piers and
balance-gates such as are used in Holland, to hold up an extra supply.

On the supposition that gates more than ten feet high could not be easily worked, it is
requisite, in order to hold up the greatest possible quantity, that the permanent crest be only
ten feet below the surface, and that without producing excessive afflux. '

No other site than that now selected offers these joint desiderata. At Khoord we l;ave a3

sudden fall in the river's bed, a long crest to the dam, and this is placed on the very verge of

the long level reach which is to form the reservoir. . .

»

(2874888 + Bhnd)—g (5/% + 2f?+37)
CX=g, 98, @5+ nd)

and from equation § .
2nShS 4 319+ 6bnh=2 (3fh+ 23+ 19) —_—
In the deepest part the dam will be 50’ high. The level of the flood is 647 or f=12'; n=l.  Bub
stituting these values in the last equation— W

3b% 4 3006=9,176~5,000

. 3.+100bm 4378 =1 309

b+ 50= /1,592 +2,500= /3,503
=624
b=12+4

‘From equation y—
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In the first equation, if b==13 feet, g1=2g

842 +120.% + 726
CX=""Te6+64
From which, wheygy ‘
h=50...... CX=381'197="495 of base
=45, - =28641="494
=40...... =26-075="491 ,
=3b8eees =23'500="489 ,,
=30...... : =20-910="486
=25... et =18'304=-482 ,,
=20... ... =15674="475
=15...... =13'012=="464 "
=10."’” =10'305='447

o = bun... = 7532="418
The weight of the piers and gates have been left out of the calculation.

Caleulation of M"’ Capacity of the Main Betwa Reservoir-supply keld up at Khoord to

country,

R. 1. 64500,
4 3

' z 3 E g
Name of Section. o & — 2 Contents in
g 2 :é ‘g g’ ngllﬁc Feet.

= = 2 = A
Lower Khoord . .| 87 2,180 80,660
Ditto | 30 | 3220 | 96600

UPPergihoord N . 2,000 155;388} 13L,600 | 2,100 | 276,360,000
oggﬁ?f, ? S B 1,300 | 55900 | 71,000 | 3,600 | 255,600,000
Baraita o o 42 1,400 | 58800 | 57,400 | 6,300 | 361,620,000
“Bihtori” Lowee  ~ | A 1400 .| 57,400 | 58100 |° 6,600 | 383,460,000
CLower < | 4 1400 | 60,200 | 58800 | 52300 | 311,640,000
Tihets TP * < 43| L100 | 47,300 | 53700 | 5300 | 284,610,000
Bhoopna N B 1,600 | 65600 -| 56400 | 6100 | 344,040,000
Kolmon 80 =+ L 41| 1600 | 65600 | 65600 | 5100 334560,000
Ghutwara . ° | 301 1,150 | 46,000 | 55800 | 4,600 | 256,680,000
Nohut-Ghat . © | 52 | 1400 | 54600 | 50,300 | 5300 | 266,590,000
Tohut-Ghat . 0 g 1,600 | 56,000 | 55300 | 6900 | 381,570,000
: 28,000 | 19,900 | 557,200,000

4,013,930,000
m October to February in years of :
B5x152x60x60x24 . . . 1,116,800,000

Add to this the mean supply derivable fro
drought=85 cubic feet per second=

Total cubic feet . 5,130,230,000

To calculate the afflux eaused by a dam opposite Khoord, the crest being raised to
R. 1L 635 — o 5
Flood-level above site=641-00
Ditto  below ,, =636-00
' Length of weir=1b = 5,500 feet,
Flood discharge = 550,000 cubsic feet per second,

0 .
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Let affiux CD=z *
Quantity discharged through BC
=Q,=%.¢b. (5+z).m
=§x 5% 5500x802.x (5+=)}

Quantity discharged through AB : N

=Q,= ¢ b. AB../Z5 (5+2) L, \
=5x5500x1x802x (5+2)}

. = 29,055 x (5+2) | _

Hence total discharge=Q=Q;+ Q,=14,708x (5+")3‘+223055 x (5+2)4 5 and if z=8
feet, the weir will pass off 609,380 cubic feet per second. Putting .the obstruction :ﬁered by
the piers at 01, the discharge, with affiux=6, wquld be 848,442 cubic foet per second.,

The flood-level lower dowu is only 631-68,but I have _t“km.‘ 636 for spfety’s sake.

With afflux=2=26 feet, the B. 1. of flood above the dam will be 647, 0r two feet above t?;e
g0 that small embankments will have to be constructed for some distance up—a mile

at the outside. e
Adopting the same form as that used for the Ghusgowan Weir—

0’56"'
A JJ-
[
!
D) i X — ¢ —
R
YW
Caleulation of the Bvaporating Surface.
Mean .
s Breadth of] Means. | Distances, | Evaporating Areas.
Name of section. River.
' 5400 | 3,700 | 2,100 | 7,770,000
%JW" Khoord . . .+« " "l o000 | 1650 | 3,600 5,940,000
peperditto . © ..ot 71300 | 1350 | 6300 | 8505000
Oocoehs ..ttt a00 | 1,400 | 6,600 9,240,000
Bomita | 0T 11Tl 1400 | 1,800 | 5300 7,420,000
‘Lower Bibtari . . . . . . .| 1,40 | 1,250 } 5300 6,625,000
Upper o © T 11,00 | 1,350 | 6,100 8,235,000
Thheta ” 0 0 .| 100 | Leoo | 5100 8:160,000
Bhoopnugger . . . . . . | 1,690 | 1,375 | 4,600 6,325,000
Kolwan S © 'l T1s0 | 1,275 | 5,300 6,757,500
Ghutwara . . . . . . . .| 1400 | 1500 | 6900 | 10,350,000
Nohut Gh&t . . . . . . .| 1600 | 1,600 | 9950 | * 15920,000
TheEnd . . . . . . . .| 1600
Total Sq. Feet . . veo 101,247,500

Io the month of June 1869, when the Betwa River had oemd to flow, the duly fall in
the surface was=="02'=8'04 feet in five months. Applying this to the above evaporating syr-

 face, the loss by evaporation=307,792,400 cubic feet. Of course this assumption ss:to the

‘amount of evaporation is subject to doubt; firstly, because, although the rivo_r had Mégpr;:t-
flow, yet its bad must have received a certain amount of supply by percolation ; secondly, be-
cange the result is based on observations mads during the hot westher, whereas th:wwdg od

t




‘;M\
98 - BETWA CANAL PROJECT IN THE NORTH-WESTEEN PROVINCES.

before us embraces the cold-weather months, 1 have a:&opbed this value on the supposition
that these influences counteract each other. I believe th'at Colonel Brownlow ascertained that
-7 of an inch disappeared by evaporation during the hot-weather months in * Bundelkhund

tanks.” It is needless to say that this does not help us under the peculiar circumstances of

the case. 4 :

The question of loss by percolation is surrounded by still greater difficulties. I have no
means of foyming any reliable estimate .of it, and I believe this is the first attempt of the kind
in India to convert the bed of a large river into & storage-bagin, Such cases, had they occur-
red, might also bave differed widely from that which we are dealing with.

As regards the reservoir itself, the formatoin of the underlying rocks favours the idea
that percolation will be confined by the quartz dykes running parallel with the Betwa, and that

" most of it will find its way over tlfe crystalline base of the country back into the river below
the reservoir-dam. But beyond this dam the water has to be held up 4} feet above the canal- .

flooring, far above the bed of the river ; and here the citoumstances do not appear so favourable
to the prevention of a spread in percolation as they are in the case of the reservoir.

Having, then, no means of ascertaining the loss by pereolation, it appears best to leave it

for the present out of the caleulation. The loss may be sufficiently great to entail the neces-
sity of constructing an extra reservoir-dam, g .

PART X.

CROSS.DRAINAGE.
Tas absolate necessity of makin

canal a pe_rennwl. supply, forces us to take the canal out lower down the Betwa’s course than
the position asslgned_ by it to Inieutenant Home, Had it not been necessary to provide this
;gl)lmge, Prefel'e,“‘fe I‘}]ght have been given to Lieutenant Home’s line, or another line from
'oord, as av01dlpg Interference with the natural drainage of the country. Under present re-
cémrements, the.hne of' canal has been taken along the lowest possible contours avoiding the
ebp and extensive ravines throy t , ‘

I;(,lils: f:i);nd?::nhzad (;2 lreacileé the main, or general.watershed of the country, in the obligatory
B s o Y Lolonel Greathed. The canal is then carried along the eastern watershed
: $ biturcation into the “Kootound ** and Calpee ”” branches, and here the latter is
carried aoross the central drainage on to the western or Calpee watershed. |
It is quite open to question whether the
that the three great irrigation lines should e
Ku!xkul Rajbuha head, andsuch a dispositi
d.ra.mage ; but the rapid outfa]] of the cou
cially in connection with the Decessity of
The reduced level of the

manate from a point somewhat near the site of the
on would do away with interference with the natural
ntry is an important part of the consideration, espe-
providing for navigation on the Calpee line.

that, of B (a point commop togrOUDd at the Kukkul Rajbuha head (A on sketch-map) is 56860,

b th 1‘ —— N o . m—— ’
miles, and fall=76 feet, oth lines) =512'61, and of C=527-85. The length of AB—I.Q

As tho chief of tho three lines, the Calpos branch, would have to overcome a fall of 76

feet in 19 miles, I believe that the expendi . . . .
separate lines to the level of BQ won]pen iture involved in bringing down the supply by three

design ; but the matter is worthy of further examination,

If the main canal were brought up to the Kukkul Rai .
the three branches, the supply of each would be as follows : Jbuba head, and there divided in

Calpee branch . . - . - 690 cubic feet per second.
Jaloun 2
Kootound ’ ’ v 24 ” ”
” . . . 504 ”» »
Total . 1408 »
— v

The sections of the “‘ Kuklful * and “ Baroda”” Rajbuhas being aﬁong the other drdwings
submitted with the project, an estimate can be drawn up without any further survey being
required.

coloured  pink, blue, and yellow : the pink colour represents the area that drains itself acrose

[

g @ storage-basin of the Betwa River in order to give the .

gh which the drainage pours itself into the Betwa. Fifteen -

Present design is the best. It may be thought

Id be greater than that involved in executing the present |

anying sketch map, the drai e ey L |
In the accompanying 1) alnage areas 'interfered with by the canal are Y would be 2,722 feet, long; sad thst of the Sestak N““‘F 4@35 foot. |

the main canal-from its head to the obligatory point on the watershed ; the bIne‘an’dyﬂlpy ;

8
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colours represent.the areas draining thewkmelvee across the Calpes ‘Brpgchf- the distingtion in
colour being' given to show the quantity that if is pr?posed‘ %o pass over the Branch, ’nn,d that
which it is proposed to turn. qﬂ ’in?p 'bﬂ? Betwa Khadir. \
The areas thus represented are 1~ : S o
Pink . e e . . . . gg square miles.

Blue . W T, . . o »
Yellow . . P . . . T. ls ‘” ‘ 3 . \

The rainfall on the 23rd of last July is stated to be tl_le .greabest yet kngwn in the
neighbourhood of « Mote ;”” in the tehwil register of that place it is entered as 0'88” during the
twenty-four hours, or above 10 inches. o a0 .

I assume that the greatest probable falk distributed over such aress as those above will not
exceed 9', or 075; using this, every. square nile would drain off 242 cubic feet per second,
supposing that this exceedingly heavy fall oceurred after tln.a soil had been thoroughly saturat-
ed by previous long-continued showers, which was the case in July last.

i vision mush be made to pass off—
Wlt}llnthtlize flis;utii::f o l . 242 x 59==14,278 cubic feei? per second. -

- lue . . 242 % 92=:22,264 »
P gellow . . . . . 242x18= 4356 ,
»” ) 3 )

Total - . 40,898 5 »”
’ E

And this through the following °h“nn‘?1° = | 43x17= 4114

() Saipoora Nalla  + = -+ Tt X D4
(2) Rammuggur Nulla . .« < ¢ © " g0l 00— 4840
(3) Burwa Nuddeo . . . ot . . 242x10= 2,420
(4) Reo and other nullss . - - ot ool g6 871D
(5) Kamseepoora Nulla .. - = - = 7 [ . 949%56=13588
(6) Seetah Nulla, .« o + =+ ¢ e e $356

(7) Leadinto Betwa .« ~+ + * ‘g R
' Total .- Cb, f, 40,898 »
Mo, 1,2, 5, aro woll-marked, brod and dosp, fad by numerous Iaferal drainage chamic
The others, Nos. 4, 5, 8, are of a very q.l.ﬁerent charaolfer, p-resen gs - ‘c'ountry a:lo oo
deed, Nos. 6 and 6 are so small that they are hardly noticed in fraversing :h drainage sub-
the line taken by the Calpee Branch. It is evident, then, that nleﬂ;fse “ﬁfoné;ﬁcmh .
T e etui of No 4 re by by
Nos. 1, 2, 8, can be crogsed by ordinary aqueducts; ot N 7 ¥ discha ‘
syphons,'par: ;:kei in and part thrown into the Burwa Nuddee; Nos. St;lm:hﬁ l(x}a:;e Mm‘gB nne;s
"too formidable te admit of their being collected a.nd' passed m-ldeme; rtil eﬁohl?:ﬁlﬁ%é
considering the nature of the country beyond-~which presents a et Ke ne 'yand o the
plain—until a more thorough survey is made of the country round a.boud ol?) ra,. iy s hort,
nature of the drainage lines in its neighbourhood, for these appear to e;ed eI;.l : P with these
distance beyond the Calpee Branch crossing. The most ad“s."blle Y:{ -:hem arilgowing.them
large bodies of water appears to be to interfere as little as possible w1 3

to pass in and ont of the canal over long weirs—providing a regulator at the down-stream

« wing to prevent the canal being flooded beyond, between the terminus of the weir and the
~Jakowlee Escape head. _ . .
‘ . § Plaw / .
) .
— 3 - 1 ——

=97 =it

»

o e 53 i e e okt gl
* A weir passes off 8% cubic fest per second over each foot of lengt! Wi
crest of one foot. Adopting this, to prevent restriction and ﬂoodmg@e K“;" !'l,:t e Wm :
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Objection might be taken to this method of treating the drainage on the ground that the
canal-bed might silt up, I do not think there is any probability of such a thing occurring.
The water would be flowing along the canal at the highest limit of velocity ; further I observed
last July, when the whole country had the appearance of g large shallow lake, when the water
wag pouring out of it across the “ metalled road to Cawnpore,” that the water was remarkabl y
clear, though its surface was in many places covered with bits of grass, sticks, and other float-
ing matter.

Mr. Richardson has drawn up a design for the passage of this drainage on the above
Principle; the cost will be about two lakhs of rupees. . The expenditure on the locks and fall,
of the alterative line to Calpee, and that on the Kootound and Jaloun Branches will, 1 beliove,
be found to outweigh this by a considerable amount,

APPENDIX 1.

' BETWA CANAL.
Main line and Calpee Branch N avigable— Modifications and reductions on Captain Bagge’s Pro-
Jeet— Estimates of cost of Khurreef Canals, with irrigated Area— General resull.
1. This projeet consists of— ;
36 miles main channe),

61 ,, branch to Ca,lpee, ) } Navigahle,
31 ,, branch to J aloun, , ] . .
39 *,, ‘branchto Kootound, ) . } Irrigation only.

With 499 miles of distribution channels,
2. The head is situated abogt one mile below the
locality presents itself for the construction of the wej

| d‘3’ I{, 513 estt{:aﬁfed that the khurreef requirements will be 1,400 cubic feet per second, in-
cluding 190 cubte feet per second for navigation towards the tail of the Calpee Branch. The
rubbee requirements are caleulated 4, be 440 cubic feet per sevond pe .

4. To secure a perennial supy) of whi i ini
il e e & gor Be(;wa.._ﬁi ey:) : which 440 cubic feet shall be the minimum, two dams

the canal head weir, another in some fal,)o el g of ohoord, soven and b half miles above

miles higher up. \Tourab]e site above the old city of Qorcha, some thirty‘

5. In.cluding the head weir, the estimated cost of
channels, is 45 lakhs of rupees, and that of the reservo
of 90 lakhs ; and the estimated return 5:86 per cent

village of Ghusgowan, where a suitable

Phe canal, its branches, and digtribution
Ir-dams an equal amount, making a total

7. (A) Reductions sem

(@) By doing away with the locks at i |
cubstincig o 84 the tail of the Calpee Branch snd R
(%) The Kascepore and Seetah drainage works have
off the total rainfall in six hours, which has been taken at a

maximum of nine inches, and the .
R1,20,000. Assuming that ope.thioq works are estimated to cost

- by the soil, and holding up th
longer, the works woulq only

been designed to pass

saving of . . . . .

(¢) The cost of the distribution channels taken along th; oana.i bour;damie;
may be much reduced by keeping them close to the banks of the
fnm'n lines, whereby the outer bank only woald be required; and
In cases where, for instance on the main oana), there ig a’suﬁ.
cient surplus of earth from the digging, the eonstruction of thege
rajbuhas might go on simultaneously with that of the{ main cana}, .
and the expenditure on them would be hardly apprecisble, In
this way the estimated outlay on the earthwork may be reduced
by . « v . . . . . .

" 70,000

56,000
Carried forward . 228,000

-
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» 8 88Ving may be effocted of . . 1,02,000 .

: R
‘ Branght forward . 2,268,000
i the head weir, R7,80,000 are devoted to facing

@ Ina‘:l; gm i(v’il:‘.h granite; the estimate being 3‘:?0,000 cnbio feet at

R2 per foot. Thip protects the whole of the .slll and bank-nl?pe,

and five feet othé breast, with dressed granite blocks %o & thick-

ness of three feet, the body of the weir being rubble masonry, ‘

It appenrs that if only ten feet of the back-siope be paved, sufii- ‘

cient protection will be afforded— ‘
20" : A

This modification of the dtzsign will admit o_f‘a Ba\ting o.f one: 400,000
half the estimated cost, or nearly - e e oo
(¢) In the Khoord reservoir-dam the granite paving is estimated.
| Eléﬁg,ogg .ad0pting the same method of piobectiox; as in the oase
of e wei’r, a roduction may ' 10;]ulfdeO(:frcnl::rr)(;:sex'v'ou--da-m' will oost
And if it be aasumed that eving on m will be . . . 2’00’000 _‘

the same as the Khoord dam, the sa
i £ . 1528000
| Making a total o |
| i the cost of constraction, not including con-
. ix. B.* Abstract of Estimates, ! ot of uding oon-
t e%ci: ;:pp:: gwf ab 80} lakhs of rupees, from W ch if we takt;:%i t?:egxﬁ,, dis:;i -
ﬁlzfs the’ ball;,nce 65 lakhs, will represent the cost, of copstructing
’ ] y g |

9,00,000

buted as follows ;— o " OOBOOO ,
. . . . « . s ¢ ‘ 6’00’000,
Reservoir-dams, » ¢ ) ) . e . - 600,
Canal head weir, . ; : . . . . . . 245,00»900
Botwn Gonal, - ‘ Torak . 6500000 .
.

. ; i . the original outlay would e~
To this if we add contingenciés of contraction at 5. per cent., the orig: o

. . - . 36’%8’888
. . . . * * ’ . . M 6’ )
BT OD DD
Betwa Canal, . . ¢ . Tomn . 6820,000
) SN
9. (B) Khurreef Canals -~ it will be seen that the four khurreef canals

From the accompanying tabular statements, ’
will cost 82,986,000, and that the irrigated area will amount to 32,0'0?;9 acr::e 14 alloction of
10. To the original outlay must be added the c@b of maintena !

1evenue i~
2(5) per cent. on ﬁlremual' ! canal. '
1 » hurree » . reservoir-dams.
5, river works., the weir, and rese ! Cost of onstruction.
Nature of Work, B(‘)OO
L, 48,05,
River Works, . . . . . . : o .. 25,20,000
Betwa Canal, . . . . . -« Y T9'96000
Khm'reef ” . . ‘ . * ’ ) * ' cam——.
. ) TOTAL . 7}%’%
. . /] ¢)
Superintendence @ 7 percemt, . - - - -+ W5OST
' Tom ovrnay . 7619470
[ ) “: A

®, Kot printed. ‘ - e . :
) . \ o ) : !
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BUNDELKRUND IRRIGATION.—A4bstract of Estimates

Qf’ Cost, &e., of Khurreef Camals taken out

. of the Betwa River above the Weir and Reservoir-dams.
Area within Water-su%ply Ares that
meestoma () WY | S| | owotes ) g | g | B

en, per second, : - : scred.
‘ R ]

Arjar  Canal, . .| 54 164 138 . 96,000 9,676
Jhansie , . .| 56 78 65 46,400 v 4,602
Chirgong ,, - 36 80 68 . 35,400 4,720
Goorserai  ,, 93 215 181 « | 1,04,000 12,685
ToraL .| 239 537 452 452 2,81,800 81,688

Add |5 per cent, |for continglencies, ne arly, 14,200

2,96,000

ARiAR KAURREEF. CANAL—Heod of Upper B

Bank of Betwa.

eservotr-dam above the old €

ty of Oorcha, Left

Aren withi . h
Name of Canal or Branch, | Length, hl?uentee,n w:g;f,ﬂ';%‘,'" Total Probable Grand wAilrlet.aet ir.:i.
o miles, inaguare | cubic foah discharge, | 3vorsge cost | Total, Total. | gsted,io
miles, per second, Per mile, acres,
Main Canal, , | g9 128 108 - 1%00 32%00 2 788
Ta;e:g::a Branch, .| 12 24 20 - "600 7900 - 1,416
. PR . . 10 o Y 5.2 !
Mﬂl‘ir distribution chan. . 12 10 806 6,000 | 46,200 08
nels, per mile of canal} ,,, '
Eaxtraordinary masonry- " . 0, [ 108 -
works in crossing
ainage, . S
. (1) . °0 *n m’m *
Toraz 84 | 164 138 138 w | 96000 | 9,678

JuansiE Kevenesp CANAL.~Hoead at Upper Reservoir-dam apope the City of Oorcha, Left

Bank of Betwa.

G

Area within Water.supply that
Name of Canal or Branch, I“’“ﬁ' 5| influence, | required, Tota] Probable Grand Aurle;e irrle
in m] .GI. in m.i?:lm p?zl- ligc?l;tl ' dlsoharge, “{f.'fﬁf.’i“ Total, T;.t:l. '.'s:z:g;.in
[ ————
Main Canal, . 8 4 B B B
4
?}?mgaon Branch, .{ 22 44 35 ) %g lg’% 2 ggg
Jhansic 16 | 90 17 " 800 o800 | 1,180
1;\_mu. a .| 10 10 9 ,600 :590
istribution  channels 600 6,000 | 385200
{minor), per mile of
canal, . . oo ‘ vos 200 11,200 .
___- S ¥
Torar .| 56 78 85 85 46,400 4,602 ’
) N . { ]
7 Criraone KHURRRRF CaNaL~—Head of Kkoord Reservoir.dam, left bank of Betws. |
Name of Caual or Branch, iLen h mel:?etmi: W:et:;';\l N Total d;l- Frobable Grand Ares that will .
n miles.| o vare mlios eut;i;: g:?lt. per| * oharge, lv!;c::g& lceo.“ To‘hl Grand lb: ll:rrl.'m
s : R B B
Mam Llne . . 30 62 52 ver 86
Barsich Rajhbuha . 8 18 16 68 700 2:%3 28,200 '?’oog
Minor distribution chan. o ’
nels, per mile of canal . 200 7,200 4720 -
Torar .{ 86 80 68
[ —— s -

| BETWA CANAL PROJROT IN THE NORTH-WRATMEN'Z

Goorserat Kuureesr Canar.—Head,on Right Bank of the Botwa River, at the Betwe |
Canal-head Weir. : o ’

s Water-supply Probshle | = - Azen that wit
Ares within ired, | Total dis- Total, | Crama |AT® .
Name of Canal or franoh. W‘ nfuen : “{:“i“:,ﬂ,w arge, | STemge coet Grand ‘hmmm‘ _.
g ‘% »
B R B :
i 28,800 -
Main Canal . .1 82 | 100 84 . 900 3
Lohar;fu:; Branch 012 - 20 17 %’g liﬁgg ;,’;gg
gqe;lanugger . o2 % g: o o 090 - e
Tgwsa 7 . .| 10 16 12 600 6,000 | 65400 | 885
Minor distribution chan-| ... e o | 200 o | 18,600 “ee
nels, at per mile of
canal,- 20,000
Extraordinary works | ... - ser e :
crossing drainage. -
Tora. .| 93 | 315 .| 181 | 181 v 1,04000 | 12,886
. —
" 4 . B
© 11, Thus tbe total outlay will be R76,20,000. The revenue de- 64000
 rivable from the khurreef canals, taken at B2 per acre, will amount to . 596000
That from the Betwa Canal . = . . . . noon oA
Tota} Revenue .,  5,92,000

APPENDIX IL

' BETWA CANAL,

: Y . ; iding for mavigation dows to the Jumna af Calpee; a
Estamafe Z{m;?,zjfoozzi ttmlz:‘i/;: cgft?ui;’;gn{f irriga‘ga'ny canals without navigation. th
i t, Captain B adberes to his present scheme of eroumg 0
drain:g:nb;?ooxn Olfoil:; %po:;d B[,) in coﬁzmﬁ.on of its being less expensive than carrying
down the:supply in three ssparate channels from point A to the !atltnde of BC, 'tha eagtern o;
navigable line to Calpee being by such an a.m.ngemeni.s carried dovynv the line of greates
outfall, AB. The reductions made in the cost of crossing that drainsge (R70,000) go to
strengthen this view. Further, the navigable line CB, and thence to Calpee, has but one fag
in ite entire length, the bed being carried down at an uniform slope of 14 feet per mile: an

i navigation is to be provided, the scheme a8 it stands at prosent appears to be the best; but

in estimating the extrs expenditare involved in providing for navigation over and above that

which would be neceseary in constructing simple irrigation lines, it would appear advisable to“

bring the main canal up to the point A, and there diyide it into three branches :—
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Canal. . . * | Khurreef supply, | Rubbee supply.
- ' {
’ ' 25 440
Main Canal - . . . . . . . . . 1,502 17
Kootound Branch . . . . . . . . oLt o
P | 540 189
Calpee » e . . . . . . .

For the “ Kootound Braneh,” with a section

slopes 14 to 1, depth of water=3 feet, discharge 504
secoud :— Disch e
.. Discharge__ 504 __ —_ 4
Mw-m_T—IGS—(b+4 5)3,

or width of bed, b=51-5

And since V=3=90 , /slz%xi,’;‘"so i
Blope of bed=h=2"17 feet, per mile,
When the discharge is reduced to its minimum, 176
The depth of the water will be=15 feet,
and the velocity=2:18 feet per second,
For the “ Calpee Branch ’~~Discharge=
maximum velocity =3’ per second,

cubic feet per second,~—

Area=i‘§’ =180=(b+4'5)3,

and b=55'5 feet.

Also, V=3=90, /180 "%
\ 663 5,280
or h=2'16 feet per mile,

The depth at minimum supply may be taken aq equal, or nearly so, to 1'5 feet. )
For the “ Jaloun Branch "—Discharge =214, depth of water=3’, maximum velocity=3
feet per second,
‘ Area=24=713=(3 +4:5)3,
b=199,
V=38=90 , | 73 A
30 ” 5,280
h=2'46 feet per mile.
Carried down with these slopes,
The Calpee Branch will gt
The Kootound Branch will
The Jaloun Branch will req

and a maximum depth of water = § fest-—
1 require six falls of 6 feot each ;

require two falls of 6 feet each ;

uire three falls of 6 feet each.

To get at the difference between the cost of the scheme with navigation and those
not providing it, we have on one gide—m

Expenditure on Main Canal,
Ditto Calpee Branch,

. . A.G'\
BC

"Ditto Raising bridges, &c., along the liue, . BE)..N.
Ditto Kukhul Rajbuha, -« . . AB
Ditto Baroda S . . . AD
\ :
14
) [}

> 8od mazimum velocity=3 feet per |

540 cubic feét per second, depth of water=3"

BEYWA "owu PROJECT IN THB mmmmm‘@mm .. 858

1

And on the other side - AT .
Kootound Branch, . . . . . : . AC
Jaloun " . . .. . . e PR
Calpoe ” .

» Tasonry worksin, . . . © . . BEY
Let the former be denoted by N, and the latter by E.

Under Head N, in the accompanying estimates :— o saas
e e L L L LT Zhiuos
g?f:g BE’ . . .. . . L =Ry 1,2?,?‘.&?
; L. =y 3
Dita ‘ig" L L L L = 180
$t 3 .

Total cost, . R 8,34,695

Under Head 1 := o : .« ' =R 95810
The expenditure on AC, . . . . . . am, 45,012
Ditto ig’ * _ : e . . =y, ng’ggg
Ditﬁo ’ ) . . == 'y I
Ditto BE, . - . . *

H

R 3,58,412

.
. | C .. R476283
Hencs, difference in cost, Ut . . . - R
Add 5 per cent., contingencies, - . |

| | R 5,00,097
\ . . 5 1,00,000

And 20 per cent. for mnintexfa.nce, .. v
| . R 6,00,000

Difference, due to navigation, o e s

| ing i ideration the diminished
A still oroator difforence may be obtained by taking into consideration the dimini
still greater

: i iring & narrower bed,
discharge (by 160 eubio feet navigation supply) in the maju canal requiring

: i rthwork on the Calpee Branch
oo s ideration the difference in the ea ;
::d 8-1;0 t::y ﬂ}k;ng 1:2: mk th:(: as it stands, 6 lakhs may be fairly taken as the extra
yond the point B ; -

\j i ng Cal Brmh.

Cost.
tity. Bate. ‘
Nsture of work. Quax -
. : ‘ B
| vimew B sprlowo| a1
Bathwork in cbapel, . . - -+ 9,781,000 15 per cant. 77,861
Ditto ina pronchﬁl, . ¢ ¢ ) 515,67‘ s pe ! 1 ,21,81’
Pole masonry, fn lime, . - . - v o080 | , 20, 14,064
Plain brickwork, N . : 66,268 » 33 » - 89,887
WON}.. . . . M * ‘ . ' A ) ”» ~. . j 1
Granite pavin s . . . . ¢ * R M 1, :
Cubic fel:: tin?ber. . . R : ..( 10 » 2000 ‘ __._-._-—-um
Pairs of lock-gates, . . . . - . o : 8 598,704
‘ ’ Total for AC, . . R
N - ) o
M . i . '
| Calpes Branch, from Cto B.
.| 18980000 | B
. Barthwork fn chaomel, . . . ) : ¥ ~'wﬁm »
Dt inapproaches, . . . . . - 168500 | »
m b;ikekwork. in lme, . . . . . 0,0 "
o LA L .. EREIRY B
Sesish und Kessepoora Dreinegs, . - DI Mg,
Oubio ot imber, . . - S

]
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 Calpes Brasch, Masonry-works, from B to E. .
Nature of work, Quantity. Rate. Cost.
Plain brickwork, in i ' ' 54»%0‘3
in brickwork, in lime, . . . . . . . A
Archwork, . . . . . . . . e BopETe 9,760
89,000 »” 25 » 4
Conerete, . . . . . . . . 5,060 8 408
(s}ranite pailving, . . . .. . . "\80 :’ 3 - 892 .
tone pite i'ng. I . ' . [N . 6,600 ’ 2 r.,éenc. 182
gl::;t:ev::rk in approaches, . . . g . . 7,728,000 :: 3 gf;r 1,000 33112:
Pairg Of’lwk-g‘tes, . . . . : : : 2§ » 3 503 . 7,M
Bets of chains and rings, . . . , . 3 ” 60 120
tl
Totalfor BE, . . . ., B| = 125360
‘The estimated .} :
o estimated cost of the Kukkul Rajbuba in Appendi |
y ) pendix B, #* . . . . N . R 21,000
Ditto  ditta  Baroda Rajbuba . n 18700
Estrmates Unper |
Heap I.—Calpee Branch, 40 B.
Earthwork in shannel—Length 19 mi g
Masonry worke Falls 675" '_mﬂ.“**l-' &, bed 55', 88,530,000 R 8per1,000 1,26,600
Difto Bridges, . . . oo 14 n 2,600 15,60
Brouch head in maincasal, . | - 8 » 2,600 gg’%
Totalfor 4B, . . . . B 1,66000
Lt
" Calpee Branck, B t B,
Masonry-works—Brigd Lt ’
Ditto_ digtor " N NS 11 H 2,600 80,800 |
Kudowra Rajbubis-head and bridge . =~ @  ° n » 1,500 16800 .
. . . 1 e : 8,500
Total for BE, . o R §0,600
Kootound Branch, 4 to . |
Earthwork in channel—Length 19 13 ‘ T . . : —
Musonry-worke—Falls 6, .= 0 03 €,0edBY, | 23970000 | B 8 por 1,000 09,810
Ditto Bridges, , A 2 » 5600 6,800
8 2,600 . 20,800 -
Total for AC, R 95,810
Jalauu Brauch; 4 to D,
Yarthwork in channel— Length ; -
Masonry-works—Falls 6° e0gth 18 miles—d. &', bed 19, 9,604,000
" A . . . ¢ B 3 1.000 28’512
Ditto Bridges . ot 3 » 1,800 per 4,600
. 8 » 1, lz,ow
TotaiforaD, , ., . . g 45,012
.

Artze the Kadowra Rajbuha is ak Jor ot the lower ond of the Calpse Bronch.

218 cubic feet per second, and th, ivation .
which reduoss the bud of ’t,he m:&:‘f;g:tmn will require & minimum depth of 5 feet of water

With this width of bed it ippoars digt’ with slopes of 1§ to 1.

by DT LA cult where the falls occur. to out & separsts
lock-channel without, makite it in stll water, theraby causing sl acd s sty wey ia which

it can be arranged is by combining fall and Jock

The difficulty which arises in this plan i » » drawing of trhich is sent up.

o . how to t th b . m ﬂ\O ml' )
water ; but it is my opinion that by lengthe 0 et the boats up against
every assistance with chains hung at the s%it:s 22“811 the lock-chamber, and giving the boatmen

t!
they would be able to get into the lock-chamber

and get still, the lower gates being closed.

The upper gate being merely a skeleton frame,
high would be easily opened, aud the boats would
the lower gate.

© chamber, and if necessary a set of blocks

its lower portion f.orminé & weir Q&W

v,

Pass out easily when the water rpee 9 fo6t 60

. * Not printed, - : T fan

en from the Calpee Branch, the discharge is reduced 60

: once inside, the water would rapidiprise,

. Conal rempdelling puttern, which, in my opinion, will be smple in the

Peled

g .
Ht ; e
TR

bicein i

i f L

The upper and lower gates are botl to be tande~of wroughtiiron strenpthesed g T
and L -irons. : - RN A O

The upper one will be & skeleton frame of T -iron, With the exception of the Jower portion, -
which will be 4-inch plate and 24 feet deep, which forms the weir-plate. o -
: The lower gate is to be made exactly the same as the gate designed by Mr, Campbell for
the Assuffanuggur upper gate, with the exception that the sluives miust have a larger area.-
This gate will be 10 feet high, with six sluices each 3'66 square feet area. T

The water discharging into the lock==218 cubie feet per second. ‘ ‘

The sluice area provided will discharge, with a 5-feet head, 242 cubic foet per seoond
. In caleulating the discharge by the sluices, the pressure of the water at the lower canal-
level must be taken into account, which I have taken at 4 feet; deep after the boat has passed
through, leaving an effective head of 5 feat, the water having lowered after the closing of the

Loty
T ’ v »
Supposed, Tooed of level of ool
q v ) = ¥ : ___:
Zody Chumidegr — T =

&
gates during the time the boat was passing throngh. . |
Then;fir-gate can discharge 284 cubic feet per second with 23 feet B crest, g
In order further to provide for safety, so that the water should not rise above 9 feet in

the lock-chamber, I propose to take out an escape-channel with plank arrangement, which wil!.
if necessary, assist the sltices if any one of them get ont of order. . :

e

TN

S spotor
TN

» Lower—

..--&»-«j?

——

g ?
p e J
* ol e o § \s
P 3
— ~
— \
The extrs length given to the losk-chamber in this ease is 84 foet itoce than the,

onsq of B Toul
, W, Patsiax Ricuanimos:



A

38 . BETWA CANAL PROJECT IN THE NORTH-WESTERN PROVINUES.

APPENDIX F.

- Answers to questions put to Distriot Officers, Bundelkkund Irrigation.

?wation 1.—~Whether irrigation from streams, jheels, or other natural sources, is now
practised ?' If so, to what extent? Actual areas being stated if possible, otherwise an approxi-
mation to be given. ~ . Proz

Question 2.—1f irrigation is anywhere Practised, do the landholders pay any tate to

Government for the use of the water? If not, have they any prescriptive right to nse it ?

Question 3.~What is the average depth of water below the surface of the ground ? State

also the maximum and minimum depths, specifying the .
found at the greatest and least depths, Ting Fho names of tho places Where the watat is

Question 4.~Do facilities exist for making (kuteha) wells? If so, are there many in use
for irrigation purposes, and what is the average cost of making them ? ’ Y :
Question 5.~Do facilities exist for making minor jrr '
pullabs, or other sources? If 80, state th,
probably be benefited, and point out which

gation works from tanks, jheels,

. works it would be Tequisite {0 undertake first.
. 3':6::%;” f.—]i';n tll:e (lavent of any ir}'igation works being carried out, state whether any
;l;:cn o :n ygp:?zialzt ;u ;iﬂllwe t::mde with reference to charging for the water supplied, conse-
: Ot the tenure of land or otherw; . ~ ‘
probable fa.n' money-valte of water to the chief crops likesl;’tznri 1::“}: " what would bethe
Quectzon 7.~In what monthsg are the ¢ quire it.
preparing the land) for the khurreef gng rub

Question 8,—~What are the more impor
of cultivation.

Question 9~=What is the we: :
ted and unirrigated ? weight of the ordinary produes of the ehief crops per acre irriga-

Question 10.—1s there gt i ‘
what places, and what are the cll);z;e:tt;;i{ ;mportant export of agricultural produce ? If so, to

Question 11.-~What are the chi
what are the chief lines on \;vhi::hehlef o the el et velable o s acpao

of inland trade, ej Water-carriage is likely to be most valuable for the purposes

ther in respect of agricults
. icult .
Question 12,—~Ts there any ¢ ,fh » oru;al Produce or any other commodity ?

and state actual and approximate g,

Question 13.—1q
water in any of the i

bee crops required ?
tant crops of the district ? Give approximate areas

reas,

there any register of the G, it ‘
a i i i . |
Vers or streams in the districtnges el showing the daly helgh# "

district, or : . lon by drainage embankment, or oth for the
s OF any part, of it ? And in the event of gueh ﬂiotec:io;; o;egugerr;;o:;::ine:mi iof' the
. . 9 )

this distriet § .
extent of such irrigation i Tict ie from wells, generally near villages. The
wells, for suga.r-éai: ;ﬁ;g vy small. In pergunnah Madhogurﬁethe irzi ation froﬁskuwﬁa'
. N ¥> may cover ahout 1,087 acres, 8
wmeerpoor.~No irrieating v 11 8 .
natural sourcia ; about llz%:?g‘oflh;na::l: Rergt:;‘imﬂh is practised from streams, jheels, or other
Somurpore. Trigated from wells i Humeerpoor, and 240 beegahs in

banks, as well as from wells,

Raat—~No irrigation from streams, jheels
pergunnah. )

Panwarea.;—;&l:out 9,800 beegahs are irrigated from wells in perguﬁnah Punwares, and

6,522 beegabs in Jeitpore ; about 360 beegahs, also . 1
pergunnah Jeitpore. » are irrigated from the Bala Tal Lake m

or other natural sources is practised In this

Lé3

¢ portion or portions of the district which would

puleves ” (or first, waterings for bresking up and -

ocosur ” land in the district ? If 8, specify where,

_ to. Government.

I
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Mukobs.—About 904 beegahs are irrigated from the lakes in this pergunneh ; no irriga..

tion from streams is practised. ‘ . .
Banda.—There is no irrigation from drains, jheels, or other natural eo now  practised

in this district, Land adjoining villsges and eultivated with tobasoo or vegetables is sometimes

irrigated with water from wells and tanks. . .
Allahabad.~Trrigation is practised from jheels bus not from strmms,i there not bung any

suitable for that purpose :— . | v
. In the Doab, . . . . . . . . « e . g,g;ﬁ

In the Trans-Ganges, . e . . . R
In the Traus-Jumna, . . - - - R L
are irrigated in this manner. \
, _ i mo irrigation from streams in this distnick. The followiag stato-
Futtehpore,~There is Hﬂg‘ﬂnt 40 which irrigation is resorted to by means of jheel and

ment will show roughly the exte

tanks 1 : Jhools. Tanbs.
Acres.  Acres.

. « . . ero 13,000

Futtehpore, . : R . . 3571 4,514
Gazeepore, . . . ° o .. .. 15,000
Ekdolla, . . . o0t T T sosa)
Khag&, . . ¢ * ' ’ i : « . - e
Kulianpore, S

Kom, . . . " R . - - » j

—Not received. ) bonds. an
aseapore . on is partially practised in this district from wells, tanks, bunds, and

not f'ro;:z:ﬁ::al souui:;; and the ares thus irrigated is approximately 177,887 acres,

ANswass T0 Qniﬁm 2 ' ,
- Thamsie.—Most of the irriguted land wasssscssed wewudh ot gottlement

from Governmerit tanks pay ‘water-rates. | N - withor hssiaa
Jalown—The Tadadlers pay o Tate to Governmerit for the use of the witer, havitg
D o ety origition it porgunnah i from wels, and nthin is it

; mew fealdswatored

. H umeerpoor.-—-"l‘he ozi'ly"irﬁgiﬁOﬁ‘ in
Government for it. (
Mondia.—Ditto, ditto. o o
' Je;:ap;:e ]l)it:;. is from the River Betwa, besides that from wells, and nothing is paid
-~ E) .

sed in this pergunnah. ‘ o
to R1.8-0 per beegah for irrigation from
from 8 e o om 12+ammas to B2-1-6

Raat,~No irrigation is practi

Punwaree.—~The zemindars pay . .
the Bala Tal Muhoba. The water-rates in this pergunnah vary fr

for irrigation from the several lakes by cang.ls.- .
Banda.~The zemindars have no presgnptwe. nght -
Allakabad.~The zemindars, having a prescriptive rig

. o ; i
used for irrigation, do not pay any rate to Government.
Futter;)gore.—"l.nnd.holders pay no rent to Government for _the use of the waw:, as they have

a prescriptive right o it.
Ghaseepore.~The jheels, tanks,

always, . e
Mirsapore.—~The taudholders do not pay anything for-the water used Tor irrigating ’ r

lands, as the wells, &c., ave constructed at the expense of villages.

~dyNewss 70 Qumerion 8. I

. Jhansie—~Average depth'26 to ‘80 feet; maximum todith sn&mﬂ%baeﬂt) 7o' %
river § minimum (south and south-west) 15, and ridges. : _ . . M
Jalous~The average depth of water below the surface of the ground is a::;l mﬂbﬁn
between 20,'80, and 50 feet ; the maximum depthe 160 to 180 faet : wde munddnhﬁui» v
garden at Orai, the well at the Orai -Jail, and one in Colonsl Swiney’s compo Qe
this depth an ample und inexbaustible supply of water is obtained. SR A

to the use of water from streams.
it-to 411 wuch water as is at present

&e., are in their estates, and they have:used the water

.
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Humeerpoor.—The average depth of water is 67 feet; the maximum being 90 feet, and
the minimum 45 feet.

Mondha,—The average depth of water to the eastward is 100 feet, to the westward 54
feet, to the northward 85 feet, and to the southward 105 feet.

Jellapore.~The average depth of water to the north is 90 feet, to the south 80 feet, to
the east 6 feet, and to the west 90 feet.

Raat.~~The average depth of water in this pergunnah is 57 feet ; the maximum being 90
feet, and the minimum 24 feet. »

Punwwee..-'l‘he average depth of. water in pergunnah Punwaree is 51 feet, and that in
pergunnah Jeitpore 36 feet ; the. maximum of the former being 80 feet, and that of the latter
pergunnah 16 feet, and the minimum 40 feet iy Punwaree, and 10 feet in pergunnah
Jeitpore, . '

Makoba.—The average depth is 16 feet; the max
12 feet.

Banda.—The average depth of water below the surface is 77 feet. The maximum depth

is 157 feet, in mouzah Bhawneepore, pergunnah B ) . .
Busabaree, pergunnah Banda. > pergunnah Bauda; and thq minimum aboyt 12 feef, in

imum being 20 feet, and the minimum

Allakabad.—The average depth of water below

In the Doab the surface of the ground is—

»  Trans-Ganges 6;) feet.
”» TI’&IIS-JIH:nnaJ 28 :

The maximum and minimum depths are—

Mazximum. Minimum.

Doab . . . ) Fect. Feet.
Trans-Ganges . . . ’ ' ) oL .77 37
Trang-Jumna, . ) ’ : * . . . gg g;

It is at the greatest depth near th
and Barra, Trans-Jumna, The n

two latter pergunnahs cannot be ¢

& rivers and in hilly parts—such as a portion of Khyragurh
Zirness of thed water to the surface in a large portion of the
owing to the soil bej <enas a guide regarding facilities for making wells, a8
the egxpensee isso ﬂni)szigeﬁ)lfky’ l()lla.stmg 18 necessary before 4 well can be made, and of course
minimum depth at Munjy anc(? ’ther?by - I should say that in the whole district it is at &
where I have noticed thJ Dpﬁ;e in Mirzapore chowharee, which is the only place in this district
“ghurra” at the end o{:'e wets called < dhoklee,” viz., those in which water is raised by a
a bamb : .

00,

P, _

Futltehpore. Average depth of water in each pergunnah—
Futtebpore . | ' Fect.
Ghazeepore . T : . . . . . . 48
Bkdulla, . . ° ot . ... .62
Kh&ga: Iy . . ) : ' . - . . . . 60
Kullianpore . ) ) : : . . . . . . 23
Kora . | | ) : e . . . . . 70

Maximum and minimum depths— S 90

Mazimum, Minimum.

Fuftehpore . . Feet. Feet.
Ghazeepore ( ’ : . . . . . 63 27
Ekdulla ., . . o+ .« . .120 24
Khaga . . , = = - .90 30
Kullianpore ) . : : . . . 20 10
Kora . . o : ' . . . . 150 35

Ghazeepore—Not received, ' ’ : . . 90 60

Mirzapore.~—The average depth of water b

: . elow the surf; - d
the maximum and minimum depths at differen sy inao of the ground is 50 fect, &7

t places are ag follows :—

Sub-division. Mazimum. Minimum.'
‘ : Feot. Feet.
Mirzapore e e . . 75 20
Chunar . ., . . . . . . . 60 22
Robertsgunj . . . . . . . . 70 30
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ANswERS TO QUESTION 4.

Jhansie.—Kutcha wells, comparatively little used in this district ; cost, 20 to R30.

Jaloun.—The water in this district lies generally for kutcha wells at a depth of 80 to 50
foet, but it is only surface-water, and most of these wells run dry during the hot season, or fall
in during the rains, when others are dug. The cost of such wells is about B25 on an average.
These wells are often used for irrigation. . '

Humeerpoor.—~The soil in this pergunnah does not admit of kutcha wells being sunk.

Mondha.~Kutcha wells, though not much in use, can be sunk for R10.

Jellapore~In this pergunna.h kutcha wells are used for the irrigation of sugarcane fields,

and can be sunk for B25 each.
Raat.—Ditto ditto B 5.
Punwaree—Ditto  ditto R 15
Makoba.—Ditto dkto R 20. » ' '
Banda—No facilities exist for making kutcha wells. In pergunnah Banda.'there are six
such wells constructed, at an average cost of R20; and some four or ﬁve in pergunnah
Budousa—cost of construction varying from Rs. 16 to B35 each. .
Allakabad.—Kuteha wells can be, and are easily made everywhere, except close to the rivers

and those parts of Barra and Khyraghur mentioned above; they cost on an average R10,

and Jast generally one year, but in some parts, viz., Trans-Ganges, two years. .
Puttehpore.—~Every facility exists for making kutcha wells, and many exist throughout
the district. The cost of making kutcha wells is from R10 to R15. :

Ghazeepore.~Yes; a great many all over the distriet ; R15.
Mirzapore.—~Kutcha wells are easily constructed, at an average cost of BR10 each, and

are generally used for irrigation purposes.
ANswERs 1o QUESTION b. ‘ ‘
Jhansie.—Yes, in Mow and Garotha, along the ‘ridges of hills between Dussan and Betwa,

Nodfacilities in Mote pergunnah. '
Jaloun.—No facilities exist for making minor irrigation .Worlfs fror.n tanks, jheels, nulls:\hs,

and other sources, The district is a dead level, and mu.ch_ engméenng science WOul(.i b.e requ‘lred

to apply the drainage of the country to works of n'nga.tlon,.though. no doubt it is feasible,

The pergunnahs of Madhogurh'and Kumar, where the purwa .soxl prevails, would be the most

benefited by well or tank-irrigation, should a canal not be available.

— Facilities for making minor irrigation works from tanks, jheels, nullabs,

H . 1
umeerpoor nnah, though such might be possible from the Rivers Jumna

&c., do not exist in this pergu
and Betwa. : is i i 1
Mondha.—Still ditto ; the Kane is the only stream from which this might be possible in

the villages bordering thereon. ) . e .
Jellapore~Ditto, ditto ; the River Betwa might admit of minor irrigation works in the

mouzahs bordering on it. L

Raat.—No facilities for minor irrigation Works exist in this pergunnah, , ‘

Punwaree—Canals from Bala Tal in Jeitpore do exisj;, and minor irrigation works might
be extended from the Rivers Dussan, Birma, Keslarn, and Urjoon in pergunnah Punwaree,
and the tank at Chuturwara, and nullah in Burkhers, if da'mmed up.

Mafoba—Canals for irrigation purposes do already exxsl_; t:rom t'he Bqanuggux.-, Kt.lratree,
Keerut Saugor, Mudun Saugor, and Jussrapore Lakes, and it is possible to make minor 1rriga-
tion works from the tanks at Powa, Bilkher, Sijahres, and Oorwara.

Banda.~—I1 do not think that any facilities exist for making, on the part ‘of Government,
minor irrigation works from tanks, jheels, nullahs, or other sources. .

Allalszabad.-—-l have already, inlmy No. 740, dated 15th December last, ulludpfl to b:;
facilities which exist for énabling the stream k;:own as the Susoor K_hu.mlyne to b?.}mprov X .
by masonry-weirs, 80 as to ensble the surrounding country to be irrigated. ]')I‘hxz is 1;1:1- worh :
which T think might be undertaken at once ; it would materially benefit the Doab, ) ».ougn
the middle of which it rups, and I believe that it might be done st a compamt;ve y ;::
expenditure. { also mentioned that my predecessor was strongly in favour- otfe dab a.:m ogfr
made in the Tonse, by'which the Barra and Arail pergunnahs ‘mlght be n'l;‘g‘a gt being A
a cansl, but cammot help doubting the feasibility of this, especially as the on:e, :;:ted e b
perehnial stream, is likely to run dry just at the time that the water 1s most wab

*

canal, i . .
»
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Futtehpore—Every facility exists for making minor irrigation works from nullahs, jheels,
&c., provided that money is forthcoming. The water of the Rivers Rhind, Pundoo, and
Noond might be used with great advantage ; also the water which escapes from the high roads
into the nullahs, and from thence into the Jumpa and Ganges. The stream known as the
Susoor Khundyrie might be banked, and its water used to great advantage. The whole of

the southern portion of the district lying along the Jumna would benefit by this arrange-
ment,.

Ghazeepore.—~Not received.

Mirzapore —There is no facility for making irrigation works, owing to there beibg no

jheels or tanks in this district, except from the River Ganges, from which a portion of the
district might be benefited.

