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VIZAGAPATAM HARBOULR INVESTIGATIONS.

NoveMBER 1898 To NoveMBER 1899.

VizacapraTayM barbour, as it now exists, is (1) a backwater, connected with (2) a creck,
which enters the sea over (3) a bar. The general run of the coast is north-east and
south-west. On the south side of the bar a cliff called the Dolphin’s Nose projects,
affording a slight protection from southerly winds. On the north of the bar the land

is hilly, but the beach is sandy with outerops of rock here and there.
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The following is a summary of the correspondence on record concerning the
improvement of the harbour : —

Engineering summary of correspondence concerning Vizagapatam Harbour.

In 1859 a scheme was submitted by Lieutenant Vertue, R.E. (estimate Rupees:
23,500) for ¢ artificially contracting >’ the opening at the bar “ by means of a groyne
of rough stone projecting seawards from the north side of the river’s mouth suffi-
ciently far in a direction slightly convergent to the rocky headland forming the
southern boundary of the entrance,” by which means he believed that ¢ the loose
material of which the bar consists would be swept away and be effectually prevented
from reforming.” :

The question was referred to Sir Arthur Cotton, who cousidered it “a fanda-
mental - mixtake,” to regard the Vizagapatam basin as a tirst-class site and proposed
“to form an outer harbour by running out a break-water from the salient point of
the Dolphin’s Nose for about 200 yards.” But he thought Cocanada a far superior
port, partly because of the number of canals convergiog on to it. (Later om, in 1873,
he said in a memorandum that a training wall at the mouth of the river was the first
thing wanted. Previously he did not allude to any idea of making aninner harbour.)

In 1872, Mr. E. 8. Thomas, C.3., submitted proposals for the creation of an inner
harbour apparently for the reception of the largest class of ships, urging that ¢ Viza-
gapatam is the most natural, the most easily formed port on the Kast Coast of the
Peninsula.” He proposed groynes run out nerth and seuth for 300 yards, the space
between these being sufficiently narrow to obtain a thorough scour, yet having
sufficient space for ships to enter by, sluices to be inserted in the north wall for
impounding high tides, the water to be let out, and thus creating the required scour.
(This is not very comprehensible.) The scouring action was to be aided by rakes or
grubbers. Probable cost he put at under £10,000, but no detailed plan or estimate
was submitted.

In 1873, Captain Waters, Master Attendant at Vizagapatam, proposed a groyne
700 feet long run out from the south side of the harbour.

In 1871, and more maturedly in 1874, Major Beatty, R.E., wrote on the
question. He thought it feasible “ to shelter the approach to the entrance of the
river from the heavy swell of the south-west monsoen, to remove the bar, destroy the:
surf, and at a moderate expense to construct in the Vizagapatam back-water a small
but safe close harbour for a few of the largest ships and steamers that ever trade with
the coust, &c.”” —cost under Rs. 5,00,000—necessary works (1) a solid break-water on:
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th.e soutbem side of the river mouth to protect the bar from the offeets of the deposi

of the l}ttural currents, and protect communication with the shipéiﬁu du;'? epQSIts
mouths iu rhc_ year from the heavy swell which 80 greatly inercases ltjhc surl:'g (’l{:;}ht
bar; (2) a training wall on the north bank to confine the eurrent and cause ti " st
}')owerful scour at the entranee ; (3) training walls from the landing place ‘ P‘f' ]?' o the
ferrv to deoper} the river channel for ships into the back-water: (ir)pdreda? ar e tho
back-water to improve the mooring ground for large vessels. ) 8ing 1 the

In 1875, Captain Taylor, Master Attendant of Madrac
‘ ), : 3 ! » Madras; reported that Mr.
‘sr,lvmme was 1mp<_)531ble; that the deep basin, to which ingl'zess};s pmposI;d E}F d’f-ﬁgmas’
away the bar, did not exist; that if the basin was dredged out and a ship got ‘ing:llfg
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In 1877, Major Wood, R.E, considered “ that the eardi i i
view 18 to economise the volume of the outflowing stream, (%)1\? ai)lzr:é)ilx‘ll : itto i: et}f(ept ot
favourable position possible for exercising its scouring action on t%e ’bar > m(l))St
1e-.xdm_g it through the plain between embankments.” At this point first a’r;sf:s’ th
guestlon as to what Government were pai ting with when they conceded most of the

ack-water to the Roman Catholic Mission for reclamation. —Mujor Wood th he
provision should be made with the grantees to safeguard Government. vaght

Next comes a proposal fr !
posal from Colonel Thompson, R.E., for an
thgvl;airgest vessels and an inner harbour for boats and dO(‘lkil)lﬂ’. Phe sy r for
51:; x f:()?l;)l:}l:em .bgel?k-water, \?I.,SUU feet long, run out nearl):3 perpendicular to the
10 e pount known as No, | groivne (presumably the : ]
visible), and a southern break-water. 3.5 e o the Dolon e par—still
. ak-water, 3,500 feet long frum the Dolphin’s N
- entrance being about 500 feet wide in 5 f 00 aeres, Bt to o
wat & : athom water —area 200 ’
e o £8 pbout 200 feet ¢ in 9 fathom rea 200 acres, half to be
\ ps. The whole sand spit and the rhannel
to he cut out to 500 feet width b " ol o e way i
. , and dee ; ‘lurge vessels
st put at Fa 50 oe oot vl p enough for lurge vessels to dock.,  Probable
In 1830, Colonel Chrystie, R.F
‘rystie, R.F., produces a schem :
groynes north and south, each 1,615 fee’etllong. with 2¢ ¥ betworn g Tough stone

