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GOVERNMENT OF MADRAS.

PUBLIC WORKS DEPARTMENT

Irrigation,
‘Rrap—the following paper :—

From N. ¥. MACKENZIE, Es
! y Esq., Under Secretary to
gzsll:nzlz::‘tks %) eL%ll‘tment (Civil Works—-—Irr?gatict)lrlxe)’ 15(}001;‘{1e e S
nt of Madras, Public Works Depart t ® Becretary to the
February 1897, No. 40 L ment, dated Calcutta, 4th

I am directed to acknowledge the receipt of the Proceedi

No. 789 T, dated 29th September 1896, oF Madras quoted

No. 999 1., dated 27th November 1896 forwarded und adi margin, copies
1000 1. daged JO0& Mos. 790 1., and

September and 27th November 1896, on the subject of the Hocar s ey the 29th

9. In reply to your No, 1000 I, T am 00ds in the Kistna ri

e . 0 . % to say th na riyer.
v;lgll satlsfiactlon the ap;t))roval }'ecord::d by His E};ceﬁtex‘ige glovernment of India note
_ of the good work done by Major Baddeley and the ofﬁcgrs :nfOVemor in Couneil

him during the recent floods. subordinates under

3. With reference to paragraph 8 of Mad

i ras G

%teﬁ themﬁﬁ)th September 1896, I am to refer to Mr.o ?;2;?3% Order, No. 789 I.,
istna railway bridge which was received by the local Goy ® Teport regarding the

was issued, and to forward, for the information of your Ggmment after that letter

Inspector-General of Irrigation relating to the Géddvari and E?:Elnment, 1? note by the
& Works,

= 4. As regards the Kistna works, I am to invite attenti
of the notes, and to say that the Government of India tﬁﬁﬁgff i patagraphs 6 to 13
 unnecessary to lengthen the Bezwada bridge, and they accept 1:111;lvt‘he opiition that it is
- General, as expressed in paragraph 10 of his notes, that the rais 1w of the Inspector-
anicut has been a more important factor of the violent action thu:g of the crest of tho
anicut, and is more likely to cause danger to the work tha ogenrred below the
eprankmept of the bridge, and that they are of opinion that t,han the left upstream
raised portion should be at once removed and replaced by fallig ok of the
the apron of the anicut should be extended, as suggested in para § shutters, and that
As regards the left embankment upstream of the bridge, it 5{313111‘ 10 of the notes.

at the height and section that may be advised by the Irrigat’ion ofgée;l‘gbe e

5. I am also to say that the Government of India consi

 inoreasing the height of crest of the anicut will apply wggﬁlﬁ;:fft the objection to
~ Goddvari anicut, and that, as proposed in paragraph 5 of the inspm?qual force to the

should be substituted for the extra 2 feet of masonry which was 101 notes, shutters
estimate sanctioned by the Government of India in Public Works %mded‘ﬁ’r in the
No. 4 1., dated the 13th January 1896, > Vepartment letter,
6. With reference to paragraph 16 of the inspection notes, T am to ]
estimate for the construction of tphe lower regulagor andnzzesnﬁﬂﬁé? to ask that an
Sitanagram side may be submitted to the Grovernment of India for sanetior
a date as practicable, if this is not covered by the eurrent sanction 10: :‘ﬁ:ﬂ earl
delta system project; and that estimates for the other works noted in that Kistua
which it may be proposed to charge against the Capital account of the,symparagmph
also be gubmitted in due ecourse for sanction. i m, should

ngs of the Government

e e

ENCLOSURE.
Note by T. Higham, Esq., Inspector-General of Irrigation.

1. Leaving Rangoon on the 24th November by one of the British India Consting steamors
T arrived azv\lggagapa%am on the 29th and at once proceeded by rail from Waltair to R&j%hmm;ry

(Dowlaishweram) arriving on the following morning.

- Works on the

o~

R R e
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My subsequent movements were as below :—

e e e

I Place. \ Principal objeet of inspection.
!

. | Gédavari head works.

—December 1st o | Dowlaishweram .. o 36
g:;: mt;err 320[31_“]] 5 S5 | Bezwada ¥ ‘o .. | Kistna do.
8 Hth—8th .. | Nandyal to Cuddapah e -. | Knrnool-Cuddapah canal,
” : Madras .« 5 e -
g 2 . | Cauvery head works.

.. | Trichinopoly

17th—22nd
23rd

12th—16th .o - | Do Periyhr and ba'ck 5 .. | Periyér works.

" | Had an interview with His Excellency

.. | Madras .. .
the Governor.

Goddrari Head Works.

ing of 30th I went up tho river and saw the site finally proposed for the

B t%og;; lg‘};?l?:;n bri%ge over Gédavari, when I meb Mr. Walton. The plans of the river and
as to by Mr. Bell were & . It is proposed to cross the river about 2 miles higher
8 uohe y : 2 ik by Mr. Bell by 57 spans of 150 feet, giving a clear waterway of 8,700 feet. As
up than prop ned, no objection can be made to these proposals,

: the Godbvari head works are concer :
far as the d interesting head works of the Giédévari, and

ember I went over the fine an
3. On 1st December Fastern, Central and Western canals. As the level of anicut

of the g .
saw the head regulatom intain the supplies required for the canal, rail stanchions about

: igh to mal
crest is not sufficiently hig nry ab intervals of from 8 to 10 feet, and the water

i fised into the masonry ! .
?ef?fti:ﬁ;dhf;% 1;:::1 by means of planks, which are removed as the river begins to rise. The

A d removing these lanks is very g_reat, there is an i.mmense amount of leakage,
gﬁﬁgiﬁﬁ g;ggz::nt iron staichionspare very objectionable. An estimate, amounting to Rupees
1.83,000, for raising the crest wall 2 feet was therefore submitted to the Government of India and
sa’,nc;ionéd in their letter, No. 4 L, dated 13th January 1896. A few chains only of this work
have been done, and I am very strongly o'f opinion that 'the wo_rk should not be continued. The
danger of pe -manently increasing the height of the anicut, without very large additions to the
stone work Jownstream, has been very clearly shown at Bezwada, and there is the further objec-
tion that it causes 8 shoaling of the river upstream. It will be much bet:ter that the extra 2 feet
required should be secured bylmeans of falling shutters, or a moveable weir, following the practice
which has been adopted on the Sone canals at Dehree, the Lower Ganges canal at Narora, the
Agra canal ab Okla, the Sir}xmd qana.l at Rupar, and the Chenab canal at Khanki, in all of
which the full height required 18 obtained by means of falling shutters, wzvhxch can be lowered as the
river rises. Fro ably the Sone canal pattern would be fouuq most suitable for Dowlaishweram.
The Principal difficulty ‘with such shutters is the raising, which is generally effected after laying
the ‘crest dry by means of the undersluices. At Dowlaishweram the power of the undersluices
. for this, but the shutters can no doubt be raised with one foot of water ou the
crest, and with much less risk and trouble than is involved in the present practice of fixing
while they can be designed to fall automatically as the river rises as at Dehree, or

under control by means of a let-go arrangement, as at the other head works mentioned above.
The former plan will probably be preferred. "
Kistna Head Works.

4. The extraordinary food in the Kistna on the 6th August 1896 was the highest on record,
and caused a serious breach 450 feet in length, in the left river embankment above Bezwada,
while the right embankment and the important head works of the Kistna canals were in serions
danger. The river embankments on both sides below Bezwada were also seriously breached in

a greabt many places. ,
The maximum flood levels at site of aniout, when at 6 P.M. on night of the 6th August,
are shown below, the mead sea level being the datam line. = The reduced level of the present

crest of anicut i 4925 foet, while that of the zero of the anicut gauges, the readings of which

are quoted in the reports of the Loeal Officers, is 26:25,
Maximum flood level, 1898,
Previous maxi-
Position of gauge. ; muni .evels,
Teft bank, Bez- | Right bank, M July 1882.
wada. Sitanagram. o
S A R
ioat = % & i 6755 6755 6755 86 29
ﬁ,"ﬁ,‘: bt “ v = H 6626 6495 6660 6550
Afflax .. 130 2:60 195 ‘ 79
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The levels for July 1882 are robably the maximum ¢
right and left banks. As regardspthe levels downstream (l:f na;:?gs:dieg':iﬁdbgm thet’i"]m:n ;l)f
maximam of left bank level 1 1896 was 0-75 foot above the record 1882, b tw"fnh at the
level be taken, the difference is only 01 foot. Some heading up probably ¢ naeh dt © mean
gauges, owing to the obstruction caused by the left bank training works og ﬂ(l’wurgle onbt!mSe
(a matter to be presently referred to), and allowing for this it is possible that tg ral lway ridge
flood was not actually much greater than in 1882, though the Exeoutive En ¢ volume of the

the flood discharge of August 1896 at 762,000 cusecs, against 611000 1o N l08 estimated
noted that Colonel Mullins in his « Irrigation Manual ”a%as ostima’tedotll:; 11;382' It may be

floods of 1874 and 1852 at 736,000 and 770,000 cusecs, respectively. % grent Kistuk

