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Read the following papers.
No. 437. From Lieutenant-Colonel J. OUCHTERLONY, Acting Deputy Chief Engioeer,
Northern Circle, to Lieutenant-Colonel W. H. HORSLEY, Chief Engineer and Secre-
tary to Government, Public Works Department, dated Chepauk, 3rd February 1862,
No, 8:— ’
Sig,
\Vith reference to Order of Government, No, 83, under date 21st January 1862, I bave the
honor to submit for their consideration, the accompanying letter from Cuptain Haig, District
Engineer of the Upper Godavery, of this day’s date. '

From Captain F. T. HAIG, District Engineer Upper Godavery, to Lieutenant-Colonel
J. OUCHTERLONY, Acting Deputy Chief Enginecr, Northern Circle, dated Madras,
3rd February 1862. : :

SR,
1. With reference to O. G. No. 83, of 2Ist January, I have the honor to submit my views
upon the several points laid down for my cousideration in His Excellency the Goveranor’s Minute

of that date.
2, These points are—

~e

First. The relative advantages and disadvantages, without reference to cost of execution, of
the two following methods of rendering the Godavery navigable from the Coast upwards to Berar
during those months of the year when the diminished volume of the stream affurds a depth more
or less insufficient for navigation :—

1.) What may be called the Dam and Slack-water system, and

2) The Reservoir gystem.

"The removal of all impediments iu the shape of rocks and rapids in the river bed is assumed
ag necessary in either case, and the suitability of the works originally proposed and now under
execution for this purpose is admitted. Iu fact the feasibility of the original scheme, estimated
10 cost 30 lacs, and which had reference chiefly to the monsoon navigation of the river being
granted, the Government is desirous 10 know which of the above methods, between which alone
our choice seems to lie, it will be best to adopt with a view te extend the period of navigation so
as to embrace the whole year. .

The second poiat is the probable cost of each of the two systems proposed.

Lastly, the question 13 raised whether it would not be advisable, in the first instance at

. Jeast, to construct the Tocks and Canals at the three Barriers of much smaller dimensions than was

at first proposed, making them of a size sufficient for the passage of cargo boats only, the opera-
tions of steamers being confined to towing in the navigable reaches between the Barriers.

3. With regard to the first poiat. Apart from the question of expense, the consideration
which must decide between the claims of the two proposed systems of improvement, is the com-
parative facilities which each will afford for cheap, regular, and uninterrupted communication.

I proceed therefore to an investigation of this point. The object in view is to secure a
continuous navigable channel, with a fixed minimvm depth of water, clear of all ebstructions;
and with such dimensions and slope as may afford the best possible navigation which the nature
of the stream will admit of.

4. 'The two methods proposed for attaining this cbject, are—

(1) To zonstruct a seriesof Dams or Anicuts nlong the whole length of the river, so
placed that the pool or slack-water formed by each shall extend to the one next above it. These
Anicuts would be furnished with Locks for the passage of Loits and steamers, the lower sills of
which would in every case be laid at a certain fixed depth below the crown of the Auicut next
below, that depth being the minimum which it is desired to maintain in the navigable channel.

(2.) To regulate the course of the stream, and confine it within certain limits at those

oints where it has a tendency to wander, by means of low wing dams and training walls, and
to pour in from reservoirs constructed on the head waters of the river, a stream sufficient to

afford the requisite depth for navigation.
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5. It will be necessary, in the first place,

to determine what this minj
I will take it at 5 feet, as 1 consider that will be

quite sufficient for all purpo
. Dam and, Slack-water System,

6. With regard to the first of the two
is the height to be given to the Anicuts,

wum depth is to be.
ses,

Proposed methods, the fiyst point for consideration

This would probably vary from 15 to 20 feet above the
to the height to which the floods rise in each particular part of the river, It js manifest}y

desirable to have as few Anicuts as Possible, in order to diminish to the utmost the detention of
boats in passing them. The greater the average height the less the number required

general level of the bed, according

ruption of the navigation. , ction, if not actual inter-
7. The general velocity of the stream in ful] g, ;
) ull flood being 6 mj] .
: . o es )
ing about a third of the fload section, or 15 . ° an hour, Anicuts obstruct

due regard to the cost and security of the
accuracy not being required, or in fact j
attainable in the present paper, I shal
in all the calculations which follow.

8. Between Plrshetaputnam at the e
terminus of the Canal at the frst Barrier,
That between the first and second Barriers
the 3rd and Hingen Ghit 105 feet,
nam and Hingen Ghét 304 feet,

ptrance of the bills, and the Devanapilly the lower
the fall to be overcome in the river bed is 48 feet.
69 feet, Between the

2nd and 3rqd 82 feet. Between

Total fall in open parts of the rivep between Pfirshetaput-

9. The average height of the bed at eac

summer level of the water, Allowing, then, that each ise the water to a heisLt
of 5 fect on the sill of the Lock in the Anicat next above, or in other words that its crown sll;ail
be 4 feet above the sill of Lack, leaving I foot for the !

N . iope in the gyrf; the water, w
find that the number of Anicuts required would be— . riace of the water, we

In the Ist of the above-named reaches 3 of 20 foet high

2ud..n cesee .. 7 of 15 feet
Brdoii L e i, 8 of 15 feet
4‘th ................................. 9 of 15 feet

.10. In this calculation, I have made a deduction of abo
be overcome, being that portion of it which the Anicuts at th
mount. No doubt these heights would be varied more or less to suit the varying fail of the bed, and
possib!y in the 2nd and 3rd reaches it might be found that the number of Anicuts might Le reduced
by' increasing the height of one or two of them. It would also be a question for ¢o
whether it would not be worth while to give an additional height of 3 feet to each 1,
movable shutters, but I think it doubtful ¥hether such would be the case,
present purpose we may reckon that three Anicuts of 20 feet, and twenty-
height in addition to the three at the Burriers would be required.

ut 35 feet from the total beight to
e three Barriers will probably gyr.

vsideratjon

Y means of
At any rate fur our
four of 15 feey jp

I1. The next point to be considered is the arrangement of the Locks in the Anicuts,
This is a very difficult part of the scheme, The great height to which the floods rise, from 40
10 80 feet, presents great difficulties and objections to Locke placed in the river bed. O the one
hand if the floods are to be excluded from the Lock, the gates must be made of immenge
viz., 52 to G6 feet, which is objectionable, and on the other if we muke the Locks submers;
are met by the more scrious difficulty of the deposit of silt within and around them,

height,
ble, we

- 12, ‘Without entering into any discussion of diferent modes of overcoming this difficulty,
T may just state that 1 am sure it is by no means insurmountable, and that the Plan I would pro-
pose (from such consideration of the question as I have been able to give to it) is to place two
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or more Locks side by side in the Anicut, their sills being laid at different levels from that of
the lowest Lock intended for the summer's navigation to about 25 feet below the highest flood
level.

13. The arrangement is shown in outline in Fig.

The lower Lock would be the one in use for about nine months of the year, viz., during the
time when the river is not more than 10 feet deep on the Anicut. When the rise of the flood
exceeds this level, the gates of this Lock would be fastened open by means of a pair of skeleton
cates, with movable planking placed in front of the upper gate, and the flood allowed 10 swecp
:hrough it while the other two Locks are in use. Oune of the latter, the lowest of the twe, would
in its turn be submerged as the river rose, but as it would only be so for a few days, it might not
be necessary to provide for fastening its gates open, as the quantity of silt deposited in that 1ime
in its chamber, raised as the latter would be so many feet above the bed would probably be trifling.
When the flood had r* «h above the walls of this Lock, the third would come jnto use. Itseems
to me however very abubtful whether, for the few days that the river would overtop the second
Lock, it would be worth while to provide fo.r the ascending navigation. A detention of a few days
to up-going steamers in that state of the river, when the current would render ther progress so
slow, would not be of much consequence. It is questicnable therefore} whether there would be
any necessity for a third Lock. :

14. In this way I vhould hope to keep the lowest Lock with the channcl immediately wLove
and below it free from silt. There would be a deposit in front and rear of the other two, but

this would be of no consequence as it would not interfere with the navigation, and might be
removed every year during the summer.