ANSwERs To QuesTiox 8.
Jkansie.~No special arrangement conge

) b quent on tenure nec%ssary; rate somewhat high,
owing to poverty of zemindars, ‘

to R1-8-0 would be a fair charge per beegah,

Mondha—A rate from ¢ annas to 8 annag per beegah, ditto,
Jellapore.~Ditto 6 annas to 8 annas ditto, o

Rezat.~Ditto 6 annas to R, ditto,

Panwaree~—~The existing water rate ig B1

Makoba.—~The existin
may be allowed to stand,

Banda.~1In the event of irri
. i
I think a water-rate varying fro

. ¢rops, and from 8 to 12 annge Per beegah for the rubbee,

Allakabad ; Coo
arrangeme:taneces::her? '8 no Pect?hanty in the tenure of land which would render any special
a1y ; the rules in force in other districts regarding charge for use of water

would equally apply to thi i ini
rise in value about ine rul;:; Pgi;l;:fl,cmps would, from obtaining a regular supply of water,

Futtehpore,—
¢Apore.—Arrangements should be made for charging for the use of this water at the

time of settlement of each distri
‘ strict. The faj - - :
annas per beegah, and for rubbee 8 annas, oyl of mater wonk, be—ihamet 3

Ghazeepore,~Not received,
Mirzapore~1f irripat: i .
houd e e K l:zlrllgatwn works be carried out in the district, the duty to be levied

. referen e . . .
water required for the chigf Cmpsc:votslshsed;?;gﬁlxe; I?\mhty of the soil. The fair value of

-8-0 per beeg:ah, and this may be continued.

8 rate of water varies from 12 annas to R2.1.6 per beegah, which
gation works, i.e., canals, being car;‘ied out in this district,
™ 4 to 6 annas per beogah might be charged for the khurreef

Jhensio—Water & Axsweas 1o QuesTion 7.
ansie.~~Water for khurpeef ; .
water for rubbee in November, :\‘;f; i June only wanted ; however, in seasons of drought,

usually all the land is broken up in June and July.

Jaloun~The firgt waterings for ¢ ) X
and for the rubbee in Kooar (Sggtex;b::;_khmef crops would be required in Jeth (June),

Humeerpoor.—The rains in thig perguanah suffice for the kbuyreef crops, and for the

rubbee water is required during the ¢ . b
November, December and Januiry. months of Aghu, Poos, and Mangh, corresponding with

Mondha.~Ditto, ditto,
Jellapore.~Ditto, ditto,
Raat.~For the khurreef cro
rubbee as above.
Punwaree—~Ditto, ditto,
Makoba.—~Ditto, ditto,

P8 Water is required during July and August, and for the
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Banda.—The “ puleves ” are required for the khurreef crops from 15th June to:15th
August, and for rubbee 15th September to 15th November.

Allakabad.~—Tn a season of drought, the first waterings for breaking up the land for the
khurreef crops would be required about July ; for the rubbee about the middle of October.

Futtehpore.—For khurreef, May and June, and fOl: rubbee, Aug‘m;lt and Septen.lber.

Ghazeepore.—There is a deficiency or irregul.arity in the fall of rain ; the waterings for the
khurreef take place in June, those for the rubbee in September. . "

Mirzapore—Asarh for khurreef, and Kooar for rubbee crops, are the m.Ont:ls in Whl;i
watering for breaking up and preparing land is required in case the rain is untimely or insuffi-
cient for the above purpose.

Axswgss 10 QUESTION 8

Acres.
Jhansie~—(1) Whesat oslculated at settlament, lg‘;”gg‘;
(@ Gram ..t T T 360
(3) Jowar . . - . -’ . : ) 24,400
(#Bajra ..t T T a6
tton . . g : A .
" The (i)oj;oimpomt crops of the district are wheat, cotton, gram, jowar, bajra,
alottt.— v
orbu Area of Cultivation.
' Cpore, | Average o pr
B a p
.. . 89178 310 3
Mar . .« . ettt 190,464 214 4
Rabur . .« ottt ) 124,620 2 7 9
Purwa . . . . : : '

and in Somripere 110,000; and

Humeerpore—~Wheat and gram about 50,000 bighas,

jowar and bajra, &c., about 23,000 bighas. es, and jowsr and bajra about 40,244 acres.

423 acr ;
Mondha—~Wheat and gram about 46, all about 100,000 bighns. =

: t and gram, in \ v
T oo vy v 4 o, s 312 g, v
aat.—Sugar s

and barley about 57,374 bighas.
Punwaree—Jowar, bajra, paddy,
Mahoba.—Sugarcane, paddy, PsWD;

Bands.—The more important crops,

wheat, and gram, &e., about 186,000' bighas.
wh;a.t, and gram about 174,000 bighas. .
with their approximate areas in acres exclusive of

ivisi Acres.

the sub-division are— | . o 4;% %
1 N . . . * ¢n - . " . . 7¢'

%%Y:‘:nand baJW: : ) , . woo ) T 326500

Gram and whea

Allahabad.—The chief crops are wheat, barley, bajra, gram, rice, minor jowar; of w
anaoat .~

the approximate cultivated area is— Ehurres.  Rubbes.
' » Acres. Acres.

.. 86,001 172,032

* In Doab . oo .. 94399 159,631

Trane-Gapges . -+ * " ' 196013 252,024

Trang-Jumna . : : L L over ' gtenance, is one
: portant crop as regards su 1

deal of sugarcane (which though not an 1mpo e , Ganges; a much
aAg %:e:; g e:et‘; . %Vahich it gives to the cultivator), 18 grows ' ;rnbhsg':l’rqns-“\ : go8 ]

smaller quantity in the other parts of the distt:ict.
Futtehpore~Principal khurreef crope~-rice,

¥

cotton, bajra, jowar, moong, oord, mote, til.

urson, urhur, Fmscor.
Principal rubbee orope—sugarcane, Wheat, gram, poas, SUIB0h TN L Ly dvea.
L nog
.- 110,
¢  Futtehpore . . . * * N . . 87,080
Grhaseepore S S |
Ekdulla T T
‘Ehaga . .. et T DL 110948
Knllia,npore * ‘ ' i . : ] . R . Xl
Kora o« o« o o o o rl
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Ghazeepore.~—Wheat, barley, pulses, sugarcane, rice, pool, bajra, poppy, indigo.
Mirzapore.—~The important crops of the district and the approximate area of cultivation
are stated as follows ;-

Grain, Area.

' : Acres.
Wheat . . . . . . . . . . . 120,060
Barley . . . . . . . . . . . . 46,536
Paddy . . . . . . . . . . . 180,389
Gram . . . . . . . . . . 53,313
Urhur . . . . . . . . . . . 48,344
QOord, or Mash . . ) . 31,121

ANSWERS T0 QUESTION 9.

Irrigated. Unirrigated.
Maunds, Maunds.

Jhanste—~Wheat . . . C. . . . 8 5
Gram . . . . . . . . 6 4
Urhur . ' v . « . . 2 4
Bajra . . . . . : . . » 5
Cotton, uncleaned . . . . »” 5

Jalo.zm.-—There being no irrigation in this district, the weight of the ordinary produce
of the chief crops per acre, irrigated and unirrigated, cannot be given.

Humeerpoor.—~There is irrigation practised in this pergunnah. The produce of wheat in
unirrigated soil is 84 maunds per acre, and gram the same.

Mondha.~Still the produce of ba
maunds, and gram 7 maunde per acre,

Jellapore—Trrigation is not practised here. The average produce of unirrigated felds is
6 maunds per acre,

Raat.~=In irvigated and in unirrigated fields per acro—

jrais 6 maunds per acre, jowar 7 maunds, wheat 5%

Mde, Srs. Mds,  Srs.
Sugar-cane . 10 0 goor Wheat 4 2
Wheat . . 9 0 Barley . 5 20
Paddy . . | 3 4 Cotton 0 15
Cotton . ., | o g Indigo. . . . . 0 35
- AL . . . . 5 0

Punwaree.~Gram 8 maunds, grain 43 maunds.

Mokoba.~Gram, barley, &e., 74 maunds ; gram, barley, 43 maunds.

Banda.—The weight of the produce per acre jge—
ds. Srs.
Jowar and bajra . . Tt | MGS ) 21:;
Cotton . ’ l ) ) ' 5 20
Gram and wheat . e 8 14

dllskadad.—The ordinary produce Per acre is, in the khurreef, 8 maunds in irrigated, and

6 maunds in unirrigated land ; and in th in irri ds in
unirrigated land, e rubbee 14 maunds in irrigated, and 8 maunds 1

.
Futtebpore.-—-Average throughout
gated, 74 maunds per bigha,
Ghazeepore.—TIrrigated, 10 maunds per acre ; unirrigated, 6 maunds per acre.

o Mirzapore;.-With timely rain and 5 good season, the weight of ordinary produce of
irrigated land is about 15 maunds, and unirrigated about 6 maunds per acre.

the district--irrigated, 104 maunds per bigha ; unirri-

ANSWERS 10 QuEgTiox 10
Jhansie.~Chief staples; wheat
goes north and north-east.

Jaloun.~The most important export of agricultural produce is in cotton and wheat.

They find their way by Calpee on the Jumns (a town of this district) to the North-West
Provinces, and by boat to Mirzapore and Caleutts, '

goes to Lullutpore, and cotion to Mirzapore, and all

Humirpore.—Al and cotton are the principal exports; the former to Calpee and Hattrass,
the latter to Mirzapore »id Banda or Calpee, '
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Banda.—At present gram is largely exported to Cawnpore, Mahoba, and neighbouring
Independent States, and cotton to Mirzapore.

Aliahabad~In the Dosh, the chief exports are indigo towards Caleutta, and wheat, &e.,
towards Banda by Rajapore Gh4t, and to Oudh by Kurra.

Trans. Ganges.—Goor is exported in large quantities to Banda vis Rajapore Ghit, and to
Rewah vig Allahahad, ‘

Trans-Jumna.~—Cotton and linseed are exported for Calcutta, and opium in small quanti-
ties to Ghazeepore, A species of rice, called “lohunde,” is exported from Barra into the
Rewah territory,

Futte&pore.—Futtehpore, Delhi, Agra, Meerut, and Jbansie.

Gtazeepore.—Allahabad and Mirzapore. :

Ekdulla, —Nil,

Khaga.—Cawnpore and Allahabad. .

Kullianpore.—Delhi, Agra, Meerut, Jhansie, Mirzapore, and Calcutta.

Kora.—Western Provinces.

Glzazeepore,-—Food-grains, to Cawnpore and Agra, for the supply of the famine-stricken
districts in the south and west.

Mirzapore.—Agricultural produce is often exported from this districf: to the following
Places :—Wheat and barley to Furruckabad and Futtehpore; gram and.tll to Ca]cu!:ta and
Moradabad ; moong and bujrie to Jubbulpore and Rewah; mustard and linseed to Azimgurh

and Benares; poppy, gram, and rice to Surgooja; paddy, castor-seed, and urhur to Caleutta
and Dacca,

Axswers 10 Question 11,

Jhansie.—Mow Raneepore, Bhandere, Goorsurai, Burwa Sagur, city of Jhansie (Gwalior).
No canals could be made in this district §t for water-carriage. The best line would be due
north-west of the Betwa.

Jaloun.—~The chief marts of agricultural produce in this district are Calpee, Koonch, and
Jaloun ; and a canal to be useful must, starting from the Betwa in the Jhansie District, skirt
the towns of Koonch, Jaloun, and Calpee, falling into the Jumna below Humeerpoor. It
must have branch canals, also, towards Madhogurh and the old pergunnah of Kunnar. -

Humeerpoor.—~The chief marts are Raat, Koolpuhar, Mahoba, and Supolar. No line of
Water-carriage for inland trade exists.

Banda.~—The ghief marts for the agricultural produce are Banda, Narainee, Kallinger,
Hurdowlee, and Gugowlee. The Jumoa is the only river on which water-carriage is prac-
ticable,

Allakabad.—The chief marts of agricultural produce are :— ,

In Doab.—City Allahabad, Serai Akil, Daranuggur, Kurrs, Munjhunpore, Kurowlee.

Trans-Ganges,—~Ismailgunj, Mow, Mirzapore, Gopalgunj, Phoolpore.

Trans-Jumna ~Kurms, Bharutgunj, Sirsa. :

This district is so intersected by the railroad, and has two, rivers, viz;, Ganges and Jumna,
80 near to almost every part of it, that I do not think much if any inland carriage would go
by means of a canal : only three of the marts mentioned above are not either on, or close to,
sither the railroad or one of the rivers, -

Futtehpore.~Futtehpore, Huswa, Hooseingunj, Narainee, Jumrawan, Uswar, Tarapore,
and Cheetusapore.
Ghazeepore.—~Futtehpore Bowha, Sah, Bindkie, Kishoonpore, and Narainee.
Etdulla~~XKishoonpore, Dampore, Kubira, and Powlee. ‘
Khaga.—Kasimpore, Cheala, Hutgoon, Khaga, and Itailee.
Kullianpore.~Bindkee, Jafurgunj, Kora, Bindkee in Kyllianpore.
GHhazespore.—Not received. e o
Mirzapore.—The chief marts of the agrioultural produce are Mirsapore, Chunar, Ghoru.
wul, Kutchwa, Bindachul, Adulpoora, Shahgunj, Robertsgun‘}";‘hrowg,_.&ﬂu but there is no
wmarket of an extensive trade in this district towards which an u.'ngiﬁog line epuld be sug-
gested to be opened. e e

H
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Axswers To Quesrion 12.
Jkansie.~None to speak of.

Jaloun.~QOosur lands are often to be found in this district, particularly in the Kunnar

pergunnah, now forming part of the Jaloun pergunnah, also in pergunnah Atta. These
oosur lands measure about 104,320 acres.

Humeerpoor.~There is no reh in this district ; the 27,637 acres are entered in the settle-
ment records as oosur.

Banda.—Not including the Kirwee Sub-division, the area of the reh and cosur land in
the district is—reh, 158 acres ; oosur, 55,000 acres.

A4llakabad.—The oosur land is—in Doab, 50,0566 acres; Trans-Ganges, 59,937 acres;
Traps-Jumna, 70,532 acres. Of the latter, the chief part is in the pergunnahs of Barra and
Khyragurh.

Reh. Oosur.
Acres. Acres.
Futiehpore.—-Futtehpore . . . . . . 10,000
Ghazeepore .. 21 1,336
Bkdulla . . . ., .
Khaga . . . . . . . 17,546
Kullianpore . e e 60,219
Koa . . . . . . . 328 70,000

Ghazeepore—~Not received,

Mirzapore—Area of oosur land i
Tehseel, 2,500 acres ; Chunar Tshseel
acres ; Chunar Tehseel, 415 acres.

n the district is approximately as follows :—Mirzapore
» 3,000 acres, And net land in Mirzapore Tehseel, 700

‘ ANsWERS To QuEsTion 18.

Jhansie~No register kept.

Jaloun.—A register is kept of the rise and fall of the Jumna, but of no other rivers.
Humeerpoor—~No register of the height of water in stream is kept up in this district..

Banda.—No register showing the daily height of water in any of the rivers or streams
in the district is kept up in this office,

4llakabad.—~No such register as is here described
Futtehpore~No. :
Ghazeepore~No.

Mirzapore~A register of dail
Police Department.

is here kept up.

y rise and fall of water of the River Ganges is kept by the

ANsweRs 10 Question 14.
-Jhansie.~No such protection required.v
Jaloun.—This question does in no way apply to this district.
Humeerpoor.—No protection by draina
The Rivers Jumna and Betwa when th
Mandha.—~No
bring down silt.

ge or embankments is needed in this pergunnab.
ey rise bring down silt on their banks, .
protection as above mentioned js needed, nor are there any streams which

Jellapore—No protection is needed ; the Rivers
banks.

Banda.—Protection by drainage embankment or other works is not needed.

Allakabad.—1I am unot aware of any portion of the district bordering on either the Ganges

or Jumna where protection by way of embankment is needed. I have already, in paragraph 9
and in my No. 740, dated 15th ultimo, alluded to a ystem of weirs or dams for the Susodr
Khundeyree. '

Betwa and Bifma bring down ailt on their

Futthehpore~Embankments and other works are needed for the rivers mentioned il.l ques-
tion No. 5, in order to utilize the imm.

\ ense quantity of water which at present wastes itself in
the River Jumna and Ganges.

Ghazeepore.~Not received.

Mz'rzapore.-——No protection is required for any part of the district.

>

" ordinary black earth in the Nellore District, called ““black cotton-sol,
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Eztract paras. 82 to 85, Jrom a Report on the Average Rent Rates for As?sg}m :;erg;t;;

Koonch of the Jaloun District, dated 25th September, 1669, by Mz. P. J. Warrs,

ment Officer, Ly :

“82. Before concluding, some remarks may be, I thmk,_app.ropnatzlzer;rlenvt;:;ei h::
the subject of irrigation in connection with Koonch. I am awaro in » EsoM9. WEY W%
the whole question is under the consideration of Government, an

| ial information on the point,
survey has been made and levels taken, but I have no exact official

and do not_know how the several parts of this diStr.i ot are lil.;ely o be ;ﬁtelfted :Zs;g:m;:
scheme ma.y be in contemplation. If the extraordinary variableness o d ;enl rovenue of .
neutralized by irrigation, the immediate effect of our present figures wo

i 27,000.
" about R1,85,000, or the recovery of an annual loss for the mext thirty years of R27,

i ould
Not only that, but with the higher rents it would create, an a.bsolu.te:)yt};;g:; ;:-::::,l:stzvmper
be secured. However, these benefits are yet shadows 1 the ;utm‘e, n:ed a generation or two
of the times their realization is not so fanciful as it would avehsee less undertaking, and if
ago. Irrigation in Bundlekbund has been always thought ah - uliar texture of the soil
you ask the people, they will wi.th one a:czgti:el; ni’;;i;liai:o;g;;e in the matter ought
they do artificially irrigate for garden'PIOduce- b-o th mar and kal';mt; ch:znch of which 107
impractioable soils. Ta all 1,081 becgabs a::ln‘lrigmirho?o,wzlsi, in rePOrti’ng the Jaloun
beegahs aro mar, 49(12 ::;l;“f),f 4‘;11 I;l;f:;é s:zcres there irrigated, 484 acres vaerebmar, :ﬁ:g
settloment, I showe d 64 rakur, The alleged obstacle offered. to '1rr1ga.t10n th e
llzarjur’ 7,7?2“1)_‘1“::; i:iracking into great fissures when dry, which is thereffc:lrle exe rI;?nents
fa e : for six or seven months in the year; but thfa sucoess o pehara.cter
eature they. proser detail have overcome this difficulty, and so its insuperable ¢ .
re-presented i e ab(;l‘“’: etha.t the labour required is comparatively considerable, thgumzn:
dlsa?peaéis ; 'l;he xf(;ut ti:l,ﬂture must come a little out of ite present.groove -:eﬂ)fe the full valu
21£'ei::s;atii1§n c; :be 2eglt. The crops now grown on the different soils are these:

(AcREs) Knusgzny (ACRES).
BuBBER ’
: | .
- aE - i
Boils, E§ . :.é §. s . . g, S gg 3 ;
AR R R
B E 3 &858 |8 & o - =
e : yol 115] 46 358]3.1665 573 1135 3' 2,987 38.;02
RS | OB e 1%3(; 1oal 278! 1| 150! 32,245/ 2,401 1,806( 173(58 6?35% 2:15 g,g;? 33,324
Por +| 998 120000 2725| 8| 169| 31| 167| 6.003| 1,251/ 1,381/ 6781... 81 il 321 st
Rone N 2’3?43 2’575 21 8l 47| 1,491 215/ 109} 211f..| 10)... 043
Rakur o |
Total Les7 | 67,689 5035 214] 518| 155 400) 75,552 5,532‘ 3,369| 973 93‘106‘70?2‘ 10,675| 86,227
o A4 ) - 3 t)

i his distribution of
“ Wi roduce just mow quite at tl'le mercy of the seasons, this distnb o
crops g;:ﬂ:l;s I1:he best), that could be de:yléed;. b}At under ?dszswzeoimunf::ogé :oted
obvious changes suggest themselves. Mar is intrinsically .huml t e;r. fail‘pavemge roted
to it, viz., wheat, mixed commonly with gram. All t-hs,fz i8 wan : is afrom e e -
fall; indeed, it is the one essential condition to a maximum ou ttl;rn m {his scl, anc
a0y excess of moisture injures its produce. Under present circums n?:s;e ther ,at e sight
be naturally so independent of irrigation as mar, and what is m:;e,l i e to v
that irrigation would be positively hurtful to it; but alter the ;1 .Ize ety of
and the prospect clears. Rice, as & wet crop, would have an a l:1‘: v o e e world
mar, and would flourish on all the further irrigation t:hat could gllvd app.e“ e e
be a far more valuable crop than wheat, and physwally t.here wgu D den to the
thing in the soil noxious to its growth. As an instance in proof, e hin book
examples of returns in rice cultivation cited by Colonel .Gree::;v:y:l nde;- un,ga tion on the
on Farming in India.” At page 88, he alludes to ved rice g e stata:fei“c’;l’llt
t not ) 4
the yield of this rice, fully irrigated, averaged 1,800%6; and ;{;et'(zhiv:;ll,i' buknownpeby the
irrigated, 1,600 of paddy per acre, This black cotton-soil, h |



48 | BETWA CANAL PROJECT IN THE NORTH-WESTERN PROVINCES.

same misnomer throughout Malwa, the Nerbudda Territories, Gwalior, and Bundlekhund
generally, is no other than our mar land. Now, against the above outturn, contrast that
which has been stated for wheat in para. 54, viz, 52815 per acre, and then judge if
it is an overstrained expectation that with irrigation at command the people might be
not very tardily brought’to see the advantage of making rice the staple of mar, instead
of wheat. I have already remarked of kabur that a heavy rainy season benefits it extra-
ordinarily ; so, by a parity of reasoning, irrigation would be of immense use to it, pro-
bably doubling its present yield of the wheat crop. The culture of sugarcane, evidently
once an active industry in the pergunnah, but now wholly extinguished, might be revived.
There are no less than 157 solid stone (@ hornblende) mills for pressing canes to be counted
now in the pergunnah; bus, according: to tradition, it is more than a century ago when
this crop was a good deal cultivated here, and that, too, without irrigation, The inherent
moistness of the mar soil was, it is said, eked out by protecting the young plants from
the sun’s rays with a covering of the broad cool leaves of the dka tree which was plentiful
in those days; and I am told that even at the present time this expedient is employed
in the Raat pergunnah of Humeerpoor.
“83. I shall briefly trace out my ideas of the facilities Koonch possesses for irrigation ; and
ﬁr.st, one necessary word on its physical geography, Though divided by a distance of some
thlr.by-ﬁve or ff)rty miles, Koonch is g Part of the great basin of the Jumna. If to the
unaided eye 1t 1s a perfectly level tract of country, yet the run of the rain-water proves it to
have a Sll'fﬁmently decided slope from south to north. Its boundaries are all artificial ; the
lax.1ds o:f different pergunnahs of the distriet, merge into its own all around; but the Pahooj
I;.:Yer lxs about exght .milhes from its western boundary, while the Betwa, ﬂ:)wing northwards
Mevts Tngro e, 0 e i il o o st 7ot
It is just this be 1; d. or rath uptly urns off eastwards at right angles to its former course,
: er a little below it at Mouzah Kureela in Sumpther, which seems

the most effective site for 5 weir, fro i irrigati

> Trom which an irpigat i npah
at Jugwee, and, passing on to J umrohee, Busohe g&cmn o e s o e POTEY
higher lands of Koonch, as its ’refo

_ ““84. The Koonch possesses,
rain-flood called the pouk. My remarks on it will
accompanying Map No. 8,% on which I show the
gu;m?h, 1ts proper regular waterspread
::-,1 Ll?oui;o;gihs.h ‘;I;hi f;ou/l ;nsters principally from the Sumpther Territory by three channels

an '
Kbkl fos Dutfeea, o 00nao, on the south-west of the pergunnah, and secondarily at

. he west. The easte Y
1o flooding ; its chief office is that .of 2 of the former three channels causes little or

the western streams are thoge which |

be easily understood by referring to the

draining off the incoming waters. The middle and

i i : ngth of the pergunnah; for all that, these streams are of mo
serious depth. Thig inundation is, after the best enquiries, exh,ibited on the map* by an

:;1:;:1011}:15’,1; szd o_fl lmixe"l green anfl blue colours, I spreads, with'any permament effects,
tho o 31 . tv’veljv’ew ';iestn; 511; 10 eighteen it passes over the whole area, and only partly over
g the | pproximates 29,400 acres. It occurs twice or

three & T L area 1t covers g
ree Umes during the height of the rains, continuing variously from three days to a week
ring any khurreef in it impossible; and some-

e?.ch tin.le. It injures the mar soil, often rende
bimes, if it happen to be Lrought down by high freshes late in the season, blighting the wheat
It generally benefits the kabur and purwa

from excessive dampness imparted to the lang
g la.m(lisf. 1 I{lnfortl;nattely > 1 comes usually at a time when the lands are receiving their own
et share of rain. Supposing, then, irrigation to be i view, the idea which at once
strikes one is to intercept all this waste at its sources by constructine large tanks of the concave
or Borse-shoe form to store up the waters of the pout streams. Tln?ee such reservoirs suggest
themselves. to me, namely, tw‘o at the three south-western channels coming from Sumpther,
and the _th“d at the brool.{ which enters from Duttea, Of course, the reservoirs must be placed
at the highest levels consistent with the requisite of ensuring a full supply ‘of water; but
of the measure I do not pretend to deal.

with the scientific details bearing on the execution
If the suggestion should seem such as to carry any recommendation with it, its further elabo-

ration will properly rest with professional hands,

“8b, A third—and if the humblest, also the readiest, available~means for extending irriga-
tion in the pergunnah is to encourage the construction of wellg by grants of twccavee under

* Not printed,

! > shape its further course along the.
regulate, genera) Scope 1n reference to the other pergunnahs might.

to my thinking, another especial facility. It has an annual

- ment, Trrigation Branch, requiring
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simple contra;:ts to repay by fixed instalments, realizable in defa.ul-t. by‘tbe. processes for ?ollec?-
ing arrears of land revenue, without rejuiring other collaleral security, as is now done in this
di:trict Such a demand genera.lly does that from which it is one of the objects of /uceavee

i im into the hands of the money-lender; at any rate he l.w,‘s
£ save the landbalder, it thro s hl::er for getting another to stand his surety. In connection

with this point, 1 submit Map No. 4,* which charts out the wa.tl;;apbearing strata, according
to actual measu’rement of the depth of all wells, from village to' v agg : t two cl V at least

“The different depths have been classiﬁfad a8 below ; and 111“‘:11:19 brsa cov:: (;::i?el simpl e’
which embrace half the pergunuah, the sinking of wells F onooraed o ot p{;r oy
matter. I strongly believe that the experiment would succeed i ] iet,ions re ge .
some zeal, and if fuccaree Were granted free from hampering con .

always to pay in some way or o

Number of Colour in
Cl Depth of Water-bearing strata. Villages. Map.
/88,
R J n Red.
I er 20 feet . . : T 37 Light blue.
1L g:;lm 20 to 35 feeb : . . . . , 37 Orange.
111 , 36t080 , - * | . . o e . 5 G‘rre(]a{ni)l
Iv. , 5Slto60 5 . . ) . ) . . . 1 YDalri ue.
V. | Above 60 feet . - . : ; . ) . . 4 ellow.
VL | Villages without wells .
ToTAL . 95
/ ) .

APPENDIX G,

No. 1169I—C, dated 7th September, from Joint Secretary

X rrigation Branch.
- rn Provinces, Irriga
gl vision, to LIEUTENANT A. H
8, dated Jhansie,

Opinion of Local-Qfficers in reply 0.
to Government, Nort issi £ the Jhansie Di
F CoronEs B. P. Lro¥D, Commissioner of & Works, Jbansie, No. 79
om Ll;xtmm::zg 01;:0 cutive Engineer, Bundelkhund Irrigation 2
AGGE, R.E.,, Exe ’

’ _C :
22nd September 1869. instant, forwarding copy of No. 1159I—~C,
: : dated 18th instant, | : i
+ I rERLY to your docket Noe;olvii’;mZnt, North-Western Provinees, Pubhclw or:zs De:ga.rlt);e ‘
dated 7th idem, from Secretary, ¢ gpinions of Liocal Officers on .lfhe hprobabte 1;;e m'nf o
ial, or nearly so, by the construction of reser-
derived by the State if the canals are made perenpia, h an op,inion can be given without

to see how suc nion
;'Og " ”f ! beg to staf;e tha:r:et?talfeaplz;sd canals, and the area 1t 1s intended they should be
ull information as to co .

capable of irrigating. forming » much truer estimate of probable
. It appears t:,o.me thaf: yOl; gzve 1;1:‘{011{?:; (;;ie amouit of water i.t is prop(.)sed to sup}::lg’:
g s than Y C-Wd Oﬁi;e;)c:harg;. You have also, I beliove, fall m'formatmn as ] ;o e
e ratee it 2 fntende he course of the canals. The only doubtful point, then, »vouI t;riee:l
o of the aoils along 107 be willing to avail themselves of the water. It may, ldnb ’
to0 be how far the zemindars m:;" evopy, 6xoopt in dry seasons, very little canal-water wou le .
be sssumed that for the Muﬂeﬁ have ;10 doubt that, with LOW RATES ab first, it will be eagerly
used; for the rubbee. erop t the mar, and in time, possibly, for this last also: o
ought after for all soile excop ’ the best way to obtain it will be for

. : int is necessar .
3. If detailed information on the point 18 o ¥ and endeavour to ascertain the

ma he canals .

intellige h along the course of ¥ als, v

::e;;;‘:n:)f :lteofiz:nfizrs :;ﬁer carefully and clearly explaining the proposed system of 1ssulng
g ]

. . . . . . h ed
the water-supply to them. I shall be glad of further information from you if it is wishec
that this enquiry be made by District Officers.

4. 1 need not say it is my wish to affo
required by Government.

rd every assistance in obtaining the information

. H. Baeos, R.E,
Prom E. B, Troswmist, Esq., Officiating Collector of Humerpoot:ktl‘{) I;::U"?::e 1A9th Qotober 1869.
Executive Engineer, Bundelkhund Irrigation Survey, No. 459, da umeerpoor,

IN RxpLY to your dooket 193, dated 18th September 1869, askirg f:; ny Osﬁznpeim;
ng the probable outturn to be derived by the State if the Dusean nn’l for irrigation pur-
or nearly so, I have the honour to state that I am of opinion that a cfan r soil through which
Poses 01{1y ’wmx]d not pay expenses, in consequence of the quantity of mal

& Not pfin“dc .

G
e
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the line of tlhe ca_mgl v(vl'ouli pass. ‘Water would only“be taken in purwa soil, unless the rates
were very low indeed. n immense deal of water runs to w: ; ;
. . aste, no doubt, and
into the Jumna, and a great deal sinks into the sandy beds of the rivc:)l: ’;fn thls egpt“’d
I_Betzwa:m, a‘fd Tank Canals could be formed into a system of navigabl 1. e
if irrigation could be carried on from them as well, I b B0
. $
2:;‘:)?;;}1“1}(1, arild wm;lld open up 1ts resources; but of course I can offer no opinion as to the
L inted with it, I
Officiat ) .annex a note hy Mr.
ciating Deputy Collector, who has been in the district for the last tv)s"o y:ar::ia(;n :,h:.?fe

The Raat Pergunnah benefits o
Pergunnah. greatly by irrigation, and so would parts of the Jellalpore

aviga however small;
elieve it would be a great boon to

MEMORANDUM~By M
- B A .
X tHINK that the return which wi s

Canal will be very small, If the Il be derived by the State from the proposed Dussan

be?t-pay ing erop, sugareane, will n;atlf: PPy be I.IOt co.nstant throughout the year, the
f::; :et;l::i Of:,)r tt}\e }(:xtx.*a cost required to ensi;(;v::llll’e ':l?;lfl tl:fs v:r:p o ha?dly g .
exceptli)onal se:so:s .e lli“lﬁ;gacblifiaefafﬁucl:::;st: of black soil,yno kin?i irf I:l?g:id.is ifr?ge‘clxlt:ies;}:;ti:
. > TOpS a; : .2 .
S g T e
e th; :]zlilr)lrkfr}?f:v zfeimfli)::amtl;lze af::iifgi;a.teldl; :i(lln tulfesf :1)(‘;::: 2\1710?1}11; g:ijl;gsz};toz:c:a;og;ez::f
. ver, cial Ia ; e .
fgoieil:;:l ;;lo}gztlisolzn,( v:)ietlllnigzeproﬁtable :i :n:m:llllﬂ:sl: t%;ag;:tg)(fldmggzg’ve?(flfi:mca:;f;:
nothing should prevent a constantr:ﬁ;;l;ot;}:'zuc;;?u:ftltx:eyi::igfa;)lil:hl;u::;a::a(l:akur sols and
-_—

From R, D. SpEDDING, Es

., Officiati
Engineer, Bund 4, Officiating Collector of Banda,

. elkhund Irrigation Works,
N REPLY to his No. 193, dated the 1

to Lizvrenant A H. Bacer, R.E :

i * 2] o By, t
Jhansie,—No. 1606, dated 22nd September 1869, Brecutive
dat-ed the 22nd February last, from ¢h 8th instant, forwards copy of a report No. 810
which can be given in the ai)sence fe CO'llectOI of Banda, which contains the onl o. inioxi
1t 1s proposed to make canals, ot any information as to the line of country through }:vhich

From the Officiating Collect,
N or of Band . L
Irrigation Branch, P 3, to the Junior §
+P.W.D, ecretary to G .
1 Alabatod,—No. 310, dated Banda Collctors Offn the st Pererer. o
N REPLY to your No, 32 or'’s Office, the 22nd February 1869.

. R s witho ’
10 land in this district, Levt;ls haveu:, date, I have the honour to state that at present there is

no knowledge as to whether the schem ee}? tal“?“ for a canal from the River Kane, and I have
I am aware of the probable ling of :h as been found to be practicable or no;. and until
venture an opinion as to the expedien e » :
for the purpose of CArrying on an enh?; :f
Rice cultivation on the kgl 3
greatly expand on an abundt:ﬁu]l;}f °il in pergunnahs Budousa, Ongasee and Leond 1d
a season like the last for the cotton ur;e?f supply, and the water would be in tnd . W(:lu'
land—mar soil—in pergunnahs B A1d Joar crops on the above-mentioned '?reaB % llxn
channels might be kept, moj S Banda, Pylance, and O, asee B et o
. _ Pt moist by a constant f ., Dgasee, though the embankments or
1t advisable to have recourse to arti o yeb if the raing

1 am of opinion, be 50 full of fgures aﬁcml irrigation, the lands

8 to be unfit for irriga.tion'ad']ommg the channels would,_'

—

From the Superintending Engi i
erin gineer, 2nd Cirels, Irrigati
Irrigation Works, North.Western Prov;:cfz,tlon Works, N..w, Provinces, to. the Chief. Engineer,

—No. 782 . ’
I HavE the honour to forward the under.n, (el Delb, the 26th Maroh 1570

. . ted pla
Project, received under cover of E _-noec plans and papets relatin
s . g to the Betwa
1569 - xecutive Engineer’s Ny, 259, dated 27th November

(1) Executive Engineer’s No. 289 'd
- 480, dated 2
(2) Report on the Betwa Project. ’

th November.
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were 80 scanty as to render

(3) Appendiz A.—Fall and lock calculations.

(4) Appendis B.—Estimates.

(5) Appendie O.—Estimate magonry-works.

(6) Appendiz D,—Designs masonry-works.

(7) Appendiz E.—~Designs for rajbuba bridges.

(8) Appendis F.—Answers from District Officers to certain guestions relating to irriga-

tion in Bundelkhund. )
(9) Appendiz G.—Opinions of Local Officers on the subjects noted in No. 1159, dated
North-Western Provinces.

7th September, from Joint Secretary,

(10) Appendiz H,~Longitudinal sections of canals and rajbuhas,

2. As Captain A, H. Bagge, R.E., the Executive Engineer who had prepared the project,
t he should meet you at Allahabad,

was about to leave India on furlough, I proposed tha

en route to Bombay, and discuss his plans with you.

3. The result of this meeting is contained in the following papers, received under cover
hich are now returned :—

of your No, 88 I., dated 7th January 1870, w
I.—Appendiz No. 1.—Modification and reduction in Captain Bagge’s design,
II—Appendiz-No. 2.—Estimate of extra cost involved in providing for navigable
connection with the Jumna.

4. Tn returning Captain Bagge’s plans and papers, 1 was called upon to “ a:nalyse and
consider the project carefully ; to report whether in. my opinion thfe sch'g_, ble ; and
whether I am ‘of opinion that advantage will be derived from ca.tryff
from any modifications of it.” V4

5. Captain Bagge divides his report into ten parte :=—

Part L.
y the nature of the co

6. Captain Bagge describes carefull

interesting data.
Parr 11 N

ta ' irri he hig’
7. Capta hows that the irrigable area on t
P a—is 1,492 square miles, or 954,8 0 states

rivers—Betwa, Pahooj, and 'Jumn: ° :

that in Zillah ,Ja.loun, thich contains four-fifths of the entire area, 854 acres 1o, every .square
mile are cultivated. He considers that one-third of the cultivated area W.lu (.)nly be ungate:,
that is, one-sixth in each fusl. Hence 854+6=>59 acres per square mile is the area to be

provided for.
8. For the khurreef he allows 084
rubbee 0°295 cubie feet. ' .
9. With this data the supply needed will be for an area of 1,492 square miles—
Khurreef 1,492 x 084 = 1,263 cubic feet per second.
Rubbee | 1402 x0205= 440 ,
10. For navigation purposes & supply of 150 cI}bic feet per second is allowed.
11, The monsoon-supply i8 distributed propo_rtlonally throughout all the canals.

Parr IIL .
rent methods by which he calculates the flood-dis-

and }

cubic feet per second per square mile, and for the

12. Captain Bagge gives six diffe

charges.
13." The results of these calculations are :=— ‘ | cabic fot

(1) Mean of four discharges caloulated from four sections taken below
" Burwa Sagur Ghit [ 1,018:375

(2) Discharge calculated from the mean ‘of the areas, &c., &c. of the
‘ four sections of No.1 . . . . . . 1,008:600

(3) Discharge caloulated from throe gections of No. 1, Burwa Sagur .

Bection being thrown out (co-efficient 90) . . . . 293'034
(4) Same as No. 3, co-efficient being 925 . . - ;801200
‘ (5) Discharge calculated from a measured discharge taken on the 10th 568990

September . . . . . . . -
© (6) Discharge calculated by applying the results of the measured dis-
charge of 10th September, to the means of area, &o, of the .421.400
four sections of No. 1 . . . . . . . JUS
: al
®

4
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. 14. Dlscardlpg the results of Nos, 1, 2, 8, and 4, and working with the result of No. 5
which he takes in round numbers as 500000, and to which he adds 50,000 cubic feet ‘the
amount that may drain into the Betwa between Pareecha and Gh ’ ubic feet as the

_ designs and calculations for a flood-discharge at 550:000 cubic feet usgowan,

16. Lieutenant Home’s calculations gave 715000 as the flood-discharge

he prepares his

Part IV,

16. Captain Bagge’s table of disch :
may be expected. scharge of the Betwa shows the perennial supply that

17. On the 21st December, 1869, L; ;
Betwn s dschusglog 1028 c|;bic fe;t_ ieutenant Home found by measurements that the

servations give the discharge as 816 cobi, fe?tn the 4th December, 1859, Captain Bagge’s ob-

N ' Parr V.
. 1scarding Lieutenant Home’s site of the weir
1ty of the reservoirs is'greatly increased ’

18. Captain Bagge,

as thus the storage capac chooses Ghusgowan,

. . Parr VI
19, Captain B . . ’
level of crest of W:ig;-g:;; C(a;lﬁulatmg with a flood-discharge of 5501000 cubic fest, fi th
duced level of the flood of Ju:zg'ovsvzg at 600-00, and finds the afflux to be 140 feett x'I?;e re?
would, therefore, b 619'00—ai)0ut tliev;:: 160;).00. The highest flood-level due to the weir
20. The canal-head is fixed el of country.

feet. ab reduced level 591-0, and the depth of water in canal at 9
21. In his calculati

approach). He cof‘l’:izg(;nif"; afflux, Captain Bagge omits the quantity V. a. (velocity of

means, such angerous to arrange for keepi - & (veloctly o0
, such as boards or shutters. eeping up the supply by temporary

. Parrs VII
22, Captam Ba ANp VIIT,
¢ gge states that, i .
the work will ; . s OW1ng to the pecul . .
will be built, the weir must be designed P;vith l:ﬁlesggﬁl:;ﬂ;z::iﬁey 1l))asr ety on which
ase.

28. Working with a f ;
a flood-discharge of 550-000 cubic foet, present reduced level of floods

3 N . 0, ﬂ 9
ns

Width of crest ]

» base . ) ’ ' . . . . . 20
Height, maximum ) : . . . . . . 70
Up stream face . ' ' y . . . . . 50
Length of weir . ) ) ‘ ‘ . . . wvertical.

. 2,289

: howeve
canal, as high floods would remov:;

moval of any silt deposits in th a0y deposits left by small fresh
be provided. o canal, he states that an escape in th: s,.Sei

working of the
To allow of the re-
poora Aqueduct may

PAR;r IX.

25. To supplement the supply of the Betwg

formed in the bed of the Bet Captain Bag i
wa. One re . g8¢e proposes two reservoirs, both
Burwa Sagur Ghat, a len servolr extends from th -
at, gth of twelve mj] m the Lower Khoord Section to
abov;(? 0;?;, a'ziwhxch town is six miles abo:eelsiurv?: eS Becoméi e e Proposes somewhero
. The first i ‘ % )
o ;‘ reservoir h'a.s. only been worked out bg“é hi&t.
am 5,500 in length and 50° in heighs, y Laptain Bagge. 1t is formed by a

! buil
27. The scction of the dam iy s‘imﬂm‘u:zot :}f the Lowor. Khoord Section.

are— at of the Ghusgowan wei ) o
; weir. Th
Width of crest . . e dimensions
Height . . ) ) . . . . ) L 123
Base Tt e ... B0

28. Calculating wi;h a .ﬂood 'disch;,r ) - . . 625 .
- e of . .
63500, present reduced level of highest ﬂog Ot 950000 cubic feet, reduced level of crest

. od above g . . :
Bagge gives the afflux at 600, or 2 fest b above site 64100 and below site 636+01, Captain

therefore, be needed. ove lovel of ¢ountry. Small embankments will,
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29. The capacity of the Khoord Reservoir is 4,018,936,900 cubic feet. The amount
allowed for evaporation between October and Pebruary is 817,792,400 cubic feet; or, as the’

surface exposed is 101, 247,500 square feet, i:g:’;i:’g =808 feet vertical measure.

30. The amount available for irrigation during the months from October to February is—

4,018,930,000—807,792,400__ g cp. . X
TETABONGOX A 92822 cubie feet per second.

Paxr X.
31. Captain Bagge carries the water in one channel to a point near the town of Koonch.
He then divides the supply into three streams, one called the Kh'oku‘nd Bl:a.nch, taken along
the high bauk of the Pahooj ; the second, the Calpee Branch, which 1s nav‘xgable, 1.:a.ken along
the high bank of the Betwa; and the third, the Jaloun Branch, taken in the middle of the
Delta.,

82. Tn the first portion of the Calpee Branch considerable drainage is crossed. Captain

Bagge explains that this alignment was chosen in preference to another in which little or no
ugh a conntry with & considerable slope, because he con-

drainage was met, but which ran thro :
sidered the cost of the drainage works in one line would be less than that of the pecessary

falls and locks on the other.
33. In the letter accompanying the report,
return at 5°86 per cent., thus :—
* (1) Capitel, 90 lakhs. 25000 sores
ultivated area, 528,000 acres.
gg gearly irrigated area, one-third of cultivated, or 5’—5—,‘9-0:-—— 176,000.
(4) Rate per acre, Ras, 3.
(5) Gross income, Rs. 528,000

(6) Return 826,000x100_. 5.86 per cent, '

34. Captain Bagge ;&’oteo:: also, that if certain Kkhurreof canals were taken out from the

Oorcha Dam, the return would be greatly increased.
35. Having summarized Captain Bagge’s report,

Captain Bagge (vide para. 3), estimates the

it will be as well, before giving an

' opinion, to gate briefly the nature of the work.

36. ist of — .
The works consis - tho villago of Ghusgowsn (with crest, 50

a) A masonry-weir & \ ;
( ) feet above lowest point of river-bed), 2,680 feet 1n length, with o 06,987
bsidiary works : estimated cost . . . . ,96,
() zureslervo{r.dam, across the Betwa near the village of Khoord
(with crest 50 feet above lowest point of n\rer-bed), and subsi- 004
diary works; length of dam, 5,500 foet : estimated cosb . 24,47,

R

(¢) A reservoir-dam at Oorchs, details not worked oub: estimated 1057 404
ronghly to Oost . . . . B . . . . 14y
(d) Trrigation channels :— . 1194405
(1) Main canal, length 363 miles, cost . . . . . 6,04’, o
(2) Calpee Branch ” 61 3 ” . . . . . ,95,100
(3) Kolund ” 9 39 » » . . . . . 56,000
(4) Jaloun , » 31 o, w . . . . s
Toto;l, 1673 miles, cost . . . . . 18,79,505

(5) Main distribution channels, length 287 miles, cost . . 3,16,?34
(6) Miner distributive channels, length 196 miles, cost . 2,42,279

(7) Canal escapes, length 13} miles, cost .+ . 35{%33
(8) ChOWkees . . . . . . » » 1 33,704

(9) Land . . . . . . , . . 1,33,
Total cost of irrigation channels and subsidiary works . 26,48,965
P

87. 1 will divide my review of Captain Bagge’s project into seven sub-heads :—
‘ (1) Discharge of Betwa. :
¢ (2) Bite of weir,
(8) Section and cost of weir,
(4) Bite and number of reservoirs,
(5) Bection and oost of reservoir-dams, .
(6) Alignment of the canals, their cost, and provision for navigation.
(?) Estimated income, .
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38. Betwa Discharge~Captain Bagge’s calculations of 550,000 cubic feet as the maxi-
mum flood-discharge are, I am of opinion, erroveous. His caleulations are based on fall in
bed, while fall in surface is entirely lost sight of, Now, no doubt in a river lLike the Jumna,
at Delhi, or Ganges at Ghurmooktesur, the fall in bed might be taken as a quantity in the
equation for determining the flood-discharge. 1In a river like the Botwa, where the bed con-
sists of rapids or falls, with deep pools between, the surface-fall should be the quantity adopted
3“:11 nos tfhe falélntl;ed.BIn A,ppgndix z'l,‘ Lhave given the calculations of flood-discharge as

educed from Captain Bagge’s data. 'The r : . . . )
Lieutenant Home’s dischafge. esult ia 741,000 cubie feet, agrecing fa“]).’ with
89. In Appendix Y arg given :—

(@) The monthly discharge of the Betwa from J
(5) The quantity, drawn rom January 1868 to February 1870.

80. Weir Site—l monthly from the Khoord Reservoir.
. Weur S1le.—1 consider that the site sel i : .
best that could be chosen. A site hig ? oclested by Captain Baggo for his weir is the

. . . . her up the river would make the construction of
reservolrs next to impossible, while no site lower down would afford rock for foundation, nor
would the canals taken therefrom get command of the country rapidly

41. y 109 e : . . ' )
Weir Section.~I am of opmion that the section adopted by Captain Bagge for his

weir is far stronger than is needed. 1 i i i i
feet in height, calculated to bear g oot 70 o e iven the scton o & weie 5

X o Pressure of 70 feet, prepared from the profile of a masonry-
g:;nbi,ﬁ;[feétrizgh’ b(‘i“l; in 1866, at Furens in France, Two papers on lalr)ge masonry-dams—=
Graeft ent; ors into, :‘;: the other by M. Delocre—were published in the Eagineer of 1869. M.
thie economical for ® ;nebhod of constr}lcting' the dam at Furens, while M. Delocre writes on
on the Bebwy excemti; I;lt‘loilt:l, under circumstances similar to that which we have to deal with
was purely a ’dam. phing that floods will pass over the Betwa works, while the work at Furens

42. 1 i
be fansd .iinsutller that the crest.b, and rear-face to g depth of 20 feet below crest, should only
43 vxn ashiar, and that this facing should be two feet thick
«1lam of o :

. pinion that the erest of the weir mi '
fi} aptam_ Bagge, and that this 200 could be ma‘;?;i w0 Pk T e o wethipa 807
20ger in this plan, and consider Captain Bag

44. The oo'st of my weir is 53 lakhs les
sure of 70 feet is caleulated for, is that in b

above erest of weir, which g 50 feet high
45. '

Dam Site.— i .
to the storage :a:)aciif cg?szier that thf_’ site of the Khoord dam is well chosen, as far as relates
given a less longth of (Jlram by :u 1:55958011'8, but .wou-ld have preferred a site which would have
wan weir. »000 feet, which ig nearly double the length of the Ghusgo-

ge’s fears groundless,

s than Captain Bagge’s. The reason that a pres-
eavy foods the surface of water will stand 20 feet

46. Dam Section.— ;
osording theei, ;(o)gle olfn ;}p;;ndlx W, I have given a section of the Khoord dam, modified
+ Delocre, and caleulated to bear a pressure of 70 feet. In my

estimate for this work I b : .
eir ave given the same width of ashlar facing as for the Ghusgowan

than ;
48. Oorcka Reservoir.~—I consig an Captain Bagge’s by 114 lakhs.
bet B .
Ree weon urv;atfa%ur Ghat anc.l Jirror Ghét, the former being the upper limit of the Khoord
servoir, and the latter the point at which the Betwa enters British territori
49. From the surveys made by 8 british territories.

; Mr. Ri : .
of the reservoir near Oorcha is nine miles ab:?eazg "% 16 appears that the most favourable eite

The capacity of this reservoir jg—

" 5,280"x 75" x 1,000 x 25'=990,000,000 eubse feot ;

- 990,000,000 oo ’
eaual 60 g5 sy =14 oubic feet per second perennial supply,

or for five months, Qctober to February, 314xss_» 5'9 cubic feet,
T .

50. The cost of the reservoir-dam wonld be—wi A
section of 412—3 lakhs, thus :— with a length of 1,000 fect, and a mean

1,000 x 412=2412,000 cubic foot ' R
Say } ashlar, thus 103,000 at Re, 2
frubble 309,000t Re, 15 . . . - - - Z06000
Sluices . . . . . , X . ) ’
e 47,650

ToraL . 3,00,000

e

ned by planks. I do not anMeipate any-
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51. At Eastern Jumna Canal rates the gross value of 314 cubic feet of perennia? supply
would be 31°4 x 500=R15,700. . )
Allowing 10 per cent. for working expenses, the net returns would be—
, 15,7005 =R14,180. S
and the percentage on the capital of &3,00,000="3,00 =471 ) -
" 52. In these calculations no allowance has been made foF absorption or evaporation. e
returns must, therefore, be accepted as the masimum theoretical amount.

53, Navigation.—Considering the small extent of country commande(} Poynﬂ;)ee??t:ag: n:;:
and the uncertainty of a perennial supply, I would not advise any provist Sl _

navigation, tion works amounts to 14,61,454, as will be

54. Captain Bagge’s estimate for naviga o e defopy
i 5 turns from navigation mus 809 ;
seen from Appendix V. At 73 per cent. the net retur g 0,600, o

and, allowing 15 per cent. for establishment charges, th:} i:(; for 1867-68,
15,000 more than the navigation retarns of the Gan{gs 8-‘ Bagge’s alignment of the Calpee
talin Dag
: 1.—1 do not approve of Cap . :
Bran?l?. AIZ?;ZZ{}: i:ﬁyoi’;; water in one channel to about the 17(:;13 xmleil of the canal, at which
. 8.
point T would fix the heads of the Calpee, Jaloun, and Kooto.\l nd Brane ; in the first few miles
56. By this arangement, nob uly would tho hesvy R L e etorence to
. ' » . d, but, as wi
i Y 1 Branch be uninterruped, v = - dod
f@iﬁﬁi"ﬁ?ﬁiﬁ 2&"?; a saving of 5} lakhs nearly, supposing navigation was providec

for,

Lo : 4xibutes his rubbee supply proportionally.
e ep s Iy —Captain Bagge distni os | . ‘ oo car |
to ans;'tfl;f:z:::ﬁ:{ci:ﬁp yI wouII:i recommend two (htstmcl:i k;:ds ::e:vzx;kz; r:l;a ao p:exrz )
water dzxring- the khurreef, with few, ?f ?;ly;:::;ongi-::i::é;l;h n erpper India,
nial 1 d in & ‘manner SINUAT e .
s::pl*{; :ni:;l:::di;ns it appears that by separate works for monsoon and perennm.l
. 0 ,

: ’s estimate,
supplies, there will be a saving of over 142,000 on Captain Bagge's esti

59. Summarizing the modifications, I propose—
(1) Abandonment of the Oorcha Reservoir.

(2) Reduction in gection of Ghusgowap_weir and K
’ thickness and width of ashlar facing.