5. In 1882 the upstream gaugo on right bank rogistered 0-66 foo

!eft, and if 66:29 be the reading of the former, the m%an gauge will h:v:n (%?Q%ha: tl_la:tog;.;he
in 1896, so that there was an increase of about 1'6 foot in the latter vear. Tﬁisgfislg %5
partly due to a fuller discharge, but it must be attributed mainly to the fact that the o
the anieut has been lately raised 3 feet, which probably accounts for at least 1 foot G’I'(fést b
increased afflux. As at the Gédavari this increase in the height of the anicut has bee of e
necessary to maintain the large supplies now required for the canals, but in the form i: ol;{nd
it has been carried out, is open to the most serious objections. The rise of 1 foot or mor b
flood level immediately above the anicut is the least of evils resulting from this raisi > u; the
orest. The river bed must in time shoal up the level of the new crest, but the wor Wit
18 the severe action on the anicut due to the increased afflux, There is a sheer drop of 3 §

to ,‘the anicut talus, which has been neither strengthened nor lengthened to redis};; th;s elft s
action. T am very strongly of opinion that 2 feet at least of the new work should be .
altogether before next flood season. This will leave the crest 1 foot above its A
ma% be accopted if the downstream apron is extended as proposed below. The supply her

at Dowlaishweram should be held up to any higher level required by falling shutters ghi he e
be thrown down whenever floods have to be passed. i

6. The total length of the anieut from flank to flank is 3,714 feet. th i
undersluices, ete., being 8,341 feet. The Bezwada railway bridge is sitt’mte?i l:ﬁogttx}: %!;(l!}umvei(l)f
downstream, and consists of 12 spans of 300 feet each.” It is not, however, built o osi:e n;he
anicut, but as it were en cchelon, the centre of the bridge being about 250" feet to t. I:a south 5
right of the centre of the anicut. Thus to bring the bridge opposite the aniout, three spans ghonﬁ;
be taken off the right end and added to the left. As it is, the left underslnicos anlc)ia adjacent
length of weir are appareutly masked by the left upstream training embankment which oomeeeta
the flank of the undersluices with the bridge end. = Major Baddeley, the Super: :
neer, who was on the spot during the high flood of August 6th, has written in ve

st consequence

earnestly recommended that it be removed, and the bridge be lengthened by three |
south end, even if the cost be debited to the canal and not to the railway. My,

visited Bezwada on the 20th and 21st August was of opinion that there was no ;mén.
dence that the leﬁfthening of the bridge was necessary to ensure the safety of the anicut, and
that the case should be more carefully considered when the present state of the river had been
more fully examined. One of the principal objects of my visit was therefore the consideration
of this important question, | T o e Sl

7. Major Baddeley has stated the case fof lengthening,the bridge in pn;rsgr"a}hs:& t0 12 of
his letter, No. 1244 K., dated 13th Angust 1896, and in paragraph 7 of his letter, No. 1826 K.,
dated 5th October 1896, Briefly, the dangers which he apprehends may be thus stated—

(a) Owing to the obstruction caused by the morth training embankment and the insuffi-
~ cient waterway of the bridge the river is silting up on both sides, and this silting
will continue until the river, unable to discharge freely through the contracted
channel, will rise during floods to a dangerous height above and below the aniout.
(6) The effact of the contraction at the brid%:éitn to produce back currents and whirlpools
~which in 1895 seoured out a hole 50 deep below the Bezwada undersluicos,
which will have increased during 1896, and if this works back and takes down the
undersluices, a breach into the canal and a total failure of the head works of the

- Eastern delta system may be anticipated, ‘

8. As regards (@) T am of opinion that there are no real grounds for apprehensions, The
flood levels abstracted in pamgmhgxh 4 above show that the maximum flood level below aniout in
1896 was only 0°75 foot higher than in 1882, while the difference was probably much less if the
mean of right and left bank levels be taken. If we assume that this was entirely due to the
obstruction downstream and that the flood discharge in 1896 was no greator than in 1882, the

effect on the level upstream would be almost inappreciable, As shown in !pmgmph 5 above,

the mean level utgstream was only 1'6 foot higher than in 1882, in spite of the fact that the |

water-way over the anicut had been solidly blocked by the addition of 8 feet on the crest. The

effect of a rise of 075 foot in the downstream flood level would be not to block the water-way

to that extent, but mercly to increase pro fanto the height of the drowned, and to decrcase the

old level, which

perintending Engi-
. ‘ ing t s written in very strong terms
of the danger to which the anicut is exposed by the existence of this embankment, and has very
ans on the
tt who
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s i itional affinx due to

i the discharge over the anicut. The additiona :

height of the undrowned I:?glll:-ls Slf)appreciablo. £, o bhe pese I'arild, llt E‘ebﬁ:}l&eaﬁg:‘g atzlg

this canse would be 'p‘i?c , was actually greater than in 1882, the hig ert exfre‘;1 obrid gl

voiae ¢ th_e ﬂooq dlzo sr%;en artially due to this cause, and the eﬂfec Of\ ei i gthat i

below the anicut will 3"; p\}eu ;l)ess than indicated above. Iam thqrﬁ oll;e 0 j?plIéSz i o a{

T ghwf o o abovaih it 88 omE S RS e T

2 l 4 V ; : : v

:)ct“‘;?::t’f" Z“ i“qz‘i:'fi;;tﬂ;;oiu;“:vﬁil1‘;]?ndeopendent of any obstruction eaused by the bridge
raising of the an¥ y

S . ited 1 f the spans of

works. . 1 &1t may have been deposited in any o
3 - y ttoWhlthl ) . gt : Ivofaot of

37 Via 1o st s ‘xxtxgsr the Bezwada undersluices 18 1rr(11mate§'::l()f 811 h’e é):lg) ge ::e age
the-beidae o8 e g ?pr?ﬁm would be either g s be};loea;viest It has not, how-
increasing the number of sp s on which the set of a flood'may be ter than was eontemi)lated
the depth of scour in th(t)f]e slﬁnximum scour at the bridge was grg: uestion. As regards the
it g {1;601; 's(gami::gg 'if;led nor iebhe mfet{i.oft tll;’eg)gggealr‘lgws:boge the anicut, T have no
when the bridge 3 Ao0d levels immediate S o SRR
offect of the indgq onaxtthPiiixi’i(:m that the water-way ab present prowdf’d is su c1en. .
s e;pressm.g : :t may be noted that in the ori%inal_ design f(())ll;'tl;e (b Ifildgeé o .wa.f)'

9. As regards objection (b)ﬂl] an)i’ e Subsequently the txgxneerl-{m-s lstaz-iatréh;grtlﬁit
propnwd to uil.d 1t Oplio‘:]:‘e‘t eThe papers in the Mudras Publlc Wor S Decr }
decided to place it as mOw DU®:

i " fter personally
10 PN Irrigation Works (Mr. Waleh), after p
the change was approved by the Chief Ll;l[%linspgid;nftoo, that the present position was proposed

disowsaing tho master with T L1 o plainly that the i hamne o 0 0 b e amiont
because all the river ¢ :1 the direction 0 g . i Th
. lways run in le with the line of the anicut. o
the Sitanagram bluff had alwa) ¢ at a loss acute a0g _
and bridge as now 00“5““Cted’lan?e;(;u?olved, therefore, less dlsturba;nt(i? :lf] i:ﬂ: a??fuﬁzla?ul?:
location of the bridge ﬁnally i or, that water must at all t}mei;‘j rfo B.‘c . the crestg of qrﬁoﬁé
of the river. It is obvious, hf(i)r‘:oe(;’ like that of August A Wl-th‘ = eeflﬁzer»asein the cr(;st &0
S0 S ofensnisnast L g dismotial 08 s O e mmight o eyl
th uld ry strou T Y e anic gt t
thﬁltﬁetl‘xveoshorted?stv:ng(e of only half & s bowi?e?o the change of e '11;;; ﬂoocrli watte};'s
i o (. 0 g ie ' i o world, ity e i
impinging on this back, ana 10106 =, - 1 :oh were seen by:the oflice g :
A St s o v FL 5 ol 1 v, st e
remarks that the contraction of t once of the high velocxtms,lx ftun}dorm,f e e % -
eddies, but the eddies are not 8 ﬁﬁfq from the blocking of the le hstlhe 3:1 il o Ao
and interruptions of velocity res eetx% of the waters passing throug ! fi pea S
doubt eddies are caused by the me® ted, and will be no greater on the tcnil fan (;n de I‘)tg
the weir, but these have ul?ﬂyliie?; e(,zt are identical. I see mo reason : e;e oreth or Oggin;ng
bank, when the conditions in this ¢ observers on the spof that, l:"ml‘] "'fi f: OV%ED;W b whizi
tie Stmertiod of the pegy somPRIRE DO e alwisustion caphediby S Inl st ifient el
oddies, a great back-swirl was sﬁt urp if frequently repeated, endanger tlhe ga(figty tgd 1{) ethe tl en1
might, if continued long enoug "l?h existence of such a swirl is clearly indica L by the levels
of the anicut and unders_lmoes. het th; stat oi 1ot b?,nk b(-alow anicut stood 1:3 foot .hlg:her
given in paragrah 4, which ghov; : osrse nothing extraordinary m.thef%evgl on 0;13_ banl: otfha river
than on .nEht bank. There is ghan that on the other during a high flood, a,(,cof t1}111g o 1? posi-
being slightly higher or lower but in this case the levels upstream of the anieut were
tion and volumes of the main currents, oo of 0-66 foot) so that the discharge was as nearly as
identical (in 1882 there was a dgf:r:hﬁle length of the anicut. The great difference in the
ossible evenly distributed over < however, how the water must have piled up above the
evels immediately downstream ov;f, the violent eddies and swirls which must have occurred
left embankment, and is & xpeasnl‘eThe remedy proposed by the Superintending Engineer, to
betwoen. the aniout and bndfe-' hen the bridge on the north end by three spans would, no
remove the embankment and ‘:“fd; y opinion only on this account, and not' because the water-
doubt, reduce this action, bnti:m;{ﬁgient, that the lengthening of the bridge can be recommended.