. 225 feet between th

trate the scour on the bar and deepen i > el them, to coucen-
. en it. : thoug s

continaous dredging. per He thought the back-water would need

In the same ycar Colonel Sankey, R.E., sum ituation i
_ ey, R.Il.,, summed up the situatio
}(33:‘121;1‘111:311520 All tgle };;‘01ects, he .sz‘m'i, rest on the principle that it is il)(:xgizlzepgirtthto
by refor;n ltiour m;x f{‘ the same artificially aided, to do away with the bar apd ’preveelt:
L peforn ‘ n}.l Alter reviewing facts connected with various other ports h
n Loast, he is of decided opinion that the bar eannot be removed P o e
removed to formn elsewhere, and be more exposed. erac or can only be
. He further concludes that a large harbour is not wanted
time has arrived for a decisive opinion to that effect on the
order to put a stop to the waste of time and euergy in followin

gatheH'e next adverts to Bishop Tissot’s reclamation scheme,
gathe lI'lng }grtound fnl’.tlda.l water and consequently redueed seour, but ;
ether this abstraction is not counterbalanced bv the fact ’ e doubtful

prevents land floods from spreadi ; . that the reclamation
channel. .4 preading over the country and concentrates them on the

(4 A}
I'he scheme com-

s and considers that the
part of Government, in
£ a mere d ,

g re dream,

gshows the abstraction of

fm;lél Sy‘)he\I recommends dredging on the bar as a tentative measure
n 1332, Mr. B. Parkes, Consulting Engi .
' kes, C g Engineer to the Madras Har
Tudia, was requested to visit Vizagapatam (among other places) and ;il:)eoiri;

Mr. Parkes thought ‘
tor developing trade, &He tfk::l 11]13?11"11 advantages palpable and the port well adapted

(})) deeper water than usual near shore ;
( ;) a large tidal back-water ;
543 :1(}:?’1:::3 leld manageable land floods ;
) e prsition of the rive -
flond discharges on bossible fatnre Wm.«{(qr.u er mouth with refercuece to the cffecte of
RS

(5) abundanece of material for coustruction.

bein g n
views,

Q
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He continues: “1f Vizagapatam ever becomes a place of great trade, the
facilities for carrying on that trade will be added step by step, and by the time great
works for sheltering ships are required, the conditions of the case will be very
different from the present. I think thercfore that any designs based on our present
knowledge would be purposeless speculation. Let it be borne in mind that with
ghips anchored in the roads as at present, thirty times the present trade might be
carried on, and yet the arguments iu favour of a first-class harbour would be only one-
half as cogent as they were in the case of Madras eight yeors ago. [ cau only now
say that if in that distant future a harbour outside the Dolphin’s Nose is required it
oun be made. 1f on the other hand an inland dock is preferred with a deep water
approach, such a scheme would be perfectly practicable, but my insight into futurity
will not permit me to speculate on the scale of the works or their cost. )

A far more practical question is how to facilitate the operations of trade 1n the
earlier steps. of its anticipated development. The means must be sought in the
removal of the existing impediments to the free passage of masulah beats in-and-out
of the mouth of the back-water, and in the subsequent further cnlargement of the
latter, so as to allow of the use of larger cargo boats.

Small as this object is compared with the construetion of a first-class harbour, 1t
is onc which requires for its design a far more claborate preliminary investigation.
The object is of course the permanent lowering of the bar, which lies a little outside
the narrowest part of the entrance. The difficulty of the question ig shown by the
number of theories which have been put forward to account for the existence of the
bar, and the still greater number of remedies which have been proposed for the evil,
There is only one feature which is common to all these theories and proposals, viz,,
tuat they are based on insufficient data.  If these were furnished, as they may casily
be, I believe the true remedy would become apparent, and though it might not be
within the immediate resources of the port to earry it out, it would be a satisfaction
to know that the objeet is attainable iu the near futare.”

Mr. Parkes therefore recommended—

1) A complete hydrographic survey of the harbour and roadstead to a scale of
4” to a nautical mile or L,5007 to 1” to include the whole of the back-water, showing
distinetly the contours of ordinary and extraordinary high-water marks, and where
possible the limits and levels of land flouds; also the gencral levels of the overflowed
marshes within the back-water.

{2) A survey, to a scale of 150" to 17, of the immediate entrance from the
western ferry inside to the 4-fathom contour seawards, to be repeated four times in the
year, say in February, May, August, N ovember. This would show changes in the
bar due to seasonal influences.

(3) Observations on the courses and velocityof the tidal current, especially on
the ebb.

4) A final and definite arrangement regarding the right of reclamation of
marsh land in the tidal back-water, based on the principle that the flow and ebb of the
tide is essentially the property of the Port authorities, and ought not, without special
evidence that the interests of trade and navigation will not be thereby damaged, to be
alienated for any other purpose whatever—a fixed principle of port conservaney and
one which should be most jealously guarded. Kvery square foot of capacity of the
tidal channels, Mr. Parkes considered, is required for navigation, and every square foot
of the marsh that is eut off from the tidal overtlow i8 so much loss to the channels.
He also confessed to a strong feeling that where the enclosed areas have not been
brought under actual cultivation, it would be worth while to demolish the embankments
and restore the tidal flow. He added that the loss of tidal water could not be com-
pensated for by any utilisation of land floods, since as a rule tide water is good and
land wufabad for the entrance to a harbour.