(8) Lowering the Ghusgowan weir two feet,

boards.

l . e . .

led three branohes; two of which—the Calpee and Jaloun—would carry a
e ’

of 53 lakh Captain Bagge’s estimate. . .
60. 1 hi:: (::ot ::ken up each and every design of Captain Bagge’s;‘ co!;)z:ld:rmg :}l::t;v Z\;(}::;
, inion I have for rom
could b cia) officer. The gen‘eral opinion :
that I ﬁa&?%ﬁiﬁyi’: t;;): ‘Captain'Bagge’s designs are far more c:l)stli thal.;:) :eic:st:\;'();, a:tlxl :
that even greater reduction than I have made could safely be carne 0\11 o e fe; e
general rate for earthwork is Re. 8, though some of the channels are le 1
width,
i ’s rates
61. In my estimates I have adopted Captain Bagge’s rates, ases,
his local know{edge would allow of his opinions being more trustworthy. than mll:e. -
62. From Apgendix P, it will be seen that, with a capital of E36i88:;: 9,4: cl:lhic o
supply of 440 cubic feet (valued at Rs. 500 per foot), a monsofon s“:;ﬁg; o and repairs,
(valued at B150 per cubio foot), and a charge of 40 per cent. for m
the retarns are 6:2 per cent. on capital. : .
. s the
83. Captain Bagge, in paragraph 4 of his letter .No. 289, fla.ted 2721; I:ov:n:l})le:; gg;v:f the
Teturns on 90 lakhs of capital at 5-86 per cent. This figure uoobtmn k ); O o the
Per acre on the total irrigable sres, and with an allowance of 70acres pe

*

hoord dam,and reduction in

and maintaining this supply by

asin most cases, no doubt,

‘e



56 BETWA CANAL PROJECT IN THE NORTH-WESTERN PROVINCES.

khureef, and 200 acres for the rubbee.
need soarcely remark on the probability
tained.

6+ In paragraph 4, Captain Bagge notes the
the Oorcha dam. My opinion, from actual inspection of the country, is, that above Pareecha
it would be impossible to lead canals from the Betwa from which the returns would pay one
por cent. on their cost. Mr. Richardson, in his No, 847, dated 8th January, written after
completing the survey of the Betwa to Jirror Ghit, says :—“To take out khu’:rreef canals is
impossible, because, from observations, I note that the jungle-trees do not grow larger than
three inches in diau'xeter, after which they die off, thereby showing that the soil is very
shallow—1I should thiok two feet at most, A} the cultivation that exists in the fow wretched

villages are jheel beds The other portion of the ¢ i ; . .
)
primary rocks close to the surface.” PURHY 38 & wilderness of jungle, with

No allowance is made for maintenance and repairs. I
of returns estimated in such a manner being ever ob-

65. In conclusion, I beg to remark that, although differin
Bagge, and criticising unfavourably the map
1 consider that he and his assistan
the preparation of the designs an
charge of the Betwa, i

! g in many points from Captain
Der in which certain caleulations have been made,
ts are desarving of commendation. The labour bestowed in
d estimates, in the collection of data for calculating the dis-
n the surveys hecessary to elucidate the subject, can only be ascertained

" Pk A alnd more satisfactory est;
en prepared. I would also propose that i in Chi i
neer’s No. 29151., dated l.‘lthth:::emb:‘x'a 1;’;19:’°mplet1°n rdson b weoroed i, O gl

. . . Mr. Richardson b Tal
Delhi, and in conjunction ws X . hardson be ordered up to Nynee Tal or
lubje;t. janction with  Chief or S“Permtendmg Engiueer, further investigate the

———

APPENDIX P.
Statement of Capital, Income, &e., Fe.

Capital . . B
’ ’ : . . . 36,88,412

Perennial supply, 440 cubic feet @ B500

Monsoon supply, 968 2,20,000

Miscellaneous Revenge . n 10 : . . 1,?5,2008
. S 7

Gross Revenue 2.80.000

Net Revonue, 60 Per cent, of Grogs —;:2_8—0_6(;

Then percenta ital jg 22,000
percentage on Capital is —&;ﬁ;;ég:(iﬂ nearly,

.\x

APPENDIX R,

My ’ 7
r. Anderson’s Project, Betwa Canal, prepareqd from Captain Bagge’s data.

[.—Ghusgowan Weir, Captain Bagge's Estimate ' . :: - B
Sang, vide Appendix X. . . : Lt 5)-54a080 .
—_—— 4,432,207
I1.—Khoord Reservoir Dam, Captain Bagge’s Estimate i47.004 s

Saving, vide Appendix W, .

¢ L I1L11,184
13,36,720

III,—Perennial canals not available,

Possibility of making monsoon canals from
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. 8t .
Rubkle. Mr:gfxty M:a:)cx?r 5. | Concrete. [Excavation. Ashlar. Pltc(l)xlil:x. Timber"| Gates.
Main Canal, 17 miley :— 254,000
97,389,
Excavation , , , , . 720,000 . | 153,600
8 Bridges, Design No. 1 . .| G884 56.603 lg'g?g 62,000 51,600 12
Calpee,and Koatound Heads . el ’ ’
42
85,384 | 65808 | 30,406 5,000,000 | .. | 206,200
Branch—Perennial—Captain
699€’s iine of Kukhul Rajbuha, 19
miles m 35,600
. 26,835, e
Exeavation | . . . . - 15284 000,000 110,000
8 Bridges, Design No. P mae | B logoo | .. | 12,00
SFalsst, o N A soiz| .. ]
- 000
w0022 | 13,288 | - | Ta6000) .. | 390
Calpee Branch—From Mile 11 to Tail :— 95,008,000
o , UUB, " 55,000 o
Earthwork P 300,000 5 N
. S R 11| 6,648 w 160,000
)3 Bridyew, Design No.3"™ | 1| - 123;4},, 14,853 ;}gg?,o‘g - 6,000
n " ”» » 4 . . o 118,074 9,702 8,500 41,000 e
1 Pal’ » n 5 . 17,304 1,100,500 12
Kadowrce Ho‘ad B . . : " 18,880 1,740 G - s
WTailFalls , . . . | . OO0 | e ——— — :
S 1 . 321,000 12 e
827,870 | 82,736 20,812,000 | . o
Jaloun praneh—Pmuml—antnin
:«zge ¥ line of Bonoda Rajbuha, 16
8 3,801,600 bt .
Exeavation g Sis0 v 110,400 -
5 Bridges, Design ¢ . . . 16,165 iy
SHalls gt 00 C seiel - R
71| 2380 8,012000 | .- B
Kootound Braneh— Monsoon—Captuin
Bagge's ling of Main Canal, 19} .
wiles :— 3,803,000 o 000 - "
E N e . e . 2 85,000 169 e o
2 I M IO I B
IR
e | 000 | 160,000
12346 | 78,018 BT
h,
Jaloun Branch. Khotand Branc
1 Rate. Main Canal, Caipee Branch. Calpee Branch. i
. 934
- 3,912,000 | 11,736 | 3,078,000 [ 11,
Exearation 500 [38,000,000] 294,180 [zr.4s6000| 5338 139,812,000 l};ﬁ:?g 9071|4154 | 78,018 | 15,602
Brick Masopry 2000 65503 11,178 | 13p322| 26024 | 82070 sisd | 2,380 5 5,346 | 1852
Arch Masonry 73500 20.405| 5101 13,284 | 3,821 3“, {g,%o 3980
Mooy 00| St W\ oo | sl Chag| U | | kel S
Timber | xn.g ; g g g m‘?éz'o ::326 o . ———
— — M v | 1688 92,768
| §28683 | .. | 16348 199,052
R R R
4,42,207
ThEn . . . . . . e ] ’
0 : 12 %usggw;n weir ) . . 13,36,720
. Khoord dam . . . ’ 3,28,683
. . . ]
3. Main Canal . . . . : 1 1(';‘343 ’
4. Calpee Branch ' 99,1
. . 1,99,052
Ditto 3,15,395
: 16,485
5. Jaloun Branch . . - 56’ 000
Captain Bagge's Estimate . . . ’ ) . 72,485
* 32,768
6. Kootound Branch . . . . . 73’551
Ditto Appendix S ’ ’ 9
ppendix i3. - 1,06,31
7. Mousoon Rajbuhas . . . . . - e 74,595
Appendix 8. ., . . . . .. e '
8. Perennial Rajbuhas . . . : 1 8'('3.936
Captain Bagge’s Estimate . . B0
Escapes . . . 3%;133
. Captain Bagge’s Estimate 1.33.704
10. Cana) Land . . . d : ’ ) ’41’500
. . see ?
11. Chowkies . . . . . : 30,73,677
. 6,14,735
: 3 1 ont. . i
Add for Establishment and Contingencies @ 20 perc ’

‘Porar .. 13688412
=

0
H
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APPENDIX 8.

Comparative cost of Canals carrying proportionally Perennial and Monsoon Supply, and of

separate Canals for each Supply.

Caprary Bacer’s Estiyarte,
Perennial and Monsoon supply, proportionally distributed :— ‘R R

Kootound Branch, Appendix B.
Bara Khera, Rajbuha
Sumpther
Beora
Seekree
Hudruck . ]
Madhogurh . . '
Jursoli ' )

»

Monsoon Canais,

Kootound Branch ;=

23,278,000 cubic feet Excavation, at R 3

17,759, » Brick masonry ,, 20
660 , ., Arch » 25 .

”»

“Bara Kkere Rajbutq e

2,742,000 cubic feet Excavation,

atR 3 .
4,899 » Brick masonry ,, 20 , .
182 » Arch ” » 25 .

Sumpther Rajbuha 1mm

983,000 cubic feet Excavation, atR 3 .
4,540 ,, » Brick masonry ,, 20 ,

Beora Rajbuka i

Seekree Rajbuka :—

Hudruck Rajbuka -

182 »n Arch . » 25 .
1,543,000 cubic feet Excavation, at R 3.
2,733 ,, » Brick masonry ,, 20 ,
182 ,, | Arch 5 »n 25 .
3,478,000 cubic feet Excavation, af B 3.

4,315 ,, , Brick magonry ,, 20 , .

49 ,, » Arch » » 25 . .
4,491,000 cubic feet Excavation, at R 3.

31278 3] ” BriCk masonry » 20 ‘

Madhogurk Rojbuka :—

3,951,000 cubic feet Excavation, at R 3.

Jursoli Rajbuka -—

6,571,000 cubic feet Excavation, at R 3

977 ,, ,, Brick masonry ,, 20
91 ,, , Arch ” n 25 .

95,100

. . 10,200

. . . 4,600

. . . 5,830

. . . 14,457

. . . 17,567

. . . 15,348

. . . 27,193
1,90,395

e —

69,834
. . 3,552
. . 165

73,551

- .. 8226

9,251

2,949
. . 908

3,902

4,629
547

5,221

10,434
863
12

11,309

. . 13,473
. . 6as
* e——— 14,128

. . . 11,853

—_ 11,853
19,713
.. 195
-0 23

190931

ToTAL . 1,48,146

Or a saving of B 42,149

@
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APPENDIX W.

Kkoord Dam—M. Delocre's Profile,
Dam or Weir, 50 feet high, but ealculated to bear a pressure of 620 feet.

l

A~ % 6’-6‘————»

U, P - SO |

Captain Bagge’s Estimate of Ashlar

Mr. Anderson’s

Differenco

2]

Captain Bagge’s Estimate of Rabblo.

Mr. Anderson’s

L2

1

Difference

BETWA CANAL PROJECT IN THE NORTH-WESTERN PROVINCES. 63

Torar

7,59,000
2,07,368
5,51,632
19,01,290
18,48,492

————

20,55,860

@ R2=11,08,264

92,798 @ R15==7,920
Total Saving

R11,11,184

S 27 S
1
[]
i
I:
o
9
.
]
i
DT £ L > :
o _ Quantity Caleulations.
. Area of
Height. Section, Length. Contents, Height, SA;}:’ o Length Contents
on, - ‘
R
15 Brought forward 947,040
262
20 357 2n 70,740 13 296 150 33,900
14 244 130 0,710 20 357 150 53,550
30 560 20 31,720 12 208 50 10,400
2 | 357 160 39,200 24 436 50 21800
44 915 180 57,120 37 710 150 106,500
42 856 970 164,700 46 998 50 49,900
9 154, 970 281,120 39 772 50 38,600
5 84 100 0:380 50 1,111 30 33,330
5 84 100 100 33 625 210 131,250
4 67 50 5ra00 30 560 120 67,200
8 136 100 3350 25 456 100 45,600
14 244 650 [E5000 27 497 50 24,850
| 8,600 18 319 1,260 491,940
Carried over 947,040  Total W
Thus— - D =
Asblar (16:6418) 1,670 x 2=1,16,932
45,568 x 2= 91,136
Rubble . . . ——— 2,07,368
. 18,458,492

APPENDIX X.

Ghusgowan Weir—M. Delocre’s Profiie.
‘Weir 50 feet high, but calculated to bear a pressure of 70 feet.

Height,

gt | v
591 73
790 20

1,049 20
1,058 30
975 80
591 20
619 50
790 20
835 30
903 30
790 40
1,049 20
817 40
802 30
1,291 10
564 80
289 30
310 30
36 180
852 210
417 140

Carried over

R .| RS

Contents. | Height, | AT 5" | Langth. | Contents
Brought forward .| 586,592
43,148 15 290 60 17,400
15,800 25 512 70 35.840
20,930 17 331 80 9,930
82,640 16 310 | 120 87,200
58,500 10 159 20 3,780
11.820 18 249 30 7,470
30,950 7 130 44 5,720
15.800 Q7 564 100 56,400
25,050 8 11 120 13,320
27,090 16 310 80 24,800
31,600 25 512 * | 30 15,360
20,980 24, 487 87 18,019
27,080 12 299 83 7557
24,180 16 310 20 6,287
12.910 6 111 17 1,265
33840 3 55 23 1,160
8.070 22 440 89 l?’zeo
9,300 16 310 146 45,260
4,680 30 848 20 slsg'soo
73920 22 440 90 30,600
58 380 27 564 B0 | #8200
eod Torar .| 991,921

586,598
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Thus— )
Ashlar (18+18) 1,157 x 2=83,304
32,699 x 2=65,398
—_—,
Rubble . 8 :{? ,2733
9,91,921
Captain Bagge’s Ashlar estimate 3,91,590
Mr. Anderson’s ,, » 1,48,702
Difference 2,42,888 @ R2= 4,85,776

Discharge of Betwa River from Jany

Captain Bagge’s Rubble estimate 14,20,715

Mr., Anderson’s ' » 8,43,219
Difference
Torar
Deduct i
twoc?::t?f planking for upper
2,290x 2 x 1=2 9290 cubic feet, @ R3=6,870
450 Iron Standards @ R25 each =11,450
Balance Saving .
—_—

5,77,496 @ R15=86,624

$,72,400

————————

18,320

5,54,080

——

APPENDIX v,

Jrom Reservoirs,

-
(33
w
>
o
-
3

ary, 1865, to January 1820

, with amount drawn monthly

————
= 12123 .
onth, ‘e
1 2
IHEHEHE
a bey iy
S8/ 8|88 ¢ g
3|§|8ls|z{ B | & ;
T FIEEEE] ] f |
Janunary, 1868, ” T
February, S IETTRN - 3 U
March, ¥ . 1207 . 1,028 41 | 869
»” . . . 13 18 ) 741 436 592
Aprll, s N 3
May » . ol 180 .. 325 208 276
Ja, » . R U A I Tl B 208 99 | 151
July, » N B R e o 00 8
August, . : ? | 120 qygp i
Septewmber, » . : 10 g 3] 6(18 19‘21“. ég
‘tob : TN BTN I | ety .
g:,% ;;’)e ” - 11 8] (2; 26-8F, 54
r, 2 30 | . §-9I, 89
December, " . A TR VA TR EEITIS 79 46 6
January, 1869, . T R IS 70 89 gf
February, . . g e e 33 33 38
March, " S N P A il 33 33 | 33
April, » . 131 . N 49 39 45
May, " O I T A A IR B Dry
June, » . T O I IR B » .
July, , T ] »
August, " S s 897F 1098
September, , ; R O O Rl R B S T B
October, :, . T | 30 2666k, 84F.
November, N ; R RS g{ 18228, |  goop.
December, 5 . R IO R 31 6 OF. bor |
January, 1870, . B R A 81| .. 816 877 | 764
February, " N R TR 7671 594 | 7og
’ [ 260 228 | 218

. Nore.—~In 1867-68 the rubhee would have beeen
vice ; 1868-69 the rubbee would have harely beeu saved ; 1869-70, watg

voirs till February.

r would not have

10 11 12 13
T . |
3 g
o & Sg
g | & <
sl E e | &
I ]
P& |5 | &8
& ] e
& | g | &s| 2%
- g ‘EE a
g | S | a2 | 2%
S s & &
440 | 1,410
W] 16s| 1246
289 ub7
3566 602
378 224
Supply for half monht.
Cauals full.
378 | 1,083
886 646
407 289
Supply for the month.
«. Canals dry.

e

nnnls. .t"ull. .

res

812 | 1,108

en available for sugar and esrly
been drawn from the Reser.

APPENDIX Z,
Flood Discharge and Afflux Caleulations.

By measurement on 10th Séptember, 1869 :— ‘
61841

Gauge . . . . . .
Sectional Area (A.) . . . . . . 14,492 square feet.
Perimeter P . . . .« . 1,440
Discharge, (D.) . . . . . « 4!5,150 (R ft. per mand.
Flood Discharge, June, 1866,
669°10
Gauge, . . . . . . . .
Sectional Area (AI) . . . . . . 88,2;8 square feet,
Perimeter, *®I . . . . . . ;Z; "
Discharge (1) . . . . . . ,2
The flood dischargs is caleulated thus :—
D: DI : A.JA.—:—P.:AIJAI-;—PI
A /JA+P D
DI =
A VA + D
J/ 88,018° + 1,564
. 45,150 = 741,200
V 14,4928 <+ 1,440
AFFLUX CALCULATIONS,
Ghusgowan Weir,
Flood Discharge . . . . . Red. L 7??{,)038
Betwa Bed . . . . . . . . . L. a0
Present Flood . . . . . . . . ” 29800
Crest of Weir . . . . . . . . ,,2 600
‘Length of Weir . . . . . . \ .
Aﬂiux, . . . . . . » .
Khkoord Dam.
Betwa Bed . ) . . . . . Bed. L. .239?)(;
Present flood level above Dam . . . . . 1.
Ditto ditto below Dam . ’ . . » 6?6 00
Crest of Dam . . . . . . » 635-00
Length of Dam . . . . 5,500 ft.
: . . . 11+0 ft.

Formula by which afflux is determined is :—

D=c 1l /304, +$d.

D = Discharge.
Cd = Co.efficient = 0-625.
L = Length of Weir.

d = Afflur.
d, = Crest of Weir below—Present Flood level,

At Ghusgowan the reduced level of floods after the wir ise built will be
598 + b + 14 = 6170

At Khoord the flood level after construction of dam will be
685 + 1 + 11 = 647-0 or six feet above present floods, which rise to a level

of 6410 on the up-stream side of dam.

Prom the Superintending Engineer, 2nd Circle, Irrigation Works, N.-W. P., to the Chief Enginear, Irrigation
” Works, N..W. P.,,—No. 796, dated Delhi, the 36th March, 1870.

In ooﬁtinuution of my No. 782, dated 25th March, I have the honour to forward
the Betwa plans and sections, consisting of 27

Plans, &:&M I
14 sheets. 8 1 .
DC""“im of s‘,:::l; . “;eir,  dhocts. heets, reoeived under cover of your No. 569 I,
Longitudinal Section,  sheets, dated 19th March,
) I
L]



66 BETWA CANAL PROJECT IN THE NORTH-WESTERN PROVINOES,

[

2. '
. S In pamgraph 40 of my No. 762, T runecked that, whil approving of Kioofe v 3
dam. , preferred a site which allowed of a shorter length of

8.0 ini .
Rmrvoirma::n;ﬁn:h;hf;t\xe x;\irglt-hma;pi,h 1 'found that Captain Bagge had fixed the
of the river was much greater than it is fo i
r miles

above or below.
4. Thinkin i i
nking that a considerable reduction in cost would be the result of adopting

Pureecha, which is above Khoord
\ , as the sl S
Estimates : my anticipations were not reza.lise(slme for the dam, 1 proparod the secompenyiog

5. The following is a comparison of the two works ;=

Khoord dam Length. Contents. Cost. Saviag.
Purcocha . . . ;"200 2,055,860 R13,36,720
. ) 50 1,4!65,253 ’,11,01,886 R2,34,834

6. Against thi 3
81 cubie g;eet per L;:i?nﬁ :: Bi2,35,qoo must be placed the loss of revenue due to the
pply which is contained between the Pureecha site and the

Khoord Dam. The rev
. enue from this 8 .
represents at 75 per cent. a capital of R; 6070 (():gblc feet, calculated at R500 per cubic foot,
14 ) 13

7. The advanta . :
ge of the two sites are pretty fairly balanced ; but if the affiux due to each ’

) ¢

PUREECHA SITE.
| Reservoie Dax.
Profile of Dam similar to that of Khoord Dam

Height. A
rea. Leogth. Contenta, Height Ares. L '
3 eugth. Conteuts.
14 244
1 319 5 3,172 TE T ety
1o 281 z 8,613 29 539 2 14014
i 28l 7 19,670 27 497 % 14610
12 262 30 yra0 29 539 2 1073
12 208 o 17,860 25 456 go 39,800
50 i i 10.400 20 476 e 2322(1)2
m | oo 5 4e875 2 | g 170 71520
741 ' 370
39 772 }% T41% g% a7 % 35830
BB e &) B b8
844 520 10,028
@ 850 gg o0 gg 539 47 . 25,338
g s 30 ;2";40 2 i%ﬁ 1%8 38,080
) Ao 52,320
s 044 138 28,320 %i so1 % i
39 773 56 38800 23 B1s 10 sLa00
37 710 28 To2s2 30 - s | 10 500
g’{ 710 28 ;?ggo 2 2347) 1% 56,000
591 208 S0
27 497 % 243850 z p 0 i
100 4,880
Total Carried over ., W
: Total,| ... 1456778
Thus :— —
Aghlar |
(166 x 18) 2,398 x 2 = 1,65,941 .
Rubble ' . . ‘ 6676 x 2 = 13352 1,79,293
" . 12,85,960
14,65,253
Mr. Anderson's Estimate -
of Khoord Dam As
Mr. Anderson’s Estimate of Pureecha Dam blar ) gadpon
. . . (Y l|79!293

Saving o e 28,078
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. B
Mr. Anderson's Estimate of Khoord Dam Rubble . .18,48,492
Mr, Anderson’s Estimate of Pureechs Dam . . .12,85,9€0  5,62,532

Add contents of Piers, 206 in number—
Mr. Anderson’s Estimate of Kboord Dam Piers, Rubble . 7,27,100
Ditw ditw chha . ' 3 . . 98,“0

Total Saving . e 11,91,232

R

6,28,700

e —————

Thus :—
98,075 cubi feet Ashlar @ R2 . o + o 56,150
11,91,232 ditto Bubble @ » 15 . . - . . 1,78,684
ToTAL . 2,34834
———
e —

‘ RESERVOIR SUPPLY.’
ith D t Khoord . . . . . . 4,013,930,000
SDne%% zl:mﬁ:}ms&md between Khoord and Pureecha - . 531,960,000
Contents of Reservoir with Dam at Pureecha . . . 8,481,970,000

LOSS BY EVA.PORATION.
: , 101,247,500
Area with Dam 8t Khoord -« . . . . . e ,247,
Ditto between Khoord and Pureecha . . __— . 18,710,000

. 87,537,500

v e

Then loss is 87-537:300 X 303 = 265,238,652 cubic feet, and supply i8
$481,070,00-200,338856 - 945 oubic foet per second.
Jome 1n Reservoir with
v . .
01;:11: ;:‘Khoord is . 982 ditto ditto.
. 87 ditto ditto.

——————

COMPARATIVE RESULTS. i
1d more than Pureecha Reservoir.

ir cogtains 37 cubio feet per 86CO . .
xhoord Reservou‘= 18,500 is the yearly revenuo that will be lost by adopting the Puree-

Then—37 x 500 that S
cha site. This 8% 7-5 per cent. represents & capital O
18,500 x 10— Rg, 2,60,000

Difference

K
while saving in oos of Pareechs Dam - Bé. 2,35,000.
e —
AFFLUX CALGULATIONS.
Cubic Feet,
Flood Discharge  « ¢ | e 753.005?)
Length Of Da.m ] . L] . . . . ,6 )
Crest of Dam, Red. Level . . . . . . 645.0
Present Floods . . . ¢ . . . . 6450
Surface of Country < . . . . . 649-0
A-mux . . . . . . . . . 11'23
Then D.= 750,000 1. = 2,650
Ca, = 0,626 d. = 0
D, =ol v 2%, d) + td)
750-000 = 0,625 + 2,650 x 802} v 4}
—
v a3 = Ry O Ok
d, =1128.
"nd mdnoed 10761 Wﬂl be - . . . . 6“ + l,l% = 656'23
Ditto  of country . . . . . v 64900
Height of Embenkment . - 7%
o

CLINTON ANDERSON,

Swpdg. Engr., 9nd Cirele, Irrigation Works, N.W.P.
. 11
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I of ond
] . .. Y No. 233 -

Note by the Chief Engineer of Irrigation, North-Western Provinces, ¢
Eztract from & Note by February 1872,

Berwa Canals,

. IX.—The Betwa River was first examined, with a view to irrigation, by Qaptain F.
Home, R.E, in 1867-68. On this officer going to England, the late Captain Arthur
Bago'e’, R.E,, took up the enquiry on a wider basis,

g .

and acquired the valuable knowledge of
the character of the soil in the field of this canal, which is the basis of the present scheme.

After deducting the area of mér soil it is found* thag 228,000 cultivated acres of loamt

*# Paragraph 9 of Captain Bagge’s report, and sandy soils requiring water, are irrigable
+ bea;‘gr—rich loam; Purwa—sandy soil; Rakup—

from these canals, Those lands lie on the
coarse grit, detritus of kunkur quartz and gravel, borders of the Be twa and Pah ooj Rivers, and
can be served by the two canal branches (see ) above specified, which are shown
in the map, page 1, of Appendix B, :

X.~—The project of Captain Home, the result of single season, ‘was not sufficiently com-
plete, or that of Captain Bagge sufficiently encouraging, to justify their adoption; but all the
data on which we are now working were obtained by the laborious researches of these two
officers, and it is certain that if either had been able to continue thejr enquiries, the conclusions
now arrived at would have been determined ¢

hree years ago. TIn the interval, the Government
has lost in Captain A. Bagge one of its most devoted and valuable officers.

al from the left bank of the Betwa at Pureechs,
13 miles below J bansie.

the Sumpther State, divides into ¢
r Kootound in Jaloun,

XI.—We now propose to take out a can
the point selected by Captain Home,

The canal, after passing through wo branches, which will
terminate in the J umna,—one nea,

the other near the station of
Humeerpoor ; leaving the mAr soil which lies in a basin between the two rivers for the present
untouched,

XII.—Lieutenant-Colonel Brownlow, who has examined the subject, finds} that a volume

1 Appendix O of 600 feet a second in the Betwa may be
' counted upon in September and October, which
dwindles to 50 cubie feet in February,

XII1.—This volume will afford a first watering to 120,000 acres,
under rubbee cultivation, of which twe-thirds, or 80,000 acres, may
remainder will get started at any rate, and may get further help.

XIV.—For calculation of returns, the 80,000 acres only are taken into account, and the
50,000 which, when requisite, can be watered in khurreef, are also disregarded. There can be
no doubt that these returns are modera

te and reliable.
XV.—1Tt is proposed to raise 5 weir at Pureecha to the lovel proposed by Captain Home
for the sill of his masonry structure R, I, 622:68 ; making the weir thick enough to allow 3
feet more masonry being added, if found practicable, go ag to bring it to the level 62566,

which Captain Home proposed to attain by the use of planks. The violent stream of the
Betwa renders the use of planks undesirable,

Proceeding thus tentatively, there is no fear of
accident or mischief, and every prospect of our

4 being able to increase the duration of rubbee
sapply ultimately by forming a reservoir above the weir,

the total lands annually
be fully watered, and the

ity of the camal so ag to carr
1ver is running full,
Captain Home 2 feet,

¥ 600 cubic feet during rubbee,
it is found practicable to reduce

the depth of digging proposed by This arrangement fixes the sill of

canal head at R. 'L. 619-66.

XVIL.—The reduction of depth of canals, and g modification of alignment in the first
16 miles, bring the rough estimate of the cost of

of the scheme to Rs, 17,25,000, on which a net

return of Rs. 1,71,000, or 10 per ceut., may be fairly expected,
‘N

Note by LIEUTENANT-CoLONEL BROWNLOW, Officiating Joint Secre

Betwa project, No. 674 1. C., dated Allahab

In 1868, Captain (then Lieutenant) Home*

tary to Government, Inrigation Branch, on
ad, the 1at April 1872,

recominended construction of a canal carrying
A : & maximum khurreef supply of 1,000
# Pros., Govt, N.-W.P., Vol-‘jv--, Feby. 1869, Nos. 939, cubic feet per second, with depth of 8}

feet, to be taken out from river neat
village of Pureecha, where an admirable site for a weir exists,
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i height above bed in lowest part 25 feet. - '
- le_“gth (')f we‘; m:sz:v}:l: ;::Z::e I:’s. 19%‘:9,246, giv.ing' an estimated return on capital
ooy em"?atedcgucting cost of maintenance and repairs. . R
of 7'9 per cent., after de . t-Governor, North-Western Provmees, in e
2. His Honour the L‘f’ut:?;vour any project that did not include ample l'lfl be lipa;
project, statielc}. his dwn:(;h!;:zlp(;!; to take water in khurrefaf except during years o ught,
doubting willingness o ncertain.
e Ofgirrig“‘:i‘g‘ 01:;1::: ::ag(:as(;: ::tal))lis:llxlm::t of reservoirs for regulating in some measure
3. Colonel Grea

in river should be low.
the floods, and supplementiog canal supply, when water 1n 11v

X ization Works,
. ; I tor-General of Irriga
4, Colonel Strachey, in commenting on project as n?eﬁefore sttompting b0 deal finally

. eef cana oL
leaned towards immediate construction of at l':::l:ubbee volume of canal, considering that there
‘ emen

i to suppl 9 mi unsuited to irrigation,
with the s(;ol'age fo::”':;;rehensi)i that the black dsloxl1 I;;gil;fth::iv oo once supplied,
olid groun R ely develo
::; E;)lizvinggthat khurreef irrigation would 1::5 az alteration of alignment between the pro-

i ject, he sugge ; iled by line adopted
Generallyi appzﬂng“l O:OI:::J;O tl;liote, to save the heavy excavatlon gnta. y
posed head of canal an )

i . : ing on foot any purely
by Captain Home. .. adheres to his opinion as to 1nex1.)e<.11enc(r)y£ of s(‘tt:llzgml community, 85
5 Sir W. Mur a‘li e:le Greathed points out that OPQwI:)r iﬂsflgosed to that of Colonel
Khurreef project, and Colon of Jaloun, Jhansie, and H.“me‘”fpom;ant Arthur Bagge, R.E., then
represented by civil offers irrigating the black soil. Lieu cluding that of reservoir dams
Strachey’s in the I!.lattel' o ber 1869, the cost of which, ;313 of rupees. Omitting the esti-
submitted a project 1n NOETf of sum) was close upon 90 te t Bagge's project amounted to
(which amounted fo one d of two reservoir dams, Ll?uten;‘:h (omitting cost of head weir)
mated cost of head weir an he cost of Captain Home's, Whl more complete devolopmenh. of
36 lakhs~—nearly double';b"di.ﬁemnce was attribuf,able ::1 ato hoavy expenditure in crossing
smounted to 15¢ la‘khs‘.t:y ofeproviding for pavigation, @& '
the project, to necessi . vor itself as a storage reservoir,
draiﬁage- . ‘the desire to use the channel Oéhz:;:’on, the lowe ot Of the fou.r
. 6. Having n view th head of his proposed canal at the Burwa Saugor Ghét, where it
Lieutenant Bagge 'placed : ethe chanpel of Betwa bgtw;e nn Fifteen miles from Ghusgowan
rocky barriers W}.nch cro? and a point 17 miles lowel:l' ow(;o;y point, laid down by Colonel
debouches from ;l oy c::lnw?t’erahed of country aban 0 1ga "
the line regained gone i ting soil chart,* in whie
Greathed. bmitted with his report a vqryil:nte;? pgg;cent; of black soil are
T Liestenant Fogo B. tmlztsredco;:;nth%se containing neatly the lsa me
dix B. coou ) . S are
* See map opposite to page & fdppet and sandy soils are coloured saPl‘:]ak:ldt:::ePsr?]}:cisgz esti-
proportion (70 per ceng) tOff 150;: 300 acres of cultivated land embraced by ~
: 0 E]
coloured burnt sienna. Un

' loun district he obtains
black soil, and from the massured areas of the Jalou
mates 300,000 acres as blac s

. 54 Per cent,
tion - . . * ‘ ’ ) 10 » ’
Cultivated lands . . ' . . . . . . 35 ,"
Culturable @ . . e e B
Barren and ravines - 100 \
‘

——

. ing as much water as may in

joot with the object of supplying aé muoh FRAT B B4 U

e taki?a:fet::)eti?]re:bbee crops on the loamy mdﬁ)mﬁ{gt’io:vweg shall have

ordinary years beftt‘fh“ acheme, and omitting also to provul:a bl: of weasured discharges in

soil gae:; o;xt;noWi n; date to ’go upon. After studying :::wd of four years, I think we may

rougnly the tollow tinuously over & of ordinary

oo extending o e orops during the end °f.S°P‘°"i‘b°;‘:’:f,? S 300 cubio foo

fairly nfly o Stug-n 8; ¢ per second, dropping to 350 cubic feet in with very nearly the same

T ch 800 ;u lsr“ P“s we shall be able to start ::9 °‘:§: only be available during
: . X .

e ) e iy ot T 0,

. of Octobar, Supy . ing for the very
end of Sep e mb;r ;ngc::eyr P::l. to only 50 cubic feet in Febt“;"gi; :l‘l:v:fnsubbee, I think we
:;ub'maf:: t';::,;:: v:1ume of ca’nsl between the commencement and .
ecre .

;]
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should only calculate on full-water rates being realised on two-thirds of area irrigated at com-

mencement of the season. Taking 200 acres per cubic foot per second as duty ultimately
obtainable in irrigation of rubbee crops, we have :—

Cubic feet 600 X 200 = 120,000 acres irrigated in September and .
October, two-thirds of which = 80,000 acres @Rs.2 . =Rs. 1,60,000

Add 12 annas per acre for enhancement of land revenye . . . 60,000

Add 5 per cent. of water-rate miscellaneous revenue . 8,000

Total ultimate returng . 2,28,000

Deduct 25 per cent. for working expenses |, . . . . 57,000

Balance net reveune , . 1,71,000

9. These will be, of course, ultimate returns, but as they take no
account whatever of khureef irrigation (which it is hard to believe will
not be carried on more or less when the water is available), I think jthe
estimate cannot be called excessive. Rs. 1,71,000 return 7 per cent.
on 24_& lakhs of rupees, so that I think we have good grounds for recom-
mending such a project for serious consideration. Cutting the black soil

tracts out of Lieutenant Bagge’s scheme, we should have to irrigate from
main channel

. . . . . . Y - 222. 9 '1 .
Kootound Branch . . . . . . 467'050 e
Colpee Branch . ., 1 " . 87500 ,

Total . 1,064-00
Deduct 35 per cent. barren
Balance cultivated aud culturable,

o
——

. 372:00 ,,

692 square miles . . = 442880 acres.

of w.hich we should fully irrigate 80,000 acres, or
required, irrigate 700 x 70 — 50
dry khureef. This would be 11
be able to protect very nearly one acre out of every three,
: ﬂ,'::](: CaptamkHome’s proposed s.ite for & weir is decidedly the best, and should be adopted.

ik we can keep the masonry sill at same height ag designed by him, but the reduction in

18 per cent., during the rubbee, and could, if
5000 acres, say, between July 15th and September 15th of a
per cent. of the whole area, so that on an emergency we should

» together with a modification of alignment of the first 16
the excavation on this portion of line.

Home’s estimate the branches of rajbuhas intended for irrigation
of black soil, and allowing for a reduction in ex . Jbouhas mtended for 1 g8 0
as a rough estimate of cost of modified project, cﬂvatllon of first 16 miles, we get Rs. 17,25,00

' .ll.' The caleulations of maximum flood discharge of such rivers as the Betwa by the
application of ordinary formulm are quite unreliable.

With reference to that on page 8 of report,

* I may observe that these formulwm are derived
® Appendix B,

from experiments made in small channels of
i . regular section and slope, and give results much
in excess of the truth ?vhen applied to channels of irregular sectionpea,.nd slope. Lieutenant
Bagge, too, a.ppam.ntly includes the areas of deep holes above rocky barriers in his sections of flood
;?lum;!s: lwtl;lch Wll‘l:I at once‘:cco:.nt for a portion of the excessive volume obtained bj Lim in
18 caloulations under consideration. In such caleulations too, tl p
should be regarded, and not the slopes » 100, the slopes of surfaces of floods

. OF river beds. Further, the deduction that velocitie
will vary as square roots of hydraulic mean depth i

in other respects, both these sources of error would give results very much below the mark, and
they account for the comparatively low volumes obtaineq ; .

10. Failing any better means of arriving at the trut
volume from calculation of water running off catch-wate
Surveyor-General has supplied area of catchment basin,
on that basis is appended,

r basin after heaviest known fall, The
and & calculation of maximum fjood

<
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12. 1 think the measurement of voluntes in river should be continued, especially of the
volumes during October o February. .
" unll;s I:Il:vnii regard to the volume of river between Nov.en?ber.a.nd June, ]I do no: think
it possil.)le to mf.intain navigation during those mon}i:hs in g?e;m;ngfc::nel ’ qoo]p on an
. . . . i the sma hehis.
insignificant portion of it length ; and owglzgo": wil;, :n my opinion, entail an expenditure on

ting channels, any scheme of through n?'Vi +vable from them.
stlillf water ch:;nnels quite out of proportion to any advantages deriva

et

the Gon | b of Tndia, to the Secretary of State for Tndia, No. 121, dated 16th Septembor 1873.
! Tom the ernmen

i jesty’ t, the
i tion of Her Majesty’s Government, ¢

to report for the mfo.rm'a n of men, tho

mmlv; ?nnl:o th:s: 2::&9 thrzpdevelopment of 1m‘gatxon' in I;;::::l;:::é :;ia:;ng o
the Lieuteml:ltpgérovernor of the North Western Provinces, in & ‘ Septe

ber 1868, recorded the following opinion i— L ter bleasing
N « Th, o fow parts of the country in Which csnal lmahotn ?xorl:l:nf:ro ::daufo‘:hin than in
i tlrm m';w The rainfall there is generally more Bclfn fy drought, the people are in the
:}1::!1 l'.)m b atr:;l Ttri:n&(}angetio Provinoes. At the approach ot drong
oAb an -]

i ure of land is consequently
. ared localities. The tel'1 re O d
habit of emigrating for the time to more v tion is tolerably certain. There is less soccumals-

where the production 18 ht and famine
iar Less va,l\:m.ble a.;\ (11 ﬁx::i;;?nw tide over seasons of dlﬁcn‘lty é:lnd if:i‘ ‘;tefn;::gy and duration
ion of capltal m .ess f want and depopu]&tlon are experien wi d Gan ges ”
do ooouty the e e tavoured tracts to the north of the J untna an .r N
quite unknown in the more . he occasion of the submission of two prelimr ”“Zd to be
2. This Minute was written on the o These, after being reviewed, were return

schemes roughly projected for the Province. ‘
e Adsaabiting g projected and submitted, and last April the pre-

8. In January last & tlm'd scheme was - .
vious two were re-submitted. : ing irrigation from the le

; | for spring VTIEH ‘stricts

iects provides for a cana d Humeerpoor distri
of tht. l;l:el:vfr :itr:f ::?1 Ii,:(;iwndgd to irrigate I;)rliimx{s (;fn ;ht} i;::;ﬂri“:e . Tho oost has been
- . " the Betwa, Pahooj, . 1,71,000, or 10 per
::;’ aot"'mnfel; ::i::ltfi ::e ;v‘;;onhkhz of rupees, egnd the returns at Re. 1,711,000,
roxima ' 3 on.

cetl:t. ; but thise calculations cannot as yet be relied o

p t

River Dussan, to irrigate P‘“: of i“ﬁ:?:z:; 1} lakhe, or 114 per ceot. on the °“'°‘“{l;d o
- lear return . . mmen

ropes, ad to y old » clear nsiste of, as modified by the Chief Engmfe:: :;g z:rc?gation of the
8. The third schome SR with canals leading therefrom, 9, including working

adoption, a weir on the River :;;yng’hly egtimated to cost Rs. 13,83,09 ’6?;: ) cgnt. This

:imda Dlstr:;:t, ::l()lli:::ez:enand to return & profit of Re. 90,392, or pe

penses and es » : sary.

tehemco i cspabl of extonsion hﬂ"e;fte" lfrsfo::r‘:v::dc:; a:lymt we have accorded our general

7. Your Grace will see from the pape )

i i ail for final submis-
i ir being prepared in proper detail
*pprovs o these projecte, 857 sathorisd (het sio‘ngf}:r sanction. An expenditure of nearly

* Including esteblishment. Re. 1,25,000% has been, with our per:;xsfslo::
grom Local Funds, which is, however, to be refunded fro

ourmed i theie propazetion, lusive evidence not being ultimately adduced in proof of the

“Ordinary ” in the event of conc

#chermes being eventually remunerative have been submitted, and have received our

8. In addition to these projects, proposals k irrigation in
nnction,';or t ﬁe“:anzgem“i i]mpr;vement, and further dev:lopmer:::‘ :t;hf::; p;oxﬁ:e o be
the southern and hilly tracts of Bundelkhund, the works embrace '

very profitable, 1 b time
9. We shall not fail to apprise Your Grace, from time s

of our further proceedings
on the subjeat of our present despatoh.

. ' brus olm'
From—~The Becretary of State for Indis, To—The Goverament of Tndis,—No. 13, dated !:; "];t’ :po )
1 Hava had before me in Council your leter N o. 181 of 16th sk;w;l with a view to
easures in progress towards the development of irrigation in Bundlekhund,

-]
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which, an expenditure of Rs. 82,050 on the repair and improvement of certain tanks has been

sanctioned, and general approval accorded to th \ j i
the Rivers Betwrsh, Duse. wud Ko ree separate projects for leading off canals from

la.khs2-. :‘n?letigtn:;the? projects has been approximately estimated at 174, 12§, and 134
’ returns thereon at 10, 11} and 68 per cent. respectively; but these

estimates would seem to have been r i i
ment sonding o o boen egarded with some distrust, as the order of your Govern-

was accompanied by an intimati prepared in proper detail for final submission for sanction,”
Sermission, 1a thotr o imation that “an expenditure of Rs. 1,25,000 incurred, with
y preparation from Loan F unds,” should “be refunded from Ordina’ry in

J

. 'I

3. The cantion with which
plainly not greater than the
Judged, the proposed works hay.
adequate care, but in regard to

oi(:;; Etxcellency’s. Government is proceeding in this matter is
ciron s lances require. - So far as can at this distance be readily
prOb&blp anned., and the estimates of expenditure framed, with
rially. On one side it is corny tle pecumary returns, recorded opinions differ very mate-
“water is very much wantod 1 dently asserted of the Bundlekhund territory generally, that
avidity in all but the st uring the rubbee or winter barvest, and will be taken with
the introduction of sane) PUSl}a“y'favou-rable seasons ;” that Zemindars will gladly welcome
although “at present Wag:‘ga_‘t“’n, and willingly “ pay the usual water-rates ;” and also that,
which chisly provall, e, ig .not taken, where available, for the mar or black cotton goil,”
rubbeo supply for as, o ve in very unusual droughts,” * * ¥ the “provision of a
roquirement, | But, oy o O{h acrhes as possible of the loamy (or 4abur) soils ” is a genuive
one. ropresents th; oty er ax:t‘i, of .th‘e loeal Officers speaking for particular Districts
obtainable ; another o WE;‘ISe a; ullelhng to avail themselves of the water” alread);
readiness of cultiva,t o ka vocating the construction of canals, admits that, “as to the
ing;” and that the growth of ake use 0ff can'al water, the results will not at first be encourag-
the Gangetio Doyl such readiness is likely to be “ slower in Bundlekhund than in

» O account of the backward condition of the country and the natural

indolence of the :
people; a third i
pay expenses,” for thajt water “expresgeg his fear that «a canal for irrigation only would not

were very low indeed ; and a fourtvlvgoul'd be.ta,ken only in purwa (or sandy) soil, unless the rates
wheat, will be the only crops of glVes 1t as his Opinion that ¢ barley, and, to a less extent,
expenses.” P8 of importance irrigated, and that these alone will not pay

htise .corﬁicting statements is that, if the practice of
follow onl vxtensively on the construction of irrigation works, it
y very dehberately, 80 that, in order to estimate w?taI; any appro;ch

. : ereentage upon . i i
wil be indiepenmatte 1o . f;ntooost which the pecuniary returns will eventually represent, it
account the additions to original outlay to be made by reas,on

of deficient revenue durj
ient ring the many years which may elapse before the canals become fully

for the improvement of existing tanks ce to-the measures which have been already sanctioned

. . It seem :
will be speedily, as well as abundantly rentusnara:itolerably cortain that the money so expendod
’ ve,

I ammnasns o0 o 0 o W

- No.
0. 02557 1. C., dated N ynee Tal, the 18th September 1878,

Report by the Che. : .
port by the Chief Engineer of Trrigation in the Nortk-Western Props A
whick have visited Bundelthuynd rovinces, upon the droughts

Tue Government of India hag been pleased to call for—

“ Particulars of droughts of former years

. thei
land-revenue receipts, and the expense incu heir results on the

: rred
Accordingly the following compilation hg,

by G people as well as on the Government
y overnment for the relief of distress.”

R 8 been made,

Following the arrangement prescribed, the subject is divi .
I.—The results of drought on the people. ided into—

IT1.—The results on the land-revenue receipts,

IIL.—~The expense inourred by Government in the relief of distress

~ Calpee and Hameerpoor were laid was
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1. Concerning the effects of drought on the people, we are limited, in the absence of a
local press of any consideration, to the information afforded from time to time by officers en-
gaged in the adrinistration of the country in their reporte to Government.

No description can be found in documents to which we have access, of the effect of
famines previous to that of 1830, but the Caleutta Gazette* of 1808 informs us that a bounty
of 15 to 30 rupees per hundred maunds was paid by Government on importations of food-grain
from Bengal to Allahahad, Benares, Cawnpore, and F uttehgurb. Aud what a world of suffering

and woe lies buried under that announcement |

Ta 1842 Mr. C. Allen, the Settlement Officer of Humeerpoor, writes} :—

“The season of 1834 was one of unparalleled distress to the people of this district and of loss
to Governmeut. The miseries of famiue, pestilence and exile, which denuded this district of nearly
one.half its population, are too well known to the world to need recapitulation here. .

“In Humeerpoor, in the pergnnnahs under report, the drought of -1838 waa felt leas heavily
than that of 1554 and the balancs wero Jess heavy;” & # ® «hyutinno year has the whole
revenue been realized, (this was partly due to over-assessment)_" )

In the same year, speaking of the famines of 1880, 1834, and 1838, Mr. W. Muir, the
Settlement Officer of Calpee, eays :—

“No one who has mot toiled through the
alienation of property, or the misery attendant on 4
of society which has prevailed in this unhappy country. # ¢ @ RBythedrought t‘:vf 1834, thu'tz:
five villages were totally desolated in Jullalpore ; and 1n 183'4: am.l 1838 seventy-two villages
te, and left without an inhabitant. ) .
e It o yn ety b 7

isti ion; and second, by depr s
distinot respocts, first, by the sotual lossea Bhey 0T which I allnde are not those of severa.

render uncertain, the returns actually obtained : the losses to rer
and extraordinary famines, but of such unfavorable seasous & are of common c;ecﬁmr:;eu b i:
: have prostrated many estates 8o completely, i

calamities of over-assessment and famine BLIt "
almost impossible to tell what their ultimate capabilities may prove.

The suffering of the people in 1868.69 are thus described :—
p0OR.—Commissioner of Allahabad.

Banpa AND HUMEER .
“1 found the poorer classes reduced %o the lowest extremity : th;ir cfattle sotl:, ﬂ:::tﬁ;’li:;’:g
. . found from wild berries or than
nd without means of existence other than that, 7/ withered : the better classes were reduced to

from the few stunted plants which had not actuslly
want and brought into debt.”

Again—
“ %;:antota,l loss (in that famine) was computed st 85,335 head of cattle, or 20 per cent. of 81(;8
whole stock ; of these 20,000 were plough-cattle, which represents the power of cultivating 50,

wres'"

details of each village can conceive the extent of
the depopulation of villages, and the disruption.

5.—Commissioner of Jhansie,

larger profits, withheld their stores from market.
ecover their loans, they stopped advances, whether
and left them to do the best they could for them-

of cash or grain, to their cultivatin constitnents, . !
grain, 1o then ¢ From this state of things great distress was begin-

selves. The inferi ina were not procukable. S
o or gT oe}I); into the city for relief; cultivators with their cattle and

ning to . to i

famgiliesb?eff:u:;l.:g:oﬁ?mtfnzo wender they knew not whither, in search ef food or employment.
Children are reported to have been gold by their parents in the city of Jhansie. Small-pox raged
during the first six monthsof 1869. Sun-stroke carried off numbers of enfeebled wretches : men
came in weary and weak, and fasting, took & long draught of water and died. Chol?m fPPea.red
with the rainy season, and fever of a malignant type, the usual attendant of scanty and inferior food,

doubled the tale of viotims: 20,300 died in the district of Jhansie in 1869, while in 1868 only
3,180 died.
“In Lullotpore also, of 233,000 cattle, about 95,000, or 41 per cent., died. Some were sent

off to the jungles, others were driven to shift for themselves in the berren fields. The change to

abundance of grass and and water upon the setting in of the rains in 1869 is said to have destroyed
v i i ; he sair, and contributed to the

numbers. The stench arising from thousands of carcases polluted ¢,

utbreak of cholers, which was the last visitation. R88,000 were advanced for useful works sad
B70,000 for sved and cattle. Bul the advances went to buy bread and preserve life, m’.q“?‘ly
wells have not been sunk, cattle have not been replaced ; want of men and oattle prevents owlivoabion :

60 per cont. of the land revenus demands were suspended.”

® See Caloutta Gasstie, 111, 138,
+ Reports on the Revenue Settlement of the North-Weatern Provinoes, Volume 1L, Part ‘“'

Juansis AND LULLUTPOR

“The grain-dealers, in the hopes of still
Seeing no prospect of & harvest from which to r

*m
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Let us now see the contrast afforded by a description of the irrigated portion of the North-
Western Provinees, in the scarcity of 1868-69 :— '

“The canals, where they existed, were the life of the country ; unhappily, however, there
were considerable tracts within the ares of drought which possessed no snch advantage, but the
benefits conferred will be a:pprehended from the folIowing plain statement of facts. The produce
saved by canals has been estimated at half a million tons, but the estimate of the District Officers
is still hx.ghe.:r, and' their valnation amonnts to five millions sterling, In former famines there was
1o food within possible 'reach of t.he afflicted districts. In 1868-69 the development of irrigation
created a surplus stoc'k‘ 1n the plains of the North-West, which an arterial railway carried east and
Zﬁp:;;tt];ofrszi ffszlql:ty : bt“fi oglerdmlifs of transport were insufficient to carry the entire food of

s unately Bundelkhund and Ajmere, th 3 :
were also dependent entirely on the rainfall for 'tJ,leh:] sustenarfeg rovinces mostromote from railmeye,

“The irricated . C
Ganges and J%mm tracts of the Doab (or central portion of the plains included between the rivers
food flowed oub b a)zl says another reporter, were the heart of the province from which surplus
reap; and so uthv{ar: Za‘y westward to the Cis-Sutlej States, in which there was no harvest to

3 I - 3 3
Rajputans, where no yl never-énding trains of carts and comels to Bundlekhund, Ajmere, and
Satt s grain was ever sown. Under Providence a famine was averted in the Oi

€] States and the Doab by the combined acti : Was ave in tbe Uise

Y 1ned action of railways and canals.