way at the bridge isin itself ‘as effectively attained by removing two or three spaus from
;l;lhe :?113,@ Ozide‘:dm}ght é?;eex: l{?ﬁe”ngnh end,ythongh this would be open to obvious objections
e south, a ding

on other grounds. = : 3 B -
4 . 11 Aoubt that this left embankment tends to set in motion new forces during
ﬂ%&i mmnwjg;,i’xg be reckoned with by those responsible for the safety of the canal
e orsi:’ gut the question is whether the difficulties cannot be met by some less hervic and
hea‘dmive measure than that of lengthering the bridge by three spans, which would probably
ﬁ:s?::mething between 7 and 8 lakhs of rupees. It is however first necessary to consider what

commodate 11se

" damage has actually oceurred which may be wholly or partially atiributed to any change n

I . e the bridge was constructed. Major Baddeley refers only to a hole 50 feet
30“&]:(1;’;:113‘332 eco?xred i% 1895 below the apron near the Bezwada undersluives. It may here
loe ted that the anicut is protected on the downstream 51(19 by an apron of loose stone which
e’:t::dé for an average distance of 170 foet beyond the retaining wall at the foot of the talus.

i
A
1

4
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Ever since the construction of the an; e r T RS

MRS Wt % hote seren il anieut, seour holes have ba
The nF:)rmal 3 i dF eﬁ:i})o?nt l:hebrlght and left flanks op ?ﬁwf:rt?edran""“”v downstream of
B dowinards fra thi g'ted beyond this apron is 2{5:‘25 ;e dmes of the underslnices,
these soour holes since Januar i éi(;n Plaus and sections showix, ?} tbe.d.“ptha of scour are
Baddeley when measured in jV 91 were examined by me T‘E }:0 positions and depths of
anicut of 330 feet, and a width“.“uﬂry_ 1896 had g length in‘a di e ple referred to by Major
being 50-3 foot ot wptth, LeR in  directionparalle] with: anjert — o "duare to the line of
fron the dividing wall of the ﬁn&m of figure, or 160 feet beyon dm;I of 400, the maximum depth
about the same, but a soundin et}’slmces_ In November 1898 th 10 end of apron, and 200 feet
shiom lacgs holes: below the . gk ot 56 feet was recorded, Ti, ,]9 position and dimensions were
depth from 51 to 60 feet Onnths only of the weirs, On fhee plans fpr January 1891 to 1894
1843, and never exa-eediﬁg 35 f . Bezwada side the seoup wal right side theso ‘holes varied in
glace»wwld be conveniently sho Gethm other. vears. The oxa:;tmuch less, being il in January
ut the couclusion that I derivedwfrxl-dy super-imposing on one she:th:l?g (;)'] thﬂtfh“e s
4 ans of suceessive years,

the bridge the scour hol % an examination of
©8 on the left flank have innre:mflhﬁ'(:lthw!}s thatt sinoe tdhe constraetion of
n extent and maximum depth

(the sdundings havine i
central portifn of :Lx:galei(::: 52}1 from 35 to 55 feet), that there
which there were but traces hé?o?e freq(;u;rl;t :m]:" zlml” el A
y and that the depths of scour
h oy FIt is the inoreased scour on
matter ghonle y ng Engineer’ smsion, b
o should he carefully wntchq.d,tﬁo d:;t:u:l;ror:r(;:dmgz, th‘::

bridge was construot ) were less tl
Tucted. 3 1han oecurre ! :
Moreover, althongh the d "“l’:::::}en:x(ig:g:{l]p}; on ]rxg}}))tt t::d(; t'bm'oro:]tho

: no dou nd to produce

these holos, the severs gof:
s probibly boen a(}:;(’tg::r:q the weir itself, due to the raisi
down the crest as proposed. in Tlport mt factor, and until th?;ni of the crest already referred to,
due tCf,the ,})ridge training wmg;srug;‘.ph 5 above, it cannot b ,'L; P, s e
all anicnts in_sandy beds, are of py 1o 7, it M3Y be said t}(::ta;(h to what extent the sction is
are kopt at a sufficient distance fno mportanes, however groat ]ﬂm holes, which ooour below
b,m"k. I understand that the I8 e retaining wall of’:hm1 $ae. siepth, e et .
weather t0 a_surface sloping q Practice has heen to fi] ¢ oo n i yonbine o T
thle lling for » distanor oaurrss TOM the 2605 foct lovel, 15 b L. fond ouly every b
arete or masonry blocks, 4 f;et ::eti or t0 200 feet bﬁYunﬂi S Ii: the apron were extended over
ke B it i i il
ope ©

5, these scour hol
Lheg e8 would, i 208
saven rows blocks, costing ;,]:EHT‘V Z}lmmn, cease to be a danger to the work, This would take

the whole length of an: Rs. 50 only pe

might he expeit]odo g::dlz:fl cou,g\ be Protentop;rntmun :cfst‘to‘feat’ : flous 12}',6 Pml. fo%t"r‘\;(z)l‘.)so lt:h.:
If. preforted, looso stans migh':'b his gystem has been found 3: more tf:ln' {;I rtil ) ;‘ nd’i.;
laid over a stratum of small sty > mployed, 1"8‘9 stones such as :{;o;go?zs:h:a pl:;aen: ap:l'; being;

and t : : ff; but i i
nd the blocks will, T think, be fotm:i1 n:grzh::&z;:cthe apron should be extended at least 50 feet,
isfactory,

11. T should mention h red
' . ere
:he i et e 71;}:5: A very nasty hole was seoured in the talus of the anieut,
s:gyll%gffmm 1 to 12 feet, and the N;'et. m ling of anicut artd 45 feet transversely, the depth
tion eet from the wall of the gniq 80 of the hole being only 18 faet from the loff undersluices
wgnmbe}igw % St T rh n“m. T!xis hole cannot, ho‘veyer; he attributed to the contrac-
u most marked, but was first br i by T i
observed on the rd July when the levels at the upstream

and downstream
3 gauges wer 6’ .90
was nearly 12 foot loss than?m 5Au and 5045, rospectively, 1.e., when the depth over the anicub

by floating timber; an ascident toglm 8th, Tt was probably due to the displace

Portland cement « overlaid wit i :
; ent concrete 2 feet thick on m?:ﬁ’m"ﬁ?ﬁ 2hmfeetn, dgegg;: h;:t;; m&; the down=

by L0 regard to th : ; ' Reratand the
delo 0 the penultimate pars £ Mr. Dooott’s I understand that Major
g‘?&l:o ' Mr. Upoott’s report, I und ‘absolutely

Baddeley recom
sl mended the mngtheniug

#

13 ‘
at the B m!{:‘l omelusion therefore is that thero has been 1o contraction
ing tho bridge th dge such s would affact appreeiably the levels above the suiet
ly rﬁd;g:),h;t ion which now oceurs below the left end of the ani
damags, though it oo ut thero is 1o ovidence that this action bas hitherto

181 1t may do so in time and must andoubtedly be gnarded against.