H¥Hs0 advocated reclamation of land near high-water level by material dug from
a lower level in continuous trenches.

In the same vear (1832) Captain Taylor reviewed Mr. Parkes’ report and agreed
with his conclusions.
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Colonel Sankev, R.E. (also in 1882),in submitting the report and Caplain Tavior’s
remarks to Government reiterated the arguments ugainst a first-claxs harbour, but
dissents from Mr. Parkes’ conclusions as to the possibility of decpening the bar per-

manently, but allows the possible utility of the surveys, W'pich were therefore ordered.
The large hydrographic survey was taken by the Marine Survey Department and
published as a map in 1884, to a scale of ;4lgr -
The small survey was not made, nor the velocity observations, and the questiont
of the R.C. reclamation remained undisturbed.
Nothing more was done with regard to the harbour till 1891, when the Secretary
of State decided to consult Sir A. Rendel, in view of the near approach of the East
Coast Railway and the difference thereby caused in the conditions.

Sir A. Rendel’s only information seems to have been procured from Mr. Willock,
C.S., together with the previous papers on the subject summarised above, His
opinion is given as follows :—

“ The case appears to be one of which there are numerous examples, a river forcing its way
to sea through the sands which the sea is constantly throwing across its mouth.

“ I this case, owing probably to strong currents parallel to the shore, the power of the sea
to obliterate the mouth of the river appears to be Jess than usunal ; for the sands which encqmbcr
it are not extensive, the bar varies but little in_position. and the 3-fathom line nt sea is not
more than #00 yards distant from it. On the other hand, the forees of the river are small al_sf),
for the tidal range is only o feet even at springs, the estuary or backwater covered by the tide
is less even at springs than 1,000 acres, and the rain-water eatchment basin of the river is only
about 160 square miles. Small as its forces are the river however seems even now to be only
just unable to cope with those’of the ses, for the depth on the bar diminishes from its deepest to
its shallowest limit but slowly. There scems therefore no reason why, if sided by artificial works
of the usual kind, the river should not be made equal to maintaining permanently that depth
on the bar which is now found on it on a few occasions only.

« The occasions to which 1 refer are eyclonie rains, when the volume of laud water passing
from the river into the sea is so great as to scour out the mouth of the river, including the bar,
to a depth usually of 12 feet, but sometimes a8 much as 15 feet at low water, giving a depth of
17 to 20 feet at high water of spring tides. In the interval hetween these cyclonic rains, which
take place once in two or three years only, the depth gradually diminishes. During the north-
east monsoon, i.e., the months of October and November, a depth of 6 feet is usually maintained.
After that the depth diminishes to as little as about 2 feet at low water of springe, when the
barbour is only accessible to masulah boats drawing from 2 to 3 feet of water.

« The artificial aid neceesary in such cases consists of piers running out from ome or both
gides of the river mouth towards the bar, and compelling all waters passing from the sea into-
the river or from the river into the sea, to follow ope and the same course, and I see no reason
why such aid should not be as guccessful here as it is elsewbere.”

Sir A. Rendel recommends, from Mr. Willock’s information, (1) a north pier 700
to 1,000 feet long, (2) a south pier 200 feet long, to break the seas from the south,
(3) dredging, so that vessels could lie in the upper reaches, since waves would enter
when the bar was removed. Probable cost Rs. 5 lakhs, and the harbour would be
accessible in all tides and weathers to large lighters, and in fine weather and spring
tides to vessels of 1,000 tons.

He then goes on to say that detailed information is requisite, to be obtained on
the spot through an Engineer specially skilled in marive and river work ; and he
recommends Mr. Thorowgood, for many years Resident Engineer of the Madras Harbour
works and of previous experience on the Tyne works.

He concludes by advising that the railway should be instructed not to encroach -

on the river, and that the reclaimed land should be restored to the backwater, which
even with it is far less than could be wished.

The Government of India objected to the proposal to employ Mr. Thorowgood,
who however was sént out. He submitted a report and plans in 1892, after staying
1 months of the evld weather at Vizagapatam.

He found that the bar is occasionally removed by heavy floods, and discovered
an undeubted record of a series of soundings taken a few months afier the evelonie
storm of 1876, on which is shown a channel from the .Duteh Battery up to Turuer’s
bridge with 18 to 27 feet at low water throughout ; but that these secourings by heary
rain are uncertain, and that there haf been no such action for more thun three vears

B

before the time at which he wrote. The existing stz he ri

. g state of the river he found most
lamentable. He thercfore concludes that the river must be regarded merely as a tidal
backwater. ¢ As a matter of fact the river is tidal for nearly 8 miles from the mouth
and it 18 to the tidal ebb and flow that we must look for the active force moving sand

outward or inward.” .He remarks however that the river has nevertheless been able
to prevent the bar closing altogether.