“R : :
o cattl:tsfixc?s vSroducl:;lg food for the support of human life, canal irrigation created sustenance
enton i andal;s 1;)1-0 neible by no other means ; and at a crisis when wells failed in well-irri-
mard stromg ;0 o erbage and fodder depended on abundant water, the cattle of the Doab were
wers ro® our in the work of.tbe following harvests; whilst elsewhere those harvests also
uced by the want of cattle which had been swept off by the drought,

114
large i:g; I:zglyl’l .Cailal c:ultlva.tora became rich whilst others suffered, because they realised both
munitios, the nase tlfl prices; the pz?»yment of land-revenne was assured ; the breaking up of com-
which famins ooy ement of the social system of the country, the loss and dispersion of property,
entails, were averted; and a vast sacrifice of life prevented, which, but for the

extension of canal irrigati i J
districts in 1837.38.” gatlon, must have occurred in 1868-69, as it had occurred in the same

Ith 1o : .
indirectlyasulf(;: l‘:gmslte to introduce a narrative of the condition of Lullutpore, which comes
. T the influence of the Bundelkhund Canals, because it illustrates with harrow-

ing intensi .
g ntensity what must happen to an isolated country, dependent for food on the rain of

heaven, when i
fm"g 'ilso;:t?:nma:h;rsﬁrz :f I}l:;tu;e tl')e.supply fails, Lullutpore suffered in 1868-69 as much
lation many miles by any ought, for it is humanly impossible to transport the food of a popu-

. agency but railways or canals: and Bundelkh i it

and 1;;; E;o;;ert‘y;, bas no prospect of enjoying benefit of railways. ndeliond, from o position

beon f:r le:sn tzlrlﬁl&nd fossessed cauals in 1868, the condition even of Lullutpore would have

been fa ¢ for food would then bave been procurable within a distance which
e means of transport would probably have sufficed to bridge

And unti
bom.inn co\;gttxl. Bundelkh}md has canals, the people not only of that province, but of neigh-
ovring ries, must die by thousands in future periods of drought hei ’
died'by thousands under past visitations ’ % e thln Tuthar Bove
I1.—Effects on the land-revenue,
First in necessitating light assessmenty '

In the Settlement Report published in 1842, the Settlement Officer of Calpee suggested

in view of the frequency of famine, & § :
Collector of the district 3 o th res,ult Ox;efhilzi::ied scale for remissions on the report of the

“I beg to suggest whether it would n

drought, to adjust remissions according to (i ot be more politic in a country so liable to severe

e following scale 1

DeMAND PER CHNT. OF JUMMA.
Class of village.
In moderate | In great | In extreme
drought, drought, drought.
K&Char . . . . . . .

Pirst .« o« < .0 o o 8
Hirst . ' . ' : . : . . 80 50 18
Third . . . . . . . S e g
. . . 60 %4 .7

“ A total suspension of rain should be followed by a:otal suspension of demayd.”
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Further, in the Settlement Report of Jhansie—

“The settlement during the last three or four years {previous to 1871), though a fairly light
one, has been severely tried, owing to failure of rain and flight of cultivators.”

In urging the necessity for n light assessment the Commissioner of Jhansie writes :—

“ The calamity of drought may
has been stated by a very high aunthor
Humeerpoor, that one out of every four or five y
the remark is, I believe, quite applicable to the J
ably partial ; and while one portion of a pergnnna
ing from a failure of rain, and as a consequence from a failure
gation works in this part of the country cannot be over

The statistics regarding, the actual remissions an .
famines, are too meagre to admit of a complete statement being c'lra.wn u
. the returns for Bundelkhund are mixed up with those for other districts.

be truly said to be of by no means uncommon occurrence. I
ity (Sir W. Muir) in regard to the neighbouring District of
ears is certain to be more or less of a failure, and
hansie District. The rains are sometimes remark-
h may be flourishing well, another may be suffer-
of crops. The importence of irri-
-estimated.”
& suspensions of balances for the earlier

p: and in many cases

.

Prom Mr. Girdlestone’s Report the following figures are taken :— Bomission of rovente.

1812.13 . .
1813-14 . .
181415 . .

¥ 1818.19 . ,
181920 . .

Y L3
. . .

) smpendedeahhcel.
. 55,231 .
31498 .

Tn 1820, the revesne fell off by

For years the sus
were remitted in
1837.38 . .

ded balances were increas
ands alone—

were remitted in Humeerpoor.

_ For the famine of 1860-61 the Bundelkh
show a direct loss in remission of revenue o
in its amount and of other evil results, and the proba

balances of revenue uncollected at the close of the year

the real loss.

In the famine of 1568-69 the

Were s—
Jaloun . .
Jhansie . .
Banda . .
Humeerpoor .

Of this amount, about 1,065,188 was sctually femitted, an

recovered by instalments.

The following etatement shows &

each of the last 12 years:—~

Return qf remissions of Revenwe in Bun

« & o o

. o« e

M . *

s ¥ & »

. *

ing, and in 1836-37

und statistics are not separated
£ nearly fine lakhs,
bility is

.
.
.
.

« & o o

ToTAL .

d the

11,105
3,504
3,448

-« L
» .

6,435
15,069
74,095

4,538,386

. . 3,94777
8,87,724

R

. These figures

. & ¢ o
¢ o ® o

independent of the falling off
that the amount is far short of

B Per cent.
2,567,256 294
1,90,347 39:0

48,412 36
73,083 - 67

5,69,098

e :
remainder held over to be

he remissions of Land Revenue made in Bundelkhund in

delkhund compiled from ‘the Board’s Administration

Reports.

JALOUN, JrANSIB, Lur.xméon. Baxpa. HouMEERPOOR

Year.
Remitted. Remitted. Remitted, Remitted. RBemitted.
Smonthsof 1860 . . 8,770 6,53,388 2,128
1860-61. .| 1,94,034 76,398 66,701 | 1,01,389 18,493
1861.62, .| 192102 50,521 58,251 58,602 5,58,793
186263, . 2,275 1,77,631 15,187 868 21,773
186364, .| 2,56,190 11,817 418 229
1864.65. 19,149 8,535 9,255 8,102 96,494
1865.66. . 2,816 4,921 4,218 13,814
o 1866.67. . 61,474 35,052 781 10,864
1867-68. . 2,900 - 1,81,688 1,139
186869, 1,892 - 1,81,714 229
186970, . 59,178 2,324 62,680 o 4“3
., 1870-71, . 478 79 42,781 24
187172, . 318 23,659 8,553 8 2,595
V96,506 | 8,55,808 6,14,160 8,70,500" 7,27,037

M

. x1
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Grand Total 188,63,959, or more than thirty-three and a half Jakhs.

These figures include total remissions of Land Revenue for all causes.
due to revisions and reductions of aSsessment, some is due to the mutiny,
causes, the balance is on account of famines.
ruinous loss of time; but as the revision of ¢
been necessary had not the ravages of famine
proportions of its cultivating powers in the sh:
that by far the greater proportion of this sev

IIT.—Under the third head, «
the records are very imperfect.

A large amount is
to hail, and other
The details cannot now be separated without

he assessment would in all probability never have
deprived the country from time to time of large

ape of both men and bullocks, it may be assumed
ere loss is due directly or indirectly to famine.
amount disbursed by Government in the relief of distress,”

The following are taken from the famine reports :—

el | Gty | e
-
s33.34 ., | B oo R R
150808 Govorment | o004 - 167 e -
. . vermen ,662 4,370 723
Local Funds { 2,01,364 83,331 1'.?.3.’.?74 38
‘h\*—
Total 2,75,720 1,09,628 | 1,73,774 38,723

or taking the last famine only, } i
) Y, 10 which alone the is i il 45 were
-expended in addition to remission’s e e o fetull, RO0T,45 W

. of revenue. Including the latter, the actual net loss at the
t g T, the actual net los :
t;x?zozzsotlﬁ11;561)’843']“?.‘883lﬁg‘Ures do not include the loss in Lullatpore, which district

2 rought directly under 1 irrigati il st ENEY . Th
loss in Lullutpore should therefoire e gation, will still benefiy by it indirectly. The

be brought into account.
That loss in 1868 was as follo

WSt
L . . B
abour relief, Iocal . . . 10,910
” »  Government . . . . . . ’
Charity, local . .. . ) ) N 2,251)‘212
Suspended revenue . . . : ) ) ' 87’659
or 53-8 per cent, of total demand ) ) ’
Tuccavee | . . 87,785
Bullocksandsed | 1t - - 0T
making a d total -
gran expenditure 3 .
R18,10,185, of which 4,28 457 moe o " cbud on account of that one famine of

were ab : . .
on easy terms by instalment;, e absolutely given away, the remainder being recoverable

. and this i .. g
life and property which cannot, be eﬁtli:nl:tzg?uld be remembered is in addition to the loss of

W. H. GREATHED, CoL., R.E,,
Chicf Engincer of Iryigation,

—_— North-Western Provinces.

- Beport by Jaurs Hars, Esq., Superintendent, Bundelkhund Irrigation Works.

IRR1GABLE AREs,

TaE country proposed to be irrigated is bounded by the Betwa, Pahooj, and Jumna rivers,

and the line of latitude 25°42'30 % where fow Tt . A :
index map shows accurately the boundary of th, W Irigation is possible. The accompanying

€ mar goil ag obtained from a soil map prepared
ll){y Colonel Ternan, the Deputy Commissioner of Jaloun, and published by theplfoard of
evenue,

2. The country, excluding the low lands of the river, which do not require irrigation, has
a tota..l area of 1,492 square miles, of which 5 [8'42 are barren, leaving a balance of 97358 to
be irrigated. It would appear, however, from Captain Bagge’s report, and the opinions“of the
officers recorded in the appendices thereto, that Do irrigation is requ;red for the mar or black
cotton soil which is included in this area, and occupies 35 per cent. of it. I think therefore
that in estimating the amount of Jand for ' '

A w,hi"h irrigation is necessary the mar soil land should
be excluded, when the balance requiring irrigation would become 63283 square miles, The
area to be irrigated is coloured green on the index map, S

e
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i i i i to be highlf irrigated from a canal

8. As the culturable land in a village is considered y '
when one-third of it receives water in a season, the actual area requiring water will become
858 _ 01004 square miles, or 135,000 acres ; water will therefore be required for 185,090 acres ;
b!slt 1: will be sZen from what follows that the supply of water carried by the canal w.xll not be
sufficient for such an area. ) v

4. From a careful study of the river discharges, the discharge °§l§h°b:"'::l hs‘:xs bre’;f:ﬁ‘:
at 600‘ cubic feet per second. This 600 cubic feet per aqcond_wo t; 305’?“5;) it foot
commencement of the irrigating season in the rubbee, but as it dwindles do;vn it (:;hat only
by the end of the irrigating season, which is about the end of January, 1 es

450 cubic feet per second will yield revenue.

5. No reason appears why we should not ultimately get as much duty out of a cubic foot

of water in Bundelkhund during the rubbee as ig other partsh Olf‘ l:hi lztgt:;xs;::nlzrg;:ies,
seeing that the country proposed to be irrigated is very much h oc OungmJumae Doub.
6. The average duty for four years obtained on tl;g Qaggt;s? ana ,
in Table N, page 19, in the Revenue Rt.;portﬂflor 18:;—g ) dl:ty Obt;ined o Easters Jomee
in the same report givesthe av  obtatne ; » Joma
Calna;’.fo'f:tl)}: rl:szlll)leetf:r ::ree yezrs as 1238 acres, a.tlxd I think it will be fair to assu
ill ulti n the Betwa Canal. ‘ o
" msu ‘:}:‘;“Tg getb:: Of::: e:)e(:' gecond, we will therefore be able to irrigate 450 x 100, or
. W1 cu

i 7 - 1 toml

area calculated to require irrigation in the rubbee.
9. In addition to the rubbe? il:riga.tlon, o
12th April 1878, calculates on irrigating 21,

note No. 09491.C., dated

Colonel Browalow, in his khureef. The revenue

0 acres of rice in the

[ ]
therefore will be as follows :— _ 90R000
45,000 acres rubbeo st B2 . -+ T 63000
21,000 , khureef at 3 - ) Total water-rate l’gz’ggg
Rl ’
Enhancement of land revenue, 66,000 wg:.::te 7,650
Miscellaneous revenue, & per cent. of W& e

TorAL . 2,26,650

,662
uc 3

- . . 13 ti
10. 1 t unlikely that in most years water could }:e supplied for a little cultivation
. It is not unlikely % 0 s,
of sugarcane and+gardens, but no credit has been taken for |

ENT OF CANAL AND DiSTRIBUTION OF SUPPLY.

ry direct course from the head at Pureecha to the village of

re flow irrigation will commence,

Here it bifurcates into the Hamirpoo and Kootound branches.
Th o ot oes off f,ol hr i h.t and follows the watershed, which is on the
i the right,
¢ Hamirpoor branch g

. iring irrigation
high land bordering the Betwa river, and along which most of the land requiring Hrigs
lies. Y tor-
- 12. The Kootound branch goes off to the left in & north dII'OICtlon» ‘;‘?:0“:::::‘)2“;::: !':-
- the . : Tivers, along whic
h i bordering the Pabooj and Jumna rivers, . Dosb, the great
:lu?rli:; it::;’gl:.lg:nl:?i li:a. 'l‘gzre are theref?m two main Harm::‘::n“i‘nt:;e x:apt g
war soil basin betwesn the branches being drained by t.l.m g .8 sh long the branches, and I
13. The land requirjng irrigation has a pretty !{nxfom m:t B t:r g mile.
think, for purposes of design, 1 was justified in allotting so muc wsth p:mp 3 w0 small
14, The boundaries of Native States are coloured yellow Oniohel: Smu;- to be admitted
portion of the branch canals lies within them, that even "_‘Ppwfng‘“w due to them would be
to the same advantages as our own territ»(fry, the P""Pf’mon .°
very trifling, and would not affect the designa. ) . that the best slign-
18. The map of country now submitted shows every drainage line, 80 . Whero the

. . {] - o
ment can be seen at a glance. The total length Of distributaries u:i po:iblo at the depth
lines of canal pass through the mar soil, the beds will be kept as near 88 ]

of full supply below the surface of ground.

ALIGNM

11, The main canal runs & ve
Reo, on the parallel of latitude whe
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MasoNrY Works oN MAIN CaNaL aNp Branchzs.

18. There being no navigation, these works are very simple in character, and no engineer-
ing difficulty is anticipated. Itis probable that no well foundations will be required any-
where. The drainage syphons are of the same pattern as the Buriah nullah syphon on the
Agra Canal.

'17. All the bridges on the branches have been provided with grooves, so that they may
be used as regulators during a low supply in the canal.

The position and description of each
masonry work is shown on the map.

. Driving Roap.

18. The road will be on the left bank. On the main

it may be inside the spoil bank, but where the digging is not deep, and on the branches, it
will be outside the bank on the surface of ground. ‘ '

TaE WEIR,

19. The live of weir is shown accurately on sheet No, 11. Tt follows the highest point
of the rocky barrier which crops up in the bed of the Betwa a little below Pureecha. The
whole of the weir, under-sluices, head-sluices, and left flank walls will be founded on solid

rock, but a portion of the right flank wing walls may not be on solid rock. The weir on the
left flank meets the edge of the river at an acu

at right angles to the under-sluices,
scour along their face, and they have

20. The under-sluices have been
6 bays of 10.feet, which, I think,
that oPthe head-works,

. 21. Cast-iron grooves have been provided in piers of head and under-sluices, but I would
like to have an opportunity of seeing how those at Okla work before submitting designs for

the gates and lifting apparatus. A lump sum has, however, been allowed in the estimate 0
~cover the cost.

they would be to a great extent out of reach of a good
accordingly been designed at an angle of 75°

increased from 4 bays of 6 feet, as in original design, to
will be ample, especially as the flooring is 2 feet below

22. The design is in exact
who is the only author I know
taken, however, for any counter
for taking up all the land with;

accordance with the rules for stability laid down by Weisbach®
of who writes on weirs of this description. No cYedit was

balancing pressure on the down-stream side. I have estimated
1 the afflux bund above the wejr.

Cost or Projrcr AND Esmimatep RETumy.

. 2.3. It will be seen from the general abstract of estimates that the total cost of works,
including tools and plant and b per cent, for contingencies, is . B 1845428
Add 25 per cent. for establishment, &e, . » 4,61,356

Total cost, . 23,06,779

. 'é‘he R2§,06,779 will be gradually spent in three ‘yea.rs, and supposing we spend
7,06,779 the, 1st year, R8,00,000 the 2nd, and RS,00,000 the $rd year, the interest

for the lst year will be R7,06,779 at 2} per cent., £ t. +
8,00,000 at 2% per cent., and f(;r the 8 rear, 15,0 1o 2nd B7,06,179 at 5 per oont

per cent rd year, R15,06,779 at b per cent. +8,00,000 at 24

24. Assuming, also, that irrigation will be fy]] d i ‘
. s . 3 th
canal will pay 1 per cent. the 1st year, 2 o developed in three years, and that the

per cent. the 2 r
cent. on £23,06,779 will be added (s ¢ 2nd yeany 3 per cont. the 3td year, 4 pe

o the capital for the st 3 t. for the 2nd
and 2 for the 3rd year. The total cost of the project will then bzzr’follgj:s :cin ’ ,.

Cost of works, tools and plant, contin

gencies, and cost of establish- R
ment . . . . . ) . 23,06,779
Interest for 1st year . . ) ) ’ 17,
) ; . . . . . . 17,669
Ditto  2nd year . . . . . 55 338
Ditto  3rd year . . . . : ,

Ditto 4thyear =, - e 33.2-‘73? .
Ditto  5th year . . ) . . . s

. * * . . . . 71 ’9 71
Ditto  6th year . . . . . . 49,420

Total . 26,88,786

canal, where there is deep digging, .

te angle, so if the Lead-sluices were to be placed
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The probable net revenue was shown In page 7 to be Rs. 1,609,988, so that the probable
return will be 6:33 per cent.

MATERIAL.

25. Kunkar is procurable all along the line of canal and its branches. Firewood is scarce

- and costly north of the boundary of the Jhansie district, where rubble stone is also schree,

Rubble stone (quartz or granite) is to be had in any .qu.antity in the .thz?nme district am? nea;
the site of weir, but the only good ashlar quarry thl.un a reasonable dxsta.nee]. fr:;n w:;n' 4
miles) i at Tapkin Mobal, in the Gwalior State. It is a very hard and du;ab Gl,: r Dsan :tone;
of fine grain, capable of being neatly dressed. It is ?he onl.y ashlar used z t (:1 lepa,r b:lell:
of Public Works in these parts. Clay for brickma.kmg will generally be found close to the
line of canal and its branches, where there is no mar soil.

N

Escavzs.

26. There will be two or three small escapes on each branch of the eapal. Th‘elyl’ l:am b:
very simple'and short, as the canal passes close to a number 0£. nullahs, Their cqst wi . u:;
from the allotrment ;-01_ minor rajbuhas. Their position will be best determined where the

rajbuhas have been lined out. :
APPENDICES.

27. Appendix page 12A. shows the time for sowing and reaping the various crope in the
district through which the canal passes. o

28, Appendices 25A. give the calc.mlatwnls fo;
drainage syphons at mile 16-4 on the main canal, an o9 on 1S i

29. lytll)o not consider that the two inlets for which a design is given in sheet No. 18 will

be found , but they have been estimated for. '
50, T eonehosion it }"will be seen from the Appendices, page 16A. a?d page (?A. et seq.
and Mr, White’s opinioa, whose

flood discharges through t'he two large
at mile 39-2 on the Hameerpoor branch,

80. In conclusion, , ,
that material for the weir is to be ha.d ata convemenf’t:lw.‘::e’
district will most benefit, is entirely in accordance with mine,

. JAMES HAIR,

. Superintendent of Works, BundelkRund.

OPINIONS OF REVENUE OFFICERS.

ioati lkhund, to A. R. Portocx, Esq., Commissioner
?It::::izt’DIi:?Ei:::.OSazgrg ;;z‘il:d:h]: 18th June, 1874
1 wAé sorry I could not see you yesterday, as I wisbed' to show'yo;l thign?tlosed co;r;sg:::_
ence about the Betwa Canal, which is the latest out. Will you kind Yf"e i ‘:;’e;h; i mae
Any remarks you see fit which I can quote in my .report.? Thel_‘;al are anew pomou ¥
be necessary for me to explain to you, as I am still feeling too 1l] to oa u?on you,
Lst.~We do not in the prosent scheme contemplate khureef cultivation, except to a very

From J. Harg, Beg., Superi

' small extent : to wit, 81,000 acres of rice.

- i n be irrigated by the Betwa Canal, as shown on the accom-
panyi’;n:‘ ing}: :::::,l’ a:,z‘:l;;ﬁr:i green,igs 66,000 acres, w?xerga.s _the area which ca; be irri-
gated theoretica.lly by the whole of the lakes in the Jhansie district is only ]7,1313. ou mai
thus imagine what an extent of lakes, as proposed by .the Secret,a.ry of St?te, wou .be require:
to do the same duty as the canal from a small perenunial 'supply in the river, Bes}des, as y::
know, there are few sites for lakes remaining, and even if they could be foEmd, which I dou d’
the expense of carrying water from them to the far end of the Jaloun district would far excee
the cost of the Betwa Canal. The mar soil is coloured sepia on the map, and was taken from
Colonel Ternan’s map.

Pleaso return the map and enclosure.

From Commissioner, Jhansie Division, to Superintendent, Irrigation Works, Bundelkhund, dated Jhausie, the
16th June 1874, .
I Ax much obliged to you for seuding me the papers connected with ftbs’u?n'd .P;:JF":;
T will send you a letter on the points noticed by you and the Secretary o i 8 a8y,
two, when I receive it from the Deputy Commissioner.
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Other information I bave called for; the thin.g has been left out of sight. They refer to
years of drought—that is, years when the raiu is shown to be considerably less than in ordi-
nary years. But they do not allude to those seasons when the rains may have been plentiful
but owing to the rains ceasing altogether in September, the khureef crop, which otherwise would
have been flourishing, turns ogt a miserable failure. Thig happened in 1872, and I expect I
shall be able to show that owing to uneven rains in Several years crops have failed which
would otherwise, with a steady water-supply, have been good. 'The argument that the river
would not supply sufficient water to serve the canal in years of drought is absolutely a strong
one at first sight, but if the canal answers its purpose in nine seasons of short rain, and fails
completely in one year of absolute drought, the work will be well worth the expenditure.

The ide.a of bu.ilding large lakes at intervals along the course of the canal is a grand one,
but utterly impracticable. Between this and the J umna you must have your lakes of consider-

able depth to store water in throughout the hot weather, and a dry bottom, and without hills
you cannot get such lakes I fancy. ’

—_—_—

From Commissioner, Jhansie.Division,'to Superintendent, Irrigation Works, Bundelkhand, dated Jhansie the

22ud June 1874,

COLZNEL DAVI'DSON has returned me the canal papers which I received from you, with a
:ll]::l x(x)r;:oum;how-mg the rain from 1~59 to 1872, and the harvest results therefrom, From
early and oonaed los o Pbasent that in 1559-60, 1863, 1364, 1468 and 1872 the rains ceased
back upon the v:os 1; :1 © khureof crop, and that if those crops had had canal water to fall
186, 251 . 13}('33 4“(13.9_ ?geﬁ 4been- saved. The rainfalls for those years were—1859, 32'8;
to §ll you; l‘eser;on' I dare s, 2065 1868, 12:3; and 1872, 325, which would have sufficed
Jhansie, we must lool; to 3\1:; 7. Bat as you only propose to give water to fifteen villages in
Orai wi;h to-d iite for argument, fmd I will therefore take the papers and map to

me to-day and put them before the district officers, and see what they have to say.

—_—

From D issi C o, .
om Deputy Commlssxoner, Jhansie Division, to Commissioner, Jhansie Division, dated the 22nd June 1874.

1 ' ' .
memor::x][?s{x ou "che papers about the Betwa Canal received with yours of the 17th, with a
o memomndowmgi) the amom?t of rainfall in each year and month from 1859 to 1872, and

um about the failure of crops of late years. 1t appears to me, after giving

the subject : .
fa.l]ac; g:csu myseb:]b;t t;c:ltllsldera’mon, that, as regards the J hansie district, it would be an utter
.0 suppose that the canal would prove any “real security against famine.” Of what

benefit it would prove to the Jaloun district T don’t know, not having the detail of the esti-

mated irrigabl
rigable area of 66,000 acres ; but, as far ag I am aware, the Jaloun district is not really

in need of any such cost] X
partial 08tly scheme, the benefits of which would necessarily be extremely

Mr. Dubus tells me that some sixteen villages in Mote
canal. Therefore nearly all that pergunnah and the whole
benefit at all. Mr. Hajr says the scheme only con-
very small extent. Ina year of drought, therefore, the
starve before deriving any benefit ;::fxx i;:r t}Il_:r ool Wou.ld, 2 far 25 the canal is concerned,
except in their immediate neighbourhood, . 15 Sapeneive ks would be equally ueles,

earthen bunds, In ordinary years the
t .
excellent rubbe; in years of Drongit water would be drained off, and the beds would grow

would render the soil fit to bear a kbureef crop. Thig ig the general plan in some villages, and

1t answers well. A lakh of rupees might perhaps be profitably spent in this way. The people

are too poor to carry out such works th
for all such lands. Txs themselves, but Perhaps they would pay at irrigatqd rates

P. 8.—The maps referred fo by
shallow tanks in the Bhander villa
went Report, page 71.

eler.tHair Were not sent by you, Regarding the small
ges, let me refer you to section 74 of Jenkinson’s Settle-

- 1866-67,

» Whatever rain fel] (and even in 1868 there were 12 inches)
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Memorandum of Rainfall, Zila Jhansie,

RarxwaLy iw inomsxs,
Yoars, 5 3 Rs
sl s (Bl 83
E | 215 & & &
1858, wee | v.. ] No record.
1859, Jd 66| 63| 174| 24| 8| 828 | Loss of khureef.
1860, 48] 82} 11 11 .. | 251 Ditto.
1861, . 15 | 162) 57| 62| .. | 431 | Good khureef,
1862, 2 96{ 68| 69 ‘6 { 256'9 { Khareef failure from worms. .
1863, 53| 806| 9 | 21 46'9 | Loss of khareef,
1864, . 5| €3] 101 87 206 Ditto.
1865, 33| 94 1563 o 37 | Good khureef.
1866, 1 | 88| 86| 16| .. | 288 | Good. _
1867, 8 | 167] 116| 64| 23| 439 | Too much rain.
1868, 18] 82 9| 21] .. | 128 | Total failure of khureef.
1869, . w | 301] 79! 93) 36| 509 | Excellent.
1870, . | 61 &1 101 56| -2} 801 Ditto. _
1871, . 68| 1221 159 61 . 41. | Too much rain.
1872, 38| 121 148 18 225 | Poor khureef,
Memorandum showing the state of erops since 1868-59 Lo 1872-73,
Years, Bauinxs,

1858.59, ., , .| Both crops good. .
1sse.60, , ., l%)n}‘z'eef %sﬁial failure first by heavy fall of rain, aud second by drought,
1860.61, . . | Kbureef partially failed in perguanahs Karara and Pachor on account of drought,
1861.62, . . | Both crops good. ,
1862.63, . | Khureef below average on acoount of maggots. . '
1863-64, . . | In Garotha and Mote khureef suffered from want o_f rain,
1864-65, . . { Partial failure of khureef on account of want of rain in Aungust and September.
186566, . . | Khureef good ; partial failure of rubbee from blight. :

ood, L
1867-65, . o g::a:lrgmugre of rubbee and khureef : the latter from excessive rain,
1868.49, " | Total failure of khureef over great part of the distriot ; rubbee very poor.

1869.70, . . | Both crops above average.

1870.71, ) . itto ditto. . ) . )
1871.79, . Khu?;ef below half the average, owing tojexcessive rain ; rubbee below average.

187278, . . .| Partial failure of both crops from too early cessation of the rains.

Nore BY SertLEMENT OFfFICER, JALOUN,

Betwa Canal,—The Secretary of State’s despatch of 23rd April last, paragraph 2, noti'ng
that the Betwa Canal project is said to be intended mainly 88 a safeguard against famu.le
in exceptionally bad years, doubts if in such years of scauty rainfall there wouh.i be rain
enough to fill the canal. But local drought, the evil to be conquered, would not disable the
canal, 'The Betwa rises in latitude 23° 147, longitude 77° 22%, about two miles south of a
large lake near the town of Bhopal, and runs a course of 360 miles before its junction with the
Jumna 4 Hameerpoor, adjoining our district ; about half of this total length is outside the
Province of Bundelkhund. In all the exteunsive tract of conuntry simultaneous drought is
extremely improbable. For all but the most extraordinary calamity, therefore, the Betwa
for us is likely to be filled with the periodical rains, and the canal to serve its purpose of
8aving our produce even in seasons that locally may be exceptionally bad. _

2. Again, s regards the Jocal rainfall, our unfavourable seasons are oft times owing to a
great burst of the monsoons in the beginning, and then either an unduly long dry interval, oran
unequal distribution of the remaining rains. The canal would be at hand to prevent the loss
of crop, and the cousequent hardship to the agriculturist more frequently occurring through

these common causes.

. 3. Another signal benefit that must accrue from the canal is the absolute secarity it will
R1ve to the eowing of the rubbee. In the great majority of cases our bad rubbee harvests are

.due to,the Jasinre of the latter rains, The rainfall may show no deficienpy in the tally of inches

usually denoting & full supply ; yet it may be that the S8eptember and October shov;veru h_ave
been entirely absent or quite insufficient, and if so, the rubbee is jeopardized. Mar might yield

some kind of & crop notwithstanding, but the kabar soil, which is nearly 30 per cent. of the

whole cultivated srea, remains untilled and barren for the season, snd is only gradually taken

‘Up Bgain, This not uncommon source of danger would be completely nuilified by the canal,

which must always be brimful of water in those months.
%
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4. Then as to good years, when it is thought that the canal water will run to waste with-
out any call for it during the khureef ; this assumes that the present system of agriculture will
make no improvement, that the jusr and Bajra millets, which form the food of the poorer
classes, and which never will be ordinarily irrigated, will continue the staples of the khureef,
together with cotton. I altogether differ from this view. Let water but pass the doors of
the people and the irrigable khureef staples, rice, sugareane, and perhaps indigo (eotton we
already have), will speedily come into vogue ; they are not now grown simpl}; because it is
impossible to grow them without water, Within the last few years subsequent to the settle-
ment, whenever kucha wells could be economically dug they have been constructed, and the
sugarcane crop introduced. Although, therefore, the present scheme is said not to contemplate
khureef cultivation to any extent, the strong probabilities are that, before long, the force of
circumstances, induced by the operation of the most natural motives, will invest it chiefly
with the character of a khureef canal, and its utility in the rubbee in almost all years is indis-
putable. '

5. Paragraphs 3 and 4 of despatch refer to engineering questions, But as it is said that
the canal, as at present devised, will only control the irvigation of 66,000 acres, and this
district on the lines of the canal and its channels can easily find double that quantity of irri-
gable Ia,nd,. the expedieut of storage reservoirs on the affluents of the Betwa would supply the
means of mcrea:sing f;he Ppower of the canal to an important degree. As to a system of gorge
tauks or reservoirs, this distriet does not possess the physical facilities for it.

6. It is vent.ur.esome to say so without data, but my belief is that the return from the
ca.nal, when once it is fully developed, has been much too cautiously calculated.

7. In every view we sadly want the canal. In the words of Government—¢it will, if
cc?mpleted according tc_) 1ts present design, cause an improvement hardly at present to be ima-
gived, and make the wilderness to blossom as a rose.” )

Orai, the 30th June, 1874,

. I
From the Commissioner, Jhansie Division, to the Superintendent, Irrigation Works, Bundelkhund, dated
Jhansie, the 7th July, 1874, .

I mETURN you the correspondence you sent me on the Betwa Canal project with many
thanks, :

o I have had no leisure to think of it,
Information at mgr disposal is so meag
opinion as to the probability of the drea
of what has been estimated.

, The two ql'leSﬁODS are—will the eanal always have a sufficiency of water in years of
dronght ? and will the project he justified by the results, direct and indirect? You cannot
reply to the former question without having data gathered from the results of 20 or 25 rainy
seasons, and that ‘Yé do not possess. There is no record, that I am aware of, showing the
volume of water 1o the river in any time in auny year of drought ; nor can we gather infor-
mation f.rom any rehab.le source as to the rainfall between Jhansie ’and the place where the
Betwa rises for a series of years, and therefore, as far as I can see, we can only conjecture

whether there will or will not be a sufficient supply of water in the canal in a year of drought
to ensure a khureef crop to the villages within' reach.

As to the beneficial results of the ca

evep much less to write about it, and moreover the
re, that 1 really have no grounds on which to base an
which will benbfit by the canal water being in excess

_ : nal, supposing water always to be procurable there,
f,hey will be next to none in the Jhangie district, and I leave Juloun to speak for itself through
its Settlement Officer, Mr. P. White, whose memo. 1 enclose

The only dgzc'ided opigion that T have formed on the subject is, that if you can ensure
3_SUPP1Y of water. in all yeats, the canal will be most valuable to Jaloun; but if in years of
drought water fails, the project had better be abandoned, ’

—

Docket from the Superintendent; Irrigation Works, Bundelkbund, to the Deputy Commissioner, Jhansie Division,
No. 538, dated Jhansie, the 7th July, 1874,

Has the honour to enquire whether any information can be obtained in his office of the

rainfall at Jhausie for the months of July, Avgust, and September of the years 1830, 1834,
and 1838, '

—_—
From the Deputy Commissioner, Jhansie Division, to the Superintendent, Irrigation Works, Bondelkhond, No.
172, datéd Jbansie, the Tth July, 1874, ’

I reeLy to his docket No. 538 of to-duy’s date, hag the honour to state that no such in-
formation as the above is procurable for this district,

-

Table of Discharges of the Betwa River.
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. , ' ‘ Lo CORRESPONDENCE ABOUT RAINFALL.
g :::::5;:::%3;;32\3 g 5 el s S ISR
g [T AR 1 @ @ @ 1 . .
N ‘ .
vano o loews lolcawvn m] o ~ ‘ Feom the Reporter on Meteorology, North-Western Provinces, to the Joint Becretary to Government, North
2 2 QLd |5 WD |2 | SQwD | o a 2 ~ HEERE RN B I Western Provinces, P, W. D,, Irrigation Branch,—No. 199, dated Roorkee, the 20th June 1874.
2 S )
N — e Ix mEpry to No. C.587W. of gxe 20th §nstaztxt, ti;l;z rﬂ;es :;nﬁrt t;i :;M: vg;to:h:::w?
I PR FEILIZI S Bl e 2 EEEREE no ds of infalls in this office previous to ; -
CI A RRTI&L® 3 a3 PH R B ' i re.co; - ; n);lral stions put, I have consulted all the records of Government of the North-
2 o8, 1£ 1 could, the que : in the library of the Thomason Collegs, but I can
i ‘ Western Provinces which are to be found in the hibrary ) ;
8 1z enoo o)l o @ I . the years in question. I have also consulted Mr. Girdlestone’s
IR [Raga 12!l & 2 HEE SRS find none gomng 8o fa,rbackﬁ-? o ¥ Provinces, and although he mentions the
1 report on * Past Famines” in the North-Western Frovinces, & .
L. - in 1834 and 1888, yet he does not quote any measured
| £ s in Bundelkhund in s _
g 114121 Riselnl @ @ ' ooeurrence of famine h rts of Mr. (Collector) Rose on the
B gt NRRI R g | g | A EARE RN RN reinfalls. Mr. Girdlestone alludes frequently to the repo LS ;
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e .
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e 8 1. 29 c w s s s o] i of your le s .
a2 || B it °2R2 (el @ & RN I 1avE the honour to acknowledge the receip . : : i
3 ) . howing the rainfall in Sagar during
3 T ® ultimo, and in reply beg to enclose herewith a statement showing
- EERE Peen |l @ & A the monsoon months of 1868, . . .
& g I ealal § : RN RN I N nat I cannot report whether the rainfall in 1834 o'r 1838 h.a.s been
T | : B ek, howeve;' ,1%638 papers are forthcoming from which the information can
3 % more or less than that o » 88 10 pa % time.
: - B EERE R8ET § B g SEETIH b be obtained. It appears that no statistics used to be kept up at tha
kS - - = =2
B S e e e
P . § I oG
3 Piigg 238213 2 5 iri:i|:f @ tral Indis, to the Joint Secretary to Govern-
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88 BETWA CANAL PROJECT IN THE NORTB-WESTERN PROVINCES,

Statement of Distribulion of water and Dimensions of Channela.

o £ 2 . 'g .
§ E : e 3 E £ o £
. b3 2 - é P z
=3 < 3 2. s 3 F s 2 &
Nember of mile, 58 | S = o o & % A ] £
2 58 2 S = P ; £
w s '8 bey k- & 3 1 = 2 - 3
s = g} - [ -
= &° & @ & g ) & = A
Marx Cawar.
10184 . |alt deep [digging.] .. | 287 20 {1tel ] 7 | 4749 | 326 | 600
Hamerrroor Brawcs,

Oti0k . . 8 10 {tito1l | 8,009 15 ( 1tol 6 | 394 [ 2¥5 | 842
0it0204 . .| %5 8 | ditto, | 2,891 15 | ditto, | &6 | 865 | 270 | 300
200304 ., . 7 5 » | %785 15 . 5 | 845 | 287 | 257
30kt0488 . .| 65 6 | » |27 u o, 46 | se8 | 250 | 2M4
48§tc88 . .| 65 6 | , | 520 2| . &5 | 800 | 166 | 220
58ito 68k . .| 65 6 ” 5,280 8 ” 45 | 271 | 161 80
68t to 8% . . 6 5 " 5,280 6. , . 4 | g1 | 187 40

CAL?ER BRANOH.
BCT2 SR B 5 {1¥te1 | 6,280 5 | 1tol | 4 | 20 | 197 0
Korovsp Brawcy.

otolod ., 8 10 |litel | 2500 10 | 1tal 6 | 856 | 27 267
03t0206 . .| 75 8 | ditto, | 2,847 10 | ditto, 55 834 250 121
20} to S04 7 71 . | zs%o w0, 6 | a1z | 280 | 815
30ht0d0k . .| 65 61 . 3555 ]| 0] o 45 | 287 | zoo | 18
Adtab0k ., 6 51 . | 481 vl 4 | 263 | 160 87
soitos8t . .| 6 5 . |6520 51 . 4] 221 | 197 @

Norg.— R

Bazin's coefficients for obiaining mean velocity have been used,

Affluz due to proposed weir aiross the Betwa al Purcecha.

Adopting the formula given by Neville—

D=dly/2gd, (d,+44,)
When D is discharge

¢ & co-efficient of velocity,

1 is length of weir,

2g the force of gravity,

d, height of afflux. »

d, submerged depth, or depth o
And taking for ¢ the valne 0'625—

an afflux of 65 feet will give at the Parecchs, weir a discharge .
x=0'625 X 2,400 /644 X §5(20 + £ x 65)
=1,500 X 2,049 x 1

=500 X 2049 X 73=2748,005 cubic feet

which is nearly the estimated dischage of ; ’s di e I8
715,000 cubio fret. - Bactpored hage of Mr. Anderson. Lieutenant Home’s discharg

pgrimenta during the next rains will verify these results.

 otn—Tn sraedaace with Cronl Brovaon's sl ok th ety o pprosch v ke, i s, 0
ux it made na appreciable difference in the height of afux it has been omitted,—J, Hare .

£ watgr above sill of weir.

GENERAL SPECIFICATION,
WEik axp Hrap-works,

The weir iteelf will be of rubble masonry, coursed on both faces.

. ! The coping of weir
will be of ashlar as shown in the section.

2. The steps leading from both flanks down to weir will be of ashlar three feet on bed,
of the same thickness a8 the steps, as shown in the sketeh.

ALY
T ANS

-
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The piers and abutmenté of head-works and under-sluices will be of solid ashlar to a

| height of 10 feet from bed. The grooved portions of the piers will also be of ashlar, and

i i ined with cast-iron to a height of
' d floorings. The grooves will be line
;?) ;Zal: f:l:n ?):;)es ‘;hi parapet %vill be of first-class brickwork, and all the other parts of the

work will be of rubble masonry coursed on both faces.

; i head and under-sluices to be pointed with Portland
3. Both faces of weir and spandrils of head a e s ints bave e

i s 0 of one of cement to ome of sand, af j > bee
::ll:e? t “; 3: eap(;: pt(.)i:h:;nt;o inches and the face well wetted. The a‘:.shlar coping of weir will
n y For the foundations of weir the rock will be blasted away to the

be set in Portland cement. No. 11, and the whole brought to level surfaces

level shown in the longitudinal gection on sheet

with chisels or picks. ced on the lowest portion of the bed, and there will

. Tl k will first be commenced ‘ snd
be n: d;lt‘iflceulv:;tin diverting the stream with earthen bunds until the work is six or seven

i i ady built, and to enable the
i over the portion of the weir already built, .
::::khgh;)rofzz:lms;tngepiﬁr is two or three feet above level flooring of under-sluices, the

following mode of coustruction must be adopted i~

tch shows the work completed to a height of six or seven

~ The shaded portion a & ¢ on gke . :o sketch by the dotted ares, leaving

! ey ill be built as shown 1n ske y ; .

§§Et~ T? ﬂ; xtt‘:: f:::elrn tl:)e‘g:.lsz mlSlmall iempomry piers about six feet long being built on
e gap 4 ¢ for .

iv time the work has reached the level
i ‘ 4o receive sleepers. By the i n
the ug-stresx:x suéat;f :}xm lg;pgssuming it three feet deep, wx.ll be able to p;sﬁiu;x;ﬁx br: ux:;:
zy, the whole of the PPu t,;h on be dropped into the piers in gap d e, an rrork brought
Eapt{ Zh ;rhela.::e;per'sr;vi: process will be repeated until the whole of the supply m
P e level ¢ g.

the under-sluices. '
e thmughb . d of each working season the masonry of wexrdmust be el;zo:gxn ;,n;
ton B"f"‘;‘i tde elilnted on upper surface with Portland cement, and to Prevmusb Juasing
;O‘i::: 1:; ifx‘:h :}I:e vI;Zir this surface, before commencing work the next season,
T b

P
.

property of Government.

7. All the work on the canal will be exscuted according to the following specifications :—
. e

EARTEWORK.

8. Bef ok is commenced the ground must be cleared of all jungle, roots, and trees.
. Before wor

gs g

L to 7, and no work will be comamenced vl Spoil banks need not be rammed, but must be

i made. i ve in
feet in length of the canal have been : K o 0.inch lagers, alightly conca
‘e : all other banks will be buiit in &-1 , ' will be
?;:seeitt: th:afiolf;efr:: I’t: v:tallo rammed before another 18 1aid on it. No mar soil Wi
centre ;

allowed in any bank that has to retain water.

« MOoORTAR.

i y i d i 1+ f lul'khi,
ot | * L ’ mor w ne ﬂh bh‘ hM’WO' k.

i i the other works. .
and in the common native mortar mill at ‘ .

+
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Conc_nEm.

10. TO be of the mortar described u ) ‘. n n lla d b
' ] : nder that head and broke t
broken bricks in the pl‘OpOI‘thD of one of mortar to two :)f stones and bsl':))k:ls'l ;))ll.'lcksr é‘ ?I::lf
ol

gauge. To be well rammed in 6-i :
o s comploted. ln inch layers, and to be kept wet until the full thickness of the

‘ Brickwork.
11. The bricks to be hard-burnt, of the best
and to be sand-moulded on tables,

with sharp and regular arrises,
10" x 4§ x 23"

T clay procurable within a reasonable distance,
e ey must be of uniform size, well shaped and square,
€y must ring clearly when struck ; when burnt to measure

Report on th ;
port on the stone and l:a;/car quarries and earth suitadle Jor brick-making tn the vicintty of
¢ head-works of proposed Betwa Canal,

StoxNE,

An unlic L.
situated :: l;lnmt:jeiuznt;yt Is procurable from the Pureecha and Golara hills, which are
that these hills willgto ltshance.OE about one mile from the head-works. It Es estimated
greater part of which isgsetr etl:ﬁy;eld abouif 5,000,000 of cubic feet of excellent stone, the
and shape for coursed rubbal lfied and easily split or chipped into blocks of convenient size
i1s very hard, and evidently o:s masonry. The rock is gneissoid, a kind of igneous granite,
action of water. This wasl::a. .¢13SS » the.hlgheSt degree the valuable property of resisting the
which abuts on the river Tlsml Y ascertained by examining that portion of the Pureecha dyke
less ages : yet they exhib';, & water has, of course, been flowing over these rocks for counte

1t no sign whatever of disintegration, and very little even of erosion.

th

Kaxkaz.

Mr. Mackin i .
make any oxacay ;c(i):n];?):l:]f been dxrecteq to finish his work in four days, had not time to
measured three ver exto @ purpose of discovering new kankar beds. But he examined and
site of the pr0p0sedy weir I;:‘V]ef and well-known beds. The first of these is situated at the
quality, as frequently is th self. But, unfortunately, the lime appears to'be of very inferior
estimate of the quality ofeti?selin quarries on the banks of large rivers. Mr. Mackinnon’s
villagers, who procure the li 18 kankar 18 confirmed by, the fact that it is never used by the
The othor o buds :r lm.lbed quantity they require at a greater distance.
Urcha State) is bisected by ti‘“’;ted at the villages of Jijjora and Upara. The Jijjora bed (in
2bout nine miles South-we{t ofethhaba-r at about a mile from the mouth of that nala, and is
tities, and this would lead fo th ¢ weir site. The kankar is carted into Jhansie in large quan.
hydraclic lime. The yield wi © opnion that the quality is good. 1t has all the appearance of
yield will probably be about 2,000,000 of cubic feet ; according to surface

measurements the quantity j
safety. 1 Y 1s about 4,000,000 cubic feet. Half this quantity is taken for

The Upara bed is about the s
north-east. It is about three mile
and Gbusgowan. The kankar is
“ steenings ”” appear to last for upw

ame dlstancfz from Pureecha, but in the opposite direction,
8 south .of Chirganw, and lies between the villages of Upara
ex;enswdy used by the villagers for well building, and the
lic properties of the lime. Tt s nof sac. °f & hundred years, a tolerably safa test of the hydrau-
bed upwards of a mile long, and of easy 10 estimate with precision the quanity of kankar in a
may safely be put down at?:l-l) 008 varla.bl.e or unascertained depth and breadth. But the yield
posed head-works than that ) X 3000 c“b}C ifeet, Although this bed is not nearer to the pro-

av ab Jyjora, it is nearer to the general line of cansl, and for this

reason, besides the fact that the supply ; imi
e 2 ld for permanen i PPy 18 actually unlimited (of hydraulic lime), is far preferable

These are the only beds large
bed near the village of Rhond about h i
alf i ipari
the kankar appears to Mr. Mackinnon toabx:l:zr;r?;:}ilzrh eadrworks; but likoall Fparian bedt

It is probable also that small beds mj .
obable a might be found b ki ial pi
f?ot of the Golaid hill, but Mr., Mackinnon’s time bein 1)1v m: *dl “g? e e e
o b e g himited to four days, no such éxcava-
The fact, however, is established that there ;

within a reasonable distance of the head-works 81 enormous supply of excellent kanka't
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enough to require special description, but there is a small .

EArTH POR BRICK-MAKING.

The following experiment was made for the purpose of determining the quality of the bricks
made by the villagers at Pareechha :—Fourteen bricks were taken from the breast of a fresh-
burnt “ pazawa ” and weighed when dry : the weight was 354Ib. After being soaked in water
for 13 hours the weight of the bricks had increased to 371b., giving a rate of absorption of 5
per cent., which is by no means large. In fracture the bricks had a dark-red appearance ; they
had a metallic “ring ” when struck, and were too hard for the finger-nail to make any impres.
sion upon them. Any earth of the kankar species is used by the burners. The supply of this
earth is quite unlimited.

12. First-class brickwork will consist of first-class bricks laid in mortar as described. Every
brick to be bedded and drawn up in mortar, to be laid in English bond, and no half or other
portion of a brick to be used, except as 8 closer. No joint to be more than §ths of an inch in
thickness. All bricksto be well saturated with water before being put into the work. All mortar
must be used fresh in the work, and not more ground wet af a time than can be used within 24
hours, Kucha-pucka brickwork will be of pila bricks in mud, bonded the same as pucka brick-

work, no joint being more than half an inch thick.

RoBBLE MASONRY.
not more than one foot high, each course to be pro-

perly levelled before another is laid on1it. No stone to be less than itl? of a c'ubic foot, the inter-
stices being filled in with smaller stones. Every stone must be laid on its natural be.d and
properly bedded in mortar. The plan of laying the stones dry and then grouting them ‘will not
be permitted. .

14. The coursed rubble on the faces of walls to be in courses not less than 6 inches deep,
and no stone to be less than 9 inches long and 8 inches broad on the bed, and to be properly
squared with the hammer. Headers may be the height of two courses of stretchers, but not
more. No header to be less than 2 feet long. One-fourth of the length of the course to be

headers. _ Asarar WOERK.
15. Ashlar will consist of hard sandstone from Gwalior set in P?rtland Ncen):e?lt ; lx::d Stm-]lel
) d no course to be less than 7 inches high. No hollow beds w1
fo bo lees than & foek O 5 on inch. All ashlar will be laid in mortar

Y ider than §ths of
be allowed, and no joint to be wider meshes o the inch, The ashlar coping

. v 0
which has b assed in & dry state through a screen 4 .
of V(:feir 22 b:eilspin:;ies deep, and no stone to be less than 4 feet 6 inches long and 1 foot 3

inches wide. pucka plaster, tiler’s work, &e., will be as

16. The other works, such as mud plaster, plasts :
specified in the sanctioned Public Works Department specifications for Haidarabad.

e e

13. Rubble masonry to be in courses

Carriage of Materials to Pareecha.

The material to be carried is a8 follows :— - ‘
Rubble stone, 1,159,200 cubic feet, an average dlstam.:e of one mile.
Stone (ashlar), 121,200 cubic feet, a distance o.f 43 miles. ‘
Kaokar for lime, 548,600 cubic foot, a mean distance of 12 miles.

RuBBLE STONE. ,

The rubble stone will be had so close to the weir that there will be no ‘diﬂiculty in carryiog

400,000 cubic feet per annum. This work will be most economically carried out by a tramway
to the range of hills above the weir, say 14 mile.

AsHLAR STONE,

o must be able to carry 17 maunds, and it may be necessary

hlar st 3
The carte for the ashlar si07 Jumpa. To be on the safe side, it is assumed

to get them from Agra or the other side of the
that each cart will carry 12 maunds.

The total weight of ashlar to be conveyed is 121,200 cu
or 70,700 maunds per annum. It is assumed that each cart
and back in 8 days, or 87 trips in the working season of 80
amount of work dope by each cart in the year, and 70,70

required. ul

bic feet x 1401 =—212,100 maunds,

will make the trip to the quarry
0 days. 37 x 18=444 maunds=

0-+444=160, the number of carts
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KaANKAR FOrR TiIME.

Taking the weight of kankar at one maund per cubic foot, 548,600 maunds will have to
be carried a distance of 12 miles in three years, or 181,200 maunds will have to be carried 12
miles in one year. ‘ -

Assuming that the district carts will carry 10 maunds and do the journey to and fro in
two days, the amount of work performed by each cart during the working season will be
300 x 10=1,500 maunds, and 1-§3340=121, the number of carts required.

Altogether 160 x 121 or 281, say 300 carts will be required, and there will be no difficulty

in obtaining this number, as Mr. Sturt, Assistant Commissioner, says he has had a heavier
demand on the district before.