;:e:;liz:t the “fet] of the anient s eI T, T8 G bl
: mﬁphugser 2 foot of the present crest and strong! hening the 34

above than by lengtheni
th aan by lengthening the rail L
o < ae left training m&w“hm .? 3 |

: ment of stones.
and was filled up with small gtone"hleh all woirs are linble, It has been_ thoroughly re vnth

" any risk

P e
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at other works are required to ensure the safety of the head-
and which must be undertakéen whether the bridge is
head sluices or regulators on each ban}. As regards

lengthened or not. . Western Delta Canal, it appears that owing to apprehensions felt
those on the Sitanagram sl ot lator was commenced in 1895 a chain or two b£§:: the existi::g

oir safety, a second feg“he event of failare. 'The chamber referred to in paragraph 4 of

i int
'org 80 88 tt.; ;gll‘t: glta Pl,?:e »'s No. 1244 K., dated 13th August 1896, is the length of canal lying
the npe':l:’ st reg“lal‘to,,, and the construction of the retaining walls proposed was in progress
between evisit This lower regulator was only partially completed when the flood occurred, but
during m  cable service;as by the insertion of planks water was held up 265 feet in the
it was of 00’!}‘1;: head on the upper regulator was 1385 feet which is almost as much as it can stand
cl:gm:nbefl‘-t a:d if it had not been for the lower regulator, it would have been necessary either to
yxth 88 eﬁvi; head or to have incroased the canal supply from 11-20 to 1385 feet, which would have
increase t R besil breaches, and also have brought into the canal a very large quantity of silt.
increased the n s b bl completed, the canal might have been closed altogether or the supply
If the lowe:hmgn'nim am required. The work is, however, in active progress and should be com-
reduced to the mlt SN asaied The other works in the Western Delta head sluice referred toin
pleted before nex ding Engineer'ﬂ lotter, No. 1244 K., dated 13th August 1896,

raph 7 of the Superinten

were also in hand.
15. On the Bezwada or Eastern D

14. Tt remains to consider wh

: xtraordinary flood,
works during aun € The weak points are the

olta side there is no second or ancillary regulator, and in
to an excessive head the depth of water admitted

; Sreh 403 lator
‘order to avoid subjeeting the existing regt as 129 feet, and this has resulted in a very heavy

. on the rear gauge W g

into dthe ‘{:“.;‘ :]:en:;a‘pﬂr seach of the canal. A second regulator is very necessary on this side, but
i er:‘:)mtatlit on the ordinary pattern with sm?ll_ven_t e lead to a great loss of head, which
to oon: br: SI8 o i viswol Ehie extensions of irrigation which are contemplated in the Eastern
c;n’no ThepSh intending Engineer, therefore, proposes to build two piers in the line of the
D.:’ tg.f i exig:ir;g bridge below the head sluices, with suitable flank walls, and to have
e (; slnice gates of 40 feet span constructed in accordance with Stoney’s patent. This will
e ar%:stl than sluices of the ‘ordinary type, but under the condltmns_that obtain at the site
= Lbe th st suitable form of regalator: Unless something of the kind is made, there will
w;" - beea danger of the head regu ator failing in such a flood as occurred in August last, so
always 2 eom the advantage of being able to control the amount of flood water passed into the
that lagi  retter. may bo regar od as one of great urgenc{,‘ and t!_m necessary plans and esti-
“‘fta sg onld be prepared at once. If pre err.ed,: the sluices might .be constructed on the
e nroposed by ‘Colonel Smart referred to in paragraph énfra, which is said to be less ex-
princip etg:n Stoney's ,and in the slﬁuaizton proposed could certainly be worked without
pensive €% failctve, bt mg detail to be qonsldered when the plans are under preparation.

- 16. The works “quued at Bezwada are therefore—

4 -bsﬁfution of falling shutters for the upper 2 feet of anicut.

gg %l;tenaion of the apron downstream of the aniout and undersluices.

* (c) Raising and strengthening the left training embankment between anicut and
_ bridge.
() Completion of th
, 0 onstruction of a lower reg
- elnioe. ‘
 Of these {a), () and (¢) may fairly be charged to the Capital account of the can
?! dmbe\“ arged, _’u’nless the Local GoYernxpent prefers to charge it to Bevzlﬁ;:d ((13
sm{ghiy’n% o g 3 bermed ?gt at the cost of the mxlv;vay as part of the bridge works.

V7T anderstan that .,no.eoél-mate has yet been sanctioned by the Government of India for the
work now in progress in the Sitanagram side, and that the outlay already incurred is held under
Shjection. 1t appears to have been thought that under the orders conveyed in Government of
Tndia Jetter, No. I, dated 13th May 1896, estimates for new works for which no provision was

carrent sanetion for the Kistna Canals eould not be considered or sanctioned

o lower regulator and connected works in the Sitana i
alator on the Bezwada side, consisting ofgrta:aemi% feet

available from the carren , : :
: truction estimate had been formally closed on 81st March 1898, This is, however,

until e o . Tn tho lettor- referred. to the Go ¢ of T
5. misapf n. Int referred to the Government of India declined to sancti '
ition of Rs. 8,00,000 in a lump sum to the existing sanction for the Kistna canalss:: r(::;i?it
for unforeseen contingencies, but there is nothing in those orders to prevent the sub-

i gatie}‘i‘uy ; 3 .
nission of specific estimates even before the closing of the construction estimate for works that

may hmﬂy required. Such estimates will be considered on their merits, and if
thaMﬂ mh},.,mmvaa, no time should be lost in submitting them for tl:e ord(:rsﬂ;; :;Zegogf

{

Open—No. 231 L, dated 6th March 1897,
* Communicated to the officers concerned for information and guidance.
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2. Estimates will be submitted f, 1di
! - 0 " . >
with falling shutters and for the work; r(p;;g:’;j(;llt% tilxlle s s Dot

India letter, No. 40 I.. and var: ' ctor g 6 of Government
g X » 8nd paragraph 16 of the Inspeetor-General’s notes at au(g]ar{);

3. The Superintending Engineer IT Ci
. : I : i
which the left embankment upgtream, of if}?liéi‘:lll

. : report the height and section to
view to the necessar nts bel
y arrangements being made

tna bridge should he POy :

1 iy ¢ maintaine

1n the RallWay ol itained in
(True Extract.)

Unde ary
er Secretary to Government,

Irrigation Branch.

To the Chief Engineer for Trrigat;
” Superintending En or Irmigation.,
h) > glneers, I :
» the Examiner, Pablic Works ‘l“gccfllm(t)slmlu

» the Consulting Engine 1
Vi er f K
» the Revenue Depargtment. b i

Fxd. Shaik Karim
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PROCEEDINGS OF THE MADRAS GOVERNMENT.
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Unpir date the

va “ .

Reap the following

Govt:of India-—-(H.:ﬁ.1\10:40.I.da.tf:d 4th February 1897)

7 ) Communicated to the officers
4 |
, ‘ concerned for information & guidance. 3
« L ~-!
] R . ;
2 Estimates wiil be submitted for {
| providing the Kistna and Godavari ani :
i -cuts with fallinz shutters and for 4
| the works referred to in para 6 of g
Government of Imdia letter NO:40.T. &
1o | i
| [ para 16 of the Inspector General's b
gl L o I :
i a &l | notes at am early date.
LR ) {
gl ,
i 3. The Superintending Engineer,Se-
i ; f -cond circle will report the neight &
E : scction wp to which the leéft embank-
i g k -ment upstream of the Kistna Bridge
v A ‘
i - : : : g
; should be maintained in view to the B
3 .\_q . .
STy necessary arrangemenis being made in
< ]
! the Railway Branch,
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BACK PAPERS. FURTHER PAPERS

; , AOTR ' | /

No. Date. e - ’
. No ﬂ ‘ ; . : " ARG AP
- i dal D“WQ 2 ' : No. 40 1. ooy
o S ,_.f~j§~w - GOVERNMENT OF INDIA.
-t v Allroﬂ"l";i;“ﬁ""';'j ’
. hould be addresse
; P ;0‘;‘“3“,,,,,,,» v_f PUBLIC WORKS DEPARTMENT,
‘ = ————— -
,,: ( | » 4 CIVIL WORKS- :
o ‘. | —_— ‘
%~k~‘“w"§:23r ; : Irrigation.
f : To
| The Secretary to the Government »f Madras
| ? s Publiec Works Department.
Calcutta,the 4th February 1897.
oy : Sir,

I am directed to acknowledge the receipt of the Proceed-

ings of the Government of Madras quoted on the margin, copiegi‘ﬁ

- --_-...---.—__...-..-——..--.......__....,._,__,.,____..*

No. 789 I.,dated 29th September 1896. : forwarded under your

No. 999 I.,dated 27th November 1894. , Nos. 790 I. and 1096
&

O o W S . o W o O O R e g B o, B o ot e e e e W B
-

P
5
-
b
)

1896, on the subject of the Floods in the Kistna River.

£ In reply to your No. 1000 I.,I am to say that theif‘;

|
|
|
|
I

Government of India note with sa‘isfaction the apprdvai»~m

recorded by His Excellency the Governor in Couneil of»théf

3. With reference to paragraph 3 of Madras Governmeﬁtfafdé

62754/ i z7

é?” $6. zmnu’ !k
{’ 72j v f&
somgrd | v 9

9() /f‘z‘y 3 9 9*((

l
|
J
s |
| }
f
l

& e
Upcott's report regarding the: Kistna Railway bridgeéiﬁ-

2 ‘sq- ai‘;é;. :

recaived by&he Local Government after that letter wﬁé issuedr

and to forward for the information of your Governmant a note
by the Inspector General of Irrigation relatlng to tha

- Godavari and Kistna works.