_ Referring to conflicting opinions about the bar, he writes: “ My first aim on
arrival was to try to ascertain, first, what was the cause of the bar ; second, from what
source did the material composing it come ; third, was it easily moved from lts position
With regard to the last point itis evident that conflicting opinions had been held man};
years ago, for the District Engineer says, 9th March 1859, ¢ that there is stroug
evidence that the depth of water on the bar has not varied, nor has its size and position
during the recollection of the oldest inhahitant,” while on 8th March 1871 Major
Beatty, R.E., makes proposals ¢ to remedy the constant fluctuations that the bar is
subject to, both with regard to the depth of water on it and the position of the dee
channel.” I therefore approach the matter of the bar with much caution. P

Sand supply lo the bar.—1I find that the chief source of sand supply is due to
wave action during the period from October to February, when the wind and the
littoral current are both from the north of cast. 1f there were no river at all the
sand would be heaped up against the rocky coast on the south side of the mouth of’
the estuary. By reference to the detailed survey of December 1891 it will be seen
that the one-fathom line runs out as a spit of sand for a distance of 640 fect to the
east of the old Dutch Battery. DBefore the state of the sea would permit me to take
any soundings I observed this state of things by frequently ascending the Dolphin’s
Nose headlsud and looking at the sand through the clear water at_ flood-tide A
careful survey confirms the opinion I inclined to from mere ocular observation,

There 1s also another source of sand supply to the so-called bar, and that is, a
movement of sand when the southerly winds set in from seaward towards shore
This I believe to be common to all ports on the Coromandel coast, aud at Madras it
was very conspicuous during the construction of the harbour piers.

The sand i(l the neighbourhood of the Vizagapatam harbour mouth is very easily
moved. The slightest ehange in wind will make a change in the disposal of sand
and as a matter of fact it became exceedingly difficult at this' spot to get a survey of
the bottom of the sea which might be called accurate for two consecutive days during
the time of general change of wind from north to south. 7

This extreme mobility of the sand I find to be very greatly due to the fact that
the bottom of the sea is pierced by numerous fresh-water springs, which, when
intercepted on shore by wells, form the water-supply of the place. Of theso wells
there are no less than 22 within one-eighth mile of high-water mark, and in one mile
of coast, and the level of the surface water in them all is about the same at the same
minute of time, being about 3 feet above low-water level. These springs, when not
intercepted percolate up from the sandy bottom of the sea and render the,sand ver
unstable, as may be painly seen at such times as the water is smooth and clear. y

These two sources of sand-supply—one from the north due mostly to wave action
and one directly, towards shore, also mostly due to wave action on the sea bottom—,
form the serious obstruction known as the bar.

In February 1892, on repeating the survey of the sand spit with wind and
current from the south, the contour line of one fathom is driven backward a distance
of 320 feet. I therefore come to the conclusion that the bar is, and always has beeﬁ,
caused by sand brought during the north-east monsoon and afterwards flattened baclg
over the mouth during the south-west monsoon.

The direction of the breaking waves hardly varies at all, being as indicated in
the drawing. I am supported in this belief by some most useful information given

r(x;e }:»‘y Captain Winckler, for many years Master Attendant at Vizagapatam, now at
ochin.

Currents oulside moulh of riwver.—With regard to tidal and littoral o
. u
outside the mouth of the harbour, they vary so much and so frequently, but ali;?:yt:

2
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with so low a velocity, that I think they may be passed over. I have shown in the
drawing how, on two days in February, the ebb tide as observed with floats sunk
very deep took two quite opposite direetions, the velocity, however, being never more
than 41 feet per minute. In the Bay of Bengal the flood-tide comes from the south -
yet I found in December, with a northerly wind, the current at flood-tide set dis-
tinetly towards the south. On several occasions T have becn unable to detect any
current in 7-fathom water when the tide has been running rapidly into or out of the
river. | therefore discard currents, outside the immediate neighbourhood of the river
wouth, as having no general effect on the sand spit or bar.

Mr. Thorowgood goes on to show the evil done by the reclamation work, but does
not recommend handing it back to the tide, a large portion having nearly reached
high-water mark. He further considers that the soundings of 1876 show no fear of
rock at less than 18 feet at low-water.”

He therefore proposes—

(1) To dredge a channel through the bar and up the river, and (apparently)
to continue dredging every January and February ; also to dredge the point of sand at
the river mouth, which contracts the entrance and produces at spring tides an abuormal
velocity of flood (nearly always aided by wind and wave) amounting to as much as 208
feet per minute and carrying in sand with it. The ebb tide, being retarded by wind
and wave, he found did not achieve so great a velocity ; but 180 feet a minute was
often observed and the calculated veloeity from tidal capacity would be 176 feet a
minate.

(2) A groyne 1,420 feet long at least on the north to keep back sand from the
river mouth, placed so as to allow suificient beaching ground for waves to break on.

(3) To cut away the foreshore of the reclaimed land and add 19 million cubie
feet to the tidal capacity of the estuary.

Total estimated cost Rs. 6,11,271.
(4) No work on the south side.

He furtber shows that since 1883 there has been practically no change whatever
in depth between the 9-fathom and the 1-fathom contour, and he thercfore considers
that a groyne of 1,420 feet would be free from the danger of silting at the head.

He then gives a rough plan for a large harbour with an easterly entrance, by an
extension of the north groyne and the addition of a south groyne, estimating the cost
at Rs. 43,27,272.

This report was referred to the Government of Madras, whose Chief Encineer
Mr. G. T. Walch, made the following criticisms: that a large fine weather h?xrbuu;
could be made on the plan proposed by Mr. Thorowgood, but that owing

’ to the preva-
lence of cyclones the walls must be extremely massive and the cost would certainly be
Rs. 65 lakhs instead of 43, ’

As to the minor scheme—that dredging a chaun
more than Mr. Thorowgood supposed, that a dredger
maintain the channel, and that the actual excav
contents of the channel: further, that as to the pro
of its efficacy, that no observations had be

south, and that the groyne would in all prob
designed to protect.