15. The outer Lock of the three would have a wall carried 200 of 300 yards up-stream from
the extremity of its onter wall, and another down-stream for a shorter distance, to guide steamers

"in and out during the freshes. Similar guard walls of shorter leugth would probably also be

required for the two inner Locks,

16. Under-sluices, or what might probably answer the purpose as well, a shoot of capacious
dimensions made in the Anicut, with its top 6 feet below the crown of the latter, would be
required to maintain a proper scour along the navigable channel to and from the Locks. The
shoot would enable descending steamers to pass the Apicut without the Locks during a good part
of the flood season, and would be closed by shutters, by some such arrangement as that of the
French Barrage Mobile on the subsidence of the freshes, :

17. I may here remark that the upward passage over the Anicut would never be practi-
cable for any but fast passenger steamers and for them only at the top of the flood. Anicuts
even 10 feet only in height would oceasion an overfull of six fnches at that time, and a current of
nearly 7} miles an hour. ITence Locks are indispensable for the upper navigation. :

18, Having thus disposed of the Anicuts and thejr appurtenances, the next question js
whether any and what kind of works would be required in the pools between for the maintenance
of a navigable channel of the required depth. This is the most difficult question of the whole, and
one on which a great amount of obscurity still rests. It is one on which the experience of other
countries will not afford much light, for though it is certain that many rivers have been treated
successfully in the manner now under consideration, it is at the same time true that their physical
characteristics were very different from thoss of the Godavery, which from the velocity and
enormous weight of the floods which it rolls to the sea, as well as from the immense masses of
sand which are swept by its tributaries into its channel, acts upon its bed in a way which so far
as I am aware no other river improved as now proposed affords an example of.

19. Thequestion however I would repeat is not whether the Dam and Slack-water system could

be worked out on the Godavery or not ; I have no doubt it might be, were the requisite funds avail-

able. DBut the question is whether a considerable amount of stone-work might not be required
in the pools between the Anicuts, for the regulation of the currents and fixation of the deep
Channel, Ordinarily such work is unnecessary, but on the Godavery with its shifting bottom, I
am convinced that it wquld be required.

s
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20.  We cannot proceed further in the consideration
distinet understauding of what the actual state of
its banks, of its bed, and of its shoals.

of this part of our s

ation ubject without a
things in the Godavery

i8, what the nature of

21. Inthe first place, the Godavery differs from the Gan

gesin two very im ortant particulars.
Its banks are but little liable to erosion, and sub -y imp P or

' ject to little change. The changes which take place
on the Ganges in the course of a few weeks or months would be on thig river the work ofa century
bl

or rather it would be more correct to say that the country along its banks Presents incontestable
proof that no material alteration has taken place in the position of iis Channel for aces In the
second place, the material of which jts bed is composed, is a large cOarSQ_gmined:a;‘d oty

unlike the fine powdery sand of the Ganges, and therefore Tequiring a very myuch more owes ful
current to displace it. p

22. Two important consequences result from these conditions,
the shoals is for the most part fixed and invariable from
of ench shoal undergoes but iittle extension
1ts deposition and the next flood season,

the first is that the position of
. year to year, the second that the lerigth
during the months that intervene between the time of

23.  The exceptions to the first of
with in the part of the river between th

the 1st and 2nd Barriers, Iu these places the banks being either of & more yieldiug material or
unprotected as in other parts of the river by protruding groins of rock, have j
been cut away to such a degree that the river channe
dimeusions. The consequence has been t
banks and of islands out of the loose silt
their shape fiom year to year,

ight in degree, are met
ills, and that between

he raising of the bed, and the formation of high sand
deposited by the river,

24. It is proper to remark that the aggregate Jength of thes

] T ! : e tWo parts of the river amounts
to only 60 miles out of the 500, which it 13 proposed to render na

vigable,

25. It is most important to bear thege two points dist
question before us, the fixed positions of the shoals,
character of the banks, from whence results permanen
river channel itself. '

inctly in miod in consideration of the
and the solid, permanent and unyielding
ce in the position and dimensions of the

26. The next point to be cleared up is what causes the shoals,
met with, Shoals are formed wherever, whether from the peculiar
obstructions caused by rocks in the bed, the position of the deep cha
varies very much from that whicl_) it takes during the low water mont
a gently winding course, so that the deep channel except when the river is very full, follows one
bank or the other. All such parts of it aro free from shoals, excepting where rocks occur to
interrupt the uniform flow and scour of the stream and to obstruct its channe] by the deposits
which they encourage. But where the deep channel passes from one side of the
as it must do occasionally, there a shoal is sure to be met with, as the direct
takes at these poiots during the floods differs very much from, and usuall
ble angle, that which it follows, on their subsidence. The few exce
the turn in the river is very abrupt or its channel very confined.

and where are they generally
shape of the river or from
nnel during the flood season
bs. Theriver generally takes

river to the other,
ion which the stream
¥ erosses at a considerg.
ptions to this rule are where

27. The only other places where shoals are formed are in those parts of the river already
mentioned, where the bed has been widened to very much beyond its usual dimensions, where the
slackened current favors deposits, and the stream at low stages of water instead of being confined
within a well-defined channel spreads irregularly over a wide and shallow bed,

28. We are thus thoroughly acquainted with the nature of the shoals and with the causes
which lead to their formation. The present question is the effect which damming the river into
a series of pools may be expected to produce in its bed at those points where thege
are now met with, whether they would entirely disappear, or whether further works
of groins and tminirng walls would be required to remove them. L.Iy OWn opinion
werks would be required, and that without them no permanence either of the

obstructions
in the shape
is that these
depth or of the
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direction desired in the navigable channel could be relied on. The ?xperignce at the Doxhvlmsh‘-

i t shows that the deposits of sand in the pools above Anicuts in ariver of this class
e An‘wu(vular and that while an under-sluice may secure the existence of a deep channel
- oo ;"?iove’it yet that this effect is but local, and is not to be always depended_ upon to a
1mﬂcll(:dg;'t:tirddistancc; above than that to which the groins or training walls extend which counfine
mu

the stream flowing to it.

96. 1 should further expect to find the effect of .ﬂ.;uch walls for .conﬁmng ox"v‘:;rei(;t::li;};ﬁ
a1 uch less when placed in the pool above an Anicut than whenin an open river, '
streamn m during which the stream would have sufficient velocity to scour its channel effectually
as the t1ne ulcl‘: less in the one case than in the other. For it must be remembered that the
would be <2 l(;, r-sluices would be very much more limited thanin the case of Anicuts erected in_v
oo -Of'the'un eur oses or to feed a canal or canals led off from them. In such cases it matters
for irrigation Pmlz)f silt may be swept into the river channel below the sluice, provided that ah.ove
no'b what a;"f)u and ;he sluice may be set in operation at any time of the year without objection.
it 1s 'kept X edl'; roposed its use would be confined to only certain times during five months of the
Dut I t"hellcistht:)r gmes its peculiar effect could only be produced at the risk of obstructing the
e ?tge]ow it by the deposits swept down from that above. It follows that the deep channel
?ha"ne ols must be formed almost entirely by the scour due only to the surface: slope of the
in the POl ich being much less than that of the river in its natural state, the scour will be pror}?o‘r-
s};ream, Mo i ctiie and will require a correspondingly increased amount of assistance. Withe
tionably fess ¢ :tem ;ino to estimate to what extent such assistance in the shape of groynes and
ougllhe:ﬁgi}:necefsar; I think there can be little doubt that a considerable outlay would have
walls w ’

to be incurred on its account.

Reservoir System.

30. I proceed to consider the second method of improvement proposed, viz., that by means
f reser.voirs. and regulating walls in the river bed.
o

The works that would be required in this case would be—

(1.) Reservoirs constructed about the heads of the valleys of the principle affluents,
Teient to. store the quantity of water required to produce a stream of the volume. and depth
suflicie

desired, and .

(2. Regulating walls in the river bed, formed either of stone or brushwood and piles,
or a combination of both, for restraining and directing the flow of the stream.

The removal of isolated rocks in different parts of the bed and groynes here and there for
ing the river banks against the attacks of the stream, might be added, lzut do not cal_I for
se?tl;uir notice here, being works of no difficulty and which would be required under either
pa
system of improvement.