5
0
h\\
,\\\\\\<g\\<g\;\\gx

4. As regards tho Kistna works, T am to invite attentiqn

to paragraphs 6 t0 13 of the notes, and to say that the

e —

s i Qovernment of India eoneur in the opinion that it 1s unnﬂr

necessary to lengthen the Bezwada Bridge, and they acce

IR
i
TR

Sy



» " ? % . ' : & k- E
;viqw of the Inspector General, as €xpressed in paragraph : : e

10 of his notes, that the raising of the crest of the b ' \\

anicut has been a more important factor of the violent action that

occurred. below the anicut, and is

more likely to cause

Note by T. Hicnan, Hsq., Inspector General of Irrigation,
dahger to the work, .than the left

e A o e s S

upstream embankment of the

it dia
ing R on on the 24th November by one of the British In
tl' .n Lgatz:l;xlx?ers ?nglg'ive(l at Vizagapatam on the 29th.a§1d at once proceeqed
S;a:aill fgrom Waltair to Rajamundri (Dowlaisheram) arriving on the following
morning.
My subsequent movements were as below—

Bridge, and that they are of opinion that the upper 2 feet

Of the raised portion should be at once removed and replaced

by falling shutters, and that the apron of the anicut should

be extended, as suggested in paragraph 10 of the notes. : S Place. Principal object of inspection.
ale.

As regards the left embankment upstream of the Bridge,

| i i head works,
o —D ber 1st| Dowlaisheram . .| Godaveri
":i‘t R maintained at the height and section that may be November 30th—Decembe

E December 2nd—4th . .| Bezvada . : . | Kistna ditto,
| o S | 5th—8th . . | Nandyal to Cuddapah | Kurnool-Cuddapah Canal.
“5‘1’ 19 v Lo Eo e The Governmegt of India consider 8 : 9th—1!th . .| Madras .

»

_;ft‘hat‘thev objection to increasing the height of crest of the

e T T

12th—16th . .| Trichinopoly . . | Cauvery head works,
»
| i k .| Peri orks.
anicut will apply with almost equal force to the @Godavari anicut, ' ,, 17th—22nd . .| To Periyar and bac eriyar wor
- e S RrTEe e - o 93rd . | Madras . . .| Had an interview with His Exeel-
i d t.hat,as Proposed in paragraph 2 of the Inspection Notes, - g it o il

s

hutters should be subgtituted for the extra 2 feet of Godaveri Head works.
ina.son‘:_jy which was provided for in the estimate sanctioned by

i £ 30th T went up the river and saw the site finally e
== 2:' 01 nfgtetaqrﬁﬁ %om Railway bridge over Godaveri, when I met =

Gevernment -0f India in Public Works Department letter No. gﬁ Walton. The plans of the rivemand a note by Mr. Bell Wegghghowntomev

Az, : the river about two mileshigher up than proposed by

JeR i It is proposed to cross the river abo ing a olear waterway of 8.700 As
ted the 13th January 1896. S T 150 feet, giving a clear waterway oi 8, -y e
g . E?asB:llxe:’ odaver! &mgﬂ““ﬂ concerned, 10 b]eétloncan‘.? A
i ¥ith reference to paragraph 16 of the Inspection notes,  these proposals. s : i

rent over the fine and interesting head works of the
d. . (')nazlfit gteralzerhleglen:egulators of the Bastern, Central and Western
Go alver” As the level of anicut crest is not sufficiently high to maintain the e
e ired for the canal, rail stanchions about 2 feet high have been fixed i
§upplxes o i ry at intervals of from 8 to 10 feet, and the water level is h_eld
£ up t? " ;n gsonm{mns of planks, which are removed as the river begins to rise,
: “ 'urhez ﬁﬁoury of fixing and removing these planks is very great, there is an im-

to ask that an estimate for the construction of the lower

gu | or az;d .connected works on the Sitanagram side may be

submitted to the Government . of India for sanction at as early

B GMRALokbie i1, bhla; 15, nob. aovarel by L ih kgt

o : i i bjec- ;
8 | while the permanent iron stanchions are very o : : X
] i ) ? f;‘:,f:&: m?:isﬁx:lilé?gaeéounting t(? Rs. 1,338,000, f(:lr. rals:img tﬁ?oifsti ;Vtali if'
i ion for the Kistna delta system project, and that estimates 8 feet was therefore Sl:lbil‘:’,ittlfeg to tt;; ({}gggrmzerfl:gfc{:;i :; xlysg?this pesT e o
| ; . ' i ' ~ 8 letter No. 4 I, date anua B TR o
:  for the other works noted in that paragraph which it may be s B been don%, and I am fvery stargggtll); t;g corle);lig; tg:tht;;ﬂﬂ‘ &L(’Znicﬁ‘i, withisat
B0 i Ny i = tinued. The danger of perm T e Gl i Sl
| proposed to charge against the Capital Account of the System very large additions t°-thfhw}ﬂitzgikﬁgﬁfﬁﬁﬁt igscamesagoalingy F tho e
g | ’ | ¢tion s : Y & 3 o i thelr: l:”Villabe much better that the extra 2 feet required
' should also be submitted in due course for sanction. { £ : : B river upstream.

i hutters, or a moveable weir, following
should bet.sect:vrﬁg}l? };m'ge?::noiéng oi the Sone Canals at Dehree, the Lower
the P"’% |cel at Narora, the Agra Canal at Okla, the Sirhind Canal at
g?;f,ga? zu?l(lil :he Chenab Canal at Khanki, in all of which the full height

> ’

I have the honour to be,
8ir, :
Your most obedient servant,

VK P

Under Secy.to the Govt.of Indis.

P p——

-

Document accompanying:~

Note by the Inspector General o¢f Irrigation referred to, e L ,; - : SR et
¥ ¥ | $& “ ; . ; v o > = -
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required is obtained by means of falling shutters, which ca

river rises. Probably the Sone Canal gpattern ‘;'ould be ?ogzgo;i)rsid szgt %‘lé
for Dowlaisheram. The principal difficulty with such shutters is the rai g
which is generally effected after laying the crest dry by means of the ug:}ng,
sluices. At Dowlaisheram the power of the undersluices is not sufficient for the'r.
but the shutters can no doubt be raised with one foot of water on the crest m(i
with much less risk and trouble than is involved in the present ractic;eanf
fixing planks, while they can be designed to fall automatically as the 'vo

rises as at Dehree, or under control by means of a let-go arrangement, a 5 e:
the other head works mentioned above. The former plan will prol;ablsy l?e

preferred.

Kistna Head works.

. 4. The extraordinary flood in the Kistna on the 6th August 1896 was the
highest on record, and caused a serious breach, 450 feet in length in the left
river embankment above Bezvada, while tte right embankment and the ims
sortant head works of the Kistna Canals were in serious danger. The river
embankments on both sides below Bezvada were also seriously breached in a
. great many places.
e : The maximum flood levels at site of anicut, when at 6 ». M. on night of
‘the 6th August, are shown below, the mean sea level being the datum line.
The reduced level of the present crest of anicub is 49'25 feet, while that of the
zero of the anicut gauges, the readings of which are quoted in the reports of
the Loeal Officers, is 26 25—

MAxIMUM FLOOD LEVEL, 1896.
Previous maxi-
Position of Gange, 4 mum levels,
Left bank, Pez- Right bank, M July 1882,
vada. Sitanagram, iy
Above anicut . . p 67 b5 67:5b 6755 6629
Below anicut : : . 66:25 6495 6560 6560
|
Aflex.. o s 180 L L e Rl . 106 L

. The levels for July 1882 are probably the maximum then recorded, and not
the mean of right and left banks. As regards the levels downstream of anicut,
it will be seen that the maximum of left bank level in 1896 was 075 feet
above the record of 1882, but if the mean level be taken, the difference is only
01 feet. Some heading wj probably occurred on these gauges, owing to the
obstruction caused by the left bank training works of the railway bridge (a
matter to be presently referred to), and allowing for this it is possible that the
volume of the flood was not actually much greater ‘than in 1882, though the
Fxecutive Engineer has estimated the flood discharge of August 1896 at 762,000
cusecs, against 611,000 in 1882, 1t may be noted that Colonel Mullins in his

1882 at 736,000 and 770,000 cusecs, respeetively. _
5. In 1882 the upstream gauge on right bank registered 066 feet
more than that on the left, and if 66:29 be the reading of the former, the mean
gauge will have 65-96, against 67:65 in 1896, so that there was an inerease
of about 1°6 feet in the latter year. This rise may be partly due toa fuller dis-
charge, but it must beattributed mainly to the fact that the erest of the anicut
has been lately raised 8 feet, which prol_)ably aqcounhs tqr at least }.fmt of the
inoreased afflux. As at the Godaveri this increase in the height of the
gnient has been found necessary to maintain the large wps)hea now required
for the canals, but in the form in which it has been »qarrie out is open fo
the most serious ohjections. The rise of 1 foot or more in the flood level imme-
: resulting from this raising

i bove the anicut is the least of evils
chfat::]{) z::resvt. '_lthe river bed must in time shoal up the level of the new crest,