Memorandum by CLINTON ANDERSON, Esq.,

4 Superintending Engi y d
in delivering material during the con 4 79 Lngineer, on the aystem to be adopie

struction of the Pareecha weir and head-works.
1. THE quantities in the weir and subsidiary works are—

Rubble. Ashlar, Brickwork, Pitching. Blasting.
geeﬁ T . 78,436 94,434
Hoad-sluice e oL 241,029 15950 2,327 9870 | 14,705
pdereluices ... .| 46260 | 268421 . ’ 3,510
gﬁl‘;ﬁs ak .. .| 154320 1405 { . 9,000
Y 138,600
966,356 | 121,208 3,732 | 148,470 | 121,649
. The total quantity of material to be cartied to the weir and subsidiary works is there-
ore~—
Rubblo s ) Cubic feet.
A:hlare 8 one. - . . . 966,000x12 = 1,159,200
Brickwork . . . : . : : ; . ) i
Pltehing ... .1 1 T ono 148,200
imo . : - .(966,0004+121,200)i= 543,600

Toran . 1,976,200
1f the work : _
will bee rks are to be completed in three years the material to be carried in one year

‘ l,976,200+3=658,700 cubic feet,

f 'tm']e dést:simcfe from the quarries.s, as.hlar-yard, and lime.yard is about 16 miles, Allowing
zuzro ngs azljg h lc:r (;?1;) truck, which is equal to a run of 12 miles, taking the working season

a ays ctober to 15th June), and th i ied i

feet, the number of trucks required is— ’ " AR erad by each truok ot 30 exbie

N 658,700+(200 x 30 x 4)==28,
.Mr. H:u' I:I‘az estimated for 4-0.trucks, or nearly 50 per cent. in excess of the actual
requirements. he extra wagons will be wanted to supply the place of those that be
undergoing repairs. P ose may

2. The quantity of material

required is thus distributed :me

Rubble. Ashlar, Brickwork. | Pitching. Lime.
Head-sluices . . .| 289,235
; ) 15,
Under-sluices . . ) . 55,512 26,89420 2,327 9,870 lgg,ggg
Left bank . . . . ; - ’
Right bank . . . . .| 1 562,776
Bunds . . . . 85,184 l 1405 | ... 77,860
- 138000 | ...
Right ban - 402,449
Weir . . . . . i26,839 ! 78,436 ; o , 305,700
River-bed . . . . . l ‘ 1,010,975
-
Left bank . . . . . . . . . 562
Right bank e o0

.. . . . 402,400
Bed of rjver . . . . . . . . . 1,011,000

1,976,200
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The cubical contents of the weir to 1,264 feet from the right ban}: is 126,590 cubic feet.
Thus, then, the quantity that, for economical purposes, should be supplied from the two banks
of the river is— .

Left bank—

1. Head-sluices and under-sluices . . .« . 562,800
9. Half of weir between 1,264 feet and left bank . . . 442,750

1,005,550
Right. bank—
]-- Right ﬁal]k, &c. . . . . . . . . 402,400

2. Weir from right flank to 1,264 feet . . . . . 125,500
3. Half of weir from 1,264 feet to left bank . . . . 442,750

970,650

ToTAL . 1,976,200

To save the expense of carrying any material from the left to the right bank, it is
proposed to open quarries on both banks,

Ou the right bank the quarry will be at the hill near the end of the afflux bund. A
single line of tramway will be laid on the afflux bund to mth.ln 2,000 feet f’f thefrxgbl:)t ﬂainl't.
From this point the tramway will curve to the left, and, running on & gra.dl_ent of about 1 in
100, will reach the weir on a level with its crest. The tramway wﬂl be carried along tl.xe line
of weir on masonry piers spanned with timber ; the piers will be built of the same section as
the weir, so that a portion may remain in the work. . .

On the left bank the quarries will be at the hills close to the line of eanal, A sm?&,
of tramway will run from the quarries to the head-sluices, with sidings to the ashlar an
yards and to the edge of river-bank. . o

The material brought down by the tram on the right bank will be dehv.ered along thﬁelrie
up to 1,264, while that brought down by the tram on the left bank will delivered at the head-
sluices and on the river-bank. ‘

As a good portion of the material will be delivered in one spot, it will be necessary
to construct front tilt wagons,

As but 14 trucks will be worked in the right and 14 in the left tramway, them. willfbc
no need of double lines. Again, the length of the lines are so short that the working of a
single line should be an easy matter.

The estimate of the tramways must be increased to cover the cost of thei ncline m the
right bank, the extra quantity of rails, sleepers, &c., required for the tramway on the weir.

The additional cost is R19,144, as given in the following abstract :—

ABSTRACT.
Items. Rate. Amount.
. B R 20 R,
19,700 cubic feet masonry . . . . . . . 12 ;,392
948 . beams . . . . . . H 2’216
1,108 " sleepers . . . . . . - 5:056
8,160 maunds rails . . . . . . . & 2370
874,000 " excavation . . . . . . . 17";‘%
1
10 per cent. contingeficies .- e . . o] e o i
° TOTAL o oo 19,144

v

. . 1] be lot down
The ashlar for the floor and piers of the h?ad-?lunoes an und?r-sﬁl:l:';ﬁm:‘gmi“ o the
on earthen inclines ; that for the coping of the weir .wﬂl be dehver:d lli:; e e, ,
left flank, and will thus be put upon trucks and delivered along the line
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Comparison of the cost of steam and native mortar mills.

The mortar required daily is 900 cubic’ feet. A steam mortar mill will grind 150 cubic

feet per diem ; therefore the number required is 6.

A native mortar mill will grind 30 cubic feet per diem, sufficiently fine for rubble masonry:
bence the number required is 30,

Comparison.,
Steam mortar mills—
R
6 will cost at R4,000 each  , ., , 24,000
Native mortar millge :
30 will cost at R10 eac

. . . 300
Saving . . . . 23,700

One engine will consume 35 maunds of w
maunds,

R

210 maunds of fuel at B2} per 160 | . . 828

Labour, belting, oil, repairs, &e. . . . 175
Daily cost of six millg

. . » 70
A native mill is worked by a pair of bullocks gt 4 aunas each, work.
ing six honrs, or per diem s ) . ’ 10
Labour in watering, driving, turning, &e, I
B . N
v

30 will therefore cost R

45 per diem, or R2Y }
the stearn mills, ° 55 than
There will be 600 working da

¥, 80 that the saving i
pative mills willbe | ’ e

) . . . + 15,000 for working
. . . . . 23,700 in first cost.
Total saving R . 38,700
e

ick, the cubical con

ic feet,
The number of blocks ¢ iy

equired is, theref 121238
dressed 727 290 square fet, e, 875

One mason can dregs eigh
ght square feet of stope di
1,600 square feet ; the number of days in which the VI:'erk l::.:
Allowing 300 workin days i
and w o g days in the year,

14 foot wide, and 14
d the superficial area 225 square feet.

== 32,324, and the superficial area to be

and 100 men can therefore dress
be done = ‘Ef’;l% == 455,

the whole of the dressing can be done in a year

; in organizing
however, three years have been

years at 200 working

,088 cubic feet,
1 o) etobe
18 found to be 3 xyfa,m;a 0 T

o lay in a day, and the time 24
o Sth June), the number of men required

: w = 97, say 100 masons, There will probably be no diSculty in getting
this number together.

ood in a day ; therefore 6 will consume 210

require a year; .
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No. C.1043W.; dated 2nd November 1874,
Report by the Chief Engincer, Irrigation Works, Nortk-Western Provinces.
SECTION 1.

BISTORY OF THE PROJECT.

BeroRE entering upon a detailed examination of the project submitted by Mr, J. Hair,
the Superintendent of the Bundelkhand Irrigation Works, it appears requisite to sketch
its history.

2. The first proposal for the construction of a capal from the Betwa was made by
Major-General (then Captain) Strachey in a
memo.* dated November 1855, which was the
result of 2 flying visit to Bundelkhund. An establishment provided to investigate the subject
perished in the Mutiny. In 1859 the question was again considered, but nothing was done
until the end of 1867, when Lieutenant Home, R.E., was directed to conduct the enguiry, and
accordingly in 1867-68 the country was examined with & view to ascertain its capabilities
for the projection of canals.

3. In August, 1868 Lieutenant Home submitted a preliminary report which established
that it is practicable to utilise the waters of the
Betwa river for irrigating the tract enclosed
by the thres rivers Jumna, Pahooj, and Betwa. Therefore further and more complete in-
veshgatmns were ordered, and in September, 1868 definite instructions for prosecutxng the
enquiry during the ensuing season were sent to Lieutenant Bagge, R.E., who had in the
meanwhile relieved Lieutenant Home,

4. Before leaving India Lieutenant Home sent in & more detailed project for a Betwa, '
Canal. The cost was estimated at 119,29,246; the income at R1,562,500, or 7-9 per
cent. This project was submitted to the Government of India with a note by Colonel
Greathed, pointing out varidus alterations i in design which were required.

5. Mr. Anderson, Superintending Engineer, was now deputed to examine the projec-
ted alignment of the Betwa Canal. The con-
clusions he came to were :~—

. Progs, W’ August 1867, No, 75.

Progs, -Wé, Fehruary 1869, Nos. 8 to 39.

Progs. WA, May 1869, Nos. 5 to 9.

1. That Pareecha, the site fixed by Lieutenant Home, is the best position for a weir,

I1. That for four or five months of the year 1,000 cubic feet of water could be depended
on, even in years of deficient rainfall,

1I1. That further investigation was needed, however, before the alignments could be
definitely fixed, and that until this was settled work should not be begun.

The Chief Engineer agreed to these conclusions and decided that the head of the new
canal should be fixed at Pareecha.

6. In November 1869 Licutenant Bagge, R.E., eubmitted a detailed project and estimate
for the Betwa Canal, including provision of
storage for water in the bed of the river
with & view to perennial irrigation, But the amount of the estimate, 90 lakhs, was pro-
hibitive; and as Lieutenant Bagge was obliged from ill-health to go to England, where
he died, and as Mr. Anderson’s services ceased to be available on account of his employment
in supervnsmg the construction of the Agra Canal, the question of the Betwa Canal was
shelved until April, 1872, when, after the
country had been visited by Sir W. Muir and
the Chief Engineer, the approval of the Government of India was solicited to the prepara-
tion of detailed estimates of a scheme limited to affording irrigation for rubbee and monscon
khureef and excluding mar soil from present consideration.

Progs. W’ June 1878, Nos. 325-56.

Progs, w‘, June 1878, No. 84.

7. In Juve, 1872 the Government of India sanctioned the preparation of detailed
estimates, but desired that the eventual irriga-
tion of mar soil should be contemplated in
desngmng the works, and that a full discuss-
ion of the question of returns gshould at the
same time be gone into. ‘

8. In March 1873 a fresh estimate for the canal was drawn up in accordance with
wishes of the Government of India and the Chief Engineer’s instructions,

No. 4761, dated 18th June.

Progs. %.June 1873, No. 42.

L2
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Colonel BrOW'nlow, basing his calculations on what were afterwards proved to be in-
complete data, arrived at the conclusion that a greater return than from 2 to 34 per cent.
Progs. i, June 1873, Nos. 51 o §5. was not to be expected. In consequence of

. its defective financial prospects the project was
ag:izdreferred for local consideration by the Government of India, and in July again sub-
mi d to the Governmen.t of India with a mnote by Colonel Greathed, who had in the
n;eallll ime returned to Im.ila. Lieutenant-Colonel Brownlow admitted that there is now hope

~ of the ultimate returns being 50 per cent. more than he had put them at.

BundiikThl;Zdreizlts of d?or{esp ondence on the subjects of rates to be levied, the lability of
been duly Submitlze ;lo tl}(ia éroughtS, the voluulxe of water in the Betwa, having likewise
the prepatation of detailed overnment of India sanctioned, on the 4th November 1873,
of State. On th etaile estu?mtes for the Betwa Canal for submission to the Secretary

» Un the recommendation of the Inspector-General it was directed that the project

should be restricted to a can
] al for monsoon and dry s irrigati 1 rvoirs
and without any provision for navigation. Y season irrigation. without 1e8®

The estimate now under review is that called for by the Government of India.

———

SECTION 1II.
NECESSITY FOR IRRIGATION.

A s report on the droughts which have oceurred in Bundelkhunds
Progs. w, September 1873, No, 102, submitted to the Government of India in Sep-

tember 1878, is divided into three parts :—

I.—-Tur Errects or DrouGHT ON THE ProrLE.

The sufferi . , .
compiled fro:liis;i: h:fpeop}e N 1-8 68.'69 and in former famines are described in a narrative
the Doab Wa.teretf by the va:z‘:esdg:nef 'Oﬁicem’ and the condition of the inhabitants of

1) ' .
of Bundelkbund in the same year. al In 1868-89 is contrasted with the terrible state

Ml'. G, R]ck . . ; . .
dated 8th July 1873, showed that between 1865 alf(;ti’is;)lﬁi(l::: ang ]COfnmlssmner, in & memo.
Jhansie had decreased population of~—

10. Colonel Greathed’

. oo es e 45,669
Banda or 12:7 per cent.
P . 27,929
Jaloun vee or 38 per cent,
., 4,800
A decrease of

in three districts only ; whereas in Lalit 78,398

; : . . pur, which will be ind; i .

g ZESL";::; ((1)‘;;‘;1(:% tfhg lPel'lotll amounted to 33,555,l orell;'dEl r;i?yczzzeﬁtg(}, ;38 ;\1: c::a::héz
ot Lalpee, had . . Sir W. Muir,

deserted. ‘ ? reported that in 1834, 38,000 houses out of 75,000 were

IL.—THE Resunrs
ON THE Lanxp R
In the first place the assessment ha EVENUE Recrrers.

Western Provinces to compensate cul
table given at page 5 of Chief Engin
Bundelkhund amounting to R3$3.63
greater part of which is due absoh’xtel’

tivstbeen made lighter than elsewhere in the North-
eer: ors for the frequent bad years, and, as seen from &
report on droughts, there have been remissions in

989 in ten
years, or ab ) the
¥y to famine, » or about 3} lakhs per anoum,

Ihe rent ﬁ y f ' the
enis XEd b the recent settlement 0 Jaloun averace Rl 1 per acre while
-z- »

”IB((;;\!'IG)’sSe I:a:enuet }sh;;ort for 1872-73, Appendix former rents averaged R2-0-5 per acre. This
v ment Series. shows that in the district of Jaloun there has been

8 Dogition Aot

I11.—TrE AMOUNT DisBURs gosm‘,e diminution of production in recent years-
' ED BY Governy
ENT IN ReLier or D

ISTRESS.

In the famine of 1868-69, for which alone there is a detail of expenditure under this

given away by Government in

ouly indirectly benefited by the proposed canals d, exclusive of Lalitpur, which will be

i o ) ; was R5,20,224, Th lay on that
one famine (including Lalitpur) was R16 A e total outlay on
is included in this sum. pur) »24,136.  The amount of uncollected land revenue

Progs. &, September 1873, Nos. 91 to 102, head, the amount
Bundelkhun

>
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These figures, it will be observed, show only the loss to Government; the loss to private
property and of life cannot be estimated.

11. The revenue officers of the districts of Bundelkhund, when asked for an expression of
opinion as to the need for irrigation, have now.unanimously declared that in every part of the
country the people are eager to be supplied with water.

A species of grass termed “ kans” spreads over fields left fallow and cannot be eradicated
without extreme labour and expense which the people are incapable of affording ; consequently
the cultivable area is year by year diminished by the increase of this grass, whilst the power
of removing it decreases annually. Vast tracts have been thrown out of cultivation, and the
subject at present occupies ‘the earnest attention of the district officers. Artificial irrigation
will terminate the long periods during which land now lies fallow for want of moisture safficient
to make ploughing and seeding practicable, and will go far to prevent the spread of this
noxious weed and to kill off that which has already grown up. .

12. Sir W. Muir was deeply impressed with the absolute need of irrigation for Bundel-
khund as the only safeguard against famine. '

13, Wells cannot be relied upon for this purpose, as the following. figures will show ; it
being premised that the water in wells which depends on surface drainage is soon exhausted
and requires an ample fall of rain to renew it i— «

DEPTH AT WHICH WATER IS FIBST DEPTH AT WHICH PRRMANENT SUPPLY
MET WITH. 18 ATTAINED.
Distriet. . ]
Maximum. | Minimum. Average. Maximum. | Minimum, Average.
i . 70 15 27 .
Jhanse. -l 50 20 30 180 150 165
Humeerpoor . . +| 90 45 67 105 90
Banda . . . . 12 77 157 o
Allshabad . . . 83 23 48

11 extent of irrigation is effected from minor channels leading

In the hilly tracts some sma '
from tanks, but in the plain countries no such stores of water are-met with.

14. Thus the great depth of water below the surface of the ground, the searcity of supply
in wells and the cost of sinking them, renders resort to wells in all but the richest and most

highly-manured lands impracticable. Tanks can only be made with advantage in the hilly

tracts : for the plains, therefore, the large rivers must be depended on for a supply of water for

irrigation purposes.

SECTION III
COUNTRY TO BE IRRIGATED.

15. Endeavour has naturally been made to fix the head of the Betwa Canal as far up the
in order to extend the area of irrigation. But the rugged

course of the river as -practieable, : ) il
character of the country renders it impracticable to establish the head above latitude 25°-42’-30",

North-west of this line the country has an undulating surface frequently broken by quartz
dykes and disintegrating masses of granite and its associate rocks ; the nearness of these rocks,
to the surface, the irregularity of the elevations, and the rapid fall of the country eastwards
towards the Jumna present insuperable obstacles to the construction of a canal.

16. But on the left bank the district of Jaloun and the native territories of Omrah and
Samthar are well adapted for the distribution of water from canals,

This tract, forming a triangle included between the rivers Betwa, Pahooj, and J umns, .is
accordingly the area with which we have to deal in the present project. It is represented in
the index map facing this page. . . .

The profile of this tract shows two watersheds, one bordering each of the rivers Pahpog' t_snd
Betwa. The area is drained by two separate channels flowing towards the Jumna, uniting
before they fall into that river, about six miles from the town of Calpee. . o

17. The central part of the Betwa-Pahooj Doab is found to be a depression cqmposod

‘that mar or black cotton goil concerning w‘hﬂu .
See sections sccompanying Csptain Begge's  oqngoity for irrigation much .oo?trovarsy has srim:t
report For the present, however, it is necessaryto t:; ,
mar from our consideration and to confine the provision of irrigation to the lr:!ldl bOfd: i g /.
: I
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the watersheds which consist of  kabar,” a rich loam, *parwa,” sandy soil, and “rakar,”
coarse sandy soil with nodules of quartz and kankar and gravel-beds. Excluding the large
central mar area, the different soils are met with in the following proportions ;=

Mar . . . . o . . . 29 per cent,

Kabar . . . . . . . 53

Parwa . . . . . . 14 ”

Rakar . . . . . . . 4 :

At

100

18. The three boundary rivers run in deep narrow valleys, the edges of which are greatly

cat up by ravines, those of the Jumna extending from three to five miles from the stream.

The following table gives the areas of the co nclose e three rivers, e iv
untry enclosed by the thre xclusive
of the low lands bordering the streams :— ®

British or Native Territory, District Aross.
Square miles. Acres.
British L
ritis) . ) 4
Native . . . . . . . . . | Jhansie . . . . 490 31,360
British . ' . . . . . . « | Samathr . . . 155'5 99,520
Native . . . . . . . . . [ Jaloun . . . . 1,115.0 7]3,600
Do. . . . . . . . . +| Bauni . . . . 796 46,400
DO. . . . . . . . . . Behl‘i . . . . 100 6, 400
Brltlsh . - . - . . . . . Dﬂ.ﬁa . . R . 36'5 23,360
. . . . . . . Humeerpoor . . . 535 34,240
 —

[

ToraL .l 1,492°0 954,880

British .
Native . . 122717'55 square miles, or 816 per cent.
of ‘ E1R. . . 4 » or 184
the total area 51842 square miles are barren and ravines, and of the balance” 35 per cent,

is mar ; 1,492—518:42=973'68 8 1 ;

quare mil i N

_=6§'8.3 square miles=405,011 acres, ot e el and el s B
1ng rrrigation ; ing i iti

g 1rrigation ; 330,489 acres being in British territory and 74,522 acres in Native States.

SECTION 1V,
SUPPLY OF WATER
19. The next question to be considered is th .

. The table in Appendix, page 9A.,
since 1866, including the famine year of
“The Betwa no doubt was lower q

. e supply of water available.
g1ves all the discharges of the river Betwa measured
16.68’ IOf which Mr. Anderson wrote in 1869 :=
uring last season than it has been known to be for
s S i .

00 Progs., May 1869, page 7. years, some say since the famine of 1837-38.”

Mumtaz Ali Kh intell;
statements are relliab]:n’wzl; g:elhgent and well-informed native gentleman of Etawah, whose
occasion to go to Jhan;ie q puty Collector of Humeerpoor in the year 1838 and had frequent
the Baruah Sagar Ghit, .m1 ; ;es::i):?e tlgt at no period of the monsoon was the depth of water 'at
charge of 450 feet per second. T Betwa, less than three feet. This corresponds to & die-
It i ite 1 i : ,
N 1838:12.:; :f;zpfgségli (t)odgomhpare the volume of 1868 with that of either of the years 1834
\scharge was ever taken. It is therefore necessary to have re-

course to an inductive process of sohi . e
following manner :~ ! o cstablishing the euficiency of supply in the Betwa i the

20, A inati .
n examination of the table of rainfall during the monsoon months (Appendix, Page

10A.) shows the fall in
of wlzich S cord is avalls é}f:GSa :3 :anl been ‘much less than in any other of the fourteen years
traordinarily ] : e have proved above that the volume of the river in 1868
was extraordinarily low, 'Now, turning to the diagram of discharges of that year (Appendix,
page 26A.), we obse.rve a rise of 1} foot about the 15¢h July whichg is shown )lfn the stable of
dxsgharges (Appendix, page 9A.) to have raised the volume, to 914 cabic feet on the 18th, on
which ‘date the measurement was taken, Thus from the 15th July we had water enough %0
have filled our canal, and the diagram (Appendix, page 26A.) shov{s that the river even id the
worst year ever known to any persons now alive remained always above this height until the
15th QOctober. .

the e
area Of al'able land, leSS 13 mal',” and the area requlr-
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21. This minimum of water would have produced and matured the entive harvest of maize,
millet, and Indian-corn, whick completely failed in. 1868, and would have saved the lives of the
many thousands of people who perished miserably of starvation, not. from want of effort and
liberality of the Government in dispensing food, but from t.ﬁe absence of food in the country
and from the impossibility of transporting it to the country with sufficient rapidity.

We should also have saved a large proportion of the cattle that died in tens of thousands;
and we should have saved a large proportion of the money-loss in the famine in Bundelkhund,
which, as shown above, amounted to £170,000. Even in this year (1868) of least recorded
supply there would have been water to afford the land the saturation requisite in September
and October to allow of its being ploughed and sown for rubbee in the latter month.

92, The question now arises—Whence came this water in the Betwa sufficient in this
year of drought to keep Bundelkhund alive ?

As the volume of the Betwa was reduced in June 1868 to 70 cubic feet and the quantity

of rain which fell in the whole monsoon at Jhansie was only 10 inches, the volume (sufficient
for our needs) which the river acquired in July necessarily came from the country situated

higher up its course.

The two great rivers of Bundelkhund, the Betwa and the Keyn, rise at no great, distance

from each other in the Vindhya mountains, and run pearly parallel courses, leaping down from
the high lands of Central India to the level of the valley of the Jumna in channels which they
have worn in the vast table of granite and trap rock which covers the country.

Near the head-waters of the Betwa stands the city of Indor, and near the sources of the
Keyn. the station of Sagar. The rainfall of those places in 1.868 was 32. and 31 inches respect~
ively (Appendix, page 10A.), which tallies so .exa.ctly. with the rainfall for the Dakhan
generally, returned in the Bombay records as 32} inches in that year, that for other years the
Dakhan average, which we have got, may be assumed to be the rainfall of Indor and Sagar,
which we have not got.

Now the Sanitary Commissioner for Bombay reports that the average of the genen.ml
Dakhan rainfall, taken over a space of 22 years from 1852 to 1873, was 28 inches. And this
the breaking of the monsoon on the western cost furnishes the unfailing

unfailing result of . :
nfailing res ply of the Betwa and Keyn in the driest years,

minimum on which we rely for the sup

Register of Rainfall.
B 1668, 1860.
Station. 5 . "fs' N
o g o - F E
. . 3 2 2 E s - a 8 3 3
E = S 2 2
s lels sl | 2|82 |al8]¢
[ —
Return obtained from Bombay Govern-
ment.
Mean for the Konkan o see | oo | v [ oo} 8908 1 wee | wee | owee foeee | e | e
Mea.n fol' the Dakhau . ves 00 32.67 s (XX vou s beo
Near the source of the Betwa.
Sagar . . . .| %0 {104 33| 143 00 30} o} e e
Indor . . . 1813 128 {1082 | 6593 | .. |31'91( 180 1185 | 2:82 [1'70] ... | 2939
In Bundelkhund.
Hameerpoor . . of .. CLIB0 ] w180 w | e | e ||| 243
Jhans'le * M M * “es :.. 105 (XY ses ]27 vee vee s er e 24.‘
Average for Jhansie, 13} . a7 | - i
years, s

could have been

Had the Batwa been in Middlesex more complete and satisfactory returns
it is only after

ebtained ; but traversing as it does some of the wildest regions of Hindustan,

considerable research that the foregoing statements have been obtained. )
. N
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23. In all but years of absolute scarcity the 609 cubic feet per second required for the
purposes of this project in the beginning of the rubbee and 300 feet at the end can also be de-
pended upon. A comparison between the agricultural calendar (Appendix, page 12A.) and
the table of river discharges (Appendix, page 9A.) is the basis of this statement.

24. To provide for the possible extension of monseon irrigation to mar lands, it is pro-
posed by the Chief Engineer to make the canal for 194 miles up to the point at which irr!ga-
tion commences large enough to carry 1,000 cubic feet. When required, new distributaries
will be opened for the purpose from this point. 'This provision is made in accordance with the
instructions of the Gévernment of India before referred to.

SECTION V., .
WATER-RATES; AREA; IRRIGABLE. INCOME,

Eutract from paras. 8 and 9 of LirureNant-CoroNkL BrowNvow’s Note on the Betwa Project,
No. 6741.-C., dated January 1872, approved in CoroNeL GREATHED’S Note, No, 2331.-C¥
of 2ud February.

“ After studyiug the table of measured discharges in the river, extending more or less
continuously over a period of four years, I think we may fairly rely on starting the rubbee
crops during the end of September and October. of ordinary years with 600 cubic feet per second,
dropping to 350 cubic feet in January and 200 cubic feet in February. In dry years we shall
be able to start the crops with very nearly the same volume (600 cubic feet) obtained in
ordivary season, but this will only be available during end of September and early part of
October, The supply of water in river falls rapidly to 180 cubic feet in end of October and
to only 50 cubic feet in February. Allowing for the very great decrease in the volume of canal
between the commencement and the end of rubbee, 1 think we should only calculate on full
water-rates being realized on two-thirds of ares irrigated at commencement of the season,

“ Taking 200 acres per cubic foot per second as duty ultimately obtainable in irrigation
of rubbes crops, we have 1=

Cubic feet 600 x 200=120,000 acres irrigated in September and October,
two-thirds of which==80,000 acres at R2 . =B 1,60,000

L]

Add 12 annas per acre for enhancement of land revenue . . ,, 60,000
And 5 per cent. of water-rate, miscellanenoug revenue . » 8,000
Total ultimate returns . . , 2,28,000

Deduct 26 per cent, for working expenses ., D7,000

—m

Balance net revenue ., 171,000

e
te returns, but as they take no account whatever of khureef
believe will not be carried on more or less when the water i8
annot be called excossive. R1,71,000 return 7 per cent. on
nk we have good grounds for recommending such a project for

“ These will be, of course, ultima
irrigation (which it is bard to
available), I think the estimate ¢
244 lakhs of rupees, so that I thi
serious consideration.”

25. Th i . ‘ .
35 tobe e tots‘d estimated cost of the canal is shown by the abstract of expenditure (page

' . a— 348
The amount of interest . . . . = 30,26,

e s . . . 5,209
Capitalization of land revenue * ) o 5’33,576
. . . . ’
. 2 )
Total expenditure . s 39,85,183
a——

on which the estimated net return, B1 471,000, will pay 431 per cent

SECTION V1.
' ALIGNMENT OF THE CANAL,

26. After a very careful consideration of the subject the head of the canal has been fixed
at Pareecha, 13 miles east of Jhansie, near the Calpee road. This is the best site that could be
found. A rocky barrier runs across the bed of the river, forming an excellont fonndation for the
weir; this barrier is said by the Executive Engineer, Mr, Dubus, to be free Erom cracks and

® See Nos. 34 and 38, Progs. Juue, 1878,
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fissures visible to the eye, The river has a straight run between good stiff banks, and there is
a plentiful supply of good building stone, suitable for coursed rubble, in the neighbourhood.
The bed of the canal is so determined as to bring its water to the surface of the country at Mot,
where the two rivers Pahooj and Betwa begin to diverge. Flow irrigation becomes possible at
this “obligatory point.”

27. Mr. Hair has designed the canal to carry 600 cubic feet per secoud only, which is the
volume attainable in early rubbee, as shown above. The bed is 20 feet wide, the depth of water

7 foet, side slopes 1 to 1. Above the water-line the slope is expanded to 10 to 1 in deep cutting.

To enable the canal to be easily modified, to carry 1,000 cubic feet per second in monsoon
khureef at a future day, it is not necessary to alter the wetted part of the section shown on Sheet
No. 1 of Atlas ; but by throwing back the sides of cutting in the manner shown on the drawing
by thick black lines and leaving berms 6 feet wide on either side, the width of the bed can at
any time be increased to 30 feet in width by merely removing the berms and deepening the
channel 1 foot. The bed thus enlarged will carry 1,000 cubic feet.

The effect of this alteration in the design of earthwork of the main canal will be to increase
the quantity by 7,413,120 cubic feet at R8-8 per cent. = R25,945, which amount has been
added to Mr. Hair’s estimate. ,

28. The alignment of the canal, its branches, and distributaries are shown: on the accom-
panying index map, page 4,and also on the large tracings of level charts.

From Pareecha to Reo the canal runs in a direct line and is in excavation varying from
30 feet at head to 5 feet, the slope of bed being 1in 2,877, At mile 194, or 8 miles beyond Reo,
it bifurcates; the right or Humeerpoor Branch follows the watershed bordering the Betwa,
and will irrigate the stretch of land lying between the high bank of the Betwa and the great
mar basin in the centre of the Doab.

The Humeerpoor Branch is designed with a bottom width 15 feet for the first 80 miles ; t‘he
depth of water at head is 6 feet, and slope 1 in 3,009, These dimensions give a mean velocity
of 2:75 feet per second and a discharge of 342 cubic feet per second. The capacity of the
branch may ultimately be increased to 500 cubic feet per second by increasing the depth of
1 foot and slope of bed, so as to raise the mean velocity to 3:25 feet per second.

‘ From mile 30 to 483 the bed is 14 feet wide and depth of water 44 feet ; and between mile
483, the head of the Calpee Branch, and mile 58 the bed is reduced to 12 feet, the depth of
water continuing the same.

From mile 58 to mile 68 the bed is 8 feet wide, and beyond mile 68 only 6 feet, which
width the branch maintains to it tail at mile 783, where it enters the ravines of the Jumna,
about four miles west of Humeerpoor. The slope of bed varies between 1 in 2,7 85 and a foot
per mile as below :—

Mile 10,, , 20 .. 1 in 2891

'y 20, , 80 . 1 in 2785
) 30, ., 48 .. 1 in 2,79
,: 48 :, t:lll w1 foot per mile, ) 2 35‘8

A small branch, 11 miles long, will leave the Humeerpoor Branch at mile 48} and will
irrigate a small Doab south-west of the town of Calpee. This branch will be 5 feet wide at
bed throughout, with a depth of water of 4 feet, slope of bed a foot per mile and capable of
carrying 40 cubic feet per second.

29. The second or left of the two branches into which the main canal divides at mile

194 will be called the Kutound Branch: it runs along the Pahooj watershed and will irrigate

the country lying between the high bank of that river and the central mar basin, This line
1 designed to carry 257 cubic feet at its head, with a bottom width of 10 feet, depth of water
6 feet, and slope of bed 1 in £,509. It will be necessary to design the masonry works on the
Kutound Branch so as to admit of its carrying 500 cubic feet per second, which volume,
added to that of the Humeerpoor Branch, will make up the 1,000 cubic feet per second which
the canal will probably have to carry ultimately. In order to enable it to carry 500 cubio feet
per second, the Kutound Branch will have to be 15 feet wide at bed, with 7 fest depth of
water and a mean veloeity of 3:25 feet per second, and the masonry works should be so con-
structed as to admit of the channel being ultimately enlarged to these dimensions. R

The Kutound Branch will be 584 miles long, the channel at the tail, where it meets
the ravines of the Jumna, thres miles east of Kutound, being 5 feet wide, and depth of
water 4 feet. ‘

.

a

Head to mile 10 .. 1 in 3,009 DY :][-}(1
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The slope of bed varies as fo)lowg s : 9
Head  to mile 10 . ; ; . . . . 1 in 2,509, ‘c;
Mieto, , 2 , | ©+ .. lin284y, 1 Sh t N 14 A-
L . 1in 2,800, ! €€ 0. )
w30, , 40 . + 1in 33515, ] R L. 645 50. &
»n 40 oy 50 . . . . « lin 4’611 e
v 50, mileend . » 1 foot per mile.

30. The surface slope of the Betwa-Pahooj Doab is ver great, necessitating numerous
falls on the branches ; Ii;he water-line has generally been keptsy above the surface, so that flush BETW A CAN AL P ROJECT'
irrigation wil] everywhere be possible below the bifureation, .

81. The alignment of proposed distributaries, none of which will be of any great size,
°xeept that running down towards Churki, is shown on the index map; they have apparently
been chosen with great care. The tota] length of distributaries is 220 miles, but this will be

ey
supplementeq largely by direct irrigation from the branch canals, ) WEIR AT P ARICHH A A_S M ODI FI ED BY CH IEF E N GIN
. 32 Tt was at ope time contemplated to haye a navigable canal from Pahooj to Calpee, but SECTION OF - !
oWing to the rapig slope of the country the cost proved prohibitory, and the Goverm{:ent. of —
»in G, G, O, No. 8181, dated 4th November, 1873, finally decided that navigation

should pe Jefy out of the project, SCALE—FIVE FEET TO AN INCH.
SECTION V11,

DISTRIBUTION OF SUPPLY.
33. The volume of water available at the beginning of the rubbee season is 800 cubic feet
Per second, and thig is the volume the works are at present designed to carry. 'The area to
€ Irrigated congigte of two strips of nearly equal ang uniform width. Mr, Hair has divided
the supply available, 600 cybjo feet, by the tota] length of the branches, viz., 147 miles, and
obtained a quotient 41, which represents the volume to be consumed per mile. The several
channels have accordingly been designed on this regimen. This was the system pursued by

ol

______ 1§ m ey
il 69550 D > & above VWU of weir
Colone] C’autley on the Ganges Canal, and for the purposes of estimating may be accepted as RLofs Lél v P 7 G~~~
sufficiently aceurate; but jp Preparing the working designs it will be requisite to ascertain ST s - tre of Presswre.
the vo jies required by e, distributary, varying with the areas to be irrigated, and to S T Centre
fix t‘he dl'meusmns of bed ang masonry works accordingly, Mr, Hair's proposed distribution = N .o
Is given ip Appendix, page 144, " S o e 48T —_}%— B
i ‘ SRS 7 S S | M
SECTION V11T, Ty sd
DRAINAGE. R - - -=m
34. At only five Points hag drainage heen crossed, piz, — e — -~-‘r‘ - —-'-; T W e
(1) At four Turlongs from the head, where an inlet is provided to admit some small R S SR 7} /S
loeal drainage into the canal, Q T I
(2) At milo 13, where a second jnlet will be bailt, ‘: - -
(3) Atmile 7 the heads of drainage which flows at present to the Betwa are unavoidably N | L T S
crossed, but the m

— o —

by syphan,
(5) At mile 20 of the Homeerpogy Branch, where the same thing occurs, & similar work -
will be Tequired, V
35. All the drainage of the country
arge contour maps Prepared by My, Hair

—

o e e

e s

has been carefully surveyed, and is shown on the !

1 BF e e
=~ 2485

—
SECTION IX.

MasoNRy WORKS, ‘ R
(FOl' Iist See Appendlx’ pag.e 23A)' ! ' . v Y A
I--HEADwoxxs. " will be u

r\\

W. 51 GREATHED, Cou, RE,
Ciaf Engineer, Brigation Works, V. W. Provinces.

dimensio

. . at Parescha have hevn already stated. » .

€ principal .WOl‘ks Obtammg and regulating the supply of the canal are—— d : ofa mini PR
{a) A weir 3¢1083 the bed of ghe river Betos, , work, T—

stratified,,

Yo'
. TTA. NOVAIMHER )
GRAFUED &T (HE SURYRY OF INLiy owrtoms, Calol
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(¢) Head sluices at the head of the canal and left flask of the weir.
{2) Bight and left flank protection works, and

(e} AfRux embankments,
1t will e convenient bo describe these different works in the order given above

{4) The Weir.

37. Mr. Hajr has designed the weir alignment most skilfully, so as. to wake the most of
the rock barrier already described : the weir i placed on the ridge of the reef, curved on the
left flank, convex to the direction of the stream, so that the water will be thrown towards the

middle, Thesill of the weir has been fixed in reference to the Jevel of the © obligatory point”

at R. L. 625°0. The height of the weir ahove the river-bed varies between 255 feet and 4

of the foot, except on the left fank, where the rock is higher than the sill and will have to be
cut down. 'The total Jength of the weir between the steps at either eud is 2,393 feet, or nearly
half o mile, and is caleulated t,o\prodﬂce an affux of 65 feet. {Vide Appendix, page 14A.)
38, The maximuss food volume of the Betwa has been caleulated by various observers
. A . to be about 750,000 cubic feet per second, and
Vide Progs 5> Juse 1873, Fo. 53, it is this volume which gives an afflux of 65

foet, This Bood discharge has been verified by a computation based on the ares of the

catchment basin, which js roughly 185 miles long and 48 miles wide, or 8,392 square miles.
Allowing 80 per cent. of the rainfall to pass off, whichis s reasonable allowanece on roeky land
of rapid slope, these results give & calculated flood discharge of 199,440 cubic feet.

89. The crose section proposed by Mr. Hair is a trapozoid, with sides of equal slope, viz., 10
horizontal to 254 vertical, the top width being 10§ feat, incr eased by a ledge o 15 feet. The

section proposed 19 atable, but the Chief Engineer does not approve of the slope on the dowan-

stream side ; » 6-inch film passing over the weir would fall, theoretically, a6 & point € feet

Tnessured horizontally from & line drawn plumb to the lip of the weir. Practically this

distance would not perhaps be more than & feet, in which case the fslling water would strike
the down-stream slope of the wair st shout half its height, snd would ultimately affect the
bratiop. The down-stream face of the weir should

stability of the structure by wear and vi _
the stability of the work, and thereby to decrease

therefors be nearly plomb ; but to increase . ;
its cost, the base of the weir has been -extended up-Stream as far as is consistent with the

Becessary conditions defined above. The up-stream edge will be rounded, as in certain works in
Madras, in order that drift wood mpay pass over without obstruction and injury to the masonry.
Tnstead of 8 batter for the up-stroam face the Chief Engineer prefors a carve, which facilitates
the passage of water and drift; the curve is 50 designed as to reduce the thickness of the weir

in proportion o the pressure exerted. The section shown is for the highest part; and so much
of the section, measured from the top downwards, as is requisite for the completion of the weir
hroughout the Jength of the structure. Fifteen feet has

%o 3 uniform still level will be built ¢ ; .
been adopted as a convenient aniform dimension for the width of the weirs ab tep.

A section of the weir 88 approved by the Chief Engineer is given on 3 separate sheet
{No. 14A) ; the calculations of pressure and resistance have been'Wde in a manner laid dowa
by Rankine ; the tmpact due 0 tha velocity of approach, of which very little zs‘known, has
been neglected, but to allow for it, the wair is designed to suppord the whole weight of the
Water ghove in time of flood, on the supposition that the channel befosw is dry.

Mo svoid the expense of dressing the face stones 0 3 curvo which varies in each course, it
will guffice to dress the face of each course to & plain surfac?, corresponding to ﬂxe\ chord of the
portion of the arc that falls upon it. The up-stream face will therefore be trapezoidal in Getail.

40. The weir will be coped with ashlar 18 inchee thick, ﬁgely cut ; the principal bloeks will
be of the dimensions shown on the drawing, Dot Jess than 15 inches wide and 1‘1 ton each in
weight. The stone will be procured from Topkin Mohsl, in the Gwalior territory, about 43
miles from Paveecha, where the quarries afford a very hard and durable ved sandstone of ﬁx}e
grain, capable of nice and acourste workmanship. The stones ob th‘e up-streats edge of the sill
_ will be tied down to the body of the weir by iron bolts 11 inch in diameter and 6 feet long.

41, The body of the weir will be built of rubble masonry coursed on both faces : the stone

will come from the Pareecha hill, and from the hill on the vight bank of the river; no stone
will be used in any part of the work under 3th of a cubic foot, and for face work the minimum
dimensions are 9 inches long, 8 inches wide, and Ginches high ; adue proportion of bond stones,
of 8 minimum size, 3} feet long, 1} foot wide, and two coursos in height, will be builtinto the
work, The stone procursble from the Pareecha hill iz 3 gueissoid, very bard; and being
stratified, it is expected that it will be casily worked into blooks of convenisnt size.

E]
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42. Ashlar will be set in Portland cement and rubble in kankar lime mortar : the kankar
will come from Upara, 12 miles from Pareecha, along the canal line, where there is an exten-
sive bed, estimated to yield 40 millions of cubic feet of good hydraulic lime. The faces of
the weir will be pointed with Portland cement to a depth of 2 inches.

43. In paragraphs 4 and 5 of the General Specification (Appendix, page 15A.) Mr., Hair
describes the system he proposes to adopt in building the weir, which appears simple and

practicable.
(8) Under-sluices,

44. The under-sluices are designed by Mr, Hair in a line with the weir, and making an
angle of 75° with the face of the head-sluices; but this arrangement is not approved. Inm
order to create a sufficient scour along the face of the canal head and so to prevent a deposit
of shingleand silt, the two works will be placed at right angles to each other. Sheet No. 11A
shows the alignment which the Chief Engineer proposes for these two works,' .

45. The height of the face wall of the under-sluices is taken by Mr. Hair at 3 feet above
the calculated afflux level. The Chief. Engineer has increased this margin to 6 feet. The

highest flood level is shown on the drawings at R. L. 64550, aud has been determined by

local observation at different times and by different officers : Captain Home in 1867-68 gives

R. L. 64,5"67 as the flood level; Captain Bagge in 1868-69 gives R. L. 645°54, and more
rece-nt enquiries show that R. L. 645-50 as the highest point to which ﬁood; have b;en known
]too rise. The ﬁoo.ds of 1869 o!ﬂy rose to 641-99, and these are generally acknowledged to have
een unusually high, The height of aflux is calculated at 65 feet, so that the reduced level
of flood water above th.e weir will be 652:00. The R. L. of the top,of the under-sluices’ wall,
of the canal he'a,d-slulces’ roadway, and of the affiux embankments are therefore fixed at

658:00, 3 feet higher than Mr, Hair proposed.
Whic:i.h Tlght?nge];-shflces will c?nsist of sizF vents of.10 feet each, in all a waterway of 60 feet,
¢ Liel Lingineer considers sufficient ; the head-sluices have eight vents of 6 feet.

o gt .sluices would contract the weir unduly.

. The piers of jr.he under-sluices were originally designed 3 feet thick, but in order to
support the great superincumbent, weight with safety they have been increased to 5 feet.

The hearting of conerete proposed for the spandril wall will give trouble in building and
may settle unequally and shrink away from the face walls : it will be but a trifle more ex-
fgl::;ve to build the wall entirely of rubble masonry, and this the Chief Engineer proposed
e‘luathl:)etl{::e;laie,o zfas Z};eﬁsrtsxip;::iagd;:g down to the weir should be twice the rise instead of only

48. The abutments, piers,
steps leading down to the weir w
stream face being pointed with

arches, groove pilasters, cut-waters, flooring and the treads of

ill be of ashlar ; the rest of the work of rubble masonry, the up-
Portiand cement,

(¢} Head-siuices

49. sl \ .
by six v:‘::s h:;d 68221:: Se:(’:l?ll'? grSt fies‘gned to admit 600 cubic feet per second into the cansl
canal 50 1,000 cubic fect i bub In order to admit of an expansion of the capacity of the
velocity o,f 3 foct por secfeg second the number of openings has been incrensed. With a mean
say. né, 8 waterway of 47-6 feet will be required, or eight bays of 6 feet,

50. The alignment of the head-slujoeg ion wi i
been discussed ; the Chief Enginee sluices in connection with the under-sluices, has already

11A. T proposes to place them in the manner shown on Sheet

51. Here also, asin the case of the under-

l T . . ’
3 feet has been provided in the estimate, sluices, the piers are too thin, and a thickness of

Instead of the long flight of steps in prolongation of the piers, which are needlessly ex-

f:;swe, the Chief Engineer proposes buttresses, 10 feet long at base, tapering to 2 feet at

The top of the face wall should be at the R. L. 658000, for reasons already assigned, and -

the wall itself should be built of solid rubble masonry throughout.
built52f. Tll:le abutments, piers, arches, groove pilasters and cut-waters, and flooring will be
of ashlar, the parapet of brickwork or rubble stone, and the rest of the head-sluices of

lc'i\;:t:::le magonry. The river face of the work will be pointed with Portland cement 2 inches

The head-sluices will be founded on solid rock,

(4]

“being cheapest, will be run fr
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(8) Flank Protection Works.

53, The left flank is protected by an up-stream and down-stream wing wall ; the former
runs 140 feet in from the river edge and the latter 75 feet. In order to hold up the bank
immediately below the under sluices, the down-stream wing wall will ran at right angles to
them for a length of 50 feet. The whole of the left flank wing walls will be founded on
rock.

54. On Sheet No. 14 of Atlas a plan of the right flank works is given. Two diverging walls
will run into the bank; that on the up-stream side will be 100 feet, and that on the down-
stream 50 feet in length. These walls will not rest on rock, but the. soil is .stiE and well
able to support the weight that will be put on it, as shown by the geological sections. |

. The tops of the flank wz;.lls will be 6 feet above the afflux ;level, i. e., at the R. L, 65800,
exclusive of parapets.

55. Except the parapets, which will be of brickwork, if the rubble stone is not found to
be suitable, the whole of the flank walls will be of rubble masonry.

() Affur Embankments.

56. In order to avoid inundation by the afflux caused by the weir and to prevent water
11 be required on both sides of the river;

passing round the ends of the weir embankments wi ; .
they vgill be thrown up on the aligx;ment shown at Sheet 12 of the Atlas. The formation width

has been fixed at 20 feet, and the level at 658:00, or 3 feet highfar than .allowec} by Mr. Hair,
The portions near the weir which are liable to scour will be pitehed with any stone, and the

bank itself will be hearted with a puddle wall 8 feet thick.

(N Construction. .

Superintending Engineer (Appendix, page

57. A memorandum by Mr. C. Anderson, : g1 Ppe ;
ed to deliver material into the weir ; guarries

19A.), describes the manner in which it is propos . .
for rubble stone will be opened in the Pareecha hill on the left bank and in another hill at the

upper end of the right aflux embankment. Tramways, ?o be worked by manual ]a.b'our, as
om both these sites to the werr, and the loaded wagons will pass
r by means of inclines of 1 in 100. A tim.ber staging, qarrying
rails, will be run along the line of weir resting on piers, which will be b‘m]t of the section and
of the same materials as the weir, of which they will finally form portions. '.!‘he tramway on,
the line of weir will be removed annually befors the flood season, during the period of construc-
tion. A tramway will also be run to the lime-kilns and another to the ashlar-yard,

8. Mortar for rubble will be ground by bullock power i1.1 na.tiv? mills, as being cheaper
for the quantity of work to be oxecuted, both in first cost and in W(_)rkmg expenses, than steam
mortar mills. (Vide Appendix, page 21A.) The number of fml}g required being only 30,
they will not occupy undue space. For finer .work., however, it will be necessary to. h:_we'a
couple of mortar mills worked by steam, which v.vxll serve to supplement the native mills in
times of high pressure; two have accordingly been included in the estimate.

59. It is caleulated that it will require 24 years (vide Appendix? page 21A)) to eomp}ete
the head-works. In the first year work on the head and unde.r-slmoes and flank Proteetlons
will be pushed on, nothing being done to the weir, except cuttu}g the bed, preparing a.shl.ar
and quarrying stone ; in the second year the head and unde.r-slulces and flank protections will
be completed and the weir built up to R. L. 61500, and in the third year the whole. work
will be completed. It is anticipated that by the end of the third year, counting from the date
of sanction, water will be admitted into the canal.

Appendix, page 18A.,1s a calculation of the number of carts required for the carriage of

materials to Pareecha.

Extensive workshops will not be re
simple nature, hand blast forges and carpenters
A portable engine has, however, been added to
tingencies,

down to the bed of the rive

quired. The work required for the weir being of a
> benches are probably all that will be required.
the estimate for tools and plant to meet con-

(9) Estimate.

80. The alterations above described have rendered necessary
fresh estimate of the weir and head-works in the Chief Engineer’s Office.
20 per cent. for contingencies, is now found to be R6,63,207.

ry the preparation of an entirely
The cost, including

[ o
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‘ I1.—BzInges.
(a) Main Canal.

61. On the main canal 13 bridges have been estimated for, including the head-works and
the bifurcation. This number affords one in every mile and a half, which is excessive. There
need be only a bridge for every two miles, or nine in all.

The designs submitted by Mr. Hair only provide for a discharge of 600 cubic feet per
second, but the bridges should be built to allow of the increased capacities of 1,000 cubic feet,
1. e., they should be 38 feet between abutments, and the flooring should be depressed one foot
below the canal bed, to meet the ultimate deepening provided under earthwork. As at the
site of two of the bridges the canal is in heavy digging, the bridge abutments should be suffi-
ciently high to allow of the roadway being in a level with the country : the style of depressed
bridge proposed by Mr. Hair is not approved in the deep digging which is encountered on the
main canal, on account of the difficulty of affording proper drainage to the approaches. The
estimates have been modified to provide for these alterations.

All masonry works on the main canal will be built of rubble,

(8) Branches.

62. On the Humeerpoor Branch 54 bridges are given, at intervals of 1} mile ; on the Calpee
Branch nine bridges, at 1'3 miles apart, and on the Kutound Branch 43 bridges, 1'36 miles
apart: in all there are 119 bridges at an average distance apart of 1'4 miles.

According to the provision for regulating the distances at which bridges shall be placed
over channels of diverse dimensions, adopted with the approval of the Government of India in
Circular A. of 1874, there should be a bridge at every mile of these branches, since the bed is
everywhere under 20 feet. In Bundelkhund, however, roads are few, and in all probability
the number- of bridges allowed by Mr. Hair will prove ample; it is nevertheless deemed
advisable to enter the full number, and the cost of 42 occupation bridges has accordingly been
added to the estimate.

63. The bridges are provided with grooves, for use as stop-dams and in other respects
the designs are good and call for no further remarks. ‘

64. Except on the first ten miles or so of the branches, good~building stone is not ptO:'a.ﬂl"
able ; the works have therefore been estimated at brickwork rates. Good clay for brickmaking
is reported as not difficult to find, and good kankar lime is everywhere procurable within a
reasonable distance of the works. (7ide Appendis, page 16A.)

ITI.—InLETS.

65. There will be two inlets, one in the st mile aud the other in the 2nd mile of the
main canal, to admit local drainage unavoidably intercepted. Mr. Hair has designed the
inlets on inclines of 1 in 2, with retaining walls at intervals: with this construction there 18
great danger of settlement, and consequent cracks, which would admit water under the
masonry ; a safer and cheaper construction will be to have a vertical drop down a rectangular
well, from the bottom of which a culvert will lead to the canal.