Mr. Walch, however, agreed with the principle of increasin
the estuary, having no doubt of the evil effect of reclamatio
that the inerease suggested by Mr. Thorowgood w
toot or two in depth at the worst places.

_ Finally he was convinced that with the small ran
improvement of large extent eould be expected unt

and storms was effected which could only be done
outer harbour.

In the same vear, 1892, Mr, G. E. Moore. Chief Enginecer of the E
Railway, submitted a n’oto on ’tlle subject, takin : & of the K

of usiug large cargo boats and steam luunches.

el would in several wavs ecost
would have to be kept up to
ation would be far more than the
posed groyne there was no evidence
en taken of the travel of sand from the
ability cause a deposit in the place it was

g the tidal capacity of
n; but he did not believe
ould do more than add an lmportant

ge of tide available no permanent
il thorough protection” from surf
by massive sca walls forming an

_ : ; 15t Coyst
g nto consideration oyly the pussihility

-
i

e proposed a break-water, 800 feet long on the south from the Dolphin’s Nose,
dredginopthe bar, and a groyne on the porth to the outside of the surf line, extended
=3 k v
as the sand crept round it. ' L ‘ '
It will be observed that subsequent to Sir A. Rendel's Minute, the issue was in
way shifted. Sir A. Rendel desired more detailed information and suggested
Mr. Thorowgood as a pr to obtain it well and quickly. Mr. Thorowgood,
Mr. Thorowgood as a proper person 1o . ly. Mr. Thorowgood,
however. conceived himselt empowered to make designs and estimates and t i
seems to have left Sir A. Rendel’s hands. The Government of India in anyheaizg
accepted Mr. Thorowgood as an expert and advised that {nfs re(;:omrr&e}:d&uor:ﬁ; ouof
o i istance from Imperial funds. e condition
acted upon, but refused any assis ‘
%erovincial If)ina,nees, however, lett the Madras Government no option but to defer the
scheme sine de. .

In 1897 the subject was revived by the offer of Mr. Macnab to raise a ef)mp_an:\i
to carry out Mr. Thorowgood’s smaller scheme.  The Madlias Govern nent was 1ngl1§fq
to fallbiu with the proposal, but while details were being discussed in 1898 Mur.
deWinton, Chief Engineer, begged for a reconsideration, submitting at the same time a
n(;te of ful,“ther eriticism on Mr. Thorowgood’s scheme and suggesting (:th.er arrange-
ments. Mr. deWinton, in bricf, took the ground that Mr. Thorowgootd 8 {xlf%r%athé

‘ ol 1t : ate to enable him to arrive at a just idea o

- ¢ sufficiently continuous or accura . { ust ; -
gltsslilt(ilation. that his conclusions were in some places contradictory and thgt hl?pr(‘;
posa:ls were caleulated to intensify the evil he desired to remove, and cogent reasons
were advanced to support this view. . -

As an improvement Mr. deWinton suggested a slightly bell-mouthed ontuim,(,
markLed by a training wall, and sluices either at Turzer’s b}'xdge or near the m;)lutt_l t(:
hold up flood tide and apply a powerful scour near the close of the ebb. When the nfmi
arrived for a large harbour he eonsidercd the proper method would be a poweltild
break-water runu?ng more or less north and south in 7-fathom water and unconnecte
with the shore. . '

These views commended themselves to the éladra% Government fzulfjimentlzatt(f)
persuade them to depute an officer o the Public Works Department to ake a?((lzuwori;
detailed, and systematic observations for a full year, and this officer commence
in November 1898. o

Besides classifying and analysing observations previously madeltsk(‘l)e% f?vligwlﬁﬁ
programme of observations, for the year commencing lst November 8,

L]
down :— ' o
(1) Observations of the force and direction of the wind, and of the direetion of
the waves.
(2) Observations of currents.
(3) Soundings in the roadstead.
(4) Observations on the bar.
(5) Cross seetions of the ereck.
(6) Observations on the backwater.

(1) Winds and Waves.

i ions were taken at the Meteorological Observatory from Ist
N Thl? Wll%%BOEf e{:tatll\?(r)l:ember 1599. Several considerations (it must be premised)
Ovei ir revent absolute deductions being drawn from this record. Firstly, the
ogera t'c(;nIs) Wel;e taken at 8, 10, and 16 o’clock. None were taken at night. As the
N 'se(;va:arlxerall drops at night this is of the less importance. The,re 18 hqwever aslight
:e:l brieze nea}:rly all the year round from between 18 and 22 o’clock till near dawn.
Secondly, the recorded velocity is an average, that is the total as ’showtr}ll byli t}(lle ape(xinp-
h di\,rided by the number of units of time 1n _the 24 hours. Since he an b win 11;
tgl::pday time during a great part of the year 18 muqh greater than the sea relaeze a11
night, the average velocity given is misleading. Thirdly, there are occasional sma
gaps zn the record, due to various causes. These are not of much importance.

The intervals between the hours of observation each day being as stated above,

Defects in
observations.

Prevalent

it is not possible to caleulate the number of hours during which the wind blew from wints

cach point of the compass during the year.
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The following table (No. 1) therefore only shows the number of occasions on

The velocities observed being only the average per diem, it is impossible to Forveo
which observation showed the wind to have been blowing from each point of the

Jdetermine the velocity of each wind. The table (No. 2) shows the average velocity

compass. Though the number of hours or days cannot be given, the proportion may
be taken as fairly representative ; nor will it differ greatly from year to year :—

Table of Wind Dircctions for 1899.