« Tyrigation Manual” has estimated the two great Kistna floods of 1874 and

ke

40 12 of his letter No. 1244 K., dated 13th August 1896, and in paxzﬁ‘;k

rr‘

3

. " put the worst consequence is the severe action on the anicut due to the in-
oreased afflux. There is a sheer drop of 3 feet on to the anicut talus, which
‘has been neither strengthened nor lengthened to resist this heavy actim;. Iam

 yery strongly of opinion that 2 feet at least of the mew work should be

. removed altogether before next flood season This will leave the crest 1 foot
" sbove its old level, which may be accepted if the downstream apron is extended

as pr;)lpo}s‘ed li)elowlv. The s(ilpl[))ly fhelafe as at Dowlaisheram should be held up to
‘any higher level require alling shutters, which can
wh{mever floods have to be pa)srsed. s b ke i

6. The total length of the anicut from flank to flank is 3,714 feet, th
length exclusive of undersluices, ete., being 3,341 feet. The Bezvada Raiiwa
bridge is situated about half a mile downstream, and consists of 12 spans oyf
800 feet each. It is not, however, built opposite the anicut, but as it were
en echelon, the centre of the bridge being about 250 feet to the south or right
of the centre of the anicut. Thus to bring the bridge opposite the anicut
three spans should be taken off the right end and added to the left. As it is
the Jeft undersluices, and adjacent length of weir are apparently masked b
the left upstream training embankment, which connects the flank of the undery-
sluices. with the bridge end. Major Baddeley, the Superintending Engineer
who was on the spot during the high flood of August 6th, has written in ve'r’
strong terms of the danger to which the anicut is exposed by the existence O’E

“this embankment, and has very earnestly recommended that it ‘be removed,
and the b‘.rldge be lengthened by three spans on the south end, even if t-h’é
cost be debited to the canal and not to the railway. Mr. Upcott "who visited ‘
Bezvada . on the 20th and 21st August was of opinion that there was n
primd jfacie evidence that the lengthening of the bridge was necessar to
ensure the safety of the anicut, and that the case should be more care¥ 110
considered when the present state of the river had been more fully examixl:edy

One of the principal objects of my visit was therefore the consideration of this  *

important question. . i

o e A I oGPy

B R

A Major Baddeley has stated the casefor l;a;giheniné t;he bridgé in rag’S‘
which he

" Jetter No. 1826 K., dated 5th October 1896, Briefly the d g
appréhends may be thus stated— g agsﬁ*’s'

" (a) Owing to the obstruction caused by the north traini
ment and the insufficient Watsrwyay of the bridag:u;%ee;ll'l\}:;nl;;
si.ltmg up on both sides, and this silting will continue until the
nyer,.unablq to discharge freely through the contracted channel
wnil r;se during floods to a dangerous height above and below the
anicut. :

(?) The effect of the contraction at the bridge is ‘
currents and whirlpools which in 1895 s%ouredtooggog‘u(fols a(ﬁﬂé
feet deep below the Bezvada undersluices, which will have
increased during 1896, and if this works back and takes down
the undersluices a breach into the canal and a total failure of the
headworks of fhe Eastern Delta system may be anticipated.

8. As regards (¢} I am of opinion that there are no real
apprehensions. The flood levels abstracted in para. 4 above Qshe%’vrmtll?:: tfgz
maximum flood level below anicut in 1896 was only 0'75 feet higher than
in 1852 while the difference was probably much less if the mean of right and
Jeft bank levels be taken. [f we assume that this was entirely dud b hs
obstruetion downstream and that the flood discharge in 1896, was no greater
than in 1882, the effect on the level upstream would be almost inapprem‘a‘.hle
As shewn in para. 5 above the mean level upstream was only 16 feet highéi'
‘than in 1882, in spite of the fact that the water-way over the anicut had been
solidly blocked by the addition of 3 feet on the crest. The effect of a rise of
075 feet in the downstream flood level would be not to block the water-w.z
‘to that extent but merely to inerease pro tanto the height of the drowned a;.—&-
to decrease the height of the undrowned portions of the discharge i the
~anicut. The additional afflux due to this cause would be practically un-
appreciable. If, on the other hand, it be true that the volume of the flood
discharge was actually greater than in 1:82, the higher levels both above and
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or below the apron near fhe bezvada d
*fect of incrensing the

number of

1 Py |

, :a;'wh ¢ would fg‘bably o e
7 and 8 lal t is however first necessary -
sider what ds "xﬁhiéth&lly : pees ch may be wholly or partiafiy ;
buted to any change in conditions since the bridge was constructed. =
r Baddeley refers only to a hole 50 feet deep which was scoured in 1895 i B
' ﬁuices. It may here be noted that ot

not, mon e, o wpang o depoaita of «ilt or W doorease the. r it he apron near the Bezvada unders be : v ,
\han waa Tihs) — .:.._,\“N ‘\‘\m:“\\‘:\;\\ he st of "amﬁ' may be heaviest, | ﬁ icut is protected on the downstream side by an apron of loose stone .
e Tow iy ‘«‘:;l:\..,\\m\ g \:}:‘“\;‘:““‘ acaur &b Wie bridge wes gRURE sxtends for an average distance of 170 feet beyond the retaining wall
Xpreming Lo ately b l:;. "‘ﬂ“-wrn; \\.; ::‘.:N'm W Ve xteny Q‘m of the talus. Ever since the eonstruction of the anicut scour
® 50 Upinion tgy 20 Sbove the antens Tt ¢, Dridge on the - been formed annually downstream of this apron, more especially
for u?g, {,‘,"' P, .o Y . Water way g :mt,‘ I bave no m‘“‘.h:""‘_- s and left flanks or near the lines of the undersluices. The normal
Pl kim::.:; Oht "J':E."‘%. “{ i e b: weat provided s wﬁohﬂ} f of the bed beyond this apron is 26:25, and the depths of scour
e I ghy o hie 0 buj ¥ be noted 1), ] ' . wnwards from this datum. Plans dnd sections shewing
a o My, id § at in the original d TS X ; .
dk ,Pm'}';' by the g;io;'g ;nosp#"ﬂ d:oﬁ'&""" the anjcut, ggmm ik e and depths of these scour holes since January 1891 were examml:g' .
‘I:lilln ﬁ::"p'"-u" ,,.I:’,f‘ s, m“"": .",:‘:"’: .{;’:: e built, The ;' 1e hole referred to by Major Baddeley wl.;en meam;r%d.‘l)n fJanuan :
B the main ope. boonge, 2Pring, orke (Mr. Weale nfye o s ot 4 length in a direction square to the line of anicut of 330 feet, an
FUD i1 the djpgogn "*LOF the e, Bll Uhe 1518 ovident, oo sl io% e provr, : a direction parallel with anicut of 400, the maximum depth being
;‘ Bow  construpgeg . ® line Joinin P unding the '3','-‘;: ae Fecord showed plafoly - v = about the centre of figure, or 160 feet beyond the end of apron,
he location of ) b ttod nog the : horam blufl had always from the dividing wall of the undersluices. In November 1896
,fh’, natu .!,,L-Logm:":,, ,g"""y ado, "}':,‘;,"’810 with z'r’,e'z?.ﬁ",f, f,,f"' bﬂdf : n and dimensions were about the same, but a sounding of 56 feet
¥ ¢ e b g ,{h"’ anfvarar 1, _ﬁ:“-" t is obviony. ",hone! loss » nﬁg" d. The plans for January 1891 to 1894 shew large holes below the
& ‘very strong set joil. With 18 R o of the weirs. On the right side these holes varied in depth from

feet. On the Bezvada side the scour was much less, being nil in
1893, and never exceeding 35 feet in other years. The exact changes
ve since taken place would be conveniently shewn by super-imposing on -
heet the plans of successive years, but-the conclusion that I derived from
amination of them was that since the construction of the bridge the scour
‘on the left flank have increased both in extent and maximum depth
' soundings having increased from 36 to 55 feet), that there are frequent
r holes below the central portion of the anicut of which there were but
ps before, and that the depths of scour on right flank have decreased from
veen 50 and 60 to 40 feet. It is theincreased scour on the left flank more
ticularly that has caused the Superintending Engiveer’s appreliension, but
hough it«isgply right that this matter should Le carefully watched the
ths recorded on this side after the great flood of 15)6 were less than occurred
zularly on right side before the 'brldg‘e was constriieted. ~Moreover although
o downstream eddies no doubt tend to produce these holes the severe action =
‘the weir itself, due to the raising of the crest'r',a)g'gad.y ‘referred to, has pro-
bly beena far more iwportant factor, and until this has been ehmmq.ted,
cufting down the orest as proposed in para. 5 above, it cannot be said to |
#hat extent the actiofi is due to the bridge training works. Finally it may be *
said that these holes, which occur below all anicuts in sandy beds, are of no =
importance, howevergreat the depth, provided that they are kept at a sufficient
distance from the retaining wall of the /alus, and .are not allowed to cut back.
T understand that the practice has been to fill them up with sand only every
cold weather to a surface sloping down from the 26:25 feet level. If the
.~ apron were extended over this filling for a distance of 30 feet, or to 200 feet
. beyond the retaining wall, by means of concrete or masonry blocks, 4 feet X
"4 feet x 2 feet, builf in situ and laid to a_slope of about 1 in 5, these scour
- ‘holes would, in my opinion, cease to be a danger to the work. This would take