IV.—DgAINAGE SyPHONS,

66. Two drainage syphons are required, one in the 17th mile of the main canal, and one
in the 20th mile of the Hamirpur Branch. They are both of the same design which has been
adopted on the Agra Canal for the Buriab Nala.

‘The syphons on the main canal will have to be built 10 feet longer and a foot lower than
designed, to allow for an ultimate increase in the size of the canal; this alteration will cost
R1,500, which amount has been added to the estimate.

. Mr. Hair calculates (Appendix, page 25A.) that this syphon will have to pass off 1,290
cubic feet per second, and has provided five vents of 30 square feet in section, with a heading
up of 1-25 feet; this waterway would discharge the whole volume with a mean velocity of
?5'5. feet per second. The calculations on which these figures are based are, however, faulty ;
1?, is assumed that all the rain that falls will flow off, whereas not more than 50 per cent. is
likely t? do 80: the volume to be provided for is, therefore, only 645 cubic feet per gecond,
and this will give a mean velocity through the five events of 4'3 feet per second, which is.
perfectly safe,

67, The syphox'x on the Humeerpoor Branch is p;ovided with three vents of 20 square feel
each, For calculations see Appendix, page 25A,

[»]
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V,~—FaLs.

68, The falls are all designed of the usual pattern, and have been placed in connection
with bridges, which should be built below the falls, and not above thém, so as to avoid un-
necessary ramps. The crest of the falls may be placed just so far above the face of the bridge
that the water may fall clear of it.’ A sloping apron of dry pitching should be provided along
the up-stream fall of the weirs. '

VI.—MiLLs.

69. In connection with the falls native flour-mills will prove very profitable ; they need
only be of the very simplest construction, and R25,000 will amply suffice for all requirements
under this head. This amount has accordingly been included in the general abstract.

VII.—REGULATORS.

70. Complete designs for these works are given in the Atlas: one will be required a$ the
head of the two pringipal branches and another at the head of the Calpee Branch.
The designs admit of improvement in the following respects :—
(1) The masonry apex should be omitted, as it ensures a deposit of silt immediately in
front of the regulator when shut; and :
(2) The wall connecting the two bridges should be on a much flatter curve. These modi-
fications will not affect the cost of the works.

VIII.—Ta1. Works.

71. Tail works have been entirely omitted from the project, because the ravines into which
the channels fall extend so far from the Jumna, and are so high a.boYe‘ it, as to render any
retrogression of levels too distant a contingency to require present provision,

IX.—EscAPES.

72. Mr, Hair proposes to meet the cost of escapes from the a!]otment for distributaries ;
but this is quite inadmissible. Allowing an escape for every 40 miles of canal, four will be
required in all, which with their masonry heads may be taken at R10,000 each. 40,000
has been added to the estimate on this account. The distance from the canals to the adjoining

rivers is always inconsiderable. , ..
X.—IxnspectioNn Houses,

73. Mr. Hair allows 15 first class inspection-houses ; but as the branch canals are mere
distributaries, it will be sufficient to allow these large buildings for important situations omly,
These are—1, the Head-works. 2, the bifurcation. 3 and 4, the head-quarters of the sub-
divisional officers in charge of the branch canals. '

Owing to the nature of the goil in Bundelkhund travelling ig a work of ‘some - difficulty ;
hence inspection-houses should not be built too far apart. Ten miles are considered a very fair
day’s march in Bundelkhund, and the inspection-houses are arranged accordingly.

74. On the main and branch canals 16 inspection-houses will be required in all, ‘including
one on the Calpee Branch ; four of these will be first class and 12 second class. -

As all the distributaries are within easy reach of the branch canals, no accommodation
will be required on them beyond patrols’ huts, which are provided for every 5 miles or (22
44 in all, :

75. The first class inspection-houses will be on the standard plan recently sanctioned.
The accommodation provided will allow of shelter being afforded to a European officer, an
upper subordinate, and native office and establishment.

The second class inspection-houses will be of the standard design recently adopted. The
accommodation afforded comprises a centre room 18’ x 16’, with a dressing-room and bath-room,
an open verandah and small room for the native office, a porch over the west door, and a long
open wverandah to shade the east wall.

Drinking wells will in all probability be required at many of the inspection-houses’ sites ;
10 have been allowed for in' the estimate.

The cost of patrols’ huts has been fixed at B100 each, which provides for permanent
buildings,

. ol
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XJ,—I'EMPORARY ACCQMMODATION.

76. During the progress of the head-works a temporary. settlement will be required at
Pareech.a and ’c%mpora.ry buildings will be required in the branch canals for sub-divisional offi-

cers and native establishment., v

A plan of the proposed settlement at Pareecha .(S'heet; No. 13, revised) has been drawn
out by Mr. Hair, but it appears to be compressed within too narrow limits; a survey ?f the
ground on a large scale will be. called for and Mr. Hair’s proposals modified according to
circamstances. To allow for possible extra requirements 500 acres have been taken as the

area within station boundaries,

77. The extent of temporary accommodation has been limited by the establishment which
it is proposed to employ. A detailed list of the buildings provided is given in the General '
Abstract, pages 20 to 23. The designs for the buildings will be similar to those erected at

Narora, the head of the Lower Ganges Canal. Five drinking wells are included in the esti-
mate, as is also the cost of station roads and drains.

XIL—DiSTRIBUTARIES,

78. The approximate alignment of distributaries is shown on the large maps and on the
index map; there will be 220 miles in all estimated by Mr. Hair to

cost R350 per mile.
Exclusive of land, this appears to be too low, and it is doubtful whether the works could be
constructed for this amount,

R500 would be a safer rate per mile and has been allowed in
the abstract.

Including the branch canals,

from which direct irrigation will be practised largely, five
outlets have been allowed per mile

of irrigating channel, and this provision should prove ample.

SECTION X.
LAND; TOOLS AND PLANT; RATES, &c.
I.—Lann,
79. The estimate for land provides for the following widths being taken up on the several

channels :—

. Average width,

Main canal . . . . . . . . 400 feet.
* Humeerpoor Branch—

Head to mile 48
Mile 48 to mile 68
Mile 68 to tail
Kutound Branch—
Head to mile 50
Mile 50 to tail
Calpee Branch
Distributaries

* ‘ . . ’ . . 110 ,,
’ ) ' : * . 80 ,,
. . . . . . 75 »

Y T
. . . . . . . 75 ,,
. . . . . . . . 5,
. . . . . . 40 ,,
In addition to the land required for channels, the whole area included between the afflux
embankments, 1,228 acres in all, will be taken up ; 500 acres for Pareecha station and 60 acres
for inspection-houses, bringing up the total area of land required to 5,477 acres. A rate of
R25 per acre is allowed by Mr, Hair.

~ Land in Jaloun is worth eight years’ purchase of revenue (vide Revenue Administration
Report of Board of Revenue for 1872-73, para. 27), and the average land revenue is B1-8
an acre; the price of land is, therefore, R12 an acre, so that the rate taken in the estima"ws
allows an ample margin for other forms of compensation. With 10 per cent. for contingencies,
the total cost of land will be R1,50,618.

80. The land encloged by the afflux embankments will either be planted out or leased for
cultivation, as may be found most expedient.

No increased width of land is provided for plantations, but on the main canal the spoil
bank may ultimately be planted out. .

-

II.—TooLs anD PraNT.

81. Mr. Hair estimates that B65,844 only will be required for tools and plant, but be
bas omitted so many essential articles from his list that a revised estimate has been drawn
up. The total amounts to #1,49,886, or a little over 5 per cent. of the cost of works.

)

-
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IIT.—CanaL RoADWAY.

82. A width of 25 feet is allowed on the main canal, left bank, bet.ween the spoil bank
and edge of canal to serve as a road ; on the branch canals the roadway will be on the surface
of the country just outside the bank. . , o ‘

For facility of inspection during construction a strip of land, 15 feet wide, immediately
outside the spoil will be roughly levelled off to serve as a road.

IV.—Rarss.

83. A list of the ratgs on which the estimates have been based is givelf m Appendix, page
22A. Mr. Hair’s rates for rubble masonry and brickwork have been raised from R18 and
20 to B ively. | |

0 toS?.z(())inad :rijli?:z:: this, and in so inaccessible and ba.?kward a cour;trg, the.PIOVils;'OE
for contingencies should not be less than 10 per cent. on the estimated cost of the wml;s;swb ic
has been allowed on all the estimates, except fo; the head-.works, wl.lere 20 per cent. cen
taken to cover the contingencies to which the weir works will be subject.

V.—ESTABLISHMENT.

85. It is proposed to organize two divisions ; the first division wrlll cfo:}s:st otfa }fll-]:hl;f:gt.
works and main canal, the second will comprise the twq brgnches. Ah;(:,to -:.1 iﬁl!l . ﬁ;st ey
proposed for each is given in Appendix, page 22A. The estimated .expe;gl tlhure olst gy
sion is £14,00,000, and in the second division £10,00,000, oxclusive of She fost 3% SHA8 ¥
ment. The first division works will be confined within comparatively narrow Lin n ’will be more
of the second division will be spread over a large area of country and supervisio ¢
difficult, s :

86. The cost of executive establishment for three years 18 estlmalted afl ?;185,11136,1:::
to allow for direction and contingencies 20 per cent. on the cost of works an 8 ana p.

has been entered in the abstract.

SECTION XI.
GENERAL.
J.—PreLIMINARY WORKS,

i date together with a sum
i bited to the Betwa Canal up to g ' ;

su&ic?lt'l‘tl;e to:]alljtipil:llt:::e(::a:y works of setting out, surveying, and prepaal;;ng ietall}:ed
desigt(:;l for d;s(t);rili)utaries has been included in the classified abstract under the he: o b

Himinary.” 11.—INTEREST.
i d to the capital of to Betwa Canal,
i ion of the interest to be eharge ot pi .

2;8 A detailed ca:Clll(;’::‘:’;: the Government of India, is given in Appen(!u, page 25A.
i:c,ol‘ ing todth;a rec;n or al will take three years to construct, and a furt.;her period f’f sxx.ayiears
be 2 Asfume ¢ “-; ° oan the full interest calculated in para. 25 of this repox:t, viz., & ggr
cefx:re gh?gtgfg;;:gn?i’f interest dehitable to capital is on .these assumptions R7,85,209,

which includes the working expenses for the first six years.

" 1I1.—~CAPITIZATION OF Lanp REVENUE.

89. The total area of land required is 5,277 acres, viz., 2,682 acres in the Jhansie district
. The total ar

. . r districts. ‘
nd 21;795 131 th; Ja};m;l ;238?;20;1;;; on the Revenue Administration for the year 1872-73
rom the Board o

1-7-1
i . is assessed by the last settlement at® .
' sppears that the Government. 1an 1.Wmm:wlrs acre in Jaloun, and R1-3-11 per acre in

® Pide D, Settlement Series, Appendix IIL JThansie, on the area a.ctually ander cu}itivl:tign:*
5 Itivate nd in
land revenue of 569 of cu
i oot part of the samo report¥ the Jaloun is put down a B767, or B1-5-7 pe(!)‘
4. Rovenue Serle, Appendix VL, Lapses” acre. We may therefore safely assume B1-4-

i . The land
as the land revenue per acre in Jhansie and R1-8-0 in Jaloun and Humeerpoor
revenue to be annually remitted is therefore— T
2,682 x 1:25=R3,352 in Jhansze.
2,795x1'5 = ,, 4,193 in Jaloun and Humeerpoor.

O

Total R 7,545

ii—— °
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90. The Government of India in Resolution Cirenlar No. 43, dated 24th April 1873
ruled that the capital which represents the annual abatement of land revenue is that sum which:
if invested in 4 per cent. Government securities at the market value of the day, would produce
interest equal to the abatement.

The latest quotations of Government 4 per cent. securities are from R102 to R103.4-0,

" mean R102-10-0 : hence the amount debitable
i tf’ the Betwa Canal on account of capitaliza-
tion of land revenue is R1,93,576.% '

‘ IV.—Gexrrar Assrracr.
91. The general abstract has been drawn oyt ;

' _ - has been out in the budget form latel ed by th
Tt e e o b 2, ey et
of land xevenus, will bo found o6 page 5 sg capital and the amount due to capitalization

The cost of works,
Pho oon R30,26,348
Land revento ‘ . . . . . . . 5 1,65,209

. . . . » 1,93,576

tools and plant, and establishment is

Geaxp Totan 1 39,85,133

———————

(Thirty-nine lakhs eighty-f

. ghty-hive thousand one h i

ten Mr. J_.t :iaLr,l ISuperint,endenl: of Works, ol L and thir
esigns with skill, but the failure of h; i

leave before the review could be ex;eZte;.ls hoslth rendered i pocesaty for bim to take moliel

. W H. GREATHED, Coloxel, R.E.,
Chicf Engincer, Irrigation Works, N.-W. Provinces.

THE PROJECT

oF

THE BETWA CANAL, BUNDELKHAND.

From Coroner W. H. Gerarezp, R.E., Joint Secretary to Government, N. W. P, P. W. D,, Irrigation
Branch, to the Secretary to the Government of Indis, P. W. Dept,—No. 131IW., dated 12th

December 1874,

I au directed by His Monor the Licutenant-Governor of the North-West_ern Provi)?ces
to submit for the approval and orders of His Excellency the Governor General in Council 8
detailed estimate for the construction of the Betwa Caual, with detailed drawings of certain
of the proposed works, and a comprehensive note b.y the. Chief Enginee?r which .relates _t.he
history. of the project up to the present time and investigates the questions especzlally raised
by the Government of India and by the Right Honourable the Secretary of State in your des-
patches No. 8181 of 4th November last and No. 836 of 21st May.

2. The submission of these papers bas been delayed by the Superintendent of Works,
Mr, Hair, who prepared the estimates, being obliged to taktf leave to England for the recovery
of his health in the mouth of August last, which has laid the burthen of completing the

investigations on the Chief Engineer. )
3. His Honor the Lieutenant-Governor bas carefully considered the statements and
conclusions of the Chief Engineer in

.« From these sources the Govgr:mmrtt:f tkhe gm’;ﬁfﬁ;“f;:; respect of the dependence to be placed
inces so far back as 1868 had certan kno : i
of extremely scanty rainfall a sufcient volume of water in the on a supply of water in the Betwa suf-

river Betwa for the supply of the proposed canal can be dfpe"d."d ficient for the wants of the canal, and
upon during the three months in which a failure of the regular r‘"‘l; . firmed in th .. od i
is most, disastrous. This supply isa guarantee against famine atall 18 confirmed in the opinion expresseéd in

times._for it will bring ordinary monsoon grain crops to “‘"““'it" the 3rd ragra,ph of my letter No.
fud wil cvsnre tho sowing wnd geriiteltn . 1 e be aforded C.538W, of the 20th June, which is
throughout the rubbes season.” quoted marginally for easy reference.

4. Tt will be seen that Sir Jobn Strachey and the Chief . Engineer, Colonel Greathed,
demur to the statement in pamgmph 2 of the Secretary of State’s despatch, that in ordinary

years water would not be required to any great extent for khureef crops, nor be available in

_sufficient quantity for rubbee crops.

5. Information regarding rainfall has been sought from the Government of Bombay, the
Agent to the Governor General in Central India, Political Agent, Bundelkhund, the Deputy
Commissioner of Sagar, the Meteorological Reporter, and the Board of Revenue, North-
Western Provinces, but from none of these authorities, copies of whose letters will be found
in the Appendices, page 11A., can any statistical information regarding the rainfall of 1830
to 1834 or 1838 be obtained.

The note made by Mr. Anderson, Superintending Engineer, in 1869, which is quoted in
the Chief Engineer’s report—* The Betwa no doubt was lower during last season than it
has been known to be for years; some say since the famine of 1837 amd 1838—"" is the sole
result of the very particular local enquiry promised in paragraph 4 of my letter of June above
quoted and carried out in accordance with that engagement.

6. Attention is invited to the decided sdvocacy of the canal contained in the report of
the Settlement Officer of Jaloun, paragraph 7 of Appendix, page TA. '

7. The estimate has mounted up to 40 lakhs of rupees* in consequence of the imposition

® The exact amount as given at page 25 is ©Of 78 lakhs for interest and nearly 2 lakhs
"?9'85'133’ : for capitalization of land revenue ; of the pro-
Vision and estimate in minute detail of all subsidiary requirements for the execution of the

<
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works, which did not come into the previous estimates, and to a‘scrupulous fulfilment of the
requirements of paragraph 8 of your letter No. 8181 of 4th November 1873.

8. The Chief Engineer is unwilling, notwithstanding the Settlement Officer’s more
sanguine expectation, to alter the returns of net revenue anticipated in his note on Colonel
Brownlow’s first report on the Betwa project, found at page 122 of the Proceedings of this
Government for June 1873. :

9. The estimated capital expenditure being B40 lakhs, the estimated revenue R ,71,000,
the estimated return amounts to 4'3 per cent., which will very nearly pay the interest
of the capital. The revenue thusestimated includes enhancement of land revenue, due' to the
canal, and in consequence no further direct return can be claimed. The other pecuniary ad-
vantages which the canal will afford are stability of revenue where all was insecure, and
affluence wheve abject poverty was the universal rule. The value of these results cannot be

estimated in money, but they will doubtless be allowed due weight by the Government of
India and the Right Honourable the Secretary of State in Council. '

10. As His Excellency the Governor General in Council is satisfied of the propriety of
the proposed' undertaking, it is unnecessary for the Lieutenant-Governor to say more than
that he entnt:ely concurs in the cordial recommendation of the project which has always been
afforded by.Slr W. Muir, and recommends the detailed estimates for early sanction. Sir John
Strachey w1sl.1es, however, to guard against the possibility of his views being misunderstood,
1t seerns t<? h}m ffhab 00 more obvious duty ever fell upon the Government than that of con-
Sﬁl‘tlctll:lg ragation works in Bundelkhund, and this Betwa Canal in particular. At the
sarite time he does not anticipate that these works will financially prove directly remunerative
within any ‘tlme. which can now be foreseen. Almost every canal that has been made up to
the present time in this part of India has been, under the existing ‘system, a burden on the
finances of the Empire, and the Betwa Canal is not likely to be an exceptio’n.

The 3rd and 4th paragraphs of the Secretary of State’s despateh have been answered in

paragraphs 6 and 7 of my letter to your address of ¢ i
oot m o Sen s ¥ ress of the 20th June, which has been frequently

From Coroxzr C. H. Dicxens, R.A., Secretar
ernment of the N. W, P,
September 1875,

. y to the Government of India, to the Joint Secretary to the Gov.
in the P. W. Dept,, Irrigation Branch,~No. 318-1., dated Simla, 8th

I M directed to acknowledge the receipt of your letter No. 1311W., dated the 12th
December last, submitting plans and a detailed estimate, amounting to R30,26,348 (includ-

iug cost of establishment), for the Betwa Canal project in Bundelkhund, together with a com-

prehensive note by the Chief Engineer on the subject; and in reply to communicate the

following remarks for the consideration of His Honor the Lieutenant-Governor.
2. The quantity of masonry and earthwork provided for the head-works appears to be
unnecessarily large, and may apparently be considerably reduced.
, 3. The number of bridges, about one to each mile, is considered to be in excess of the
mmediate requirements of a tract of country the traffic and resources of which is confessedly
undeveloped. Probably half the number would suffice for many years to come. .
4. Mills are not a necessary adjunct of the project, though they are always a profitable
investment if judiciously located. In the present case, when the demand for them arises they
can be readily built. )

5. The cost of the inspection-houses and temporary shelter appears to be very large, and
is considered to be capable of material reduction.

6. The extent of the land to be taken up may apparently be reduced considerably.

7. It appears that every possible expense required to complete the project in the best style
has been provided for in the estimate ; but it is considered by His Excellency the Governor Gen-
eral in Council that in a scheme of this character, where the estimated returns are so meagre, it
will probably suffice to construet such works only as are absolutely necessary for the present.
1f the supply of water is found to be greater than can now be calculated upon for a certsioty,
or a demand arises, as is not improbable, for khureef irrigation, the necessary additions can
then be made to the works, though the cost would possibly be greater than if all the works
were carried out simultaneously now. ,

8. In proposing that the amount of the estimate to be sanctioned at first should be rew
duced, the Governor General in Council wishes that in so doing there should be a record

[4
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served of what, according to the present aspect of the case, the eventual a,fiditio.na.l outlay is
likely to be if the project proves to be a financial success. This will prevent its Leing supposed
hereafter that the probability of such outlay was unforeseen, ’

9. T am also to remark that the estimated cost of the Betwa project, as reported by the

Local Government in April 1872, was stated approximately at 174 lakhs of rupees. Sulfse~
it was roughly estimated at R18 lakbs. The amount of the detailed

) 1 1873 .
doendly, A 30} Jakhs. The former esfimates have been re-

estimates now received come up, however, to

turned to the Local Government, and cannot cousequently be referred to. 1 am, therefore, to

enquire to what cause the great difference between the approximate estimates above mentioned

and the present detailed estimates is chiefly due. o .

10. As regards the remissions of revenue in the five districts of Bundlpkhu.nd during the
12 years from 1860-61 to 1871-72, which are stated to have amounte'd.to £33,63,989 and
which are attributed to famines and drought, I am to request that the opinion of the Revenue
officers may be obtained as to the amount dueyto the t.ra.cts z?.ﬁ'ected by the pl"opose(‘l getza
Canal., If the exact figures are not obtainable, an approXimation sho.uld be ngen,-anfutt )
probable saving which may be effected in the Temission .of land revenue in those tracts in future
years should also be estimated by the Revenue authorities. N .

11. T am further to suggest that it may be considered whether xt‘: is not possible to md'u]ce
the cost of the establishments. Except at the head-works, and possibly for tht.adﬁ;st 20d1.nl es
of the main channel, the works are similar in character to what would be provi fe oxzh is ;:-
butaries elsewhere, and it seems possible, therefore, to reduce the cost of this item for such com-

paratively petty works. .
12. ?’l‘}}:e agatement of land revenue is calculated on the whole of the land to be occupied,

including that in the Native States which should apparently be omitted..
18. The proposed arrangements with the Native States for occupation of land and pay-
ments for water to be supplied to them should be stated. -
14. The estimate for land compensation should be attested by ¢ :
15. The estimate submitted contains mo provision for leave and pension allowances;d r:;r
. y i

for charge for exchange on payments in Er'lgland, if any, for the work. The necessary
tions should be made to the estimate on this account.

. . . *1
i ideration by the Chief Engineer copy .of a note¥* by
16- 1 am dixeted to forwer® for cons}demt,he Ix{spector General of Irrigation Works on

the engineering details of the project.

e Revenue authorities.

® No. § A.-I. G., dated 21st June 1875.

—

seation Works, on Betwa Canal Project.~No. § A
. E.,Ins ector-General of Irrigation N
Note by Coronzr J. CrorroN, R P o e 1075,
i :ocharges of the Betwa in flood is caleulat-
_works,~—The maximum disc arge .
ed atl%5{))z'goanfbfjegeitw;;r asecond. "The calculation is based on a measured discharge l(})f t.(\:l(:
Iiver on t’he 1()cth September 1869, which amounted to 45,150 culfnc3 ﬁez I:,er second, ; ml'i‘T,e
ivi elocity of 311 feet per second.
secti £ 14.492 square feet, giving a mean v _ )
‘:ectio:l(:;a;rezriaf :he n;axim;lm flood is stated to have been 88,018 square feet. T¥1e me‘au
74130 _ g.49 foet, per second. These results agree very fairly with

velocity would, therefore, be ggos - :
, imat tion of rainfall runping off the catchment, {see
those deduced from an estimste of e note, No. 6744, dated 1st April 1572.)

an 1 hall to Colonel Brownlow’s .
nexure by Captain Marsha ed weir, the velocity of approach is left

‘Now, in the calculation of the afflux at the proposed weir. ' ‘
out bezau’s*l?n Ml: C;I:::' states in a footuote to his calculation, it made no appreciable difference
] R :

o tho sl What velosity b ssumel v 1 csoodon o 0% S, S0
1 1 RN culate tnat a dis Y
:::I:{ldge:u::a :nf:eﬂ:ux::)f s:t(l:;,; i’ geec: liumatead of 64 feet, so thaF the works. on the flanks of t_he
weir and the aflux embankments would seem to be 24 feet higher than is x_xecessary. Agau?,
the walls aud top of embankment are designed 6 feet above the surface of highest flood. This
is, I think, an excess of precaution. Three feet, or at the most 4 feet, would be ample.
If the maximum discharge of the river does not exceed that assumed—and there seems

every reason, 1 think, to suppose that it is rather over than under the mavk-—-'the height of the
head-works and river embankments might, according to the above calculation, be safely re-

, sluced 54 foet. It is, besides, to be borne in mind that the co-efficient (0°628) used in the

formula for caleulating the afflux is only applicable when there is a deep pool above the weir ;
P

o

.
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and when this pool silts up, as it will ultimately to a great extent, if not entirely, the velocity
of the current immediately above the weir will increase to a certain extent, and consequently
the height of flood will be something less than calculated by the formula.

This decrease in height would effect a considerable diminution in the cost of the work.

2. The alteration in the alignment of the regulating bridge and escape sluices in the weir
made by the Chief Engineer is a decided improvement on the original design. The water-way
through the under-sluices is, I think, too small for a river like the Betwa, where the depostt
brought down in Hoods must be coarse sand, and probably shingle, which will need a strong
current to scour away. '

Colonel Rundall was of opinion that the aggregate width of water-way should be double
that of the canal regulating head. It is designed in the proportion of 60 to 48 ; and the bays
of the under-sluices are each 10 feet in width, but only 8 feet in height up to the crown of the
arches. I would increase the height to 16 feet, leaving the width as designed.

3. The body of the weir is thicker than is perhaps absolutely necessary ; but in a river
with so steep a slope, and subject to floods of such magnitude, it is well to be on the safe side.

The top width might, however, with safety be reduced to 12 feet along nearly one-half
of the length where its height above the rocky bed is inconsiderable. 1t should all be built of
uncoursed rubble, which the experience in similar works in France and lately in Bombay has
shown to be much superior to coursed masonry for this description of work. The Doomagoo-
diem weir, on the Godavery, also goes to prove that good rubble in cement is at least equal to,
if not superior to, ashlar for the coping. That work has now been standing for about six
years and has suffered little or no damage, though exposed to exceptionally violent action.
The cement with which the work was built was manufactured on the spot from material
obtained in the vicinity,

The top of the weir should be countersloped up
or other floating substances over it.
not answer the purpose.

-stream to facilitate the passages of trees
The edge is rounded off in the design, but this would

No provision is made in the estimate for protecting the bed below the weir from the
scour and the impact of the falling water, Tt is stated that the reef of rock on which the
work is to be constructed is free from cracks or fissures visible to the eye ; if any should here-
after be discovered, they must be carefully filled with masonry in good cement.

Portland cement is estimated for ; but if a good cement can be manufactured on the spots
1t will answer equally well and be much cheaper,

4. A core of puddle is designed along the ceutre of the affiux embankments. This is
quite unnecessary. From the levels shown on the plan, it appears that the greatest depth of
water in the highest flood (in which the afflux is calculated to be 63 feet) standing against the
embankment would be about 14 feet only, except in one or two places which are evidently
isolated depressions of small extent, the deepest of which is not more than 7 feet below the

surface of flood. The width, too, at top of the bank (20 feet) is excessive : 15 feet should be

ample on the high portions, 10 feet over the greater portion of the length.

5. Bridges.—The number of these seems enormous, Including those at overfalls and.
regulators, the distribution is as follows :—

BRIDGER.
Channels, qullgth, ) Remarks..
miles. .
At falls and | Ordinar
\ regu]x:;:ors. occul;ntio);\. Total.
Main Line . . . B 2 Vi 9 |1in 216 miles.
Humeerpoor Branch . 78 11 67 78 lin 1 mile.
Kutound . . 58 8 52 60 1 in 0-98 mile.
Calpee . . . . 11 1 9 10 1'1 mile.

In a populous well-cultivated tract, such as the Doab between the Ganges and Jumna,
experience has shown that it is necessary to provide crossing places to this cxtent ; But in an
undeveloped country, with a comparatively sparse population, such as Bundelkhund at present
is, 1t can hardly be necessary to make so large a provision. Probably less than one-half the
number of bridges estimated for would answer for present wants and for many years to come.

With chanuels so small as these, the coustruction of additional bridges, if found necessary
hereafter, will not be a difficult matter.
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_od, but there is no provision in the est

The minimum full supply depth being 4 feet, fords cannot be substituted for bridge's,
but ferry-boats or rafts of inexpensive construction would probably answer all requirements in
many places. . . ' .

8. Fulls.—The width between abutments or length of crest, 1'11c1u'd1ng bridge piers, need
not exceed the bottom width of channel up-stream. Down-stream 1t will be better to spla); the
side retaining walls (instead of carrying them parallel to centre line of cha.nne’ll)‘l,1 s0 as.to1 ouﬁ
a large pool, in which the violent action of the falling water may be deadened. e Zertl?gdlwa ;
at the tail of the cistern should be dispeused with, and the floor sloped up from about the middle o
its length to meet the level of the bed down-stream. . -

7. Drainage syphons.—The length of these works might be reduced by omitting the

ad th it is 8 feet wide) on one bank. , 5
N gr 'II)‘Ze V(;?ZP( walls and side retaining walls in the falls, as well as the arches of the gram-
age sy.phons, it built of brickwork, should be backed with a layer of puddle .to prevent absorp-
tion of water. ' _ .

- ; v;uspection-lwuses.—ﬁ‘or small channels such as these are, no larger‘thalr; d1§tnbut:ar;es
elsewl;ere the number of buildings of this class seems excessive. The. Ch;(ff' ng;neerrshi nes
that the : have been designed at 10-mile intervals, owing to the difficulties o xlx;a, ;d bg
in Bunlekhund With a good road along the canal cham?els, however, there shou " e
no great diﬂicult’y in getting over 12 to 15 miles a day, and if so, the number of inspection-

s mi d by about one-third. o .

housestgldgegtazxeedaﬁici pgt:d extent of khureef cultivation is very small, the necessity l\f;'or iood
shelter in th:a hot weather and rains is not so great as on the other canal systems in Northern

1 the purpose. .
India. he rubbee season tents would answer
ndmrl‘helrefn;;:ry e:.ccommodation seems very costly for a work expected to be completed in

ey l the longitudinal sections where
10. Earthwork.—There are some long reaches shown on  where
i i i i o bed ab a greater depth below surface. On
llguv;rl::lf b?‘ ;ilf:l?l?r(:; Izgzsg)(}:ilt:o?l:: 57’;:(1 mile, thexge is littl.e or no digggi-’;g 5 ?lsolizm; ;;1::
881 tﬁil(f Ot(()) the 92 {mile there is heavy embankment, and olf 1;}1111: ;:;111; 01:;; ezo lz }f; sfrface‘
above soil ; on the Calpee Branch, {fron; 1‘:he 73td to 79th mile
. air. . '
e sfftl?d(:»fi ﬂ;:pr";:;“fo: a:::; l?)f land seems to be ;a[zzlxgl; ofl c;)nsfxielalr:ill: i;egs:zr;.
: :n width is estimated for the whole lengt miles) of tl .
gglgr:lhng rvi(ilditlaf z:m:lfcfli)e only required on the first 4 miles ;lsn l:shcz‘ ;let;mmgi lfﬁftli; :;};2
the depth does not exceed 15 feet or thereabouts, 200 feet w;mt ! :re t II:M; On tho brunches
the width estimated for appears to be generally about 30 fee e
banks and channel where the bed is on the s.urface of t;)he g‘rou;xtei Thia can hax
nary unless to give room for plantations, which should1 le::par R y733 . ey igh
12. Distributarics.—The cost of these comes o (o =) Rs. P .

these must be. )
e Dy e ls mju ﬂ’;he :Ztimate isvery large, Dredgers and centrifugal pumpeare egter-
13, Tools andplant.— imates for well foundations or unwatering foundations,

and Mr. Hair states that no well foundations will in all probability be required anywhere ; the

sections, too, confirm this. Except on a portion of the head-works, the springs appear to be

: 1 of foundations.
everylhe;::ioz;; ieTvlfis Ois projected, Mr, Hair states, on the left bank of the channels, but

no reason for this departure from the usual position is assigned. '?he roa,ds''elsev/:llller;a1 ax: f;)rtllx:-
ed on the side where the shade from a line of trees would be available during the heat of the

day.

From the Secretary to the Government, N. W. P., P. W. Dept,, Irrigation Branch, to the Secretary to the
Government of India, P. W. Dept.—, No. C.345W., dated 28th June 1876, .

1 am directed to acknowledge the receipt of your letter No. 3.181., dx;t:etclll StE fepte(!;;m;

1876, conveying the orders of the Govemment' of Ind_la upon tht? estlxmai;et:e ewei-,l vav:, Canal

project, and to communicate replies to the various points raised in t u‘a.th 9t r, as

criticiems of the Inspector General of Irrigation Works forwardedfv:: 1I .s I
2. The criticisms of paragraphs 2, 3, b, i,pl':;d m:(: t;gos: 23 hiefe Ex:l ;ineer:s e o

Colonel Greathed, whose conclusions appear to

His Honor the Lieutenant-Governor to be well founded. .

®No. C1454, dated 6th November 1875.

rl

o
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3. Pending further instructions, therefore, the Chief Engineer has not been required to
carry out the orders of paragraph 8. The Lieutenant-Governor would prefer to avoid the
necessity of reducing the scale of the works, which will involve a great deal of re-estimating
and preparation of new plans; while at the same time it will be a difficult matter to prediet
with any certainty the cost of extending the scale if requisite at a future period, when a
similar increase in rates may have occurred in the districts irrigated by the Betwa Canal to
that which has taken place in the Ganges Canal districts, and which is well exemplified in the

* Progs. \:’ February 1876, Nos. 20-7. corre‘spondence* reg_‘ardin'g .the cost .O.f restoring

the Salawa lock to its original condition.

4. With regard to paragraph 9, T am desired to point out that the project of 1872 was
roughly cst‘im:mtcd‘ at 17} lakhs, without any items being specified. The second estimate of
1873 amounted to R14.29,290 for works, and was brought up by Colonel Brownlow to
18 lakhs by adding R3,57,322 for tools and plant and establishment, The following state-

+ Progs :7 June 1873, No. 57. ment compares the items given int Colonel
Brownlow’s abstract of the cost of the welr, 94

miles of main canal, and Kutound branch, with the corresponding items of the project as now

submitted ;—
Ttems. Estimate of Present estl-
1873, mate.

Weir and head works . . . . R . . R R
Tuspection houses . . . . . . . : i : 6,17 con 7,719,123
Axwintant Engineer's bungalow . . . . . . ) ‘ ! |- 8 500 37,236
Workshop . . . . . . . . . ) ) ) : ,600
Workuen's huts . . . . . . . . : : : 3,000 81,155
Bridges—mnin canal . . . . . . ; ; ’ : 1,500

Ditto—~Kutound . . . . . . : : ) ’ 35,000 70,564
Excavation . . . . . . ) : ' : 67,000 96.845
Land ‘ 2,87,500 38,71,008
Drainage works 43.000 92,236
Sleepers, &e. 25.000 17,801
Establishment 9,000
Toola and plunt . 2,12,500 347,276
Preliminary works 53,125 82,685
Fulls, weirs, and rapids . . . . ' ) 43,000
Escapes . . . . . . . : ) * . . . 27,132
Milly T 20000
Outlets .. . . 0 T - 12,500

: . . . . 5,000
Torar .1 yo8125 | 2083658

It will be scen that an excess oceurs on e‘very item,
ary accommodation, excavation,
items were omitted. The explana
drawn up roughly, while the
attention to the rates.

but especially on head-works, tempors
and establishment, and that in the first estimate many
tion of the differences is that the first estimate was avowedly
present one has been drawn up with great care and with great

5. In compliance with the orders of paragraph 10, T am directed to forward the corres:
Secretary to Board’s Nos. 263-1V.-17 and 328-1v.17, pondence marginally noted, respecting the
dated 16th and 28th March 1876, and enclosure. remissions of revenue due to drought in the
tracts to be irrigated by the proposed canal. It is stated by the district officers that the
remissions of revenue in the tracts affected by the canal amounted to R3,460 only. It will
be seen that in this statement the actual revenue remitted on account of drought only has been
taken into account, whercas in the statement from which the figures of the Chief Engineer
were taken, and which is printed in Proceedings of this Government ( 2, September 1873, No.

101), the remissions quoted include revenue remitted on every account, as remarked in the para-
graph at the foot of the statement ; and the Commissioner of Jhansie, commenting on the
figures now given, observes that although the actual sum remitted for drought amounted to so
small a sum, yet the amount of revenue suspended on account of drought and afterwards

realised represents a load of ever-increasing debt for the peopls which might have been warded
off by the canal.

6. The estimate for compensation for land is also attested by the district authorities in
the above correspondence as required in paragraph 14 of your letter. The Lieutenant-Gov-

ernor approves of a retention of R5 per acre margin as proposed by the Chief Engineer. The
total cost of land is reduced in the estimates by R60,248,
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7. Paragraph 11.—The Government of India suggests that the cost of establishment
should be reduced ; but the Chief Engineer clearly shows, in the enclosed note, that such a
reduction is impracticable, ' _ _

8. Paregraph 12.—The total area of land in Native States 16—

. 93772

For channels . . . ‘ . . 179800
Head-works and Pareecha station . . . . . . 1,

ToTAL . 266572

al—

Omitting this from the calculation, the capitalised valu'e before calcula.tedtfor the whole area
will be reduced to #1,03,728, which should now be substituted in the estlmaze. .t

9. Paragraph 13.—1t appears to this Government premature to suggest arrangemen : ) o:
the supply of water to the Native States until the project is furt}'xerdagv?n?edf.i eg‘he subjec
will be considered in due course as soon as the position of channe¥s 1s definitely fixed, ¢ Publi

The charge to be entered for leave and pension allowances will, usno“ls:l tl’e{;"l’dgegsogs “N‘:
Works Circular 2 of 1876, be 25 per cent. upon establishment, or === =111,26,050.

charge for loss on exchange need be entered, as it is not at present intended to obtain any
stores from England, .

The adjuftments and reductions effected in the estupat'es re.d}lzt(al thz a;nom;: tl{::
139,438,304, for which the sanction of the Government of Ipdla 18 Eoéncltt . ) esczxg%
project is submitted in which the figures have been corrected in the abstracts, p. g e éb )
Governor desires to remark that the country in which thes
ble parts of the North-Western Provinees,
istant 150 miles. No large

Finally, the Lieutenant- .
works are to be carried out is one of the least accessi e d
only to be got at by a metalled road from Cawnpore, el s All skilled labour, much of
public works have ever been constructed in Jha‘nsw and Jalou.n. , 8 :’oﬁbe o r’te 1 'The
the unskilled labour, all timber, manufactured iron, and machinery, l;as h wlln)?ch are con-
cost of these works will necessarily be higher rathel“ than lower than os'e:lers that Colonel
structed in the civilised tracts of the Doab; and §1r J'ohn Stra/_cthey (;?s:;al margin. The
Greathed has exercised a wise discretion in framing his estimates wi da : that all contingent
Lieutenant-Governor is of opinion that the sum entered should stand, so '

€xpenses may be covered.

. » C nl'-_
Note by Coroner W. H. GrratrED, C.B,, R.E., Chief Engineer of Irrigation, N. W.P., on the Betwa Cani

No. C.14501W., dated 6th November 1876.

Remarks on the Intpector General’'s Note on Designs.

1. Coronxr Crorron considers that the height of the head.-works and (zlf 1::.he rilzebr a::;b:;l(n
ments against aflux may be lowered 5} feet in height, This recommendation
three assumptions :— e flood

L—~That R. L. 751-908 is the highest possible flood. ’

II.—Tlllla: ::Ie Ir‘air‘;all adopted as agbasis of calculation in 9010ne1 Brownlow ds x:())te rﬁi 1:;
April 1872 is a maximum, and that the proportion there suppose
I s bt ot e front of the dam will silt up

I~ river in front o -

Con'cl;t:::;eﬂl;?il (;fo]f:zes and rainfall, our observatio‘ns are 80 ltmlte(.l in eitent a8 et(.lo b:,
in my opinion, unreliable as maxima. We know from experience how mva.rxablyl m:p:';cd e;; d .
ed”” floods occur in large rivers of which the phenomena ha.ve been cl;{)'se dyhs n ;en aod
Watched for a series of years, upsetting all calculations. Something of Fhe ind has e B:t
occurred, I believe, on the Beas; and in the present state of our experience of the Betwa, I
am unwilling to base designs on any close estimate of proba-ble highest ﬂood.‘ 4 et T am

The subject was very carefully considered when the designs were determ]: , an ;
Dot prepared to relinquish any of the margin of safety given to the head-works. i

Regarding the possible silting up of the Betwa in front of the dam we ha.;re n(l)l e rli):e,-
ence, I believe, to guide us. Nowhere, as far as I am aware, has the t?tream o sut:1 a " s
filling during the flood season, & rectangular rock channel forty feet in depth an m(::d g
With terrific violence, been barred by any artificial work : and no exper;ments ever yet made
can certify what the velocity of such floods will be at the bottom of such a chanrfel. "

On this point turns the question whether, and, if at all, to what .depth the s!nngle lt)rofuibe v
down from the Vindhyas can rest on the bottom of the river and ratse the bed in front o

a
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weir. Colonel Crofton would have the works designed on that assumption. T cannot rely on
a conjecture that the afflux will never be more than is calculated by the Inspector General, and
prefer to maintain the provision of the estimates,

2. Colonel Crofton’s proposal to double the height of the uuder-sluice openings.

The under-sluices for scouring the river-bed in front of the canal or head-sluices are six
openings of 10 by 8=480 square feet. With a low velocity of b feet per second they will
dicharge 2,400 cubic feet per second, which is the whole volume of the river in Sgptember
(nearly), except when there is a freshet, The velocity when the sluices are 10" 8’ is calcu-
lated at 1132 feet per second, and when they are 10’ x 18’ it would be 11:50 fee-t per secopd,
or practically the same. It will not be desirable to open the weir sluices, excepting 1n fallmi
floods, and their eapacity as designed is four times that of the canal supply. The object o
an enlargement is not apparent.

3. The strength of the body of the weir is purposely in excess of the minimum of .safety .
The top width was studiously designed of width sufficient to afford a roadway d‘m_ng the
eight months of the year in which it will be dry, for which purpose 12 feet would be insuffi-
cient. It is therefore unadvisable to diminish the proposed surface width of 16 feet.

It was intended to construct the weir after the manuer of that at Furens, the masonry
courses being broken in all directions. The term coursed-rubble indicates that the work will
be constructed with the largest self-bedded stone procurable, and not with small irregular
stones, which cannot be dressed, as is usual in uncoursed or random rubble. Portland cement

1s necessarily estimated for because it is not known at present that sufficiently good cement
can be oktained on the spot.

4. The embankment on the right bank follows the road from Bhetre and taps a range of
hills from which rubble stone could be obtained. It was therefore designed with a top width
of 20 feet, in order that it might be used for traffic. A similar reason fixed the width of the
bank on the left from the weir to Pareecha and on to the metalled road. As the Customs
hedge divides the bank from the road above this point, it would be 2 boon to the cultivating
community to make the bank of sufficient width for carts to pass along, and the possible sav-
Ing to be effected is quite animportant.

9, The number of bridges is determ
irrigation is developed. The experienace of
scale according to which the intervals bet
channels, and consequent cost of structures
project, for the same requirements will ar
The bridges are occupation-bridges,
an estate ; it is provided in the report,
quired : the accuracy of the estimates

ined by the probable wants of the country when
the Ganges Doab has led to the establishment of a
ween bridges diminishes as the bed width of the
becomesless. The same scale is applied to the Betwa
ise as the population bordering that canal increases.
required for communication between the severed lands of
of the estimates that they would only be built as re-

. a8 financial indicators will be vitiated if due provision is
not made for bridges. Rafts and ferries are impossible in these small channels, which would be

choked‘by them and would in this situation be more costly than bridges : for a ferry requires
a man in charge, besides constant repairs, if there is anything temporary in its character. If
1t is a pontoon raft plying between metalled approaches, it only pays where the channel is wide
and bridges costly. It was contemplated that foot-bridges may be substituted in most cases,
but our knowledge of the country is not sufficient to determine whether this is the case, or to
what extent. The Chief Engineer is unwilling to alter this part of the estimate.

6. The falls are designed in the manner habitual in the North-Western Provinces, with a
length of crest equal to the mean width of the channel. If the proposed alterations were car.
ried ous, there would be a saving (ex. the fall in first reach of Humeerpoor Branch) of Rs, $67
on an estimate of R6,335, against which there should be a set-off for additional cost of re-
pairs caused by increased velocity at the fall tail. Splayed wing walls have been given up on
the Ganges Canal and straight ones adopted. The Inspector General’s recomendation that
the walls in these falls should be splayed is opposed to our experience and practice.

7. The proposed reduction of syphons by 8 feet in length would save R665 at mile
164 of the main canal and R204 at mile 39 of the Humeerpoor Branch, which would not com-
pensate for the inconvenience of narrowing the normal width of the canal bank. If the canal

banks were very high and the cost of maintenance of full width considerable, the case would
be different.

8. The distance fixed between inspection-houses was the result of mature consideration of

the character of the country and of the distribution of the irrigation which will have to be
managed and examined from them, There will be no good road along the canal bank beyond
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the first 19 miles, but in the rains very bad roads on the level of‘ the country, at f,he fo:lt of
the banks, which are too narrow for the purpose. There are only two first }fla.sst l:nspec uén.
houses. The remainder are rest-houses, and if they are built further apart; tfa.t;h i.y,iariioz.
signed, others will have to be interpolated to allow of a proper x?a(lin_agt'ix:u:nm i(; A ];O; bsga, The,
which is at right angles to the canals, covering a great number of distinc .

ill bave to ride up a distributary and back before he finds shelter, and if he

e e will prejudice the work. Further consi~

id the canal bank besides, the Ial.)our .
ngazi(])fxn%virlll Zlf:w that the number of inspection-houses is really very small, for none have

been allowed on distributaries, but all have been brought up to the canal banks, to serve also as
stagin;g- houses.

9, The temporary accommo
page 18, paragraphs 76 and 77.)

i appear susceptible of reduction. (See project,
datllotn i: o:lsngs en}t:i‘ely at tlll)e weir. Everybody emll)loy?d on
the weir must be housed ; the neighbourhood affords no sort of hellap,l a(;g 1:;2?;221: zzett:: ::hxix;;
dispensable for men who have to endure the force and g'!are (;f :h l::orkshop o odments bag

ks of the bed of the Betwa. The extreme mczderatlon 0 feth e g
;(;(; flsoe:)en noticed by the Inspector General. It is the point of the

ciency I have the greatest doubt.
10. The canal canot be a cheap one.

i tive undertaking. - .
muStlTakefllfeaf:glirilgzxg ;;vings in earthwork appear to be from mile 59} to 72 of

ich- lengths the
Humeerpoor Branch road, and from mile 884 to 924 of Calpee Branch, on which- lengths the
depth of diggitg may be diminished & feet. '

H Branch & . 18,&75 The saving will amount to ®17,831.
umeerpoor

i : .. ¢ 4,356 . .. .
C“‘Ple; I d“tt(') m; l':ing .land no more has been taken than 1s requisite to allow a margin for
. n estima

Ol‘r()w-pl S an ()4 lepa;lls. $

beginning of Calpee Branch a width of 110 feet is provided, 972, 1~

A vast weir to raise a very small volume of water

Feet.
. . &8
Width between outside foot of hanks : . : : .o
Add for road . . . . 8_3_
Leaving a margin of 30 feet . . . 5_2_
And on Calpee Branch: Width of bed and ba.nks. ' - o
Ada for road during construction . . ;;

Leaving a margin of 18 feet .

in for establishment, rise in rates, &c., on

wi which leaves a margin £ . 9 o
lowered fr(?m.i’c%’ stosRilf), hie vy p : 50, :

the Commissioner’s estimate of R10. The estimate s reduced from 11,50,618 to £90,370

i i ed by special
The reduction is not a real one, for the compensation payable for land is govern y sp
e reduction

rules and is quite independent of the estimates.

itudinal section . . -
h, 1118. Iﬁ,ooif limg ﬁiaﬁd—:nhznll‘:g;ill have their foundations below spring-level, and unwa
the three first briages,

i ible, too, that the two syphons_ will' hav.'e to be
tering, therefore, W.ill l;e B;CCSZ:Y {t cit;:ot?(;)s:l:;ié wh,at the force of the springs 1? l;ke(],irz
foundefl b elow spnng‘;l_eve : recaution to provide for the purchase of two pumgsé. 0 scbein
o oy 3Db°1‘ l}lll: g r?ot actually required. Again, the fac.t of some foun' adlonFifteei
f‘heY N nOt' b‘? d('mgtes the probability of more or less ('iredgmg being reqmref .the iieen
m’sat'umted sm]i v 1(?: be sunk, and it is likely that more will be needed at st(;mt:l os}mvv th&% i
dnnllt(mg’;;le:el;: c?:siderations ;nd the area over which the works are scattere
works.

provision of 10 dredgers is not exce.s§ive.
14, FEstablishkment.—The provision m

i £ 20 per cent. on the cost of wor o agincer
esmb}éﬁegors:tz;not p1<)>essibly be reduced below that proposed by the Superintending Engineer,

R2,85,156+
which is for ezecutive establishment alone taken for three years,

oo t.
Mo which mmslizs be added Direction and Accotmtﬂ 5.per c'en . , 1,10,538
on Wor e -l o

ghows that a portion of the head-works,

ade in the Chief Engineer’s estimate ii the now
ks and tools and plant, R5,04,391.

Total . 5 3,95,694

e ————

! + See p. 22A. of Appendix to Betwa Project,

* Sge page 24A. of Appendix to Betwa Project.



120 BETWA CANAL PROJECT IN THE NORTH-WESTERN PROVINCES.

BETWA CANAL PROJECT IN THE NORTH-WESTERN PROVINCES, 121

Suppose (which is highly probable) that the work occupy four years in execution, then
the cost of establishment would be increased by 195,052, making a total of 14,900,646,

Or the failure of health of two or three Engineers (which must be looked for in works in
one of the hottest regions of Northern India) would double the charges for their salaries, and
go exceed the minimum amount above specified. It is not practicable to reduce the amount
provided in the estimates.

16. It is but just now that the Government of India has succeeded in introducing a
system of complete and accurate estimate which includes all probable charges ; and there can-
not but be risk of retrogression in this important matter if a Chief Engineer is required to
make a complete estimate for one scheme and a less complete estimate for wnother.

There is no safety save in the hard-and-fast line of completeness ; and I submit, with

every respect for the professional advisers of the Government of India, that the proper course
is that estimates for all works without exception should include all probable charges.

CANAL PROJECT.

(ApPENDIX TO CHIEF ENoINER’s Nore No. C.-1480-W., parsD 6rm NoveMBER 1875.)

From C. H. T. Crostawarre, Esq., Officiating Secretary;, Board of Revenue, N. W. P, to Corongrn W. H.

GeearHED, C.B, R.E,, Secretary to Government N.-W. P., Irrigation Branch,—No. 263-1V.-17, dated
Allahabad, the 16th March 1876.

In reply to Government Order No. C.1391'W. of 20th October last, regarding the Betwa

Alshabad Commi No. 1 Canal project in Bundelkhund, I am desired
ahaba ommissi > . 1560,
December, 1875, and e:x!d:::;: 0. 1660, dated 31st by the Board to forward the papers noted on

Jhansie Commissioner’s No, 86, dated 16th Febru. the margin, received from the Commissioners
ary, 1876, and enclosure.

Copy of Deputy Commissioner, Jaloun’s No, 64, °% A.H??habad and Jhansie, and to state that the
dated 4th March 1876. remissions on account of famine and unfavour-

. able seasons in the tracts affected by the pro-
posed Betwa Canal in the Humeerpoor, J hansie, and Jaloun districts amounted in the course

of 12 years to R8,460-2-2 only, the whole of which amount was remitted in the Jhansie
distriet,

The Board consider that the estimate of compensation at R25 per acre is well over the
mark, the rates per acre, as estimated by the local officers, being in Humeerpoor (1) caltivated,
}21; (2) culturable, R8; (3) barren, R1-8-0; and in Jhansie R15, or R10 all round.