31. As we are now dealing with this question without reference to.ewpense, I need ox’ﬂy
remark that there could be no difficulty in finding suitable sites for reservoirs capable of holding
1l the water that might be required about the heads of the valleys of the Wurdah axfd Wyne
Z‘,unna which alone drain an area of 50,000 square miles. Within an area of only about 1,500
:e’miles in the Western Ghkats, Mr. Frazer, Civil Engineer, some years ago surveyed and
squar_ d the sites for thirty-three reservoirs, ten of which were capable of holding .together
ef)amlgf)o 000 cubic yards of water. There can therefore be no question that with the immense
1260, h, ve in which to select sites in the two rivers mentioned, to say nothing‘r of the valley ‘of
e o roper, which is of equal extent, we should find no difficulty in storing any gufmuty
the GOdav"all"Z Pcoft (;f doing so is a separate question. And as all will admit that the river isnow
of W'ater. hen there is a certain body of water in it, no one will be disposed to deny that it will
na“gab]el;vti;es if we keep up the discharge to that amount by artificial means. We nee.d ther?-
;)e :OearftZr no further at present into this part of the subject for the purpose cf comparing this
;:;de of imprevement with the former.
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33.  The success which has attend

ed this method of regulating the deep channel ifa f'Y:}:
has varied with the character of the rivers op which it hLag been tried, the degree of skill wi

. . . . s ans
which it has been applied, and the dmount of improvemen: sought to be obtained by its means,

85 compared with what it is really capable of atfording Uasupplementeq by an increased supply
of water artificially provided,

In America, the ouly large rive

. 18
t on which it has Leen tried is the Ohio, but the attemp

made there haye been sq few, so desultory, and so ill-sust

have hag little success,

. .. at they
ained, that it is pot surprising tha

Produced excelleyt effect on the g

) . viga-
aone, where the river is now nahor;r.
E water with g discharge updep 300,000 cubic yards per two
one also. Qg ype Loire it has only been tried fairly at .
. . . Cijoa-
p.l‘“’e&%, at one of er has greatly benefitcd the nav ‘b[o
) re
tion, though the pel the channel contrary to natu e
follow the convey ies on that side-
. s, where the town lies am
On the Danype - h the strea
€ 8ystem hag auswered well, thoug
has a much gre

s and at he oth

188 far asit hay b

“€n carried oy, ¢,
Ater velocity thy

n the Godavery.
3% On the othe

cases, but this hasg,

ature in
. e such uttep Vidlence was done to 1

the planmng of the works that Certain fajlyre o

Was attempted by theiy me

o much
Al might have been anticipated, or where t.:ream of
_ upt Lo It s evideyy that to attempt o confing the low water &

a river within twg continuoys

. and merely
to direct flnd regulate jtg Course here apq the ::e)gufz :l}:: n(;l::]anit:l mla:: e"wo vey dif;
?’er.en't things, ang that the difg, ndertaking i, the one case isvbuz’a fraction O.f wha
1818 in the other. |y ch I Propuse to nge iy ;he Godavery, conﬁnlflg t‘h(:

too wide 5 surface, and increasing !

. . ile the

g IVer being Jegs that 1} foot per ';:;l:e 13
., Wi " R L. . : '

e e 1€ depth which 1t1s proposed 1o maintain,* wou

In the one case we havia
alf the year, c0nne(.:ted );
ge current of 1} miles pe

em dyrj
ble channe]
my more ip

Rg more thyp }
. wi
hour in the sup th an avery

the freshes,

Uons naviga
» and Considery
t plan hag th

tin the pool
Mmensely ;

mer monthg

3T, The firs
ducing the curren

e advanlag
disadvantage of i

% and thig ;
Teasing the

e of aﬁ'ording ities to the up-traffic by re-
s I believe itq laim 10 Superiority, while it has t'he
> 10 TSk of delay gy interruption of the navigation by in-
‘ol ol > 20 Anicut gnq Locks which ust always be more or less liable to
< ey or aceident, ! ished Carrent woylg of course fucilitate the progress of up-goirg
Steamers, buf woulq pmpormonabxy retard that of those going down, and as theoup-traf}ic may be
pepected to be bou SI'naHer in amount ang of higher v, lu: tha ’tl td and consequently
better able to bear 4 higher charge f,, u n that down, a;
gravity acts in the directj

: . £
“dTlage, the natural arrangement by which the force Oe
age is decidedly the best so long as that forc

e stream, Tphig certainly would not

ut of 13 iniles per bour is peifectly compatible

. e M°fe°Ver, the advantage gaineq by the diminution of the current
Ttaln extent ¢ anced by the 1gsg of time in Passing the Locks, as well as

with very cheap Navigatio
would be to a ce
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' i he Tocks,
. ing the working of t :
ional detention either from accidents dera: 801;1 gdelay which it would be 1m-
by the liability to olcc:smr; f silt in their neighbourhood, & soure
mulation
or from the accu

b | Q@ h - b t :t t
dO wn t‘ ad(: also du!lng the gl‘eatEr I)a]t Of ‘-he yea‘-

eorless
. must always be mor
le precaution, Locksin a line of great t;afit of the Locks with so much
3 - o o
With every Possxl3ne é)auals where boats can b_e led in I?: en. A better arrangement ?t
liable to accidents. 1:‘4"60 10pen river, accidents occaswt(llall-y ; };};b it not, it should be borne ;Il

ision than in an ! OQSibly be devised, . durine three-fourths
more precisi osed may very p s in use during three-f
the Locks than 1 have plio'p each Anicut which would be th}? otni?ne of its submersion in the

: in o .
mind that the ]oweslf - n extra liability to injury, during the
ould have an e

of the year, W

and
. . rable from the Dam
h are insepara : -
freshes. inion therefore that these defects, whic any advantages it may afford, and
38. Iam of opon ent, more than counter-balance : hy while it would afford an op=n
slackwater system of lmI;:lO;)em ive’n to the reservoir system, WE‘C :steady current in the direction
sla €
that the p,eferencehshou db algl times of the year, would afford a

cted channe
and unobstru

O s . t notice
f the ][ea d. l\ t t g eﬂ:t nc a ID 1eré to

\ Ies' tlahlc an tl at no
) . too gr fOI the a&(:ell(l] o nayv gation I fq)[‘hear l

. k in the river bed is
.. er ita workin t
f the use of the water for 1rr1gatlz’ndaftreqervoirs, as well as the advan-
o he res .
the incidental advz?nfa.ges f restraining the floods by means o I think the reasons above adduced
done, and the possibility Oh‘ h this system would afford, as
’ whic
in point of expense ion in its favor.
tage I¥ P to decide the question 1n 1ts Yo two systems. -
are sufficient Comparative expense of the int of expense. The materials are
are the two systems in Pomtt 0f th£ works required in eithe-r
39, We have next mdcm:tf)l;gh approximation to the cofdlo all over the country that 1t
anting for anything befiwnh aP’ice of labor is rising o 1’31: yll wed in estimating for works
w e hand the ates should be allo . t
the one ; sent rates sho ‘tain even as to
case. On at 1ocrease on pre e are uncerta ¢
is difficult to foresce Wh‘:ars to complete, and on the otlllle; \:f the labor has to be imported
which will take many yent rates on the Godavery, as tbetv}v - ar that has elapsed since the
i of our pres flered during the ye: : The cost of
the sufficiency istances, and the wages offe ; n we require.
from considerable dm;ncl?':ve' attracted much fewer numbers tl}il and detailed measurements
mmenced, q < . d much more care . ition fo
works were €0 ale is also variable, an sfore we can be in a posit :
storing water on a larged_sf::hal_g es of the river will be necessary’btf(i); iven depths in the naviga-
and cbservation -of tthe ozbthe quantity of water required to maintain g
jable estimates | ; :s and other
form relia . icuts with Locks an
nicuts wi
ble chanac d then, first, to the probable cost of a sermsfhfa?‘vould be required, I have
Vi BV £ Anicuts feet i
40. With rega ) . h obable number o f those of 20 fee
. in estimating the pr R he number o S
subsidiary works, in Za verag:heights of 15 and 20 feet. A_S_'- lify the calculation of the total
(paragraph assumet a bstitute for them four of 15 fee;to'ﬂmxi that the aggregate length of the
Ipl‘OpOSe 0 su f the ]\Iap of t eriver, ] ives an average
only three cost. I fiud from : 20 miles. This giv
: ired will be close on
\ Auicuts require ’
* Jlerewith forwarded. ' length for each of 1,260 yards.
o

. Toht tructing
. 5 feet in height, obs
is the cost of an Anicut of this length alnd':" f;. 6 mﬂe: per hour, and
. s th . 1 i
The question thlen ;:Ood section in a river with a ﬂoo.d ;9 :(; toy think that the under-sluice
. n PR
nearly one-third of ): he kind already proposed. Iam e lt next the Locks, with its crest
ished with IOCkS? o d that an opening in the Anicu urpose, while it would cost
fu'm’ht be dispensed with, anf he Anicut, would answer the same purp
nig low that of the i
feet belo

w p < 8 . -
as a Sh()ﬂ‘, B wiwar bound teamers in tlle fre
\ 10 pass dO nw 1d .S hes
“d Ou]d serve E
a

i ides 1a the
. very reliable gui L
less money, he cost of the Anicut we have twoSt ;s); carly as [ on ascertain,
) .
4. Wi Iegarlg t° <tila.h works. The first of these -his c:) :\der-sluiccs or locks., It is
i sm and Beswe in Jength of Anicut without unde n with a velocity of
Dowlaishwar ing yard in leng ‘ in'a stream Wi
about 200 Rupees per Tunu gs‘"ee-sevenths of the flood waterway _
. structing t!
in height, obstructing
14] feet