Tasie 1—Showing number of oceasions cach wind has blown cach month of the year.

- 7 o . 7 A__ The lean of the trees on the coast is corroborati ve evidence. ‘ Tl}e difference in strength
o & - o 2| | E E i 1s really greater than the table shows. The night breeze is light and of much the
Month. 1 Z o= ‘ %@ oW z g || =& | F =& same strength throughout the year. Consequently an average of any number of miles
2|7 | % |6 ls| @ |ols |alals Blx 214 1% an hour for 24 hours represents an average of much more during the day time.
November 1898.. | 8| 30| 38 ' 0l 3 \ ol 6l 4f.. losl el 1 The directions of wind being as 694 to 318 is almost tantamount to saying that
— | — : ‘ - on equal pumbers of occasions the waves were from the southward or from the
Dooomber 1895 .. | 4) 19| 8| 18] 6| 10 I N L I : north-eastward, respectively, the exception being that north-west winds are generally
Jwuary 1899 .. [ 2| 5| w1 8|8 2 o) 1y 3, 7T 9 4 2 light airs or thunderstorms of short duration. During these winds and during the
Febraary 1899 .. I_T Ul 3l 8| 4] 10 6| 7] 09| 8 1 P Kk period of change from south-west monsoon to mnorth-east monsoon, and even during
Moroh 1899 1. = N I T T T T T part of the north-east monsoon up to January, ﬁhere is a heavy swell from the south-
S ‘ l A — f — : ward, aund it is not unusual to see a short sea from east or north-east running across
April 1899 | . S AR T A R A A R L the long southerly swell.
May 1899 .. .| .. ') RN 26| 19 3| 6 2 . The waves break during ordinary weather in from 1 to 2 fathoms. Generally
Tane 1599 — RERREIEY T : speaking the surf begins at a little over 1 fathom. In gales surf may be seen in
—_—— — —_ —_ ! — 3 fathoms, sometimes even in deeper water, but the latter case is probably not a normal
Joly 1899 ) 2 o 2 S|l zite 12 breaker, but an etfect due to the top of a high steep wave being blown over by the
August 1899 R 2 .. 1 2 39 | ‘30 LS wind. Orddinarily the first result of 1the 1'etardatfion caused 3t:yfth}f sea b{)lfstom, in
September 1899, | .. | .. T Y ol s .. e T e T raising and narrowing the wave, may be seen in from 2 to 3} fathoms. Mariners,
&%@Q—I—?——— az =i : ~l—:— i 3; :—— -Z-;— ————:——i—l——— however, rclate real breakers in 9 fathoms, which seems improbable. ~After heavy
T B S R SRR weather, with a long southerly swell, a slight heave may be felt by a diver in 5 fathoms,
Total .. | 14| 65| 110 ' 37 43| 28140 47il04] 79 i 220 ‘ 65 1o L and the sand particles suspended in the water near the bottom may be seen describing
e e a short curve.
TasLE 2—Average velocities of wind in miles per hour. The waves, where not affected by the bottom, travel from various directions,
' ———— according to the wind. The most usual direction is south-east, but an(;asf have been
4 “ . : 8 { observed coming from north-east and from a trifle west of sonth, and from every
szyﬁf. é é g g g | . . l 5 | 3 £ i Average per point of the compass between these two limits. As soon as a wave begins to feel the
5| €18 |2 |5 |%E & | ¢ ] LI B influence of the sea bottom, it gradually alters its direction, until in about 15 fathoms
i B I T T L T B T . - T _ on a eandy sloping beach the line of wave becomes parallel to the lie of the beach. In
1st . ol ol ol 12 el 8 15| 15| 11! n{ u ol 8! November. 12 a shallow bay the surf may be observed in a curve exactly conforming to the coast line.
el owl B Thval sial 31 Q3] 18] ) &) 1 | Deoembor , On a rocky shore, where there is deep water close in, this effect is far less appareut,
;:g - o g; : :6 ol & | H : 3 5 -I{.’:';)“r‘;;:y 1 and th;:1 wave generally breaks almost in its natural line. )
. .. 8| u| 1| 18] 10 101 101 10 March 13 Thus north of the bar the surf may be seen in more or less continnous lines
S e NI IR L SO I A | y ;3‘,‘;;‘ 16 parallel to the coast, whatever the wind ;ywhile south of the bar, with a south-easterly
o NI AT Blosl ot jﬁ;’; - 18 swell, the foam travels almost as a point regularly along the broken rocks at the foot
ek N 6| 18 g 13 20| 18] 18 71 9] 9| August 12 of the cliff; but the reflex wave is parallel to the shore. A ht.tle sandy cove,
12th ST IS - - A B B+ w| 4l 10 |onee 1 nevertheless, even among the rocks, has the immediate effcet of altering the direction
13ih . I A 21| 10 Bl o1l 18 of the wave. In strong gales the parallelising effect of the sloping bottom 18 not so
15th . . 50 6| 7| 10| '8 BN “ I o | " ! great, and the surf sometimes strikes the coast at a small angle, and the breakers arc
R A B I 8 T 81wl 1) & | 1o \ ; then very confused and irregular, '
igg: . . 3 {(1) g {.; lgl; 1" al 18] % 13 l 51 10 The greatest fetch is southward and extends past the And_amax}s to tl‘le Indian weteh.
20th .. ol oal el nl Tl By 8 2= T I Ocean, but really severe gales seldom or never come from this direction. The swell,
2lst ., o 10} 12} 13| 19| 10} 16| .. 6 il 6! 18 however, is great and persistent. The fetch eastward is little more than 600 miles.
o B A R I SR This is the direction from which eyclonie storms generally arrive, but the waves,
%;:1!: - 6] 14 8| w| 13| 16 ol 18 10| 10] 18 though often higher than those from the south, are much shorter. No cyclone appeared
26th . SRRy 1A | | Bl % Yo o during the period of observation. It was not found possible to measure with any
n . A 164 2¢( 12| 23| 16 | 8 1 accuracy the height or length of large waves. Maxima may probably be taken to be
3uth ooar] .. . Rl B B B 1t 7l sl { somewhat less than at Madras.
s0th . sy sl | d2) 1y s I Waves striking a sandy shore obliquely cause the sand to travel thus :—
Totel .| 341| 204 | 281| 306 | 365 380 | 476| 449 | .. | 859 | 266| 304 | : = advancing wave.