From G. H. M. RicxErs, Esq., Commissioner, Allahabad Division, to C. H. T. CrosTEWAITE, Esq., Officiating
Secretary to the Board of Revenue, N. W. P.,—No. 1560, dated Allahabad, the 31st December 1875.

IN reply to your endorsement No., 700-1V-81 of November 12th, I have the honour to
submit the information called for from the Collector of Humeerpoor. 1t will be observed .tl?at
the proposed canal will affect only that very small portion of the Humeerpoor district adjoin-
ing Jaloun and situated on the left bank of the Betwa.

From W. Kave, Esq., Officiating Collector, Humeerpoor, to Tae Hon’sre R. Drumuoxp, Commissioner,
Allahabad Division,—No. 585, dated Hamirpur, the 11th December 1875.

In reply.to your letter No. 340, dated 18th November 1875, I have the honour to staf&e
that from 1860-61 to'1871-72 there were no remissions of revenue on account of drought in
the tract affected by the proposed canal in this district.

The average revenue-rate for cultivated land per acre in the tract above mentioned is
}1-12-0. Taking the profit at an equal amount and allowing 12 years’ purchase, the
compensation would amount to R21 per acre for cultivated land. The compensation for
culturable land would amount to, perhaps, B8 an acre, and that for barren lands Rl to
B2 an acre. ,

From A. R. 8. Porrock, Esq., Commissioner, Jhansie Division, to C. H. T. CrostEWAITE, Esq., Officiat-

ing Secretary to the Board of Revenue, N.-W. P.,—Docket No. 86, dated Camp Hudruklo, the 16th
February 1876. . ‘

Wite reference to his No: 701.IV.-81, dated 12th November l'ast, forwa;ds copy 'o.f
Deputy Commissioner of Jhansie’s letter No. 819, dated 1st instant:,, with annexure, and inti-
mates that the report of Jaloun district will be submitted when received. :

: ' i i :. R. 8. Porrook, Esq., Commiseioner, -
] oN, Deputy Commissioner, Jhansie, to A , ,
from Gonowat. 3 DAJv l:::si DivisiI:m,{—No. 319, dated Jhansie, the 1st February 1875.

ledgre the receipt of your letter No. 881, dated 2nd December,
T e the hanour to adk o ledge O e warding copy of Bosed’s No. T01, dated

12th November, with printed papers* relating
. to the Betwa Canal project, and calling. upon
me to furnish the information required by paras. 10 and 14 of Government of India’s letter
No. 818-I. of 8th September last. o _
issi in the five districts of Bundel-
to the amount of remission of revenue in . ‘
khun?i‘ di:;:. -131:’ fgmyears ending with 1871-72, attributable to famine and drought, a.zf:ount-
ing in all m%}s.*} 63,989, and my opinion is called for as to the gmounb due out of tln's sum
togt,he tracts affe;,t.eé by’tﬁe proposed canal, and also as to the probable amount of saving in
future years on the remission of land-revenue in those tracts,
“ munication with the Executive Engineer, Mr. Dubus, on tl;,:
i i 24 in number, which he thinke may
bj to enclose a list of the v-lllag"es, - mi
z:ir:{eeti;;:ﬁie}i il:le%he estimate as capable of irrigation .f;om the canal. Mr.‘ Du!)us o.ngmalll)y
inclxiyded only 16 villages of pargana Moth, but the eight now added can, in his apinion, be
watered by Z special distributary at no great additional cost, all these 24 villages being on the
level lands away from the ravines of the Betwa.

. . . . durine the
howing the amount remitted in this tract during
g : The amount is very small :—

# Sent to Deputy Commissioner, Jaloun.

3. I have been in com

4. I also append a stat, i
periud in question on account of drought or famine.

£ a p

' : . 2616 2 2

In 1864-65 . . ot ’ 4 0 O
and in 1781-72 "~ . e o :

Total . 3460 2 2

R ———

This amount spfea.d over a period of 12 years, gives an average of only R288 per
, N .

annum, .
i . cultivated and culturable, which is at present 1’1ot in:x-
gatetf .inI:n?‘:::; tn:t)l\l:xgt:st: 1;91,;';?;: acres. Of this I?&r. Dubus assumes tht'ait two-thirds wflll
ultimately be benefited by the canal.” But I do not !;hmk he has made suﬂi({:enf:f allowance ‘o;
khureef lands, which in ordinary years would take little or no water. If, ¢ ereton;, g;g-thxr
bii‘-ﬂssumed as’ the ares which would take water for rubbee crops, it would a.mqnntl o7, ! a{::es;
This is & matter beyond the scope of the inquiry T am called on to make, b}lt. me1f1 ion 1nze'
*showing that the average of a few hundreds of rupees per annum f?r remxssxonsfo reveter.
would, as a matter of course, be saved to Government, besides the direct ret.;urns rom water-
rates.

6. Para. 14 calls for an attestation of the estimate's.for land eompensa.twn. The m}t):
allowed by Mr. Hair is B25 per acre, and without knowing the details of 1t;;l;etlﬁ\.ml tonnt
taken up under the hea.ciings of cultivated, culturable, and barren, it is not easy :; x the :;: ¢
with any precision. It will, perhaps, be sufficiently near the max:k to take the ]a{na 1::3
acre all round on the malguzari area, which averages in the 24 villages ?boutffis l;:;ar a;:;ed‘
This multiplied by.10 for 1@ years’ purchase gives B10 per acre, and if to 0 dd
R5 per acre for cultivators’ rights, &o., the .total comes to only B15, or B10 lese than Mr.
Hair's estimate, - , \ n .

o o :

s
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List of Villages capable of Irrigation from the Betwa Canal.

Remissions granted from 1860-61 to N
1871-72. @
Villages. ;
Cultur-| Calti- | Total un. 7]
able. | vated, | irrigated. In 1864-65. In 187172, =
R a p B a p
1 { Moth . . . . . . 195 [1,281 | 1,476 ol
9 | Nari . . . . . .| 234 (1,224 | 1,458
3 | Bhipta . . . . . .| 62 6504 566 2Drought
51 0 O
4 | Kamtari o ° . . .. -| 187 | 508 645 Drought
. 356 3 11
5 Pahargaon « . . . . 3841 2,001 2,385 s ver
8
6 | Kunck . . e < 97 |L464 | 1,661 Drought Famine
747 4 0 5l1 0 O
7 | Kbilli Kallan . . . . -1 121 452 573 Drought Famine
] 660 0 O 333 0 O
8 ! Tori . . . . . .1 149 566 715 e
9 Gulpurg . . . . . .24 163 187 ee
10 | Abrauli . . . . . . 87 279 366
11} Silari . . . . . .| 142 333 475
12 | Abrora . . . . 40T 174 251
13 | Saina . . . . . .| 190 607 797
34 | Tanda . . . . . .| 170 435 605
15 Amkher?. . . . . .| 284 304 588
16 | Barthari . .| 266 304 570
17 | Nimonia . . . . 02 491 512
18 | Patharra . . . . .| 166 916 | 1,081
19 Kumral_‘ . . . . -1 612 {1,052 | 1,564
20 Bamrol‘l . . . . . .| 246 794 | 1,040
21 | Burauli . . . . . .| 127 895 | 1,022
22 | Pulgahna, . . . . 082 809 891
23 | Belma . . 1277 (L1741 1,451 Drought
24 | Basona . 143 405 448 711..1.0 3
ToraL ol - {21,227 | 2616 2 2 844 0 O

PFrom CoLonzs A. G, Davipson, Deputy Commissioner, J aloun, to A, R, S. Porrock, Esq., Commissioner,
Jhansie Division,~No, 64, dated Jhansie, the 4th Mayh 1876,

I 5AvE the honour to acknowledge the receipt of your docket No. 85, dated 12th ultimo,
with which you enclosed Revenue Board’s endorsement No. 701-1V.-81 s dated 12th November,
with annexures and printed correspondence, and reply as follows,

I have had examined before myself the accounts of remissions granted to the Jaloun
dist?ic!: from 1862-63 i) 1869-70, which amount to R1,07,333-10-9, but I find that no
remissions of revenue have been made in this district for years of famine or for unfavourable
seasons. All the remissions were made for reduction of jama consequent upon revision of
settlement and for lands taken up for public purposes during the famine year of 1868-69. A
portion of the year's demang, amounting to R2,38,815, was suspended pro tem., but the
whole of:: this was collected in subsequent years by instalments, and from 1869-70 till the
present time no remissions of the nature enquired about have been required or made: hence the
remissions made in the districts of Bundelkhund during the 12 years and amounting to
R33,63,989. None of this amount is debitable against the Jaloun district.

In this view of the case, supposing 12 years in the immediate future with similar seasons
to the past 12 years under report, the revenue of the district would be realized in full ; hence

there would be no probable saving to be effected by the cessation of remissions, none having
hitherto been made. The rate of R25 per acre all

would be ample to cover all demands of this kind,

I append the translation of the Revenue Accountant’s report as to no remissions for un-
favourable seasons having been made in Jaloun, :

From C. H. T. CrosTEWAITE, Esq., Officiating Secretary, Board of Revenue, N. W. P., to A. Corviv, Eeg.,
" Officiating Secretary to Government, N. W. P.,~No. 328.1V.-17, dated Allahabad, the 28th March 1876.

fu continuation of my No. 263, dated 16th instant, I am desired to submit, for the in-

formation of Government, a copy of the letter
i i8si ? . 1 ; y B
lsgémnsw Commissioner’s No. 198, dated 13th March noted in the margin. The report of the Deputy
‘ ; s Commissioner of Jaloun was forwarded to Gove
ernment with the Board’s former letter.

i

“liberally, instead of the demand being enforced to 'ghe:l last farthing,
. of the present time would certainly have been avoided.

owed in the estimates for land compensation.
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Frow A. R. 8. Porzocx, Esq., Commissioner, Jhansie Division, to C. H. T. Ciosrawarre, Esq., {Oﬂicmhng .
Secretary, Board of Revenue, N. W. P,,—No, 198, dated Jhansie, the 13th March 1876,

Wirh reference to your endorsement No, 701-IV.-81, dated 12th No.vember last, with
which you forwarded printed papers connected wi.th.the |Betwa Canal pro;.ect, and eal.led 'for
opinion as to the portion of the R33,63,989 of remissions of revenue .made in the five dxstnf:ts
of Bundelkhund during the 12 years from 1860-61 to 1871-72, which is due to the 1.:ra,cts wh?ch
will be affected by the proposed Betwa Canal, I have t.he. honour to forward, for the 1:f;rmaho::
of the Board, copy of the report of the Deputy Comm155101{ef of Jaloun. 143 “Pg of t ﬂj relpgth
of the Deputy Commissioner of Jhansie was forwarded with my docket No. 86 on the
February 1876.

i ill only irrigate land in 24 villages
2. The Board will observe that the proposed canal wil y in
in the Jhansie district ; that during the 12 years referred to remissions on account of drougb:
were made on account of these 24 villages to the extent of R3,460 only, or at the rate o
R288 per annum.

3. It is hardly worth while to delay the submission of thi; repog; :ty ;rfleri;g mg:;;qet;t:
: i i have been effected in this s
be made as to the exact amount of savings which would :
if the canal water had been available during those 12 years, but we may fairly presume that
upwards of half of the loss would thereby have been avoided.

4. Tn the Jaloun district the Deputy Commissioner reports that ];10 remissions :hafte:;;
were made during' the period under report on account of drought.lsssuggon accoux; :0 e
drought of 1868 temporary suspension of ihe revenue demand for tl- Zva: :;abe bty
extent of R2,38,815, the whole of which was, however, subsequently recovered by .
Inents. )

issi does not attempt to show to what extent this ]a.rge sus«
pensii;; Tifgie;;:i g:;?::::::srif canal water could have taken the place of l:l;zen; r;xlnfg.mg,
nor do I think it possible thatany approximate estimate could, without a very elabora qury,

be formed of the result of such a condition.
8. But there can be no doubt that the canal water would have saved at least one-half of

i - h
the tract affected, and the result would have been a large increase to the food-supply of the

district and division ab a time when scarcity and the greatest distress existed in these parts.

7. Besides, although the Government revenue for 1.86‘8-69 wagt;ll c:iiectsgr;::gu;l:ﬁ
there ig, nothing, to show to what extent the arrears were lignidated with money

bankers and banyas, which will burden the zemindars for years with ar ever-increasing debt.

; ie distri d if remissions had been made more
o e certaily the caso in Bhe T B much of the indebtedness

8. But the question asked by Government is, what portion of the dR?fﬁ(}ii,Q;; ;:ng:t:ﬁ
by Government in Bundelkhund during 12 years would havahbeen ::tviin f the Bt Cana)
bad Quring that period been in existence ? And the rep!y to that qu : ctu;) that tho direh
saving to Government, if the canal water had been avaxlable.z, as regards :1 2l roven 4,6 ould
have been next to nothi’ng, for out of that large sum remitted apparent gr ° y RS,
on account of land which will come within the inflaence of the canal-irrigation.

. L . . De t'l
From the Government of India, P. W. Dept., to the Secretary to the Government of the N. W. P., P. W. Dep
Trrigation Branch,—No, 457 L., dated the 23¢d October 1876.

I ax directed to acknowl.edge the receipt of your letfter No. C.34t5W. gf ni;}lm 33?;3:2;
last, replying to the orders of the Government of lndl.a on the Be Wt]!‘ anal proj
soliciting sanction to an estimate of R39,43,304 for carrying out the work.

2. In reply I am directed to state that the Govemxfxent o.f Ind.xa considers t:(llmf NP:G:;‘:
Project to be much too costly an undertaking to admit of its beiog eox;st;w © being
“ Ordinary’ grant ; and as the anticipated earnings are too sma.l% to' allo_vi of the w;;r o
classed as « Extraordinary,” the Goveriment of India regrats its mab'lhty to aooobe s::wed
to the project in its present form, and would suggest that a less expenstve scl}eme cg
aad submitted for the consideration of His Excellency the Governor General in Council.

gl
[ J
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From C. Axpresox, Esq., Oﬁiciating Secretary to the Government of the N. W, P, P. W, Dept., Irrigation
Branch, to the Secretary to the Government of India, P. W. Dept.,,~No. C. 1250W., dated the 11th
December 1877.

Wirh reference to your No. 4571., dated 23rd October 1876, returning the Betwa Canal
- estimate, I am desired to forward a note* by the
e oo e e Liout t“(z?rﬁiciating Chief Engineer, and an estimate which,
in the opinion of His Honor the Lieutenant-Governor, gi i i
the Betvsa. Canal can be constructed. : o gives the lowest possible figuro at which
2. I am desired to call particular attention to paragraph 8 of the Officiating Chief
Engineer’s note, and to state that, as the scheme is represented to be less promising than other
projects in the North-West Provinces, and as, in the event of a famine, work fo% the people
will be provided by the system of light Railways which is now in eontel,nplation the Lisutzn-
ant-Governor would deprecate, in the present state of his finances, beine cal]ed’ n to under-
take a work which, when all is said and done, “may possibly just’; pa Tts ex Z » It is
certain that it would remain unremunerative for many years, du.;ring Wh{ch rizzntsis. Govern-
ment would' have to pay the interest on the capital embarked in the sehzeme dsth' is a
liability which His Honor is unprepared to meet, at all events for the present o and e

* No. C. 1249W., dated 11th December 1877,

———

Note by C. Anpersor, Esq., Officiating Chief Engincer, N. W l
\ , Esq., , N.W. P, P. W. Dept., Irrigati th
Betwa Canal, No. C.1249W., dated the 11th December fS7 7 rrgsdion Branch, on 2

_ TaE detailed estimate of the Betwa Canal was first submitted to the Government of India
with lotter No, .1311’ dated 12th December 1874, Thisestimate amounted to R39,85,133
31812.d"1‘tl;1 ?ie;:;m:te was refurned l?y the Government of India under cover o,f l;tter No.

» qate hep t:,ember 1875, }mth a note by the Inspector General of Irrigation, in which
the pro Ject' was criticised and certain possible reductions indicated g s ;

'tt:i With 1\‘Tiorth-.Western Prow‘rinees letter No, 345W., dated 28th June 1876, was sub-
mi a second estimate amounting to R39,43,304, and a note by Colonel Gr,eathed, in

which that officer replied to th itici i
Which shat offcer sﬁ}ieited, e several criticisms of the Inspector General. Sanction to this

4. The Government of India, i i
dated 23rd October 1867, stated ‘;hl:t l'i;:mm
constructed from Ordinary funds, and
being classed under Extraordinary,

5. The estimates and designs h
who is prepared to accept the reco
the accompanying statement m

accepted by the Officiating Chief

g the second estimate with Secretary’s No. 457L.,-
: PI'OJ.e(ft was much too costly to admit of its being
1ts anticipated income too small to allow of the work
and suggested the preparation of a less expensive scheme.
ave beex.l examined by the present Officiating Chief Engineer,
mmendation of the Inspector General to the extent noted in
arke(.i B. An estimate embodying the several modifications
Engineer has been prepared and accompanies this note.

. The net i ) )
431 7Pt?r c:n:?to;ni(;::ee::?s :tlmatEd n 1874 ab R1,71,000; this is equal to a retarn of
unate of 1876. The Officiating Chief Engineer is certain that the

net income has not been under-estimated ]
. Accep , .
a return of 4°93 per cent. on the present estimc:titmg the figures of 1874, the net income gives

8. The Betwa Canal scheme, th h . oy
West Provinces, may possibly just o;g not so remunerative as other projects’ in the North-

ay i .
finances c.)f .tl'le pr?vince. It certainly v);illti)r?)flli);: s;:)r;ng) :1;“19& :sgal}l)lemll)ang af burdelz ?hf)l::
the pecu lianities of tl}e Season may have deprived of their usual meins of tb(? tepeop Under
Fhese circutnstances, 1t seoms advisable to postpone the project until such s: r:;sth::e.the State
is compelled to provide work for the poorer classes of the Bundelkbund sopalation sad thereb
protect them from starvation. und population and thereby

T

From the Government of In%ia, P W. Dept., to the Secr etary to the Government of the N. W. P., P. W. Dept.
Irrigation Branch,~No. 911, dated the 23rd April 1878 . W. P,

R.EFERRXNG to yom“ No. C.1250W., dated 11th December last, and previous ccrrespondence
regarding t}.1e Betwa Caoal, l.am directed to request that the Government of India may be
furnished with statements showing the volumes discharged by the Betwa and Keyn rivers during
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each month of 1877. It should be stated how the figures submitted have been-arrived at,
volumes actually measured being distinguished from those interpolated by calculation from
gauge readings. )

2. In connection with this subject, I am to draw your attention to paragraphs 2 and 3 of
despatch No. 837 P,W., dated 23rd April 1874, from Her Majesty’s Secretary of State, forward-
ed to you with Resolution, Government of India, No. $361., dated 21st May 1874, to point
out the necessity of accurate measurement of minimum discharges in .the Betwa and Keyn
rivers, and to ask whether the tributaries of the Batwa have been examined for sites of storage
Teservoits, In paragraph 6 of his reply to the Resolution of Government of India above q'uoted
the Chief Engineer of Irrigation, N orth-Western Provinces, pointed out that the question of

‘storing water in the bed of the Betwa itself had been very carefully considered, but no mention
is made of examination of the tributaries.

e

From the Government of India to Her Majesty’s Secretary of State for India,—No. 27P.W., dated Simls, the
' 1st July 1881,
edecessor’s despatch* on the subject of the Betwa

w ¢ Lordship’s pr
1w roference to Your Lordsiip’® P Canal project, and also to our Financial Despatch

* No. 37P.W. i . . .
o STPW., dated 280 April 1874 No. 07F.. dated 80th April 1881, regarding  Pro-

Note by the Tnspector-General of Irrigation, dated  tective Works,” in which the Betwa project is
19th June 1875, dg:fribing the project. mentioned, we have ihe honour to forward the

Proceedi India, September ) . . .
1875, Ni,f“?."g A_Govemmnt of Indin 2P pers enumerated in the margin for the considera-
Letter from the Government, North-Western . . of Her Majesty’s Government. ¢

Province, to the Governmentof India, No.C.716W.,

dated 22nd Auguet 1878, and encl. sure. Westo + 9. In the despatch No. 37P. W, referred betg
Resolution by the Government, North-Western : overnment was invi

Provinces, No. 831, dated 30th October 1878, above, the attention of our Governmer tiom bef

GoLetter from the Government of lndi?I to5 gi:e to three pomts which requlredv investigation betore
ve . . i . 581., ey . :

am’?ﬁ‘fi&;ﬂfx‘iﬁé‘gymm Provinces, Jo- 2 considering the project—(1) the . rainfall t° ‘b*’ﬂ
Extraots from Notes by the Inspector-General of  gp¢igipated during years of drought and famine ;

Frrigation, dated 5th February 1679 and 7th Feb- (2) the formation of reservoirs at some distance

ruary 1879, ) . .
Letter from the Government, North-Western 4, gupplement the drainage from the immediate

rovi is, No. C.122W. Lo L
datednzc::ﬂtzgxl-ﬁ ?é’;imafgritnﬁol.ﬁﬂlf’ o ’ neighbourhood of the river; alfd (8) the substitu
: gle river-fed canal.

tion of s in suitable situations in'place of a sin, _
numerous small reservoirs i the tract of

- 8, The rs now forwarded show that although .the railffau 18 preca ! b
oy B e ey e e el v
to its sources béing in the Vindhyan range of hiliS _ - ;
fails ; and thusb:.lng%o:ins‘:pply can g:)nﬁdently be looked for even in dry y}:a.rjl for tlfe gl'fdmaﬁ
khureef crops between the 15th July and the 16th Oc‘tober. On the <.>ther band, a.sex;ez o sn];t
tanks would be dependent on the local rainfall and liable to total fal.lure in years o roufg th.

4, No record can be traced of the rainfall in the famine years in the earlier part 0(:1 e
century, but the observations recorded in the papers now su.bmxtte.:d exffend over & If):lxil te;x}:-
bracing two years of great drought, 1860 and 186_8, and during thls. period the rafm ‘ }:,, the
‘sources of the river mever fell below 30 inches 10 any year. 1t is clear, therefore, that the
river is a far more reliable source of supply for dry years than any system of small reservoirs

could be
A fon ; i1l be found in the note by the
6. A full description of the project as now elaborated wi .
Insppctor-Gener;;sc:;pIxf;igation, dated 19th June 1875; the subsequent papers relate chiefly

to the financial aspect of the scheme. The estimate was stated in our Fin?ncia.l Desp:atch
No. 97 of 30th April last at £27,60,000; but as now completed it provides for a direct

. ; f in-
outlay of R30 2o indirect charges amounting to R2,03,527, and loss o
d ) /13,485, entailing in terest during construction of 17,865,209, or

* G . B, ototalof R39,82,221 tnder all heads. A full
os: Tevenue, :lx:(;f.c:c R lﬁ:%_l explanation of the increase, whicl} is caused

. ———  chiefly by a miodification of the design for the

Maing Toms . 167000  weir, will be found in letter No, C.122 W., dated
tonancs charges .o+ L0009 gpth April laet, from the North-Western Prov-
inces Government, copy of which is sent here-
with. The net income from the project is esti-
mated at R67,000,* which would only yield a

return of 2:92 per cent. on the direct outlay, and 1,69 per cent. on the total outlay under
all heads, including loss of interest during construction.

" Net revenue . . o . 67,000

*
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6. The prospect of direct finaneial success is thus not encouraging, but the condition
of the tract of country which would be affected by the canal is such that the Government
could not neglect the duty of taking measures for securing the food-supply. There is a
general unanimity among all officers acquainted with the tract that the construction of this
canal would give stability to the land revenue and protect against drought some of the least
accessible districts in the North-Western Provinces. We therefore request the sanction of

Her Majesty’s Government to the carrying out of the canal as a protective work from the
ordinary revenues as funds become available, :

7. The question of construction of storage resorvoirs above the weir hag not yet been
thoroughly investigated owing to paucity of establishment available, but in any case the works
must prove of great benefit. It will also probably be found possible to extend the area of

irrigation by filling during seasons of ample supply the tanks and hollows which will be com-
manded by the canal below the weir.

Enclosure to P, W. D, Despateh No. 27, dated 1st July 1881,

Note by the Inspector Genera] of Irrigation on the Betwa Canal Project.

Tnfn ?e;aﬂed estimates for this project now submitted are those called for by the Govern-
t of India

ment of in November 1873, The history of the project from the commencement is
detailed in the Chief Engineer’s Report, '

A brief summary of the main
in its present shape may be useful,

That irrigation is a,bsolutely necessary in Bundelkhund as the only safeguard against
faminfz, the very general consensus of opinion of the Revenue officers and all who have been
years past sufficiently proves. The reports also show
e1e are anxiously looking out for the proposed supply of water. .

_Asto the sources whence a supply of water is obtainable and the modes of making it
available for irrigation. These are—e :

1st.—From the subsoil springs by wells,

?7d.~By storing the rainfall jn tanks constructed in the tract to be irrigated.

8rd.—By storage reservoirs formed in the valleys of the rivers.

4ik.—By drawing off water from the rivers by inundation canals.

5th.—~By perennial canals from the rivers in which there is a continuous supply.

That the first mode is out of the question except for a very limited area of irrigation is
shown by the excessive depth generally of the spring level below the ground surface, and t.ha.t'-
in places where that level ig in ordinary years sufficiently near the surface, the supply being

dependent on surface drainga, » 18 R0t to be relied on in years of drought, just when it ig most
required.

features and the reasons which bave led to its elaboration

As regards the second mode, reservoirs have been long in existence, some from a very
ancient date, in portions of the Jhansie and Humeerpoor districts, but the country is not
everywhere suited for the formation of capacious works of this description, Small tanks,
such as were formed in Mhairwarra by Colonels Dixon and Hall, would cost in these days
Dearly three times the amount then stated to have been expended, and I have shown elﬁ:ew.hel‘e
that this is the most expensive of all the modes of irrigating a given area, small tanks, besides,
being almost certain to run dry just in the very seasons when water is most wanted.
The third method of impounding water in the valleys of the rivers is practicable., but
at a large outlay, and further investigations are needed before detajled projects can be submitted.
The fourth method, that of inundation canals, or channels to draw off the supply without
raising the level of the stream in the rivers by weirs, is economically impracticable on account
of the great depth of the river-bed below the tracts to be irrigated and the variations of the
surface level of the stream even in the monsoon months. To ensure a supply sufficiently
continuous to mature khureef crops, the beds of the channels must be projected at so low 8
level that the excavation at thejr heads and for a considerable distance below would involve
* Spring crops (wheat aud barley). an expenditure quite disproportionatS to the
C. H.D. results to be obtained. The reports besides show
that rubbee irrigation* is gnore required than
khureef,t and this inundation canals could not
supply.

t Autumn crops (rice, &e.)
C.H.D.
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The fifth mode is that adopt.ed in the scheme now submitted forthe :.Betwa. . |
As to the supply of water available from the Betwa no records exist previous to 1866 ;

but the gauge registers kept from that year up to date show that, except in years of absolute

drought, 600 cubic feet per second at the beginning of the rubbee season and about .300 cubic
feot at the end can be depended on. For the ordinary khureef crops the su’ppl‘y will usux.lll;z
be ample without storage, The early khureef crops, sn.mh as sugarcane and indigo, cannot
supplied, as water fails from March to June. In the driest year on recox:d (1868) there wasfa.;;
ample supply in the rivers from about the 15th July to 15th October, with one tez.npot;::y a
from about the 23rd August to 17th September. ' Towards the end of Qctobet in year
the volume fell to 160 cubie feet, and in the following Februalty t? 50 ‘C‘lblc feet. .

The reason of the supply never altogether failing in this river is due to th:: f::t of 1:;
sources being in the Vindhyan range, near Saugor and Bhopal, where the rain of the sou '
west mo never fails. . .

No 2::2:&5 :.t:rdﬁseoverahle of the rainfall in those lo?a.ht!e‘s during the dmulihbs f"fsliso:
1834, and 1838. The earliest date of the Saugor register is July 1843 ; that of Sehore

(Bhopal) from the year 1867. ‘
I'i‘ht)a followingy table shows the fall during the months of June, July, August, and

September from the year 1860, one of the famine years :—

' Jhansie, | Saagor, Behore.
.l 251 30.23

1860 e e e , . .l 431 | 4469
1861 R R -+ S -~
1862 R S -+ 4 (-0 B
1863 . . . - . - . ‘ . * . m'ﬁ 37'41 see
1864 T . 370 | 6140 | .o
1865 . . . . . . . . . . X X .l 988 | 3020
1866 S S DA TS S L
]867 . . . . . . * * '. ' . . . 123 3()'% 27-%?
1868 e e e e e e L 473 | 4r00 | 88 7
1869 ; ' : . X . . . . . : : ‘1 209 44-‘14 60.60
1870 . . . . . . . . ; . L1 410 | 6420 82:
1871 S © ] ses | aser 36.242
A S - I vt 2 "
1873 . . . . * ‘ :

he fall at Saugor was never less thax? 80 inches.
les from its source in Bhopal to the -T urans at
¢h border. The tract affected by this project
and Jumna. The area commanded by the

During these 14 years it will be seen that t.
The Betwa runs a course of about 360 mi
Humeerpoor, half of which is beyond the Britis!
i8 a triangle bounded by the rivers Betwa, Pabooj,

proposed channels is thus distributed— ' | &g, mile sq il

. 49
Brit}'sh Jhansie . . . ' ’ . . L11&
Jaloun . . . . y ) ) . ) 535
Humeerpoor . . . . : : — 1217-5
: . . 1,555 ~
Sumpther . ‘ : toe . 795
Native ) Baunee . oo T .. 100
States. ) Behree . . . * ' ) 265
Datia . . . . ¢ sm— 2745
Total 1492
Deduct . . 51842
Barren and ravines . . : ' . 34075
Mar soil . . . . . ) ) e 85917
o————
' . 632:83
" Total irrigable - . . - - w 405,011 acres
or . : ‘ ) '
Of whichw
830,489 ‘acres are British.

74,522 | Native States. )
Assuming th,at not more then one-third of the culturable area should :e ‘1
which water is required is 135,000 acres, but for this the _8":1‘“89 supp!
according to the caloulations made in this estimate, be sufficient.

rrigated, the ares for
y of water will not,
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The projected works consist of a permanent weir across the Betwa, 25} feet above the
deepest point of the bed, with a regulating head for the canal on the right flank and escape
sluices to keep the bed clear of deposit in front of the regulator. Thence a main channel it
led off 19} miles in length and three branches, the Humeerpoor, Calpee, and Kutound, carried
along water-sheds, so as to command the whole of the tract above described.

The dimensions are as follow :—

Depth of
Length, ]ﬁtit&m water full
: supply.

Miles. |  Feet. Feet.

Main Line . . . . . . . .

Humeerpoor Branch . R ) X : : . . . . . 19% 20 7

Calpes Branch . . . . ) . ) ) . . .| 78 [15to6 | 6tod

Kutound Branch . o ) oL . . . . . éél oto g 6 toi
Torar .1 1673

gistﬁbutaries a.ggre.gating 220 miles in length are provided in the estimate.
or se:e g‘ﬂ; supply Wh}eh the chafmels are ddsigned to carry and distribute is $00 cubic feet
geet ron s ;t. the estimate provides for widening the main channel to carry 1,000 cubic
ariespf(:ors:)clon atl;l a;g(l)clp?mn of a larger demand for khureef itrigation hereafter. Distribut-
o ex i . . ; .
aricas 8 cubic feet are left for future consideration when the necessity for them

The following abstract shows the estimated expenditure under each main heading :—

. Hume
Maln Canal. | S peh | Bren, | Guowsd | Distribu. Total.
- R B R R R B
Lond compasition” | .| 1001 48001 4000 30000 9,000
Headworks o . . 1| g 26,180 | 2,888 | 18480 | 29316 1508619
Bgusors -l Vews| ham| o | o || Mg
go;;ent v‘;orks, &.. . . 17,001 42?33 2313 27,132 gi’igg
ri X N . ’ ) ane “en e »
Recapes . . . 70,664 | 160689 | 1453 | 96845 | ... 3,42,633
M, . . 1o ome| Toso I 25000
vildings, permanent . 14.0 ' y 12500+ ... Y
v . A 9 ’ *
L on temporary . : 61 92? 287’223 5,000 20’54{3 gg'gfg
%ﬂl:tcillanekous masonry works | - ’ 8o} 4000 | 44,000
a . e o e ¢) '
ootk ©o ] Al 1,2g,208(1) 18,447 | 87,636 66000( 674934
Mamtgnance during construction 1 9,296 9,'591 1’2?2 (55'23? 22,000 gg:ggg .
Total . .1 1320207 501,602 | 46,968 | 3,33,088 | 161,316 | 23,7207

Tools and Plant . . .| 140,886
Establishment. = . . . 6,04,801

: 80,26,348
1ege Interest . . » 7,656,208
Capitalization of abatement of lend reverue . . 1,983,576

39,865,183

) It s a:}::ieipawd t-ha:t tf.xe work may be completed in three years, and the aecﬁmn]ation of
m&rest at ;el.zd of this tufm is calculated to amount to 82,038,098 ; but in the estimate of
e ofUthy the interest debt is taken as the balance of the accumulation at the end of the sixth
year after _eolilplfatlon. of the works, when, it is supposed, the returns may cover all current
oty ot foruy st aho diffrence, or (1,65,200—8,05,005) 564116, should
orm a portion of the cost of th sect, . . .

R34,23,017. of the project, Deducting this, the probable outlay 18

'ljhe pro.bable returns are es.timated‘ by the Chief Engincer according to the caleulation
made in 1872. The water-rate is taken at B2 per acre, whilst the Board of Revenue are of

opinion that the, full average rate of the Ganges Caual, vz, R2-6, would be obtainable.

¢ ’
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Khureef irrigation is altogether omitted, and for the rubbee the full supply, 600 cubic feet per
second, will always be available to begin with; but as that supply diminishes more or less
during fhe season, the full return is only calculated on from two-thirds, the area irrigable at the
beginning : 200 acres per cubic foot per second is taken as the duty ultimately obtainable. I he
figures, then, are :—
$x 600 x 200=80,000 acres at R2 . . . R 1,60,000
Enhancement of land revenue at 12 annas per acre . ” 60,000
Miscellaneous revenue, 5 per cent. of watetr-rate . . ' 8,000
Total . . . . . 228000
Deduct 25 per cent. Maintenance . . ” 57,000

Balance . o . . 1,71,000

This on the total outlay of B39,85,138 gives net profit of 431 per cent.
This estimate of outlay is, I think, a maximum, and the return a minimum. In a separ-
ate note I have made some remarks on the engineering details and the items for which the

provision in the estimate seems to be excessive.
The quantity of masonry in the head-works seems o me to be unnecessarily large, and may,

I think, be considerably reduced.

The number of bridges, about one to each mile, may be required many years to come, but
I cannot think the same provision for cross traffic i requisite in a confessedly undeveloped tract
as in the most highly cultivated and populous parts of the country. Probably half the number

would suffice for many years to come. o
Mills are not a necessary adjunct of the project. If the demand for them arises hereafter,

they can be built. They are always a profitable investment if judiciously located. ‘
The cost of inspection-houses and temporary shelter seems very large, and is, I think,

susceptible of reduction.

The extent of land occupied may apparently be reduced considerably.

E ibl ge required to complete the project in the best style seems to be pro-
o e tinnte s but f this kind, where the estimated returns are so very

vided for in the estimate; but in a case 0 .
meagre, I think it would suffice to construct only the works absolutely necessary Jor the

resent. '
! If the supply of wateris found o go farther than can now be calculated on for a certainty,
and a demand arises, as is probable, for khureef irrigation, the necessary additions can f;hen be
made to the works, though the cost would possibly be greater than if all were carried out
simultaneously.

The estimate of the probable returns
project was first submitted ; and althought
maximum, the gross income is, I believe,
hard to believe that, in so dry a country,
sought for the khureef crops.

The indirect benefits, however,
inces Government recommended the project from the very first

These are enumerated in the Commissioner’s (Mr. Ricketts) memora

1873. The chief items are—

1st ~Protection against famine.
22d.~Eunsuring the permanence of the land revenue.
3rd.—The possibility of obtaining & higher land revenue, a3 there would be no longer a

necessity for allowing a large margin in revenue settlements as a set-off against un-
favorable seasons.

The remissions of revenue in the five districts of Bundlekhund during the 12 years from
1860-61 to 1871.72 are stated to have amounted to R33,63,989 ; and though a portwn.of
this was directly due to revisions and reductions of assessments and to causes co.nnectefi with
the Mutiny of 1857, it is probable that no revisions would have been required if famine had
not reduced the resources of the district in men and cattle.

T, omitted to mention above that the sum caleulated as capitalization of abatement of land
revenue includes that on land in the Native States, which should, of course, be omitted.

It is not stated what arrangements have been made with the Native States for occupation
of land or payment for water supplied.

The compensation for land is estimated at R25 per acre, but this
Revenue authorities. :

. &

o

I have stated above is that made in 1872, when the
he'duty assumed for the water is probably an absolute
much below what will ultimately be obtained. 1t is
water even in ordinary years would not be eagerly
were the main grounds on which the North-Western Prov-

ndum dated 8th July

is not attesteci by the



Before submitting the project for the sancti
A ion of the S .
be thought advisable to obtain the views of North-We t: ef)reta:ry of State, it may, perhaps,
stern Provinees on the suggested reduc- Note by Coroxzr J. G, Forses, R.E., Chief Engineer of Irrigation, N. W. P. and Oudh, on coustruction of the
Botwa Weir,~—No. F. C. 874 I, dated the 21st March 1882.

tions of g¢ost. The project as submitted is presented i :
ions 0% Sost. he Broject as s presented in a more unfavourable light financially w t-
acts seem to W sum of R30,18,485 was sanctioned in Government of India’s Public Works De
A part-
ment letter No, 896, dated 18th October 1881, as the direct charges for the Betwa Canal

} ‘ J. CROFTON.
190 June 1875, * (Exclusive of 26400 project. Of this amount 19,88,186 was *
clusive of gates, 64,000.) on account of the weir and head-works at
Pareecha, viz. =
From the Secretary of Sf te for Indi A ‘ . . ) y
. | . y of State for ndia to the Government of India,~No. §1, dated the 8th September 1881 Weir . ' ’ ) . . a0
dated ti,sv;: regelved and considered in Couneil your Excellency’s Public W ’ ) Canal regulating head . . . . . 1,62,810
ate 1441 ublr —_———
Betwa Cean Slt, uly last, submitting for my sanction a project for tlf orte Iett'er No. 27, Ao empamimen® ‘ . i
o al in the Bundelkhund district of the North-West Provinces ? construction of the Toraz L 88,::183
munic;tion(; %‘::i:z!; :ﬁeﬂée construction of this work has already formed the subi et of ”
overnment of India and my predecessors, but before :: d ;O,!-n. 2. The reason for choosing Parcecha as the site of the weir s given 'n pors. 86 of fhe’
No}?lilélifiatglo;ks Despatch to Government of India action was sanctioned, more Precise i;lfy ° n°lte Chief Engineer’s (Colonel Greathed) Report, dated 2nd November 1874, as below :—
Ditto ditto NOth February 1873, ™ as to the prospects of the work, b gnfatlgn Aftor o vory caretul consideration & £02 e the it ittt st bo o
0. 87, dated 23rd April 1874, engineering and financial , both in its . Pareecha, 13 miles east of Jhansi, near the Calpee road. This is the best site that conld be found.
noted, for by the despatches fr:: tha:spec to, was fzalled A rocky barrier runs across the bed of ‘the Tiver, forming sn exoellent foundation for the welr ;
- - 13 office marginally this barrier is said by the Executive Engineer, Mr.f Dubus, to be free from cracks and fissures
- This information is now suppli ‘ ‘ visiblo to the eve. The river has & straight Tun between good stiff banks, and there is a plentiful
your lettef- that you are now sa‘l;isﬁegpf;iil EZreyfonrlr G OVfar.nmfmt,. and I am glad to learn from supply of goody building-stone, suitable for cour sed rubble, in the neighbourhdbd.
of water in the Betwa tiver g bo relied ot 1;1qz:11rnes mstlbubed' by you that the supply 8. Now, however, that preparations have been made for an actual commencement of the
that" the financial prospects of the work are such : ; ta conal even in years of drought, and work, and a minute inspection and detailed surveys of the site have been made, it is found
hope of some small return to Government on the ca -ts | 0 ;ﬁo@, in your opinion, 8 reasonable that the description given above regarding the rock being free from cracks and fissures, and
undertaking. pital which it is proposed to expend on the thus forming an “excellent foundation” for the weis, does not correspond with existing s
4. Irrespectively, how 4, Barly in D ber 1881 I received a communication from Major Western, R.E,
) _ . Barly in December
not hold very sanguizrl’e expez‘;:t;oii fhe ﬁ%anclal aspect of the project, regarding which I do SuperintendZnt of Works, reporting the above snd stating that ho had suspended work sf tho
to undertake the construction of t’h{ao‘:orkx-cellel:icy dwells strongly on the duty of the State Pareecha site pending further orders. On tho 90t Dosamber T arrived st Pareechs sad o
in o .
country—a tract which has so often sufforrg $ order to secure the food-supply of this tract of fully examined the locality. ‘ . .
ered from the s 5. For a distance of 800 feet on the left flank of the Pareecha site the barrier is not-

composed of a “ homogenous rock without fissures.” On the confrary, it consists of weathered
and greatly decomposed quartz blocks and moorum, and is, in fact, an outcrop of the quartz

ridge which is met with on the Calpee road at Gulara, abou? two miles from Pareecha. The
position of this quartz ridge and its conjunction with the gneiss 18 clearly shown on Map A—

plan of river near head-works.
6. Map B—Plan of Pareecha weir site—shows o

any time be visited again with famine in the future erenest scarcity in the past, and may at
5. The Famine C issi . '
aware, in paras. 316andogl2m ;;S;;n' 0;[; 1878 also urgently recommended, as your Excellency is
as an absolutely nece eir epozzt,_ the early construction of this work, among others
y ssary work for the mitigation of famine in the North-Wes(,; Provinoes ’

ations of a supply of water sufficient i
. t in years of d ; e
? etreahzed, and that the views of You{ Gov:mz:fthfn? :i(:;dbth: woeana of irrigaion mey and quartz. The trial pits in the latter, which were down to & depth of 8 to 10 feet below
uture outlay on the relief of the population may be a yd d 19 borne out, am:l a proMle W. 8. L. on the date of my visit, showed anmistakeably the utterly rotten state of the rock,
‘1:,011 m{ Batnozgon to the construction, from ordina{'y fun:]c;l :f.the nB:thv; }gal.):all :ﬂl n::; w:-h. whicl; ai)parently got worse the lower it was dug into. When pieces were broken off, they
ork, at a esti a8, a protective _ ) . .
out]a;r aod the b :l;::::t:gi zsijeczfa}ff?,i,%l,hof which R80,13,485 is estimated as direct zould betcrl\;mbleld bet;veen the ,ﬁnlie;: ;t ?cx;cll it was seen that the rock was, bgs;des, full of
A na 1nteresy ¢ arges. ssures at all ang es and many near. . o
7. 1 gather from the encl ¥ | ir slui o to be built on this flank, it was evident that the sanctioned
- nclosures ¥ to your !ette; that the work will probably be completed desig:;. gg&;ﬁfv‘:l:f;: z::r‘iill; altered if this site W as’ to bo retained. The cost, therefore,
Propctier from Secretary to Government, North-West in three years, and that the expenditure on it ‘ , A £ . NN
ce6, to Secretary to Government of India, Public Wil probabl g . . would be greatly increased, as, 1n addition to the greater depth of foundations than originally
Works Department, No. CA22W., dated 26¢h 4o probably be distributed in the following . ’ b b . A rough esti
1881. " 6th April mapner ;—fivel akhs durine th ot official estimated for, a much longer pavement or talus would have to be putin. rough estimate
official year, eight lakhs during :ih o‘; Gﬂl:rre ; d('na . showed that & weir at thia site would cost nearly 10 lakhs of rupees instead of R7,83,519 as
cial years, and the balance of estimate for works before the raj © succoscing allowed in the sanotioned estimate. Besides this, it was clear that if the weir was built here,
' © rainy seagon of 1884. there would undoubtedly be very heavy leakage below through the fissures in the rock.
8. Under these circumstances it became incumbent to reconsider the question of the
From the Joiut Seoretary to the Government of Khoord site, which is situated about a mile below Pareecha. Khoord was originally chosen as
the N. W. y I . ! A
the Secretary to the Government of ;:di:, P. :VN Dez. 51;: dFOquhé;;, v: Dept., Irrigation Branoh, to the site for the weir by the late Lieutenant Bagge, R.E. It was finally abandoned on account
WirH reference to -correspond . oo ated 21st March 1882, of the Pareecha weir being supposed to cost about 2 lakhs of rupees less than the one at
Superi spondence ending with your letter No. 896, dated the 18th Khoord, but on this point Mr, Andereon, Superintending Engineer, 2nd Circle, Irrigation
ary 1882, tendent of Works® No. 126, dated 30th Jaua. ?:’t’"f’er 1881, I nm direoted to forward, for Worke, who was deputed by the Chief Engineer (Colonel Greathed) to report on the two sites,
MNolcle by Chief Engineer, No. F. C. 87} 1., dated 21st :39 u!fwm“t:“’“ of the Gowvernor General in stated as €ollows in his letter No. 796, dated 26th March 1870 :—
e TG ouncil, «capies of the papers noted in the Para. 4.—Thinking that a considerable reduction in cost would be the result of adopting
Pareocha, which is above Khoord, as the site for the dam, I prepared the accompanying estimates

weir for the Betwa Canal in Bundelkhund, sgin, on the subjeot of construction of the M
: y anticipations were not realized.

gl

L
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5. The following is a comparison of the two works :—

Content. Cost.
- Leugth. C. ft. R
Khoord dam . . . . 5,600 2,055,860 13,36,720
Pareecha ,, . . . . 2,650 1,465,253 11,01,886

Saving . 2,34,834

6. Against this saving of R2,35,000 must be placed loss of revenue due to the 37 cubic
faet per second of supply which is contained between the Parescha site and Khoord dam. The
revenue from this 37 cubic feet calculated at R500 per cubic foot represents, at 7°5 per cubic
cent., a capital of B2,60,000.

?. The‘ advantages of the -two sites are pretty fairly balanced; but if the afflnx due to each
dam is considered, the Khoord site has the preference, for at Pareecha the affiux is 11-23 feot, while

at Khoord it is only 600 feet.

9. On carefully going over the gound (vide Map C), I came to the conclusion that in
every way was the Khoord site more satisfactory than the one sanctioned at Pureecha. By going
a little above. the site fixed upon by Lieutenant Bagge and utilising an island in mid-stream,
we find that instead of a weir 5,500 feet in length being required, two weirs, one 800 feet in
length across the west channel of the river, and the other £,650 feet long across the east

_ chanuel, are necessary ; thus giving a total weir length of 3,450 feet only. Good homogenous
roc.k (gneiss) extend{s across the whole width and for abont half a mile or more down the river.
tl‘hxs rm.)k goes wel.l Into the right bauk, whereas at the Pareecha site a heavy revetment wall
is reqmr.ed to guard the right flank. The greater part of the site now chosen across the east
chapnel_ 18 itself a natural weir, and little will actually have to be built up in many places,
whilst in others tl§e rock will have to be ent down. On the west channel, however, in the
deepest part thTe he.lght of Phe weir would have to be 41 feet against a maximum at Pareechs
of 34 feet. Notwithstanding this, a rough estimate showed that a weir at Khoord could be
built for a little more than 7 Jakhs of rupees, or within the sanctioned sum.

o ilsi);mllt izhot‘;l;l eals;) be notfbd tha.t .at Kho.ord the ground on the right bank of the river and
Raiah of Doty entre are in ]?l‘.ltlsh territory, whereas the Pareecha site is entirely in the

Ja ol Ureha's domatns. In addition to this, good building stone is found ¢» #ifu at Khoord,
whilst at Pareecha 2 tramway one mile in length is required to bring material.

11. The advantages of the Khoord over the Pareecha site may be briefly summed up s
follows :

1.—Good rock extending acroes the whole width of the river
2.—Loss expense in building. ’
3.—Less leakage below weir.
4.—Less height of afflux.
§.~Greater impounding of water,
feet per second.

. 6.~Building material actually on site,
7.-—§ite almost entirely in British territory.

12. Taking the above facts into consideration, I bad no hesitation in ordering Major
Western to abandon the sanctioned site at Pareecha and to consider Khoord as the proper position
for the weir for the Betwa Canal. Asg the rough estimates above alluded to, although reliable
ezm}zgh to fo::m an opinion on, were necessarily too vague to be submitted as an authoritstive
baSl.S on which to apply for formal sanction to the change of site for the weir, I further ordered
Major Western to submit more detailed estimates when the surveys were completed at
Khoord.

13. Estimates have now been pecejved with Superintendent of Works’ letter No, 126,

dated 20th J anuary 1882 (accompanying this Note), and show the comparative cost of the weir
at the two sites, vig. ;=

giving an incressed discharge in cansl of 37 cubic

) R
Pareecha weir . . . . 9,44,659
Sanctioned cost ) . j 7 ’83,5 19
Excess .. 1,61,140
Khoord weir . . . 7,05,030
Sanctioned cost . . s ' 7'83’519
Saving . 78,489

et
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From the Superintendent of Works, Betwa Canal, to the Joint Secretary to the Government, N. W. P. and
Oudh, P. W, Dept., Irrigation Branch,—No. 126, dated the 20th January 1882,

THE site fixed for the weir at the head of the Betwa Canal is described in paragraph 26 of
No. C.1043W., dated 2nd November 1874, page 32, and was accepted as fixed by Chief
Engineer in paragraph b, section I, page 25 (Proceedings Nos, 16—42 of April 1875).

2 This rocky barrier is made up of two kinds of rock. That on right of cold-weather
stream consists of a fairly level platform of gneissoid granite running square to the stream and
some 400 feet wide ; that to the left is a quartz ridge with moorum in a more or less decomposed
state on the up and down-stream, and this quartz ridge is,of no great thickness, varying from
6 feet upwards, and does not runin a direct line. _

3. To erect a weir at this site, therefore, the quartz and moorum must be cut down until a
sufficient width of base is obtgined, and the line of weir either run to conform with the ridge
or partially based on the quartz and partially on the moorum. As the quartz is broken and
fissured in every direction, it is doubtful if the weir so built would be safe for a day without
extra protection or a flooring on the down-stream side.

4. As 1 further found on reading the Betwa Canal papers that Lieutenant Bagge had
preferred asite a mile below Pareecha, called Khoord, and as Mr. Anderson had reported that
Khoord was not a bad site, I stopped the work of alignment, &c., for Pareecha and commenced
survey for alternative sites (see Proceedings Nos. 82—=56, June 187§, Part V., page 51,

ragraph 45 e 94 and pages 66—67).
" g5 I')l‘be l,a}r)zf scale tl‘a(g?li hérewith) shows that there are three sites on rocky barriers in
this reach of the river or above the Khoord rapids, The uppermost is the Pareecha site and
has been spoken of above. The intermediate site was apparently‘ covered w{ith silt at the time
of previous surveys. It consists of good gneissoid granite, but its contour is bad, The lower
site is that of Khoord, or at the head of the rapids. . ‘

6. At Khoord the river has, in a length of about 2 miles, a fall in cold weather of 250
feet from surface to surface, and in flood of 15°28 feet (page 48, Proceedings, June 1.873). The
width of channel here is some 5,000 feet, divided up by islam'is against an undivided width above
Pareecha of 1,350. Naturally on such a site nothing but rock is found fr?m .bank t? bank, and as
far as trial quarrying has gone, it has proved a ngod qu?hty of gnexs.smd gram.tel,1 so;ae(vlvltx;t
cracked and fissured in places, but perfectly good th?: ordinary preea.uho.ns. Qn eit er hand the
rock rises to ahove flood level, but is of inferior quality. Probably the inferior quality merely
overlies rock equally sound with that in bed, but as both of these are actually on flank elolfes,
there will be comparatively but slight action, and measures can easily be taken to rgnder then
gafe, ) .

7. This Khoord site, therefore, appearing far superior tg the P.areecha selected site, detailea
surveys were made, and 1 now beg to submit rough alternative .estlmates.. g .