3L miles an hour.
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The second or Kistna Anicut has cost
sluices or locks,

Tt is 14 feet in height, obstructing one half the waterway
(where the Anicut is built) of about 7 miles
for the upper river is 1o block up one.-

per hour, aud its Leight to be 15 feet,

42, 1f we take the trial to which the Godavery Anicut ig €xposed as 1, that of the Kistna
would be 54, and that of the proposed Anicut 24, the extreme floog velocities over each being
Tespectively G miles, 14 miles, and 9 mijes per hour, Supposing the rates fup work to be the
same in all three cases, the probable cost of the Proposed Anieyt would be about the mean
between the other two, but taking into consideration (], fact that the Prices paid at the Kistna

were about 30 per cent, bigher than thoge Paid at the Godavery, t},e COSt at the Kistna rales
would be about 310 Rupees per yardrun. We grq however, ng e
wages than were given at the Kistna, and 1, .
(20 miles in lergth) had be

risen. Ipig also to be cong;

TN S e e e

T T
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of a river with a flond veloeity
per hour. The Anicut now under consideration
third of the flood Waterway of g stream running G miles

ilities at Bezwadan for construct-

re than one or two out of the
odavery, Takine i into consideration, I do not think
0 Rupees per running yard, and

. ows. Thi . Xpenses,
Superintendence, plant, anq e bis covers all e P

43, In the next
and for only two Iock
of the first to be raised
sbove the flood line,

Skeleton gates are a

I allow 200 fee
hereafier.

ontingencies includeq,

flac]:cle;“ow f}‘fr 2 i above the lowest summer level,

~t’ p b ;l)ne eside anner already described, the gates
0 2 height of 14 feet above the Anicut, those of the second to a lit:le

Iso provideg for.

t by 30 feet for the dimensiong of th

e Iock~chamber, for reasons to be stated
Under these conditions, the quantity of rubble ma
23,000 cubic yards,

Hor ' Sonry in the [ 4 ss than
Their cost 1 estimate g4 follows ;. eke would ot be less

23,000 cubice yafds m

ason . RS,
Guard Walls 13 050 cubizyya@rdi ]C{a}u(?elitlee ........... 1,38,000
Well Foundations,, " Jard PoCS 2,000
gut stone 2,000 cubic yards @ IORupees """""""" ‘])8’888
ates......, .. Ttreeen e, S e =

........................ 16,000

3 Total of Locks..... 2,59 000

Add for 1,269 yards in length -

of Anicut ot 500

6 Rupees. " 6:30,000

‘upees per yard, .,

Ving walls, 5,000 cubxc )ards at

80,000
Total for one Anicut,, RE(E
This amount includes every charge. ——— .
41. The next item to

be estimateq fo is the ston
stream.

e-work ; equlati
n thg’!bed for regulating the

¢ ay perhaps take it
‘hich, as will hereafter

ignif : » ¥aporation ang absorption.
] .

¥, but that fo, evaporation and

'ards and lengih ¢ EZ“.;?“"“ on this account equal to
yards, which at 500 cubic yards per Ry

46. The expense of removing gl
for the protection of the river Lanks I

4 .o m ype H
Pee would cog 6 Lo iles equal to 300 nillion cubic

c®.
detached rocks from the nay;

. Zable clia sroyne
estimate roughly g, Slaes, ~ el and of groy

Y o
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‘ em, we have—
To sum up then the total probable cost of the dam and sl;cik-water system,
° s.
i 28 Annicuts with Locks at 9 lacs each........ . 2i50 ac
Stone-work for regulating stream..........
CIZ:ring channel and groynes for protecting
banks...... secveetne srae o teecar seneens . s
Storing Wateru....oovveiiriiennes vevrenens ‘e

Total... 271 lacs.

Cost of Reservoir System.
48. The cost of the reservoir system would be as follows : —
T ini in the river-bed. N
T A i d above the three Barriers is
) i ts of the river between an . ; 30
The tore, leln()g(;h ?{e:hgbzgznﬁ?: :‘S:d Barrier is of such width tl?at. th:hsttr(:i;x; (:;]h;c:n; ‘:t ould
miles. Of :ll;:'i)w inl:vould fill the river channel from bauk to bank, so tha
o th ired. ' . . .
gvork e 'Wi01;11d2g?) :;gl:; 60 are deep pools where there is at all times a suff:}xlint (i:ftohf
o thehrem::il:) fxiles would require, as well a¢ 1 ca_\n_judgeufrom observatlc.)n o P
The gtlgfv Badrachellum, 100 miles at most of tralmng. wall. h  width of 1§ yards at
e ose to make these walls 2 yards in height Wlt] a wi h ’fhe rds at
49, 1 wou]_dl lpr(’pl Their contents would be 1_5,84O.cub1c yards per mr 31 630 T pncer
op and sloges (;i'el; tt‘;mke‘n at Rupees 2 per cubic yard inclusive of all charges, or 31,
ink may be s
;}éinrlx‘)illz:i{)r for 100 miles, 81} lacs.

: d
. ich i Id be necessary to store, I woul
. aotity of water which it W-O}l X : tomaine
5. Wih re%ar;ia.:i(:n:}slixl?(lle ,iu )my Report of May 1856, of the d‘SChﬁll"ge rg%g:ie(tiheocon di-
remark thag thtehciax; ctlile shoals give results wholly 1i{nappllr1:able to (:(}ile problem
tain given dep sidering it. In that Report I assumed— N
tons i1 w;}ch WeTal::tlég;vc(;?unnnel Wa: to be unconfined and the water allowed to spread over the
irst. ¢
g d nd . h
natural surlacedof t'}ll“;:)tetl’xz profile of the river bed at the shoal; Sgn(t)br;)ued ﬁheh sia;m; ::;g::ﬁ; ta:
Second. ' i hour or 1,500,000, whic .
. : 00,000 cubic yards per 100 d ‘ t 3 feet
stream passing ove:elf_ageg? tahe bed at these shoals when t.he river is at its lfgw'e;tt,l ls:)l::::l;ntrate 1
erro™. 'lhbe taz}?;:aonly happens because the stream has either nodt Eﬁ:’lilt)sruofcl‘i : s{:hole river, or
i imati 0 the average de
per mile, bu the bed to slopes approximating to t % effect
to plane down iminishes too rapidly for it to produce this effect. -
its volume diminishes P : i ffered to spread over at will,
because its vo . bed which, if the siream is suffere . p )
Il humps in the bed w ch, d sustained in volume, it cuts
The shoals are a b hich, if it be concentrated and sus . d, b
er to remove, but which, is might | been supposed beforehand, but
it has not the power d f the freshes. This might have bee p by which
the subsidence o - d last year at Rudrameota, y W
down soon after d by the effect of a groin constructed last y ¢
. ly confirme y : aq i t part dnsappeared-
it has been fully h t on the whole river has in great p
; s then the wors ; y d a {all not
a shoul which we t estimate therefore I assume a width of channel of 6(f)'oa g';;gsl, ;lenillion cubie
In myl frfeseinpe" mile, such a channel would require a stream o
exceeding ¢ d a depth of 5 feet for navigation. o ow
yards per h;urful)l :g;"c Tablz shows the quantity of water which it would be necessary to thr
into illle ri'{"e:t: keep 1};P the discharge to this amount,
in

Average hourly dis-
charge of river in

Difference between Daily. Monthly.
amounts in pre-
- cedingcolumnand

i ficit which would have to be sup-
Months. cubic yards in the o discharge of D;ﬁiec(li from reservoirs to keep up a
e e 1,500,000 cubic constant discharge of 1,500,000 cubic
the last affluent, yards per hour. Sards por bour,
- Cubic yards. Cubic yards,
st 5 200,000 316,200,000
Temuryoe - b 950,000 gg’soo 000 638,400,000
January... cee oen .o 520000 950.000 02, 00,000 38,400,000
N L
I\/Iarch sessesarcere oue 275y000 ) 5 30, 600‘000 94‘8,6()0,000
Aprilicccoe cee ee e 225,000 1,275,000 31500 000 468,000,000
oy iFof Tunel 200,000 1,300,000 2200,
First half o .