' geven rows blocks, costing-about Rs. 50 only per run of 4 feet, or Rs. 12-0 per e

foot run, so that the whole length of anicut could be protected at a cost of not
more than Rs. 50,000, which might be expended gradually. This system has
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below the anicut wili have been p
the bridge works will have been 1
I am therefore of opinion that any i
the anicut, as compared with those of 1852 that was

the volume of the flood discharge, must be ,attributedn:x:t(iir‘::

= the anicut crest, and was wholly independent of any obstrye
- bridge works, »

artially due to this cause, and th
0 much even less thia
nerease in the heigist, of

to.an increase in

If th® be admitted the extent to which silt may
in any of the spans of the bridge or below the apron near the - :
sluices is immaterial. The only effect of increasing the hguﬁf,‘;d‘}““de"
would be eitker to increase these deposits of silt or $o decrease thz SPans
of sccur in those spans epth

have heen

on which the set of a flood may be heavi
: est.
not, however, been stated that the maximum scour at the bridee v:as Irtaaltlas
than was contemplated when the bridge was designed, nor is the safety~8 or

; ; : of th
bridge now in question. As regards the effect of the bridge on'the ﬂ(f;lgg

levels immediately below and above the anicut, I have no hesitation: in
expressing an opinion that the water-way at present provided is sufficient, .

for the bridge it was proposed to

build it opposite the anicut. Subsequently
the Engineer-in-Chief (Mr, Spring) decided to place itas now built,
papers in the Madras Public Works Secretariat show that the change
approved by the Chief Engineer, Irrigation Works (Mr. Walch), after personally
; discussing the matter with Mr., Spring. It is evident, too, that the present
position was proposed because all the river charts on record shewed plainly
that the main channel of the river on rounding the Sitanagram bluff had always
run in the direction of a line joining the centres of the anicut and bridge
as now constructed, and not at a less acute angle with the line of the anicut,
The location of the bridge finally adopted involved, therefore, less disturbance
_of the natural course of the river. It is obvious, however, that water must at

plike that of August last with 18 feet over the crest of anicut there would
be a very strong set in this direction for some distance after passin

80 that the short distance of only half a mile between the anicut and the bridge
might be insufficient to allow the Hood to acéommodate itself to the change
of direction. The flood waters impinging on this back, and forced suddenly
to change their course would naturally produce the strong back currents,
eddies and swirls which were seen by the officers on the spot. “Mr. Upcott
remarks that the contraction of the water-w ay would, by checking the velocity,

revent these eddies, but the eddies are not a consequence of the high velocities,
if uniform, but of the changes and interruptions of velocity resulting from the
blocking of the left side of the channel. No doubt eddies are caused by the
meeting of the waters passing through the undersluices and over the weir, but
these have always existed, and will be no greater on the left than on the right
bank, when the conditions in this respect.are identical. I see no reason there-
fore for doubting the assertion of the very competent observers on the spot that,
_ over and above these ordinary, eddies a great back-swirl was set .up by the
3 obstruction caused by the left embankment which might, if continued long
; enough, or if frequently repeated, endanger the safety of the left end of the
anicut and undersluices. The existence of such a swirl is clearly indicated
by the levels given in para. 4, which shew that the water on left bank
below anicut stood 1'3 feet higher than on right bank. There is of
course nothing extraordinary in the level on one bank of a river being slightly
higher or lower than that on the other during a high flood, according to the
position and volumes of the main currents, but in this case the levels upstream
of the anitut were identical (in 1682 there was a difference of 0:66 feet) so
that the discharge was as nearly as possible evenly distribqted over tl‘;e‘whole
length of the anicut. The great dillerence in_the levels immediately down-
stream shews, however, ‘how the water must havg piled up above the left
embankment, and is a measure of the violent eddies and swirls which must

have cocuried between the anicut and bridge. The remedy proposed by the

i ing Engi he bridge on
tending Engineer, to remove the embankment and .lengtl.len the vid
tSI;:)pfS;th [:cnd‘by tliee spans would, no doubt, reduce this action, but it is my
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tion caused by the .- ~

9. As regards objection () it may be noted that in the original design, - ‘A_

'l}ho &l
was®

all times cross the anieut at righd wigdes; #nd dhad - n g exdraordinary-flood

}
{

g the crest,”

»<

and the effect of « .
0 indicated ahove ™~
flood levels. algye :

i

&
£

=
, 5 |
i - i t, and not because the yvater-way at the bridge as
F M) pi’%::ﬁ" ?&ngg'tﬁﬂfﬁ‘ﬁg lengthening of the bridge can be recommended,
Jin i i

i ost as effectively attained by removing two or
froxfx Tﬁgl;fn?t;x? l:limnd adding them to the north end, though this
e %en to obvious objections on other grounds. : :
0. There is little donbt that this left embankment tend(s1 to §§111; 1; mé)]:;mn
; forces during the flood season which must be' reckoned with yh tl(l)se
s o’bl for the safety of the canal head-works, but the question is whether
r? 'E;cu?ties canfof be met by some less heroic and expensive mel?sll)llre thaxtx
:het‘yof lengthening the bridge by three spans, which would ﬁpr(: ably cos
aethino between 7 and 8 lakhs of rupees. It is howaverh l;s- necezgalxiy
tod ider what damag? has actually occurred which may be wholly or partia dy
tgto?::;;ed to any change in conditions since the b.rxdge was co,nst_ruct:se9 s
gd j Baddeley refers only to a hole 50 feet deep which was scoured imdlth 5t
be?g;):the apron near the Bezvada undersluices. It may here bfe]no e ; 1a
the anicut is protected on the downstream side by ana 50}111 0 1:qos.e s ‘3;1191
which extends for an average distance of 170 feet beyon the re a:mlzxg o
t the foot of the talus. Ever since the eonstruction .of the anicut sc g
laloles have been formed annually dl(])wlqstrea? tIOf {:ll::;ez;}s)f:l)ine,es mor'l?hgs%e:;; a{
on the right and left flanks or near the lines of the i e g
this apron is 26:25, and the ep 0
mdgcgie;z;idomxﬁeﬁf egr?::[(ll this 'dl;tum. Plans and sections shewing
:l?e_ sitions and depths of these scour holes since January 1891 were examqu
by lz)n?e The hole referred to by Major {;Batt;de}gyev;l;e:nitgfﬁ?%%au f.'leae;m:ﬁ
1896 had a length in a direction square to the lin o S
idth i irection parallel with anicut of 400, the maximum dep g
go‘zgd?eleltn :td]:bout tﬁ:rcentre of figure, or 160 feet beyond the end of apl%éxé
and 200 feet from the dividing wall of the undersluices. In IN(.W,'emlf)er5 5
the position and dimensions were about the same, but a poundmg o : :1? :
was recorded. The plans for January 1891 to 1894 shew large holes below the

|The same objec
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i aken place would be conveniently shewn by super-imposing on
f)lrlx:t rf;i sg:epi;hglzg stl::zcessive years, but the conclusion that I derived from:

S ing increased from 3 to 55 feet), that there are frequent
e sf:ﬁglsgl:)v? tl';:engenl:rg.ll' portion of the anicut of which there we(:lrgf but
pis lb fore, and that the depths of scour on rlght flank have decreased from
e 20 al’xd 60 to 40 feet. It is theincreased scour on the left flank mé)r:
bet‘geet}.aﬂ that has caused the Superintending Engiveer’s appnel;enslxloxé, tl‘:
oy h ig'is ly richt that this matter should be carefully watched :1,
?lltht‘ixugreeorde *oi this side after the great flood of 1536 were less than oiz&lxrreh
r:gulasrly on right side before the bridge was cons ricted. Moreover althoug
: t : - - A
f)‘:letlfeozgisr?t:;?f, due to the raising of the crest” already refen‘-):d to,l.ha.s alt);le;?{
bly been a far more iwportant factor, and until this has been eumn.d d,
:" gutting down the orest as proposed in para. 6 above, it cannot be sai bo
2 w{nat extent the actiofi is due to the b:li)d%e tralllmngﬂwt(;r]i;:.saﬁ;aé&slta;l;agf ng
said that these holes; which occur below a amcuh\y gy at;suﬂicient
3 Sy he depth, provided that they are kep
e ' d .are pot allowed to cut back.
: i the retaining wall of the /alus, and .are not ali( _
; %1:&:3:;{;&1;1 tha?‘. the prac?,ice has been to fill them up with lsm,ndi oxily ffv:l?e
cold weather to a surface slgl;iing quwr_:i : f;:u;e tohfes%liéztfe%tr ?;e b e
i i istan s ,
Seyusa W exmten.dgd e e orf 4 nerete or masonry blocks, 4 feet X
beyond the ning Yvall., by means of co : oo e R 4o
‘4 feet x 2 feet, built in sifu and laid to a slope o AHINEL i, e SR
4 d, in my opinion, cease to be a danger to the work.
:‘:vl:: :::ls bl:cks, iosl‘:.m -about R.s.'fE»O o'nlyt pexl'lﬁu‘xw og ; tfeeci%d o;t}:.s;}:szt .; : I::i:;
n, so that the whole length of anicut co A 0
g:entlhz’m Rs. 50,000, which might be expended gradually._ This system has

irs. On the right side these holes varied in depth from =
ggnlég Og(l)y &fe?e (‘;[ellr:he Bezvadac side the scour was much less, being nil in