It will be seen that the winds south of east as far as west, which may, as a general
rule, be referred to the south-wes h

t monsoon, greatly predominate in th
proportion of 694 to 318, » greatly predominate over the rest, in the

of all winds per mensem, from which it will be seen that the winds in April, May
and June are the strongest, those in September, December and January the weakest.
The south-west monsoon blows from the end of February to September, there 18 then an
interval of variable airs and the north-east monsoon begins in October. Consequently
the south-west monsoon blows stronger as well as longer than the north-cast monsoon.

I

reflex wave.

This effect of waves in moving sand is well known and is as readily perceptible
here as elsewhere. On the bar the sand ripples are high and steep, the wave slope

3
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being nearly as steep as the other, and the waves can be seen to cut off the top and
transport it in a cloud several feet, besides moving the sand steadily forward in the
usual way. The sand ripples, which are evidence of the waves moving the sand, are
always parallel to the waves. At certain seasons they are parallel to the swell, though
the wind may be from a different direction and producing different waves. 1t s
uncertain to what depth the waves affect the sea bottom, but there are small ripples
as far as 30 feet of water after heavy weather with a big southerly swell gradually
subsiding, After a north-east wind ripples have not been observed in more than
14 feet of water. The above observations are the result of ocular observation 1o a
diving dress. They are not carried farther owing to the difficulty of diving in a
heavy sea,
(2) Tidal and other currents.

1;1‘;‘11."“0'0" Upon this point Mr. Thorowgood makes the following apposite remarks, paragraph
0nd's

romurks. 95 of bis report: “with regard to tidal and littoral currents outside the mouth of
the barbour, they vary so much and so frequently, but always with so low a velocity,
that I think they may be passed over. I have shown how on two days in February,
the ebb tide, as observed with floats sunk very deep, took two quite opposite directicus,
the veloeity, however, was never more than 44 feet per minute. In the Bay of Bengal
the flood tide comes from the south, yet I found in December, with a northerly wind,
the eurrent at flood tide set distinetly towards the south. (On several occasions I have
been uuable to detect any current in seven-fathom water when the tide has been
running rapidly into or out of the river. I therefore discard currents, outside the
immediate neighbourhood of the river mouth, as having no grneral effect on the sand
spit or on the bar.”
During the year November 1898 to November 1899, a very great number of
obscrvations were taken, the general result of which is shown graphically in plates
I1I and IV. They accord very closely with those of Mr. Thorowgood.
Direotion and The flood current runs up the Bay of Bengal with a tendeney shoreward.
sength of  (pposite the bar it is deflected into the creek and the result is a fan-shaped area in
which the direction of the current is gradually diverted. The depth in which this
effect is perceptible begins in from 3 to 5 fathoms. The defleeting influence of the
creek is responsible for certain eddies on the edge of the fan. The extent of this area
will be seen from plates IIl and IV. The normal flood currents are very feeble, 35 feet
in a minute during the south-west monsoon being the greatest observed, while during
part of the flood they are almost imperceptible and on the surface sometimes negative.
Within the area of the fan they gradually increase in strength till they enter the
creek when they are nearly 2 knots. Within the fan they differ in direction at different
stages of the tide and in different tides, the cause being the projecting reef at the
Dutch battery (which is just awash at low water) and the spit of sand in prolongation
of it, which affect the direction of currents differently, as the water is shallow or deep.
Direction and The ebb current is very much the converse of the flood, the general direction
srength of  being down the bay, but with a distinct tendency seawards. The water on emerging
from the creek takes a similar fan-shape, the effect of the reef at the Dutch battery
being also plainly perceptille, that is to say, as the tide falls the current from the
creek is thrust northwards. The eddies on the edge of the fan seem more marked
than during flood tide, but no great difference is perceptible in the velocities, the
highest at the mouth of the creek being a little under 2 knots, and in deeper water
outside the fan, 44 feet per minute during the north-east monsoon.
g;:es:':; Speaking generally of the normal directions of the currents when not affected by
directions.  the creek, they appear to coucur with expectation. Cotidal lines in the Bay of
Bengal show a sharp curve, the tidal wave travelling quickest in the middle of the
bay where the water is deepest, during both flood and ebb. The effect of this should
be a tendency for the currents to flow shoreward as well as northward during flood,
and seaward as well as southward during ebb; which is what happens. According
to this view the difference in the time of high and low water should not be strietly
proportionate to the distance between ports on the coast, that is, northern ports, where
the bay is narrower, should show both high and low water at a shorter distance of
time from southern ports than their distance apart should otherwise warrant ; and
this ie actually the case. 'There is practically no difference in mean establishment
between Cocanada and Madras, nearly 300 miles apart, while Vizagapatam, which
projects further into the bay than Cocanada and much further than Madras is a’ctnally
anterior to both those ports in mean establishment. See chart of cotidal lines.
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The seouring effect of these currents on the bed of the sea seems fo be little or Scouring
nothing. Even on the bar their effect is not very great, though a certain small effect.
backward and forward motion of sand may be noticed during ebb and flood on calm
days, The sand ripples inside the bar and protected from the waves change their
shape conformably to the direction of tide, and this implies a movement of sand ; but
it 18 certainly very small.