Total quantity to be provided in Reservoirs.., 4,089,200,000

—— ~—— gy
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Between the 1st Barrier and the mouth of the Pranbeeta it m;
navigable channel to rather smaller dimensions than those allow
compensate for the diminished flow of the stream in that part o
given in column one being those below the confluence of the Se
52. The question now is the cost of storing such a quantity of watep,
that seems folerably certain upon this point is that the cost would .
cubic yards, and that it might be very far below that amount,
as sites have been found where 1,000 to 8,000 cubic yards mi

presumption is that the cost of storing water on the principal afluents of the God 1

be small, both because of the gentle declivity of their valleys, and the immense af Elv.ery h\'vtilu d
select sites. Any estimate now formed before the examination of 4 single site 01‘%, in which to
for one, must be mere guess work, but we may confidently reckon 0‘; I Rupeee;) o earch

yards as the very extreme cost, with full expectation of accom lisking :
that amount. At this rate the above quantity would cost 80 lacI:'. oy Obiect for one-halg

pare the cost of this mode of impr_bvement with that of Dams ::(1h"s§22‘;:‘iale vEs'h to com-

figure should not be taken, but rather one wmore within the limits of probabilit r, this extreme

lacs might be assumed for this purpose. _ Probability.  Perhaps 60

- 53, Itis imP"f,‘f‘"thowe"er to point out here, how erroneously the cost of th
 is increased by making the river navigable for twelve instead of ten months

shows that the quantity of water to be arliﬁcially provided for the last tW(;
season would be 1,916 millions cubic yards, or almost one-half that required
In ‘other words the extension of the time of
of the most costly part of the works.

It is quite probable tbat it will eventually be worth while
make the communidation perennial, but nothing seems to me more ¢
sideration which may be wholly set aside at present as of no im
ten months navigation for boats drawing four feet of water wil
of India for at least a generation to come,
5% The value of the wafer_for irrigation has also to be taken iq account.
fourihs, if not the whole of thg quantity which it is*proposed, ag above, to throw into the river
vlo.u'ld ’be {'equired fgr fhg Delta lands alone, especially if the Anicut Proposed by Sir A. Cotto,,s
be constructed at the outlet of the hills, by which prdbably another 200,000 acres wonld b'
irrigated. . Already, though only a part of the land under the Dowlaishwaram Anicut | s
been brought under irrigation, the deficiency of the summer supply of water is beginning as
seriously felt, and has been in one year at least a cause of actual loss of revenue, Wl; tho e
therefore taking into consideration the requirements of the upper country, portiong '.of' h“ out
the three Barriers will no doubt be eventually watored by extensions of the navigation (‘; lclh at
those poin‘ts, it appears that the greater part, if not the whole cost of the schz:me no ana sdac
consideration for the improvement of the river, might be charged to the irrigation, w under

that the water so applied would be abundantly remunerative.

55. 1 can only briefly glance at the incidental but most im

to this system of affording a means of restraining the violence of the floods, Ve .
a position to discuss this part of the subject, but the materialy a ' are not yet in

. . S : re gradually o .
an accurate investigation of it. In France the problem of check ¥ accumulating for

) king the q :
the floods of the Loire by this method was in 1859 being carefulft’; work:]as‘:z:u{)ns cause;i l})]y
y one of the

most eminent of the Corps des ponts et Chaussées, and will o g furnich oot
A similar investigation was; I believe, being conducted in the v(:z?lz; f:ffntﬁf: I'S:uable rIeSuh.&
country it would be interesting to kvow the actval amount of damage dope o}:xef D_thlxs
flood. I 'suppose that of the Godavery in the present year hag ‘cost the Governm):: z;ar;ﬁ)g
Rupeesin the Delta alone, while no estimate can be formed of the value of the propert 3 t oy d
along the whole length of the river. porty Gestroye
However, half a lac is the interest on 10 lacs, and as there was a more des(ruc
eleven years ago when the remissions of revenue in conse
probably 30 lacs would be the principal represented by t
during the bricf period of ten or twelye years,

ght be Necessary to contract the
ed for it below the Sebbery, to
f the river, the discharges here
bbery.

The only thing
Dot exceed 1 Rupee per 500
as much as one-half or one-fourth,
ght be obtained per Rupee. The

en the search

e improvement
The above Table
months of the hot

1o ] for the whole year.,
navigation for this short period doubles the expense

to pay 20 or 30 lacs more to
ertain than that thisis a con-
portance whatever, and that a
I meet all the wants of that part

Probably three-

as 1t is certain

portant benefit which attaches

tive flood only
were heavy,
m this cause

quence in Rajahmundry
be loss to Government fro
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. 56. I will offer but one consideration on this part of the subject. The Godavery in the Delta
when in full flood has a width of about 2} miles, and a surface velocity of 44 'ml.les per hou'r,.
The last two feet if its rise is not maintained for more than forty-eight hours, and it is during this
time that all the damage is done. To prevent the river rising, this las.t two feet we should have
to draw oft from it for forty-eight hours at the rate of 11,616,000 cubic yards per h‘f“f" or 557_%
millions of cubic yards altogether. To what extent may the retention of 4,000 millions cub.m
yards in reservoirs be expected to contribute towards such a result ?

57. There is one more consideration worthy the attention of those who may still doubt the

‘possibility of making an Indian river navigable during the low water montbs by any method or

at any ex pense, and that is the safe because progressive character of the method we have been
investigating- ‘ , ) .
Tt is easy to ascertain what quantity of water over and above that which the river supplies in

‘the hot months we reqaire for irrigation, and having done so and constructed the necessary

reservoirs, we can then pour this quantity into the river, and ascertain by act.ual observation. t'he
effect it produces on the navigation as it passes on its way to the land it is intended to fertilize
or reclaim. If the result is unsatisfactory we shall have lost nothing. .If, on the (Eontrayy, our
expectations have been realized, we shall have our improved navigat-lon f?r nothing and mag
proceed with confidence in the same course to whatever extent the exigencies of the trade an

‘the requirements of the country may demand. There need be no fear of our embarking in an

unlimited expenditave upon works of doubtful utility. Our work will pay as it proceeds, and its
efficiency be practically tested at every step.
" 58. We may now compare the cost of the two systems, which is as follows: —

DaM AND SLACKWATER. RESERVOIRS.
Anicuts..... .ooveeiernnnen. 252 lacs, .
Training Wall... ... . 10, 311
Clearing Channel and
, protecting banks... 3 , 3
Storing water... ...... 6 60

Total...... 271 lacs. 944

—————
—

But if, as we may fairly do, we charge the whole cost of the water in one case, and ha!f of
it in the other, to irrigation, the respective costs would be 265 and 64} lacs. »

If to these amounts we add 40 lacs for the works at the Barriers, allowing for a probable
se of one-third above the rates in the original estimate, we find the whole cost of render-

increa: !

ing the river navigable to be Lacs.
1. By Dam and Slackwater for 12 months.e...oiveeeeeeennns tr v seen srressanrens 305
2. By Reservoirs for do. ...... tesereraren cne sveversrenesrsansas . 10?.
3. By do. for 10 months. .......... revasreenaen oo tesaseaares . 89.

Of course this is merely an approximation, but it should be borne inA min.d that while the
cost in the first case would not be less than that stated, there is a fair probability of its being
considerably so in the other two.

59, On a review of all that has been said for and against the two systems proposed, I t.hink
there can be no question of the superiority of that of reservoirs, g.nd I would ac.cordmg.ly
secommend it for adoption. 1t is very possible that it might be mod.\ﬁed in some of its details
as applied to the Godavery. The Anicut at the entrance of the Rajahmundry hills has s?u;,z
strong recommendations, and on examination of that project by means of levels and smivey's ml.gl
be undertaken whenever there are men available for the purpose. On the Wurflah 8 50 it mig I(;
be found that Anicuts might be constructed with advanta‘ge as the fall of th:.at river is slight, axll.
its width narrow. All these are details which a careful m§trumeut,a1 examination of }t.)l}(& lt:ca bx-
ties will alone decide, and they need not occupy our attention at present. The' ﬁrst;] ing to be
done is to open the monsoen navigation by means of the ?vorks at the three B;‘amers, the next to
clear and regulate the Channel in the open parts of the river, :-md.the.next to increase the flow ;f
the stream to the extent required in the first instance for irrigation in the Delta and afterwards

for the navigaixion in whatever degree the latter may be found to require. R

|



12 Proceedings of the Madras Government, Public

Works Department,
28th February 1862,

L Y et Aty ot ot

T e e e AT om0 i aa e gt oeas® muo - e rearan,
. e eser s piaey e, e N
e e et b e ae s

These improvements may be carried out s

amount which the Government maj see fit to allot annually to the purpose

_ 60.  Any discussion of the value of the communication so improyeg would be foreign to the
object of 1fhe present paper, and indeed unnecessary, as the Government is, I believe, fully satis-
fied on this head. ‘

: 61. It only remains to consider the question of the gjze
at the Barriers and that of making the Canals at th

With regard to the former, I think that the wi
ginally recommended, 45 feet, might very well be )
power might still be used by employing stern instead of side-wheelers [ ieamers of equal

} The i &
advantages belonging to the former class of vessels o some Important

\ , which the ex erie i
Tivers, where they have been Inany years in use, and are to be foupnd li[tl:ja(l)f; h;yNhOI;‘;l;i:;;e;';‘C:ﬁ

sizes up to 600 and 8C0 tons, fully establishes Owing ¢ i :
. g to the ful] Jin i i
at the stern, where the width is but little less than amidships they ca::ymz:: :";1;0}11 ;hedy o b]mlt
s al load on a less

draught of water with the side wheelers, an im ; :
Portant consideration ; icati imi
depth. They have also another peculiarity which has been f oved, (o Bation of limitted

. ully proved, that ;
rapid current they make better way than side wheelers ofequalj;)zwere + fhub o the wscent of :

In‘the case of the Godavery their adaption to Capg] navigation would be an espec; 1
mendation, for at the three Barriers there will not be lesg thaa 55 mjles of Can:f a:il riec:::.
, n the

event of the construction of an additional Aunicut j ; . )
0 the Port. cut 1n RaJ“hm“"dr), another 60 miles from thence

The latter however would be onl
adapted to the use of Steamers.