" January 1893, and never exceeding 35 feet in other years. The exact changes *
]

i ) ion of the bridge the scour
ination of them was that since the coqstructlon 0 | ; =
?1?)12:?)[:!3?: lﬁaft flank have increased both in extent and maximum depth - |

eddies no doubt tend to produce these holes the severe action -




3 6

“heen found very suceessful in N ortber' ia.f
B X § n India.
"% be employed, large stones such as these inn(:;::; / p{'fe sl::’::erred. loos.
E f ;tratum of small stuff but in this case the apron should !;)pron belzg laid overa
j teet, and the blocks will, I think, be found more satisfactgr;xmnd at least 50

11. T should mention here that a ver
of the anicut, the general dimensions beinsé n’?;tyfel;:lei: a]s scoured in the talus
p feet transversely, the depth varying from 1 to 12 feet audl l:e L jonicut. and 45
be{ng only, 1..8 feet from the left undersluices and 15 feet frhe 98e of the hole
anicut. This hole cannot, however, be attributed to the P th‘? wall of the
anicut, It did not occur during the high flood wh contraction below 4he
contraction would be most marked, but was first obse:;ndthe ‘
when the levels at the upstream and downstream gauges reroixne; 8rd  Jul
respectively, 7. e., when the depth over the. anicut %s?’;’re ?5.
than on August 6th. It was probably-due to the displace::;n{ f
ﬂoat}ngdtlmb‘ei!r; an accident to Wl}ich all weirs are liable. It has bee: th:)t:ones]l;
repaired, and was filled up with sinall stone, overlaid with stones 2ugf;eyt

T

side tapering down t&“2“foot on.the- downstream.

understand that Major Baddeley recommended the strengthening of the right
unless or until the bridge is length i '
: . or t S gthened, when it would of ¢
'l;v;g:elt; ‘13; zvaf:) ;ecld?id'tot]lengthen the bridge the Worl? egl(z)il({slfo:;)%
» ne S, and 1n the meanwhile the I
to the height and se o by the Hen
g ction that i i
- m' [ may be advised by the responsible

dismantled.

13, My general conclusion ] i |
& ‘ leref(_)re is that there has b '
1 :32] ;)i; }t)l:‘a,ewt‘;]t:r;:%; ?t tl;;ay]iezvs;«lila b.rldge,such as would atfec‘ie:pp!;gcizg}l; P?l::
levels . . engthening the bridee the viole b i
now occurs helow the left end of the anicut would prohalc);l; ggtlglatg}::ﬁe

e |
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' serious damage; though it may £ : to

Cyhi g 2 ¥-do so.an time and must und dlv )

agm:rgz.nori Z%ghld?r however that the safety of the anicut a.r?fi&b lfﬁ‘dgrs};iiz:rg?g
arely assured -by cutting down the upper 2 feet of the px:ese;t

* 311:.;. : j
» L orest and strenctheni .
A B e ¢ ‘ngthening the works in the m \ sed 1
T 2 3 3 A anner proposed in para. 1
. than by lengthening the railway bridge, and this at less thar,x) one-tgnt?})o;i:}é

.« cost, bu " ini
4t » but the'left .fraining embankment should be made secure against over

topping by the hichest 2 . p
its wa_tzr-‘facg. 3 ghes ﬂOOQ and against the violent action that takes place along

.. 14. Tt remains to consider what other works arc ired ¢
_ i B > required go e

b adongkon st s daring n axtaordinary food. nd whioh i
_the head slnices,or regulato Pofe 8 lengthened,or not.. The ‘weak points are
o o B rs on each bank. As regards those on the Sitana
S on] fs rn_Delta Canal, it appears thut owing to apprehensions (f lt
ol safety, a second regulator was commenced in 1895 g ehain g t.(‘- '
- wb eexisting work so as to take its place in the event of failux-eor '1"1‘0'
glam er referred to in para. 4 of the Superintending Engineer’s No 1244, %
ated 13th August 1896, is the length of canal lying boetweer; the tw o
Intqrs,and tl.le_ construction of the retaining walls proposed wasei s
during my vasxt. T.Ius lower regulator was only partially completed alprogross
o flood oceurred, bt it was of considerable service, as by the insertion ofm} nl;e
water w53 held up 2'6:5 feet in the chamber. The head on the upper re . ]a s
%as 1385 feet which is almost as mueh as it can stand with safe!t ar ;‘ziu .;'9"
kad not l.)ecn for tLe lnwer regulatot;ft would have been necessary ei{;;erl (;ol o
crease this head or to bave increased the canal supply from 11-20 to 1385 f mt-
whick would bave inereased the number of breaches, and also have brought if::o’

: the canal a very large quantity of «ilt, If the lower regulator had been complet
ed, the canal might have been closed altogether or the supply redaced toptiu;

minimum required. The work 15, however, in active progress and should he
completed before next flooa season, The other works in the Western Dcli'é
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deep, which were topped with Portland cement concrete 2 feet thick on upstream -
m

12. In regard to the penultimate paragraph of Mr., Upeott’s report, T °

embankment because it will be absolutely necessary to maintain it j iy
intaet
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1 sluice referred toin para.7 of the Superintending Engineer's letter No.
e K, dated 13th August 1896, were also in hand.

5. On the Bezvada or Bastern Delta side there is no second or ancil-
lary regulator, and in order to avoid subjecting the existing regulator to an
excessive head the depth of water admitted into .the canal as measured on the
rear gauge was 129 feet, and this has resulted in a very heavy silt deposit in
the upper reach of the canal. A second regulator is very necessary on this
side, but to constract it on the ordinary pattern with small vents would lead
to a great loss of head, which cannot be spared in view of the extensionhs of
irrigation which are contemplated in the Eastern Delta. The Superintending
Engineer, therefore, proposes to build two piers, in the line of the piers of the
existing bridge below the head sluices, with smtab]e. flank walls, al_ld to have .
three large sluice gates of 40 feet span, constructed in accordance with Stoney’s
patent. This will be more costly than sluices of the ordinary type, but under
the conditions that obtain at the site will be the most suitable form of regu-
lator. Unless something of the kind is made, there will always be a danger
of the head regulator failing in such a flood as occurred in August last, so that
apart from the advantage cf being able to control the amount of flood water
passed into the canal the matter may be regarded as one of great urgency, and
the necessary plans and estimates shouid be prepared at once. If preferred, the
sluices might be constructed on the principle proposed by Colonel Smart referred
to in para. #nfra, which is said to be less expensive than Stoney’s
system; and in the situation proposed could certainly be worked without any
risk of failure, but this is a detail to be considered when the plans gre under

preparation. :
16 The works required at Bezvada are therefore— . -

2

(«) Substitution of falling shutters for the upper 2 feet of anicut.
(b) Extension of the apron downstream of the anicut and undersluices.

(¢) Raising and strengthening the left trﬁining embankment between
_ anicut and bridge.
(d) Completion of the lower regulator and connected worksin the
Sitanagram side. ; RS

(e) Construction of a lower regulator on the Bezvada side, consiéting of
three 40 feet sluices. . %

~ Of these (a), (a) and (¢) may fairly be charged to the Capital account of
the canal, and (4) might also be so charged, unless the Local Government

prefers to charge it to Revenue. (¢) should apparently be carried out at the
cost of the railway, as part of the bridge works. .

I understand that no estimate has yet been sanetioned by the Government
of India for the work now in progress in the Sitanagram side, and that the
outlay already incurred is held under objection. 1Tt appears to have been
thought tlat inder the orders conveyed in Government of India letter No. 95 L.,
dated 18th May 15086, estimates for new works for which no provision was
available from the- current sanction for the Kistna Canals could not be
considered or sanctioned uuntil the construction estimate had been formally
closed on 31lst March 1898, This is, however, a misapprehension. In the
Jetter referred to the Government of India declined to sanction an addition
of Rs. 8,00,000 ina lump sum to the existing sanetion for the Kistna Canals
to provide generally for unforeseen contingencies, but there is nothing in those
orders to prevent the submission of specific estithates even before the closing
of the construction estimate for works that may be urgently required. Such
estimates will be considered on their merits, and if the safety of the canal
works is involved, no time should be lost in submitting them for the orders of

the Goverrnment of India.
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