The data used have been Colonel Brownlow’s revised section o.f weir, Mr. Hair's align-
ment of Pareecha weir ; but with 3-feet foundations for portion on right of cold-weather stream
and R. L. 601'50 for portion on left, 601-50 has been assumed. A? we have' no facts as to
actual depth it would be necessary to cut the reef down to, and 601:50 is 1 to 2 below lowest
level of river or a level at which work could be executed without pumping, a.w1dth ot: 100 feet
Paving below this portion of weir, or for 600 feet in length by 1'b fe.et in thickness, is allov‘ved
for. For the Khoord site the calculations have been made on the alignment showP m.tmcmg
from levels and contours as available; 4°0 depth of foundations allowgd‘ to cover possible inaccur.
aey of levels, &c., due to boulders and loose rocks hereafter requiring removal. ,Ratgs tl.xe
same throughout as allowed by Mr. Hair. Portland cement rubble is estimated for as coping 1n
place of ashlar, though it is not quite evident from the papers which system has been finally
deeided on,

Proceedings Nos. %22-—117, Augnst 1886, para. 32, page 53

k)
” m !

7 ’ " "
" " 375 March 1878, item4 ,, 3.
Three feet in thickness at an extra rate of R50 per 100 cubic feet has been entered to
allow for possible further alterations.
Pareecsa SiTe. ‘
Blasting or execavatiim for foundations.

C. ft. R
On right of river . . . 139,290
On left, to level 601-50 . . 93,258
For pavement, } of quantity, at RS } 94,200
»w 10§ ° ’
Fl&nk WB.“ . . . . 9,000

———— o

335,748 at R 10 = 33,67

O ——————
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Rubbie masonry weir.

C. ft. R
Excluding foundations, R. B. . . 524,307
Foundation, R. B. . . . 439,290
L. B. . . . . 305,208
Flank wall . . . . 154,320
1,123,125 at R20 = 2,24,625
Ashlor floor—L.B.600 x 100 x 15 = . 90,000 , 2 = 1,80,000
Brickwork~—As in Mr. Hair’s estimate.
Portland cemsnt.~Pointing . . 20244 ,, 4 = 80,976
Ditto.  ~Coping 2,400 at 3' deep = 96,000 extrarate R50 = 48,000
Knao00RD SitE.
Blasting or foundations~Right channel . 169,320
Flank walls . 4,320
Left channel . 89,000
Flank walls . 4,240 ;
266,880 at RI10 = 26,688
Rubble masonry.—Right west channel . 482,480
Ditto  foundations . 169,320
Flank walls . . 62,480
Left east channel . . 352,600 °
Ditto foundations . 89,000
Flank walls . . 56,310

1,212,280 at R20 = 2,42.456
Brickwork.—~Double Mr, Hair’s estimate—

East part . . . . 12,600
West ,, . . . . . 8,400
Portland cement pointing . . 21,000 at R4 = 84,000
Ditto coping 2,800 r. feet 3' deep = 56000
= 112,000 c. feet, extrarate R50 } - !
Comparative Abstract.
Mz, Hire’s EsTiMare 18-
CRBABED BY 35 PER CENT. Majon WHSTREN'S
(CoroNeL BrowNrow's KeTtmATR.
Eerivara o 1836).
Sub-heads, Rates.
Pareecha Site. Pareechs 8ite, | Khoord Slte
R R B R
Foundation or blasting . . . . . 10 13,963 33,575 26,688
Rubble masonry . . . ., 20 1,83,347 2,24,625 2,42,456
Ashlar coping . . . . . . 2 213,777 | ... varees
Portland cement coping . e 60 | .. 48,000 56,000
Ashlar flooring . . . . . 2 180,000 | ...
Brickwork T B X 521 521 1,042
Portland cement pointing e .. 4 65,139 80,976 84,000
Contingencies e e 20 93,349 1,13,639 82,039
per cent. )
Total .| .. 5,60,006 681,236 | 492,225
Add weir sluices N 1,22,807 1,22,807 1,22,807
,» Tetaining weir I 40,000 40,000
Total allowed in present estimate for weir without .
gates . . . . 6,82,903 8,44.043 655,032
To this may be added tramway . - 1,00,616 1,00,616 50,000
' 783,619 9,44,669 | 7,05.030

9. The figures given, as Mr. Hair’s estimate increased by 85 per cent., are taken from his
original estimate, and this accompanies for reference. The total will probably not agree exactly
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with Colonel Brownlow’s figures on which revised sanctioned scheme has. bee.n based.
R1,00,616 have been allowed in original estimate for tramway, as the qufsrtz hills frc?m
which the building stone was to be obtained were situated a go?d average mile from the site
(see page 11, paragraph 41, and pages 18A and 194, 'Proceedm.gs, 1875). As the Khoo;;d
site is so large, it is evident the whole of the rubble will b? obtained on the sp?t, q,nd-at t! ;
most traraways only being required in short lengths for leading the stone to heavier sections o
weir and for delivery of lime, I have entered 150,000, considering B30,000 will be nearer
the maximum possible expenditure. )

10. The weir sluices have been assumed to cost the same in all cases, as we have not
sufficient data to re-calculate. It may be, however, taken as a fact that at Pargecha the founda-
tions will require to be deeper than at Khoord, where we know good rock is to be found at
* L'lf.oiogl;bsidiary retaining weiris to be built—see note by Colonel Brownlow on s?ctit?n of
weir ; but as the details of this are not known, the cost may be assumed as the same in ext.hgr

-case or 140,000,

12. For capability of passing the assumed maximum flood volume of 750,000 cubic feet
with the formula— '

D=35 Zh 1 /T + 03592 + 5 Z hg o/ ha + 0297 C. ft.o
At Pareecha—Natural flood level being R 645E
Weir sill . . R . . . 63150

Length of sill, 2,396 feet.
with an assumed velc;‘c?:y of approach = 6 feet, or that taken by Colonel Brownlow, afflux
: rface above weir 645°30. .
be°°“:: ;Sozziff::s::ﬁ:;e 641-0 as the natural flood level—weir sill as before 631:50, and
length in two portions of 2,650 and 800 with velocity of approach of 4 foet and 6 feet, we find
flux will be 8 feet, and discharge of the two channels 76 per cent, and 24 per cont. of 750,00(.).
2;3 :x ith th(ias a.ssur’ed present flood level at site of weir of 64100, the' low?gt channel of 800 is
eallleu;:ted to discharge 60 per cent. of the 750,000 cubic feet. It is evident, therefore, that

with weir built and forcing more down the smaller eastern channels, the level below weir will

: i d1 in west channel,
vary, becoming higher possibly towards right (east) ba.nk and lower in

i 1 can pass (assuming R. 8. above at
i 800 feet weir across west channe . :
648'(')1{.)h 2rmv:';;:n;'gltheoretieal) afflux will be when surface below is at or below 63150, and

i ic feet.
i to be something over 200,000 cubic .
. I;;Z ::v?:::n t(;)o pa:s 550,000 over the 2,650 feet length, and with surface above as before

i out 639-00. ,

at 64; ;)e, v::tix;ils:::::z :e::;r:ilhb:n Zbexit are for west weir evidently ample, fo(;" th; ea.;’F,
or 2,650 :eet part we have 85,000 square ap?romh up to levelﬂﬁ‘lsSﬂ(; on tpr:s:nfto:)et h.e o5 8 *60‘3
bed is rock a;d coarse sand, the sand will evidently scour ul“t tsu cm;] are lendines o aain
cubio foet is obtained, Downstream there are three channels—two sma tzn:.ids ﬂ:ng 'Ilam of
stream below village of Khoord and one large direct channel running tow e village
Moratta, . ) .

. eir discharging with these channels may be assumed as
1 05(;1‘::d I;o;ggn::é vﬁ:ftvl:)sluoxie: of 220,000 and 830,000, ﬂ;ﬂ‘xa tLv,lofpeggf sgrfag c}&wnD thef
channels may be taken as 1in 800 ; and if we take a low co-cicient o "ranc s . 0. e
15 mean velocity comes to 20 feet, and sectional areas Fequir 3 an 200,
minimum sections obtained are 12,000 and 27,000, and this on earth in places overlying rock
awd 0]11 {,v:lﬁnf ce::ﬁ;;:;:i,p:l:r::m will be a free exit frqm weir, anfl that W 8. below
will be below RPPE :339-0 and that surface above, tbe.tefore, .wxll never rise as high as R. L.
848. As our data of water surface over these rocks is very incomplete, it will be ag well to
assume in all caleulations for R. L. 648 as maximum le\rel upstream. ‘

18. The maximum gauge of 6410 given by Captain Bagge appears to b';, from 1;:5 eross
soctions, at & point ahout 1,600 feet above the present P‘?P“ed ste of v;;e\r. . .akmﬂg :d ® saxtnee
slope of surface as given from Khoord to Pareechs, or 448 feet per mi v ex:;gl:go -38'5 wf;t r
surface At weir site will be about 63950, and possible afftux on weir 648'0—639-50= :

14. 1t would seem, therefore, that weirs can be built on either site, but that the cost of
the Pareocha one would exoeed that of one at Khoord by. the cost ?f the extra pavement or
protection necessary downstream, and that even then the Pareecha weir would probably be mare.
expensive to maintain, '

» -
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15. T am therefore, with your permission, having all detailed estimates and plans made
with reference to this Khoord site, and I would request your formal orders regarding them.

16. I may mention that maximum height of weir at Khoord will be 410 feet against
34-0 feet at Parceeha.

17. I enclose herewith for reference the original plan of the Pareecha reef, with notes on it
by General Rundall ; also a detailed survey of this reef as at present existing.

18, The copy of weir section accompanies for record in your office.

From the Government of India, Public Works Department, to Secretary to the Government of the N. W, P. and
Oudh, P. W. Dept., Irrigation Branch,—No, 1181, dated the 20th Aprit 1882.

) IN reply to your letter No. F.C.871. of the 21st March last (the plans accompanying
which are returned), fx‘orwardmg, for information, copies of certain papers on the subject of
construction of the weir for the Betwa Canal in Bundelkhund, I am directed to communicate

#No. F.C.87}1,, dated 21st March 1882, the sanction of phe Government of India to the
proposal made in the Chief Engineer’s Note,*

which forms an enclosure to the letter quoted above, of changing the site of the Betwa weir

from Pareecha to Khoord.

_—

Note by LIEUTENAN.T- Coronel J. G. Foxpes, RE, Chief Engineer, Irrigation Works, North-Western
Provinces, on the Revised Estimate, Be\twa Canal,—dated the 13th March 1885.

Now that the Betwa Canal is approaching completion
under-estimated, whilst others were omitted ; and although i’t
entered in the enclosed abstract may not be considered absolu
may be postponed for a time,
clear light.

a3 g The grand t?tal of the revised abstract as now submitted is R47,50,681 against
- ,82,221 as safJetloned by Government of India letter No. 3961, dated 18th October
1881; thus showing an excess of R7,68,460 as compared in the following table :—
-7

it is seen that some items were
is possible that all the amounts
L tely necessary, or at all events
yet it is undoubtedly necessary to show them in an open and

Head, Ebﬁllgléllt‘e of }%ﬁ&e& . Exeess, Saving,
R R R R
Works
2514491 | 3229749 | 7,15,258 o
Establish
stablishment 3,99,195 742,830 3,43,635
Tools and plant 99,799 99,799
Direct ch :
charges 30,13485 | 40,72,378 | 10,58,893
Indirect ch . B
irect charges 968,736 | 678,303 2,90,433
GraND Torar .| 389,82,221 47,60,681 7,68,460 ser

The different items of excess wil] now be explained.

| 3, In tSep(tiex‘nber .1.888 it was seen that the excess on land was likely to be heavy; the
value as entered 1n original estimate according to Board of Revenue’s valuation being only
R12 per acre, whereas the rate actually paid is about R35 in British territory and R80

in Native States and “muéfi ” lands. The tota] ‘h s . the above
cause, is R1,04,173. excess, which is due entirely to the abo

4. Under “torrent works” a sum of R24,433 only had been provided, whereas it is
necessary to expend R67,018, or an excess of R42,685. In the first six miles of canal,
which crosses a large amount® of drainage, only two petty inlets costing $1,248 each had
been provided.

This amount was totally inadequate, for although it was said in Mr. Hair’s estimate of
1674 that it was ““easy to divert the drainage of the upper part into the Pahooj,”” yet inadvert-
ently the cost of this diversion was not entered. This has caused an increase of 116,265 on
the main canal. The experience of last rains has shown that s further expenditure of 5,000
will have to be incurred on the diversion of minor drainages. On the Hamirpur branch two
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more syphons costing in the aggregate 7,000 are required, and minor drainage lines cost-,
ing 85,000, On the Kutound branch no provision had been made, whereas three syphons
costing 14,320 are necessary, and cuts for minor drainage costing 15,000 will be required.

The line actually takenfor the Betwa Canal is much more on the watershed than that
originally projected, which, if adhered to in all points, would have la.n.ded us in greater diffi-
culties regarding drainage, besides losing command of the country, which is now everywhere
attained. . .

5. Escapes were very much under-estimated. Mr. Hair simply proposed to provide the
cost from distributaries, as the  escapes would be very simple and short, as the canal passes
cloge to & number of nullahs.” . ) o

The Chief Engineer, Colonel Greathed, however, said this proposition was inadmissible, and
allowed a Jump sum of R40,000 on this account, or “allowing four escapes at'RlO.,OOO, the
idea being that it was quite sufficient to turn the escape water into a nullah ; and it being taken
for granted that all nullahs in Bundelkhund were rock, it was apparently uot deemed necessary
to take any precautions for the cutting back of these nullahs, These nullabs, however, are

not; rock, and it is necessary to protect them. '
In addition to this, no provision whatever was made for an escape from the main canal to

‘meet the possible (and probable) case of a flood suddenly entering the canal, owing to the

difficulty and delay in closing the head-gates with the enormous pressure under yvhich they
will bave to work during the rains. To make a proper escape, with full. contro\ll.ng power,
would add nearly two lakhs of rupees to present es.tlmat/e. ‘It_; wo.uld, in my opinion, have
been very desirable to make this escape; but taking into consideration the expense, .and the
fact that in the original estimate approved of by the Liocal Govern.ment aud the Goyernment
of India it was evidently thoughi; that this escape was not required, the cost of it has not

been entered in present estimate, About 18 miles below canal regulating head (which has

three sets of gates) the banks have been lowered to within two feet of high water le.vgl, 50
that in case of a flood down the canal, the extra water may flow off towards the Pahooj river.
A few miles lower down the canal escapes capable of carrying off 2,000 cubic feet per second
have been made. : . .
The increase under this head, for the above reasons, is B82,357, or a total expenditure
of R1,22,357 on account of escapes for the Betwa (:anal, which has an estimated dlsch{irge of
1,000 cubic feet per second. On the Fatehgarh Branch of the Lower G'anges Canal, which bas
a discharge of 600 cubic feet per second only, the amount sanctioned in 1877 for escapes was
R1;43,267. The sum stated above for the Betwa Canal is therfelore a most mf)derabe allowautfe,
especially bearing in mind the abnormal conditons under which the regulation of supply will

have to be effected.

8. The excess of B17,115 under the head of buildiu;,rfa is'x due‘to thfx omission in the
original estimate of any provision for inspectioml‘lolwes on distributaries. 'll.le total length of
distributaries it is proposed to construct is 377 miles, and as many of the. lines ex.tend long
distances away from the main channels, it is absolutely necessary to adml.t of eﬁ?clent super-
vision during the hot weather and rains to build not less than six 2nd cluss inspeetion-houses.

7. Under “ earthwork,” main canal, the excess is under three heads :—

)
' A
A. Increase of rate . . . . . . . g
B. Deepening of canal at head . . . 87718

C. Proposed pitching st head and berm-outting in first 10 miles . . 2,00000

Torax . 3,449,948

As rogards A., the rate originally put down in Mr. Hair’s estimate was that prevajling

“in 1874, Eight years afterwards not only had the value of labour increased, but within a

fow months after the Betwa Canal had been commenced thie Jhansie-Manikpur Builway wae
begun, and labour was at one attracted to it. Work practically came to a standstill, and rates

 perforce were obliged to be raised. In addition to this, a larger amount of rock than was

anticipated was met with, and this again led to a further increase of rate. N
With reference to B., the increased deepening gave an increased supply over that origie-
ally estimated for of 100 cubic feet per second for 75 days during the early * khureef,” or the

season when water will be most urgently required. The cost was RS7,718, and taking into’

cousideration the grest advamtage to be gained, and the fact that there was an lnﬁOiPl.“d
suving of upwards of a lakh of rupees on the head-works, the order to carry out this despening

“'to an extent of 5 foet at canal head was given in February 1882, and to an additional 3 feet

in January last, .
»
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Item C. for B2,00,000 is a proposal for forming 10-feet berms in the first ten miles of
the canal and pitching sides and bed in the first three miles. From the facts originally
brought forward, it was assumed that the sides would stand at a slope of 1 to 1 and as noted
when the present excavation was commenced (see Superintendent’s letter No. 69, dated 12th
January 1882), “In the very hard soil we have to deal with, to judge by the river.banks
and kutcha wells, dry slopes of 1 to 1 wili stand perfectly, and with the same excavation

section we shall, with a bed width of 20 febt, be able to allow a small water herm of 3 feet
between the two slopes.”

On these facts, which still hold good and which agree with the data given by Mr. Hair,
who assumed the wet slopes (on which the others depend) to be 1to 1, the canal was excavated.
Now, however, that we have nearly reached the bottom of the digging, it is seen that the
lower strata are a much more friable description than was originally anticipated.

I feet extremely doubtful whether the slopes as now dug will eventually stand. In any
case I am of opinion that berms are necessary in the first five miles, where the digging ranges
from 40 to 25 feet and where the bed in places is 14 feet below spring level. Orders have
accordingly been given to form berms in this reach. It is almost certain that strong pitching
will be requiced when the bed is below spring level ; constant slips will oceur when the water
is admitted, and the only moot point is whether we should accept facts as they are and let the
banks slip, clearing out the débris when the canal has been opened and charging the cost to
‘“ Revenue,” or openly face the difficalty and say that we will provide against the contingency
before the opening of the canal.

My own opinion is decidedly in favour of the latter. It is, T admit, a very serious thing
to be considered that the capital of the canal may possibly be increased by 2 lakhs of rupees ;
but, on the other hand, we must face the fact that the sides will slip. This slipping will pro-
bably take place when the water is being lowered, 4. e., when irrigation is most urgently
required, and to clear out the d&bris we shall have to close the canal at a time when water is
in most demand. In addition to this untoward closure, it must be borve in mind that repairs
with a running canal will cost more than protective works carefully executed at the present
time. Ou a rough estimate I calculate that it will cost nearly 50 per cent. more to protect
the banks when the canal is open than to do it now, but the expenditure will be spread over
three or four or five years and will be charged against “ Revenue ” and not against « Capital.”
As 1 have said above, my opinion is decidedly in favour of incurring the expenditure at once,
and in this view the total cost has been entered in the present abstract.

8. The excess under “ pluntations”’ amounts to R34,508, and is due to no provision hav-
ing been made under this head in the original estimate, The above sum includes R6,370 for
fencing tbe canal in Native States, and the balance is for planting shade lines of trees along.
canal-banks. In no part of India are such lines more required than in Bundelkhund, where
the heat is proverbially great in the hot months,

9. Under “miscellaneous” the excess is R21,700; of this R11,100 is the estimated
cost of discharge sites in the main canal and branches, for which no provision was made in tlfle
original estimate; the balance R10,600 is the sum that is estimated for outlets in the main
branches of canal, from which there will be a considerable area of direct irrigation.

10. The above accounts for an excess of R6,26,975 on main canal and branches.
Against this, however, there are sivings on the same, which, added to savings on head-works,
amount to R2,32,111, leaving the net excess at R3,94,564; or excluding the excess of
R1,04,173 on land, an item over which the Irrigation Department had no control, the net
excess on engineering works proper, on head-works, main canal and branches, is reduced to
R2,90,391.  Considering the important and necessary additions that have been made to the
project in the shape of torrent works, escapes, and plantations, and last, but certainly not
least, the increased storage capacity of the reservoir equivalent to an addition of nearly 50 per
cent. to the supply of the canal during a period of 75 duys at a time in the year when the

river is at its lowest ebb and water much in demand for valuable early kbureef crops, this
additional sum cannot be considered too great.

11. The remaining portion of the total excess on works, viz., B(7,15,268—3,94,664)
3,2.0,694 18 under the head of ¢ distributaries.” The provision under this head in Mr. Hair’s
estimate of 1874 and in estimate of October 1881 was #1,49,690, or for 220 miles at
R680 per mile, .

The cougtry to be irrigated b

o ! y the Betwa Canal hus now been thoroughly examined, and
it s estxmated that at least 377 mi

les of distributaries wil] be required,
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In all canals the mileage of distributaries is a function of the maximum volume of water

to be distributed at any time, and in the Betwa Canal the conditions are such as to require
large and immediate distributing power, so that in years of scanty rainfall the irrigation for
the rubbee may be qnickly effected and the water got on to the land before the supply in river
falls below 1,000 cubic feet per second, the maximnum volume which the canal is capable of
Passing. :
This is a very important point to bear in mind, for it is agreed on'all sides that water
will be taken for every kind of soil to soften the ground for ploughing in years when the
September rain fails; and we can always count on the river supplying a volume of 1,000
cubic feet per second to the end of October. It is, therefore, absolutcly necessary to provide
a sufficient length of distributary channels to meet sudden demands.

The combined maximum discharges of the Upper and Ibwer Ganges Canals may be taken
at 10,000 cubic feet. The total length of distributaries on these canals completed to the end
of 1888-84 was 4,303 miles, or at the rate of one mile of dis'tri_butary to 2'39; cubig feet of
maximum discharge ; and the system is not yet complete. Similarly on the .hastern .Ju:.nna
Canal, the maximum discharge of which is 1,400 cubic feet, there are 618 miles of distribu.
taries, or one mile to 2:25 cubic feet of m_aximum discharge. o )

It is, therefore, clear that an allowance of oue mile f’f distributary to 2'5 cubic feet Qf i
maximum discharge is not an excessive estimate 5 and in thf.z case qf the Betwa Canal this
factor would give a length of 12 = 400 miles aganst 877 ’f"les estlma.ted. for. '

The total amount allowed for distributaries in the revised abstract is R4,70,284, or at

" the average rate of 47039 — R1,249 per mile, which is a moderate rate, considering that
377

the distributaries are to be of average size, and one line, the Jaloun distributary, is to carry a
khureef discharge of 200 cubie feet. ' .

After spending nearly R28 lakhs on head-works, main ca..ual a..nd branches, it would
obviously be bad economy to starve the project in the way of dlsf.mbutanes.

This has been proved in the case of the Agra .Cana.], where it bas been found necessary to
double the length of distributaries originally sanctioned. .

When the Betwa Canal project was originally drawx} up, it was thought that a very cheap
type of distributary would suffice, that land would coz?t I{tt]e, a_nd that masonry .works would
be few. But, with the exception of a few miles, the distributaries are all Slt}xated in the Jaloun
distriet, which is highly cultivated. Land is as dear as elsewhere at‘xd bridges are as much
required as in other districts. Again, the slope of the country necessitates numerous masonry
falls, and the fluctuation between the early and late khureef and t.l_xe ru.bbee su?phes requires
ample means of regulating the surface level of the water. Every bridge is thus either a fall ora
regulator. But great care is being taken that the works are o placed as to meet the various
conditions in the most ecounomical manner, anfi gheap sta.n.da,rd d‘esxgns %mve been prepared in
order to keep down rates to the lowest possible limit compat}ble with efficiency.

12. The excess on establishment is heavy, namel;r, R7.,42,830—-3,99,195~__—3,4,3,635,
The original provision of 13,99,195 was based on a special estimate and amounted to 1587
per cent. only on the estimate for works, The normal allowance for establishment charges in
such cases as laid down in Public Works Code, Chapter XV, paragraph 181, is 23 per cent. on
works. This allowance has been based on wide experience and, on the average, has proved
not to be excessive. In the present case is has, tl.xerefore‘, !oeen adol?ted.

The greatest difficulty has been experienced in .obtajmmg sufficient labour. .The nature of
the soil in Bundelkhund is such as to render excavation In t.he.dry season a.lmosf, 1mpra.ct1.ca.ble ;
while in the rains people will not work at all in b}ack soil ,if they can possibly help it, and
carriage of material is quite stopped for five months in the year. :

isi Pools and Plant is the same as in the estimate of 1831,
%Z %l:z 1;'::‘::;;)0!;1;:3 .i:xdiggc: charges has béen estimated as follows. - The amount in the

1 italization of land-revenue has been allowed to stand ; for, although the
:it::;:e fgf if:xi:z::;z:f iirfor land have exceeded the provi?ion under that head in the former
estimate, a large proportion of the area taken up is in I“I.at..we States, fmd has therefore had to be
purchased out-and-out, and there will be no future liabilities of any kind. . The area of revenue-
paying land in British territory will not exceed 2,000 acres, and allowing that, the average
assessrdent is B1-8 an acre, the capitalized value of this revenue at 25 years’ purchase is
3,000 x25 = B75,000 only against R1,03,728 provided. But the larger sum has been
allowed to stand. ‘ ’

The leave and pension allowance calculated in accordance with Standing Order No. ?6, dated
30th November 1883, Public Works Code, Volume II, Chapter XV, paragraph 177, 1ssl ii per

¢
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cent, of charges for establishment. In the present case the actual charges upto end of 1883-84
amounted to R49,818, and adding to this R32,532—14 per cent.-on the establishment-
charges to be incurred after 1883-84—the total comes to B1,02,3560, which amount has
accordingly been entered in the revised abstract instead of the previous sum of R99,799.
Interest charges during construction amount to R4,74,820, and have been calculated as
laid down in para. 176, Chapter XV, of Public Works Code, on the following scale of annual

expenditure :— B
Expenditure in 1881-82 , . . . . . . 166147
S ” 1882-83 . . . . . . 877514
" ” 1883-84 . e« .. 1117007
Six-monthly estimate 1884-85 . . .. . . -8,00,000
Budget-estimate 1885-86 . . . . . . 6,00,000
Probable in 1896.87 . . . . v . 300000

Torat . 388,60,668

The above figures for the three years 1881-82 to 1888-84 are taken from the Annual Finance
and Administrative Accounts of the Provinces, and the figures for 1884-85 and 1&85-86 from
the Budget-estimates for these years, while the amount entered for 1886-47 is the probable
sum that will be spent in that year in practically completing the works. The difference between
the total shown here and the amount of the revised estimate (40,72,378—38,60,668)=
R2,11,710 is the estimated cost of permanent irrigation outlets and sorme minor works that will
gradually be constructed as irrigation developes, the capital account being finally closed in
1392-98.

The canal will however, it is hoped, be opened in May 1885 and begin working from that
time; but the irrigating channels will not all be ready before the close of 1885.86, The com-
pletion of works not absolutely required at once will be deferred until 1386-87.

The indirect charges calculated as above amount to R6,78,303 against 19,688,736 in
the estimate cf 1881, showing a saving of R2,90,438.

15. The following is a comparison of the present revised estimate and that of 1881 for the
the final direct and indireet charges :—

Estimate, Direct charges. Indirect charges. TorAL.
R : R R
Present estimate . . . 40,72,378 6,78,303 47,50,681
Estimate of 1881 . . . 30,13,485 9,68,736 89,82,221

showing an excess of R7,68,460,

18. The return expected from the Betwa Canal barely exceeded 2 per cent. on the original
estimated cost (vide para. 4 of Government of India letter No. 67 I.,dated 23rd February 1882) ;
but the forecast now prepared shows that, notwithstanding the increased cost of the revised
estimate, the net direct income, ten years after the works are completed, will probably be
R1,50,000, or a return of 8} per cent. on the total capital outlay of R42,51,412, which in-
cludes a sum of R1,79,084, the expenditure on the project prior to 1881-82, which was not
taken into consideration in the original estimate.

The improved revenue now anticipated is due to the increased storage capacity pl‘OVided
and to the greater length of the distributaries proposed.

BETWA CANAL.
Revised classified abstract of the Betwa Canal Project.

1 2 3 4 5 6
Metn aind sub-head. Estiomteof | Revised | g oonn, Saving, | Remarks.
I.—WORKS.
(1)--HEAp Wosks, B B B B
A —Preliminary expenses . . . . . o - 4,760 4,760 e
B.—Land . . . . . . . . 28,512 83,547 5,038 et
C.—Works .« e+« w4 ] 10,562,764 | 10,01.488 51,276
Total, (1) Head Works 10,62,764 | 10,89,795 ens 41,481

BETWA CANAL PROJECT IN THE NORTH-WESTERN PROVINOES.

Revised classified abstract of the Betwa Coanl Project—(concld.)

1 2 8 4 5 —?T P
s and sub-head, B Tvalll sy Excess, Saviog. | Bemarks.
I.—WORKS"'(OOHM.) R R R R
{2)—~MaiN CANAL AND BaaNcHES. . ‘
(1)—Main Canal.
A.~Prelimi e .o 18000 948 | ... 12,064
B.-L;ilém’.m’ xponses .oovo | 6429 | 82507 208 .
l)"—R&gUIBt()I'S . . . . . . 81598 R1560 see 38
E.—Falls and weirs . . . . . 7283 7,283 .
F.—Torrent works . . . . . 17.901 39,166 21,265
G.—PBridges . . . 70.564 61,653 .. 8911
H.~Escapes e e e 5500 6,500
K.—Buildings . . . . . 76.019 72,712 8,307
L.—Earthwork . . . . . . of 277,951 622,899 | 344,948
M.—Plantations . . . . . . . . 8,612 8,{512
. —Miscellaneous . . . . . S 6,302 6,302
-—Maintenanoe . . . . 12’296 loy(m ree g 2,298
Total, Main Canal .| 481,768 | 876140 | 8,04382| ..
(i) — Humeerpoor Branch.
A.~Prelini . . . . 48,000 8,256 44745
B.—Era;‘ém.n“y ?xpens'es : . . : : 15708 45278 82570 s
D.—Regulators . .. . . 2,932 2,045 . 887
E.—Falle and weirs . e s .| 46,288 44,025 2,263
F.—Torrent works . . . . 6,632 18,532 12,000
G.—Bridges .. . .| 1,680,689 | 1,07,409 53,280
~Escapes o e . .| 20000 76384 66,384 .
K.—Buildings . . . . 36,59 48,030 11,441 -
L.—Earthwork . . . . . . 98,051 99,346 1,295 .
M.~—Plantations . . . . . . o 12,198 12,199
O.—Miscellaneous . . . . 7,200 14,600 7,400
P.—Maintenance . . . . 9,691 9591 | - ...
Total, Humeerpoor Branch .| 451,680 | 483,694 | 32,114
(iii)—~Kutound Branch,
A.~Preliminary expenses . . . .1 80,000 2,748 27,252
B.~Land . ~. ., , . < 11,088 47,685 | 38,597
K.—~Falls and weits . . . . 27,132 21,029 6,108
F.—Torrent works . . . . . . 9,320 9,320 N
G.—Bridges . . e o+« 4 96845 | 16319 “ 20,526
+~—Escapes . . . . . . . 20,000 40,473 20,478 .
K.—Buildings . . . . . | 29189 | 87,627 8,488
L—Earthwork . . e e . 87,636 67,727 - 19,808
M.—Plantations . . . . . 18,602 13,692 .
O.—Miscellaneous . . . . 6,000 11,400, 6,400
P.—Maintenance . . . 8,407 8,407
Total, Kutound Branch 3,138,108 3,34,427 21,231
(iv)—Calpes BrancA,
A.—Preliminary expenses . . . 4,000 526 3,475
~Land . . . . . . o urss| esse)  @ses|
E.—Palls and weirs . . . . . e 2,813 500 1,818
.—Brid 8 . . . . . . . 1‘.536 5|m0 see 9,'535
K—Buildings . . . . . . . 3,000 3,683 583
L~—Earthwork . . . . . . . 9,735 7’800 .. 1,935
O.—Mincellanecus . . . . . ., 1,000 2,600 1,600
P.—Maintenance . . . . 715 775 - .
Total, Calpee Branch 87,081 265,440 " 11,682
{8)—DIsTRIBUTARINS.
A~Proliminary expensee . . . . .
.—~Land . .xPe . . . . . . 17,500 ]
C.—~Works Ce e . 4 44,000 [ (4,70,284
L—~Barthwork . . . 4 . . 66,000 ’
0.~Miscellaneous e e« ] 22000
Total, (8) Distributaries .| 1,409,500 | 470,284 | 8,20,604
[}
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Abstract by Sub-heads.

Mo ud ubhend Botiateof | Reriwed | peows. | Seviog. | Reans
» R R R R
A.—Preliminary expenses . . . 95000 12,234 82,766
B—Lad . ~. " |, 1 62470 | 1,66,643 | 1,04173
C.—Works (head-works) . . .1 10,52,764 | 10,01,468 51,276
D.—Begulators . . , . 11,530 10,605 925
E.—Palls and weirs . . 75,733 72,837 2,896
F.—Torrent works . . 24,433 67,018 42,585
G.—Bridges ., |, . . .| 342633 | 2503881 92,252
H.—Escapes . . . 40,000 | 1,22,357 82,357
K.—Buildings . . . . 1,44,797 | 1,61,952 17,155
L.—Earthwork . .. . .| arer2] 797772 | 3,24500
M.—Plantations . . . . . . 34,503 34,603
0.—Miscellaneous . . . 13,200 34,902 21,702 .
P.—Maintenance .. . .| 290s59| 26773 2,296
(3).~Distributaries . . 1,49,590 4,70,284 3,20,694
Torat 25,14,491 i 32,29,749 | 7,15,258
GENERAL ABSTRACT. _
1 2 3 4 5 6
Main and sub-head. Esl{:}aite of e%fi‘: f;“'t% Excess. Saving, | Bsmazks.
R R R R
g) . ﬁet}d-gorkls . .. 10,81,276 | 10,39,795 41,481
) T Haxn ana)| B . . . 4,81.758 | 8,76,140 | 3,94.382
Ay Kuaz)eeré)oor ranch . . 4,561,580 | 4,83,694 32,114
o Cn; un . . . . 3,13,196 | 3,34,427 21,231
3) . D& lt“*?b- tarion . . 37,091 25,409 - 11,682
18ir1butaries . . . 1,49,590 | 4,70,284 { 3,20,694
I. Works 25,14.491 | 32,209,749 | 7,15,258
Total{ IL. Establishment 3,99.195 7:22:830 343,636
Ii1. Tools and plant 99,799 | 99,799 -
Total, Direct charges 30,13,485 | 40,72,378 | 10,58,898
VI Covital Indirect charges, e T
. Capitalization of abatement of land-revenue we
Leave and pension allowances . . . l'gg’ggg {’g?’ggg 2651
VIL. Interest during construction .| 765200 | 472925 o 2,02,984
Total, Indirect charges .| 9,68,736 | 6,78,303 2,90,433
Grand Total of Direct and Indirect charges 39,82,221 | 47,560,681 | 7,68,460
GBard Torar, NEr ExCESs 7,68.460
L Work 4dd old W‘Z@y on }”'QjﬁL‘t. ~~~~~~~ = ——
. OTKS . . .
II. Establishment . . ° ° 21,629 | 21,629
IIL. Tools and plant . 1’5(15’22(5) 1’5‘15’228
Total, Direct, charges 1,79,034 | 1,790,034
Indirect charges e
VI. Yeave and pension allowances
VII1. Interest during construction ap to 1886.86 1 gg?gg 1 (2)2’?38 .
Total, Indirect oharges 132416 | 132,416
']
Total, old outlay 311,450 | 3,11,460
Graxp Tor
AN AL, COST OF PROJECT 42,93,871 | 50,62,131 { 7,68,460

BETWA CANAL PROJECT IN THE NORTH-WESTERN PROVINCES,. 148
BETWA CANAL PROJECT.
No. I.—8ummary of the estimated direct charges to capttal account,
Year. Works, Establishment, | Tools and Plant, Total,
_ 1 2 L] 4 5
Y 3 sizim y 928 2
1869- e e e e 6,738 : 5,7 44,965
1828-;? S L. 3,141 14,969 . 18,110
872 . L L L L L. 2027 13,680 - 15,707
187293 . ol . 1,337 8,580 293 10,210
187374 L : 3,307 24,249 419 27,975
Wi . . . . 2,231 22,978 24,50
187696 . . . . . . . 765 16,289 - 17,064
sy . ot : 573 14,117 14,690
87798 . . . L .. . 479 4,371 ) 4850
187879 . . . . 414 16 430
1879.80 . . . . 209 8 - 217
1880-81 . 206 6 211
1881.82 : i . 163 3 106
Total, old outlay 21,5629 1,561,065 6,440 1,79,034
. 94,398 89,876 31,873 1,66,147
}gg%gg . 6,84,993 | 147,165 45356 | 877514
188384 . . . . . . 921,176 | 179,002 16,770 | 11.17.007
18848 . . 6,37,000 1,60,000 3,000 8,00,000
1885.86 . : 4,80,000 1,17,200 2,800 6,00,000
188687 . . . . . .| 240000 60,000 . 3,00,000
1887.88 . : o . 40,660 9,360 . 50,000
188889 . . . . . . ) 40,650 9,350 . 50,000
188990 . . . . . . 32,520 7,480 . 40,000
1850-91 : oL 924,390 6,610 . 30,000
189192 . - .. 20,326 4,675 25,000
189293 . . T, 13,648 3,062 16,710
Total, present project 32,29,749 7,42,830 99,799 40,72,378
GraxNd ToTAL, COST OF PROJECT 32,51,278 8,93,898 1,06,239 | 42,551,412
L . . .
No. I1.—8ummary of the estimated indirect charges to capital, excluding interest.
. Capitslization of |T.ose by exchange|Charges for leave
Year, lindrevense | O Balnd. | Nowsncea Tol.
i T 3 3 3
R R R 5 R
186970 e e e e e 58 5,65
187071 oo L. o 2,605 9,606
1871.72 : . . 2,381 2,381
187273 ©e .. v 1,493 1,493
1873.74 oo 4,219 4,219
1874.75 . T L . 3,897 3,877
1875.76 . S . . 2,834 2,834
w897 . C T 2,456 2,456
1877.78 oo . . “ 761 761
sy . . . . . 3 3
1879.80 ., | : ) . . 1 1
1880-81 . ) ) . . . . 1 1
lsslg2 ., . . . e
Total, old outlay . . 26,286 26,286
1881. . . 6,590 6,500
1882~g§ o : . - 18,159 18,169
1883.84 . | : 23,655 . 25,069 48,754
lsg4egs , | . . 40,000 - 22,800 62,800
1885.88 . . ) . 80,000 " 16,350 46,850
1886.87. , ., | . 10,043 8,400 18,448
1887.88 I . 1,300 1,300
1888.80 . ) . . 1,300 1,300
1880.90 . ) . . . 1,040 1,040
1890.91 . . . N 780 780
1891.93 ) T, . . 650 650
1892.93 . oL : . 412 412
Tota), present projest 108728 1,02,850 2,08078
GraND TOTAL ON PROJECT . 1,08,728 1,28,836 2-3:'36‘
-— N— >
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BETWA CANAL PROJECT.

No. 11L.—Estimate of growth of irrigation and revenue receipts and charges.

REVENUE RECEIPTS AND CHARGES,
Irigatedsres| ~ GROSS BEVENUR DUK %0 WORKS. Charges both Nat s
Year, to end of diircégt ncléd i -
year. : B najre a Exel n;
o O B e R e T
receipts. o;elvngxlx:':?t ) scconut, re‘::m;e, revenue.
e etta— | ———— e
1 ] ] 4 5 6 7 8
Acres. R R R R R R
1885-86 . . . 20000] 3000 30000 | 40000 | —10,000 | —30,000
1886-87 .« .l 85000/ 70000 o 1 70000 85000 —15,000 | —15,000
1887-88 .. 45,000 | 1,35,000 1,85,000 | 1,37,000 ) —2,000 2,000
1888.89 .« .| 65000 165000 165000 | 138000 | =z7.000{ 27.000
1889-90 . 65,000 | 1,95.000 - 1,95,000 | 1,389,000 56,000 56,000
180061 ., .| 70000] 210000 .. 210,000 | 142,000 [ 68,000 | 680
1891-92 .. .| 75000 225000 226,000 | 143,000 [ 82,000 [ 82000
1802-93 .. 80,000 | 2,40,000 e | 2,40,000 | 1,45,00) 95,000 | . 93,000
1893-04 . . .| 85000 255000 .. 255,000 | 148,000 | 1,07,000 | 1,07.000
180496 . . .| BODOY.) 270000 .. 270000 | 149,000 | 121,000 | 121,000
1895-96 . . . 95,000 | 2.85,000 - 2,85,000 | 1,50,000 | 1,353,000 1,:?5,000
189687 . . .| 100000 | 300000| .. 300,000 | 150,000 | 1,50000 | 1,5000
Torar .| . | |2380,000 o | 2380000 | 1566000 | 814,000 | 814,000

No. IV.—8tdatement of net financial results from commencement to 1896-97.

Sipt\p‘Io éinur:?
at 4 por celt. | yop payenue, in-
D o ital out- g
Yeur. brsey e | Dist el | 10l ar | (ludlng en | umple Jaerst | Ny, inpia
the yeat. of the year, brovigne, J%&r | revenuscolumu| venue. futerest.
3 daring| 7ot Teble LLL
Yyear.
— R
N 8 3 4 5 6 7
B R R R R
; %2?3.;‘1) T+ e|T 44,965 44,965 1,051 1,051
g .. 18110 63.075 2,540 2,540
2\ ierogs . ¢ | 18I0 78,782 3,260 260
Elwersra . . 10,210 88,992 3,867 - 8,857
g )isrars . . 2976 1,18,967 4,949 - 4,949
1’875;76 i ‘ . ,5019 141476 6,143 ‘e 4,143
€ lererr . 17,054 1,568,530 7,061 7.061
3 fs770s . - | 6% 4 1732% 7941 7.041
o |1878.79 . © 4,550 1,78.070 8,348 8,318
3 1879.80 . . - 430 1,78,500 8,982 8,382
188081 . . | 217 178,717 8,396 8,396
8182 . . %‘15 }.78.928 8,405 - 8,406
ooy B AL Sigrer |} 1048 10482
% 1883:8: ©oc | (B77EL4 | 12,22605 31,868 31,358
£ )igsess | | o074 2339702 71,249 - 71,249
2 lisesee . . | 800000 | 3139702 | 100,88 1,09.588
Sllssesr . o Smo i araror | igrses | ~10000 | 147,588
188788 . . . 8,00.000 | 40,39.702 1,55588 | —15.000 1,70,688
S ) qssese . . ‘| (50000 | 4089903 | 162588 | —2000 | 164688
2\ 188000 . .. | Su0 | 4130702 | 164588 27000 | 197,588
2 | 1svo0) X 20,000 | 41,79,702 | 166,388 56000 | 110,388
z | 189103 1 80000 | 4200702 | 167,788 88,000 90788 | °
>lisopos o 0 c| 2000 1 4234702 | 168488 82,000 84888 | *
Zis0s0s . . o| (16710 | 4281412 | 169,722 95,000 74,722
2 | 1894-9§ o 42,561,412 1,70,056 1,07,000 63,056
Slimeos .. 4251,412 | 170068 | 121000 49,056
\lsones . . 4251412 | 170056 | 1385000 85,056
ot 42 51,412 1,70,086 1,50,000 20,066
Terar . 42:51,4]2 el 22.66,362 8’14,(“” 14.62.882
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From the Government of India, Public Works Department, to Her Majesty's Secretary of State for India,—No.
42, dated Simla, the 12th October 1885.

WE have the honour to submit, for the approval and sanction of Her Majesty’s Govern-
ment, a revised estimate, amounting to B44,83,776, of which 142,51,412 represents the direct,
and R2,82,364 the indirect, charges for the Betwa Canal project in the North.-Western
Provinces.

2. The project was sanctioned by Her Majesty’s Government in Despatch No. 51P.W.,
dated '8th September 1881, as a protective public work, at an estimated total cost of
R32,17,012, exclusive of the charges for interest. The excess of the present over the sanc-
tioned estimate is R12,66,764, of which R2,05,320 is the amount of outlay incurred under
grants from Ordinary revenues on surveys previous to the classification of the canal as pro-
tective. The excess which it is now proposed to charge to the protective grant amounts, there-
fore, to R10,61,444, being R10,58,893 for direct, and R2,551 for indirect charges. The
excesses are fully and clearly explained in the accompanying note, dated 13th March 1885, by
Colonel J. G. Forbes, R.E., Chief Engineer for Trrigation, North-Western Provinces. The
causes of the excess expenditure on works may be briefly summarised as follows :~—

The excess expenditure on works amounts to B7,15,258, Of this amount R1,61,403 are
due to increase of rates almost entirely caused by the starting of the Jhansie-Manikpur Railway
works and increase in value of land which could not have been foreseen when the estimate
was framed. R6,08,412 are due to additions to the project subs*_zquently un(?erta.ken, which
add largely to its value and paying capacity. These works consist of deepemng. the canal at
the head and pitching the slopes to secure an increased supply of water _at the time when it
will be most wanted and the extension of the distributary system to utilise to the best advan-
tage the increased supply of water. The total of these two items (Rl,6l,403+36,08,4-12.)
amounts to R7,69,815, agaiost which there is & net saving on the works as originally esti~
mated of R54,557, reducing the total excess on works to R7,15,2568. The remainder of the
total excess in direct expenditure is due to an increase in the establishment charges, which are

now allowed for at the normal rate.

3. Out of the estimated direct capital outlay of R42,51,412 R31,69,522 bad been expended
up to the end of 1884-85, leaving a balance of ®10,81,890 for expenditure in subsequent
years. The works will be virtually completed in 1886-87, although the capital account will
not be finally closed until the end of 1892-93.

4. Tn the tenth year after the virtual completion of the works, viz., 1896-97, the area
irrigated is expected to amount to 100,000 acres, or 20,000 acres more than the area previou‘sly
estimated, This improvement is due to the incrciased supply which will be stored by deepening
the head and to the greater length of distributaries now proposed.

5. The gross revenue i8 expected to amount to 13,00,000. The rates on which it is
based have been arrived at after careful consideration by the Irrigation and Revenue author-

ities of the North-Western Provinces. The working expenses are estimated at R1,50,000, or at

the rate of R1'5 per acre irrigated, Which is the average incidetce of maintenance charges per

acre in the North-Western Provinces for the three years commencing from 1881-82, The et
revenue will therefore amount to ®1,60,000, which will give a return of 3-34 per cent. on
R44,83,776, the total estimated direct and indirect

3
*Capital outlay . . . o+ 4483776 cqpita] outlay, and 2:52 per cent. on R59,36,138,%
tosllgsl)lt’;l?e;ntfrm 1? = nef' mnfme “lf 1452362 the total sum which will be at charge, including

interest, in the tenth year after the practical com-

Totel sum at charge - ﬁ:::i:: pl;ption ’ of the projgct. The estizm.t,e of the

growth of irrigation and revenue receipts and charges has been approved by the Revenue
Department, of the Loeal Government.

6. Having regard to the fact that the increase in cost is chiefly due to outlay which
could not have been forescen, and to the provision for additional works which are calculated to
increase largely the paying capacity of the project, we have no hesitation in recommending
the revised estimate to your Lordship for sanction.

7. A sketch map of the Betwa Canal, showing all channels constructed and proposed, is
forwarded herewith. Plans of important works connected with the project have already been
;ralnsmitted to the India Office with our Public Works Secretary’s letter No. 1881, dated 16t

uly 1884,
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DOCUMENTS ACCOMPANYING,

1. Letter from the Government of the North-Western Provinces and Oudh, No. C.2051.,
dated 27th March 1885, and enclosures.

2. Letter from the Government of the North.Western Provinces and Oudh, No. C.5691.,
dated 31st July 1885.

3. Sketch map.

From CoLoxgr J. G. Forsgs, R.E., Joint Secretary to the Govt. of the N, W. P. and Oudh, P. W, Dept., to the
Secretary to the Government of India, P. W. Dept., No. C.8§171., dated the 29th October 1885.

I Ay desired to report, for the information of His Excellency the Governor General in
Council, that the Betwa Canal was opened on the 28th September 1885, and that water is
running in 300 miles of channel, from 260 miles of which irrigation is now being afforded.

2. The weir 4,000 feet in length, with a mazimum height of 60 feet in the deepest channel,
has now stood the test of two rainy seasons with entire success, no damage of any kind having
occurred. The leakage below the weir is practically nothing, and the wall itself is perfectly
staunch. The calculated full supply of the river Betwa in flood is 750,000 cubic feet per
second with an aflux on weir of 17 feet. The highest flood as yet passed was on 6th August
1884, when upwards of 520,000 cubic feet were discharged with a depth on crest of 13 feet.

3. The heavy gates and powerful lifting gear of the weir sluices and head-works of the
canal were only fixed this year. They work satisfactorily and smoothly.

4 I am to bring to His Excellency’s favourable notice the names of the following
officers ;—

Major Western, R.E., Superintendent of Works, who commenced the canal in November
1881, but who was transferred within a few months to the Punjabas Superintending Engineer-

Major Tickell, R.E., Superintendent of Works, who vigorously prosecuted the work until
his death in July 1884,

Mr. J. 8. Beresford, who acted with particular energy and capacity as Superintendent of
Works for three months after Major Tickell’s death, and whose labours and ability as Personal
Assistant to the Chief Engineer are shown in the recorded calculations which were required
when designing the weir and head-works.

IM"j"" Corbett, R.E., Superintendent of Works, from October 1884 until completion of
canal.

.M" » V. Willeocks, Bxecutive Enginecr, by whom the weir was commenced, but whose
services werg lent to the Egyptian Government in November 1883.

'Mr. R. L. Hawkins, Erecutive Engineer, who, in charge of the Lower Division, has worked
well in lining out and executing the distributary system, Messrs, Boyce, Strickland, Strachey,
¥ ’agan,. and Gordon, Assistant Engineers, are worthy of favourable mention, and of the
S“bf)l‘dmate establishment the names of Conductor J ackson, Sub-Engineer, Sergeant Lee and
Adjudhia Pershad, Overseers, and of Mr. Hurley, temporary Supervisor, may be noted.

From the Government of India, P. W. Dept., to the Secretary to the Government of the N. W. P. and Oudb,
P. W, Dept.,.—No. 313 1., dated the 16th December 1885.

I‘N acknowledging the receipt of your letter No. C.817L., dated 29th October 1885, I
am directed to express the satisfaction of the Government of India at the successful opening
of the Betwa Canal, and to state that the names of the officers connected with its construction
who are recommended in paragraph 4 of your letter have been duly noted.

Documents accompanying.

Nil.

3

From the Secretary of State for India to the Government of India,—No. 54 P. W., dated the 10th December 1885

Your ExcerLiency’s Public Works letter No. 42, dated 12th October 1885, submitting

revxs‘ed est'lmaf:es for the Betwa Canal project in the North-West Provinces, has received my
consideration in Couneil. :

¢
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2. This work was sanctioned in 1851 as one of a protective character which called for
early construction, at a total estimated cost of 139,682,221, of which R30,13,485 was
estimated as direct, and the balance as indirect outlay. The present estimate is for a total
outlay of R44,83,776, of which R42,51,412 represents direct, and R2,32,364 indirect outlay,
or a total excess outlay over the original sanctioned estimate of R5,01,555.

3. The causes of this excess are explained fully in the note by the Irrigation Secretary to
the Government of the North-West Provinces accompanying your letbex:, and,. as must bgs
anticipated in a work of this magnitude, are seen to arise from the adoptx.on of improvements
and alterations the necessity for which could not be foreseen v'vhen t‘he .pro']ec?: was first drawn
out. T have no hesitation in according my sanction to the estimate in its revxsed f?rm.

4. 1 am glad to learn from your letter and its enclosures that the dlstnbuta'nes from t(lile
canal will be considerably increased under the present scheme, and that the w<_)rk, if not alrea 3;
partially open, will be so far completed in the course of 1886-87 as to admit of the genera
commencement of irrigation. )

5. T observe that the direct reburns from the operations of the caual are estimated some-
what more favourably than when the project was first framed. . I frust this may prov;al toﬂl;e
the case ; but whatever may be the direct returus event}mlly yielded, I do not. doubt. that ‘t e
protection from drought of a large tract of country which} has always been liable to scaraity

and distress will fully justify the expenditure on this work.

T Printing Offce,~No —-11-12,~100.
Government of lndis Central Printing Office,—~No. 61 P. W.D.—~11
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