62. A Steamer with side wheels requires a broad Channel
times liable to injury whereverit is compelled to pass through narr
Canals of limited width—a liability which of course increases with

A stern wheeler on the contrary may - pass with safety t
wider than her own clear width amidships. The wheel i
from collision with anather Steamer in a Canal, or with th

_river in rounding to in a current at a landing place, T
passage of a Steamer on the Canal banks would also be |
wheeler.

~ 63. There are no practical objections to such Steamers,
had said on the American rivers. And on the upper Ohio and sm

Y @ boat Canal in the first instance, but might eventually be

to work in safely, and is at all
OW Passages—such as Locks and
the increase of traffic,

y through any Passage a few inches

he action of the wave produced by the
€ss In the case of a stern than of a side.

They have long been used, as I

aller tributaries of the Mississippi
are more in vogue than any other class of bogts, They are not generally built for speed, beip
used chiefly as cargo boats, but have mostly a speed of 9 to 11 miles an hour, | N

There ig
however why they should not be built for a much higher speed than this, Horesson

64. I am the more inclined to accede to the reduction in the size of the
the Chief Engineer, from the fact that with sych diminished widthy
* Ten feet. greater lifts would be practicable than those* originally Proposed—a con

sideration which the importance of excluding the flooq water as much a
possible from the locks, to prevent silting, strongly recommends, : ;

65. I would propose therefore 80 feet by
lock chambers. .

G6. The Government wish me to revise my estimates for the g
diminishing the Section of the canal and the size of the locks to that which woyld be sufficiert
to pass the largest cargo boats which ave likely to be employed on the river. I am of course
prepared to do this if the Government should still think such an alteratioy of the original desi
desirable ; but I am myself opposed to it for the following reasons, 8 gn

67. The only thing that would be gained by such a course wouldb
effect in the time and first cost of construction ; but I am disposed to think that such saving
would be coniparatively trifling, while it would involve an ultimate increase of expense in the
cost of the works, and for a time, in the cost of transport by the river,

locks proposeq by

200 feet in the clear for the dimensions of the

rks at the 1s¢ Barrier, by

e the saving it would

i

it i e e e e
e e

O
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68. The canal runs parallel to the river and within 200 to 3.00 yards f)f the ban]z;) whlclh";:
intersected at short intervals by deep gullies formed by the drainages which empty er;ie e
into the river at these points. My intention has been to nlxake use .of these opzle{mngs t0 e
purpose of removing the earth excavated froEn the canal out ln‘to the river on trucks, ms. ;ar o
raising it by hand in the usual manner—heights of 18 t.o 24 feet. I calculat(:.hon :’ (lzons1 sa‘:io:
saving of expense by this method, which would be applicable to about half the tota exlca. N
of the canal, and my estimates were made accordingly. If l.mWever,'we cut the cansa 1;1 ue
first instance to only half (8 yards at bottom instead of !5) its full width, we must even l;?hiz
completeit at a greater expense than wouh.i be. necessar:)r 1'f the vyhole were d'one 1.1).1!: once;nunim-
is not perhaps a very important consideratmn. if the gain in the time of opening the com " n.2
tion were considerable; but the probability is that the saving would not amount 1o mor:; a 2
or 3 years for the whole line, dnrin{;; which time we should have the tramroads now under co

i ubstitutes for the canals.
Stmc;ltoi: ::use that the cost of carriage by the former would be g.reater than by the latter ; but.on
the other hand by making the canals and locks of t.heir full size at once we sha:ll be }lxastem;l)g
the time when continuous navigation by Steamers will be practxcab.le-when it wﬂ;no sg'gtst c;
necessary to have them stationed in the reaches between the b.arners, and when th? a mona\t
expense which this arrangement involves will be. donfa away thh: 1 lo?k upon t 131 as a u(xlosf
important consideration—one with which the saving in expense in carriage b.\,.7 capa instead o
i ittle consequence. .

tramg;.y l; ;ﬁixlllk that if ?t were known that for many years to come Sfeamera could only p}y in
the navigable reaches between the barriers it WOl]'.]d act :fs a great dlsccurzfgem:nth t? prxvalte
enterprize; for in order to do the same amount 'ot work 1t woult.l be nec;iaary o have nr(:arcg
double the number of Steamers in the one case as in the o-ther. A disabled Steamer In orlxz .al,'l

1d not be re-placed by one from another under a year in nfost'cases, 80 that. there wou either
. he constant rizk of complete interruption of the communication for thattime, or additional
g(:;:,ers must be stationed in each reach to provide against.such -a contingency. ‘ Welx"le thet ::c::

he river considerably developed, the extra expense which this .Would 1.nvolve wou' f)o

;:Ie:\t : but & Company starting with four or five Steamers would, if continuous navigation were
. - 'e to provide eight to do the same business. :

Jmpr;}cut;cl':blEe;t};z;;lnmElns woul§ also be required at the three Barriers, and probably workshops
fér rep};irs; while there would be a frequent loss from detention of the S't.eam.ers in conseqlueuce
of the ineviteble unpunctuality in the times of arrival and departure at eight instead of only two
termlﬁi these inconveniences and sources of extra expense would of course attach to the work-
ing of the river with the tramways; but the sooner we can dxspens? with them the better ] and
the saving which would be effected for two or three years by Canal instead of tramway carriage,

would not, in my opinion, by. any means justify the postponement of the works required for the.

completion of the project according to the origina.l design. . . o

70. It is certainly the case that there bas hitherto been the greatest difficulty in procuring
labor for the Works at the first Barrier, and that the sapply during the past year has be.en lament-
ably inadequate to our wants and expectation ; but on the othe.r hand,.we can scarcely Judg;a frf)m
the result of the first year’s operations only, in a country so inaccessible and so Tew 1o the io-
habitants of the more populous districts surrounding ir, what our future prospecisin rega:rd to .the
supply of labor are likely to be. Moreover, if.the (:}overnment carry out the{r present mtennox:'
of prosecuting the works at alllbtlhe three Barriers simultaneously, a largely increased amount o

i ailable,

laboagoﬁi‘:]:ti::;;;l‘i’ :fet:‘; 1ramways at the two upper Barriers has already attracted from 1,500
to 2’003 people from the neighbouring districts, who 'Wm}ld most probably not bave come 100 or
150 miles further down river to the work at the 1st Barrier. . fased o eome

1 know in fact that large numbers of thos? employed at the 2m¥ .Barner refused to chn :

to Duwmagudiem, even when tempted with the offer of an additional Ru.pee pet month.

dO"»“’" thereforz that were the permanent works commenced at these three poiuts at once, very
:;:;v;arger' numbers would be attracted than would be the case if the field of opcrations were

limited to 1ts present extent,

(4
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I would therefore respectfully suggest that the
the proposed arrangements, and that the Canals ang Locks s
full size which it is intended to give them.

——————

No. 438, MINUTE BY THE HONORABLE Ty PRESIDENT.

1. T have read attentively the accompan
talked over with that Officer several points ¢co

Upper Godavery, andam now Prepared to sy
for the consideration of the Government of I

ying Report from Ca
nnected with the pros
bmit certain Tecomm;
ndia, and of the Secre

ptain Haig, and I have since
ecution of the works on the

endationg with regard to these
tary of State.

tto justify the adoption of any of
rather inclined to blame Captain Haig;

a portion of his scheme limited him strict
river, and Postponed the consideration ¢

. the plang Proposed, and I was
but it appears that in 1856 the Government in adopting

1y to the improvement of (he monsoon navigation of the
f the other portions of his scheme sine die,

of which the Goverument isin

nt for the construction o
Barriers, of which those round the first ang second Barrjerg

bandy track will be made round th
completed this year.

f the Tram roads round the three

: . are rapidly Progressing, and a good
e third, though it is Possible that the Tram road will not be

4. With reference to any additional works, such as

those required for the . storage
of water to complete the summer havigation and to give additional supplies for irriga.

tion, the Dam or Anicut at the exit from the mountains, as alluded 1o by Colonel Sir A,
Cotton, or any works required to complete the navigation from the head of the third Barrier
to the point to which it may be considered advisable to carry

theimprovement of the river, say
to Ilingen Ghat, the information is of the most general descripti

ton. - Looking then to the work ag
one calculated to open up alarge tract of country in the interior of India, and which, if properly

carried out, might, in addition to the benefits conferred by the improvement of the navigation,
afford an opportunity of irrigating a large extent of country, and of securing th'ereby‘ a certain
return for the capital expended, 1 should say that the Government in 1856 imposed too Darrow
alimit upon the work to be performed,and I now therefore Propose to bring the whale question
again under consideration, Before, however, I do this, I must allude briefly to some of the statements -
made by Captain Haig with reference to thg comparative advantages of the two modes of rendering
a river navigable, and specially to the estimate of the actual amount of Anicut work to be executed,
In paragraph 9 he states that the average Leight of the bed of the riverat each Place, where it was
intended to place an Anicut, is probably 4 feet above.thelowest Summer leve] of ) water, that
is, the average foundation or point from which the-hexg,’rl‘n of the Dam is ¢o be calculated is 4 feet
abore the existing surface water, not 4 feet below l-t. The ac.tual amount of lift is said to be 304
feet, and Captain Haig has provided for 420 feet hel.ght OfA‘mcut to overcom.e this divided aniong
27 Anicuts, whereas he would only require 21 Anicuts with an average belght of 10 feet ; this

I merely however
a rough comparison
le question requires

would at once make a reduction of £600,000 on the monetary estimate,
allude to this for the purpose of showing that n(ffdependenc? c;{n be placed on
of the kind given by Captain Haig, and of affirming my conviction that the whg
the most careful examication,- :
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i3 3 3 : 'n
ini tract of country, it has its origi
is a river draining a very lax"ge \ - gin
b e insula, andissubject therefore to the acti
i i Coast of the Peninsula, ‘
fn the hill borcen™® e ‘Ves;) ing the three months of half June, July, August andohfalf
th-west monsoon, uring ! J ARl
of the sou't ours down a vast volume of water, the rise of the surface vary mf T 12D 1o D0 fect
. .. S week
SePtember; 1 [;)uring the dry season the discharge diminishes rapidly, till for a few ek ;;00 o
- i i t exc
and upwa?] in of the south-west monsoon the quantity discharged dc.)es. nc;) ooed 2 X o
to the Setd" ger hour During the monsoon an enormous amount of silt 1sf ;oub. Wbe;ever
o yures : i the river
coe ?"‘“’ d hiavier portions of which form sand banks and shoals in the .b.ed o 1o sivek Whoreer
coarser an. reated by any fnterruption to the stream; the finer pon(lions :h med own the
o i jeeti i e so £ fig
an eddg ;re discharged into the sea, forming the prnjbcgng spldt of l}a].n ht:(.)is ey shosli
river a0 ' her anchorage, of Cocanada, whic
cing up the harbour, or rather ge, : ch pally shou 08,
and blockm"'t r geino pushed to the northward by the continuous .addlm})]n (.)f..sation o,
the deep “{)a en formoed to the south., This silt, however, passes into -t e (;rlllid ;|
. o i i ted land.
th'h lc;}'w‘tributed over the Delta, acting thereby as a manure to the 1r;1ge.1 NS
and 1 4 i der the advice of Sir A. Cotton, de
at, acting under the ' .
ral years ago the Government, (under by the divensing
6: 'SBYfe' f tyhe meagns afforded by the river of irrigating the Delta ,forrzed hyes ° coulg 8
to avail lts‘; 0' r, and such of the land to the right and left of the;e ranc o a8 could b
| N rai i ishwaram. s
branch Of,t: hin the’ reach of the water raised by an. Anicut at. D?wla.:s whannels s Torc s
i ced. The Anicut, a large portion of the distributing (I: ! ;-erest B
; menced. . ' nanne s
according!y 8‘:omhave been completed, and the returns have yielded a very larg
. - c.
navigation, s | |
i 3 oney invested
outley. h lication of water to the land yields an ample return for thertn ly prested
e iv ay not on
. 7. ir?hat the:)will be traflic sufficient up a.nd down tgednf eri: r}:;v)i'n" o n);vigaﬁon"
we know ; t, but also the interest upon the capital expende . in pI g ihe nanigation,
of "anspmf, in fact we have no data upon which to form an estimate. It appe 1 toms there-
. i i avigation we shou
e o ks for the improvement of the naviga
in carrying out the works for oo e an
fore that ™ iozs pgroﬁtab]e uses to which the water may be turned, and shoul.(cilea T° e scheme
A th; varcomprehensive plan as would enable the Government to forr}x: an i ca of the bencfls
. . w ,
upoun such a untry is likely to derive fromit; of the cost whx;ch such a scl em]e roud ntaik ol the
which the clod uire forits completion. When the whole is thus clearly plac ore the tior-
ime e su
e ';l %e ina position to decide whether the advantages held out a{)e bortomed wmon
e e Wltld of any given sum of money and whether such money should notd e porrowed upon
justi " wi
Justily thio of tfxe Government, in order that the wérk shouk% b: pl:'osecuted pihthe utmos:
the secury the amount which might be spare
svi not be left dependent upon ; hich . o the anual
aer v a‘;‘; ious other questions connected with the principle and detglls o
revenue. ar ) |
to be considered. . ferto comotete
el h”‘; der to this however the first thing to be done is to emplosz;v;eraI par p
O et hird Barrier to Hingen Ghit,
iver from the head of the third Ba : .
vey of the river from | v : % © it debouh
e o .y and level the land to the right and left of the river belo °
Second" 0 suvey an in the character of the land which will be brought under
ins, i der to ascertain :
he mountains, in or : . T
f.rom tti°“ of the water ; supposing the latter to be raised, say, 25 edsof e afaenes
the acé‘/ ;rd—Toinspect the country to the northward and westwardabout t fe et A
acer ertaini : ble positions for storing
ing the most favorable p up Wat
fthe Godavery, forthe purpose of ascertaining he mos e and fo that of ettt
N d down the stream in the dry season for irrigation purposes,
be passed do > dry
i ater for navigation. . o .
icient depth of water ' . s and Hingen
. ;) To inspect the course of the river between its exit from .th;lm;)unf;:stmct Aogen
Fo‘“’}f l—ur ose pof determining the sites at which it would be desmil e ;)c e Anients
: X . 3 . r
Ghan, for ! elp l(i) this mode of rendering the river navigable be considered pre
and Locks, shou | :
; Captain Haig. . . -
pwposed S here that T am by no means convinced by the reasoning of f;&; in 1 :::
Yy e v keepi current o
s;;. I)m:yis l{;e most advantageous$ by keeping up an average
that his pla 3

i ; should the avera e
be whole distance, a great obstacle to the up-traffic is created ; sho h
) 3
bour for t g

. I3 . l . a
Spe
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going up the stream ; and such a current as thig would re
would require larger Locks, &c.; so that although I
navigation by means of Anicuts and Locks would b
certain that the ratio between the cost of the two sy
that given by Captain Haig.

quire steamers of gregter power, these

stems will be much nearer equality than
When thus the Government has all the data before it, the

question of the mode in which
the work isto be completed can be fully discussed,

In the meantime it may be asked—What
aig has commenced work ?

may be decided e
mode proposed by Captain Haig of surmounting the th i
sideration ; his Anicuts, Locks, and Canals must form p
of the navigation. The first thing which he must do wil
the Barriers, When he has thus secure
monsoon freshes, he can proceed wit
placed at his disposal will allow. 18 of any impo i i

. . rtan th relation t

these is. What shall be the dimensions of the Locks ? T inportance with relatio °

Under the circumstances stated by Captain Haig,
should be allowed to make these Locks of the dimensionsg
and 30 feet wide, This will of con

eventually be found to answer,

steamers ucross the Barriers at al] times of the year, I should not hesitate to recommend that the
additional expense should be incurred, The substance the :

(1.)  That Captain Haig should be empowered to ca
on the scale mentioned above, that is that the Locks ang C
steamers 200 feet long and nearly 30 feet wide,

(2.) That he should be directed to
Barrier, substituting Locks 30 feet in width for those shown on the Plan, which are 45 feet wide,

(3.) That he should be directed to send in as Soon as possible detailed plans and esti.
mates for the works at the second and third Barriers,

(4.) That the survey of the river should be com

pleted
being made of the site where Anjcy

thoroughly, a special survey
ts may have to be constructed,

Anicut at the exit of the river from the mountains,

and for that of the land to the right anq lefy
of the river, which might be brought under the inf

uence of the watep raised by the Dam.

(7.} That instructions should also issue to Captain Haig,
of the execution of the work altogether separate from that of th
and also from that of the conveyance of goods ; Preparations had begtey be made a¢ once for the
possible traffic which may pass down the river, The cost of the steamers now lying between
the Barriers, that of the boats constructed, or being constructed, should pe debited o traffic, and
this bad better be done from the commencement of 1862, :

dlr?cting him to keep the cost
e preliminary Surveys and levels,

" 8. Should the Government concur with the view I have taken, a reference should be made
at once to the Governor General in Council for leave to employ such Parties ag I have alluded
to, on the different surveys. ‘I'he Chief Engineer should give an estimate of the cost of these, and
should the sanction of the Government of India be obtained the work should be pushed forward
with all possible speed, in order that in the course of the present year sy

th ficient informatjon may
be obtained to enable the Government to come to a definite understandmg upon the whole scheme,

10th February 1_862. ,

W. T. DENISOy,

frewse his estimate for the works at the Sinterala
i

¢)

e

|/
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The Governor in Council having attentively considered the Report.;lrawn u;:gbgqcfetptam
¥ i No. 83, dated 30th January 2, is now
to i nce to the Proceedings of Government, . 83, . A :
Haig mdr?:ie:ibmit certain recommendations with regard to the prosecution of t!le onrks in :;e
%repareGodavery for the consideration of the Government of India and of the Right Honorable
er :
tthSecretary of State for India.

2. The Government having in Extract Li}[)inutes Consuu?;i:t?;nN;;o?l?(:’niitiivig;:3?@};
) i i er nav
s di’e"tidc‘; tt}::ltl t:lzil‘)'}’zn:ttf(;?tilcﬁlp:gzmi lt)ee c:‘;’f?:;d ta th: improvement of -the. monsoon
UP”" b:;:)r:h:he inr;ormationain their possession at present which may be relied upon is limited to
?}?leg;ter ;)art of the subject and is as follows : — . '
(1.) An accurate survey of the river from Dowlaishwaram to Chanda ; 1
(2.) A series of levels which have been verified and can .be depended on frow the same
plken. e N ?ll::s}i}jr;:;i’l with accurate sections of the ground at the first and second Barriers;
((:)) Plans and estimates of the works to be executed at th'e first or S.interala Barrier
the supposition that the Locks were to be 200 feet long and 45 feet wide ;
e 5.) Information sufficient for the construction of the Tram Roads rou.nd the three
. ! .)of which those round the first and second Barriers are rapidly ptogre.ssmg. A good
f:x:;:rts;ack will be made round the third, as it is possible that the Tram Road will not be com-

pleted this year. fth ject, such as
3. As respects additipnal works required for thf: f'u-II development of ¢ e.pPO.]fe. ’ o

) the storage of water to complete summer navigation, and f?r the extensmn? irriga on s

those f(')r t the :xit from the mountains suggested by Colonel Sir A. Cotton and its subsidiary .

the Amcu:iatbe works requisite to perfect the navigation from the head of the third Befrrier to the

wor ks anhich it may be considered advisable to carry the improvement of the river, say to

]I);l;‘;e;o ghé,t, the information is of a more general description.

4. That the application of water to the land yields an ample return for the money iqvesteddis

f; t.well known, and one which has been abundantly proved by the very .large returns alre.a M

. Zc by the Anicut and Delta works in the Godavery District 3 that there will be traffic sufficient
made

' d down the river to pay not only the cost of transit but also the interest upon the capital
up an

loyed in improving the navigation can at present only be inferred, as }he Gove-r"ment have
employ hich to form an estimate. The Honorable the Governor in Council, tl1eref:ore,
no data upon tl‘:at in carrying out the works for the improvement of the navigation, the various
is of OPlnlones to which thbe water may be turned should be kept in view ; that the scheme
Proﬁtaile fl‘lzmed upon such a comprehensive plan as will enable Government to form a correct
fhould eh rbeneﬁts which are likely to result from it to the country ; and thata reliablta esti-
1de:e°:1'1:ulil be prepared of the ouflay which such a scheme would entail, and of the time it
$2u1d require for its completion. !

5. When the whole is thus clearly placed before the Government it will be ina posx.uon
dec'ide whether the advantages held out are such as would justify the 0}1tlay of an‘y given
. of money, and whether that money should not be borrowed on the security of the (xoverlc;-
’ . - - .
sumt in order that the work may be prosecuted with vigor, and brought to completion in the
men
shortest possible time,
6. To obtain the requisite information it is necessary— ' d
o (1.) To employ parties to complete the survey of the river from the head of the thir
- : ’t .
Barrier to Hingen Ghat; ‘ . .
(2.) To survey andlevel the country to the right and left of the river below its debauc:e
fi the ;110untains in order to ascertain the character and extent of land which could be brought
o : i i ised 25 feet above summer level ;
ivation supposing the Anicut to be raised 25 fe
under cultivation supposing :
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© 45 feet wide;
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(3.) To inspect the country to the northward
affluents of the Godavery for the purpose of ascertaining
water to be passed down the river in the dry season for ir
to maintain a sufficient depth of water for navigation ;

and westward about the heads of the
t.he most favorable positions for storing
Tigation purposes, and at the same time

(4) To inspect the course of the river betwee
Hingen Gb4t for the purpose of determining the site
to construct Anicuts and Locks, should this mode of req
dered preferable to that proposed by Captain Haig,

n 1ts exit from the mountains and
s ?t which it would be desirable
dering the river navigable be consi-

7. Asrespects the works to be proceeded with in the meantime
that whatever plan it may be decided eventually to adopt,
of surmounting the three Barriers is the only one wo
Canals at these points must form part of an
‘The first thing Captain Haig has to do is to

: » it must be borne in mind
the mode propogeq by Captain Haig

rth consideration, ag Anicuts, Locks and
Y scheme for the improve

f the dimensions no

. W recommended, viz., 200
ecessitate a corresp

feet long by 30 feet wide. This will of course g onding width beine o
eing given

to the Canals,

9. The following then is a summary of what Government recommend to he doné for th
improvement of the navigation and irrigation of the Godavery :— ' :

(1.) That Captain Haig should be empowered to car
Barriers on the scale mentioned above, that is, that the Locks an
of passing Steamers of nearly 200 feet long and 30 feet wide ;

Iy out the works at the three
d Canals should be made capable

(2.) That he should be directed to revise his estimate fo

r the works at the Sinteral
Barrier, substituting Locks 30 feet in width for those shown in :

his original plan, which are

(8.) That he should be directed to send in as soon as possible detailed plans anq estimat
for the works at the second and third Barriers ; es

(4.) That the survey of the river should be completed thoroughly,

. a special survey bejp
made of the sites where Anicuts may have to be constructed ; ’ i

{5.) That a distinct party should be emplo
of the Godavery with a view to the discovery of
quantities ;

yed to survey the upper part of the afluents
spots where water may be stored in large

(6.) That a separate party or parties should be detailed for the survey of the site of th
Anicut at the exit of the river from the mountains, and for that of the land to the right and 1 fe
of the river which might be brought under the influence of the water raised lby the jnicut ; =

14

(7.) That Captain Haig should be directed to keep the cost of the ezecution of the work
altogether separate from that of preliminary surveys and levels, and also from that of the
conveyance of goods. The cost of the Steamers now lying between the Barriers and that of the
boats constructed or being constructed should be debited to traffic, and this had better be done
from the commencement of the Calendar year 1862. Itis desirable that Preparations should be
made at once for the possible traffic which may pass down the riv

river during the next monsoon
freshes,

EE

v
Proceedings ofm Jlf adras Government, Public Works Depariment, 19
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S

10. Reference will be " at once made to the Governor General in Council. for leave t_°
employ such parties as have been mentioned above in the different surve¥s, an estimate of their
cost being furnished by the Deputy Chief Engineer, and should the sanction of the Governmex:lt
of Indiabe obtained thereto, the work should be pushed forward with all possible speed in
order that in the course of the present year sufficient information may be obtained to enable the
Glovernment to come to a definite understanding upon the whole scheme.

(Signed) W. H. HORSLEY, Lieut.-Colonel,
Secretary to Government,

e, ——
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