But when the sand has been stirred up by breaking waves, the transporting Travsporting
power of the tidal currents is very appreciable. Even in the calmest weather there ***"
1s always some sand in suspension, decreasing as the depth of water increases; and
from a diving dress this sand can be seen slowly moving on with the current. With
a heavy sea the water near shore becomes thick and the sand then transported by the
currents must amount to a large quantity. During the greatest velocity of flood tide
the water flowing up the creek is slightly coloured, showing that sand from the bar,
stirred up by the waves, is being earried in suspension up the creek. At the begin- .
ning and end of the flood tide the water is very clear. But on the north side of the
mouth of the creek, where the waves break on sand, the water is always more discoloured
than on the sonth side, where they break on rock, although the current on the south
side is stronger than on the north.

The ebb tide comes down clear to begin with, there are then pulses of discoloured
water attributable to arrivals of muddy water from various narrow branch channels in
the backwater.

It has not been found possible to scparate tidal currents outside the creek from Ocean
other eurrents. There is, however, known to be a eurrent at sea which more or *™"*
less follows the wind, running up the bay from May to September, and down the
bay from November to March. This current is estimated by mariners at 1§ knots
as & maximum, but it is sald to be often inappreciable. It is probably on the
surface. The observations in Vizagapatam roadstead at slack water have shown nothing
definite, the course of a sunk float beiag very devious and the veloeity small, often
infinitesimal.

Surface tidal currents are stronger than sabter currents. ,

The highest high water, and the lowest low water ever observed at Vizagapatam Tidal data.
were 67 feet ahove and 1'4 feet below the datum of admiralty soundings, which is
mean Indian spring low water. The mean range of greatest ordinary springs is 51
feet. The greatest range in 1599 was 5-68 feet and the least 0-83 foot.

It is convenient here to deal with the tradition that during land floods the land

water from the creek runs northward paraliel to the coast. The belief arose from the
fact that the sea is much discoloured along the coast at such times. The discolour-
ation is really due to sand being stirred up, partly by the high short waves which
appear during eyelonic rain-storms, and partly by the subsoil water working up
through the sand. The latter effect is treated in some detail by Mr. Thorowgood.
The former effect occurs chiefly in November, when the high wind and heavy rain
oceur together, and when the ebb of spring tides reduces the depth of water near the
coast, thus permitting the waves to produce their maximum effect on the sand. The
phenomenon may often be observed when there is a heavy sea during spring tides,
even when there is no land water issuing from the creek.

The following table (No. 3) shows the average of a number of sediment observa-

tions. Those inside the creek are here included with those ncar the bar. Specimens
are sent with this report for determination of their nature : —
TasLe 3.
At 2,000 of creek. [ Inside bar. Outside bar.
Number of grains of Number of grains of i umber of grains of
Do | UG | gy | ST gy | Sontie g
Ebb. | Plood. | Rlack. Ebb, | Flood. | Black. | ﬁ Ebb, ] Flood. [ Black.
Sm'f:gc;J 43 4 .—4— Surface. ‘ 4} _:L 4 Surfao_e..—' 4 3 ?
5 6} 4} 4 3 ? 4} 41 3 4 4 ?
1 6% + ? 6—.— 6 6;_ —-6} ] T 4} 4 ¥
T —(;}_- e 43 9 ? | 6 | &% 9 5 4l >
20 6} 5} 8}
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(3) Soundings in the Rouadslead.

These, though highly important and instructive, do not need much oxplzlr)lat{)t:rx;
Plate VI shows the fathom lines of soundings tuken in the same month (Ue(};u}} !
in the years 1883, 1892,1898, 1899, Thesc soundings are neat]y identical and sho
that the sea bottom does not materially alter in the course of years.

During the year (November 1598 to November 1899), it had heen mtonfled tl? take
four sets of soundings at equidistant intervals of time. The first sct Wl\svtafen x(r;
December 1898, the second in March 1899, but from that time onward ;ltl ‘}) as ougle '
impossible, from the state of the sea, to take further reliable soundnzgs t ‘ ecrim 1
1899. Of these three the fathom lines are plotted on plate V. They show ohear_\;
that the soundings deepen between December and March, while the nort’;1 -east
monsoon is blowing ; and that by the next December, that is during the_s;ouh -Wffei
monsoon, they have returned to the same condition as before. There is therelore
beyond douht a scour during the north-east monsoon.

(4) Observations on the Bar.

As to the history of the bar, the earliest record not consisting of bare genemhtx’e’s
is contained in Mr. K. 8. Thomas’ ** Vizagapatam, the port of the Central Provinces™,
an old copy of which was discovered in the bazaar. In it some statistics are given
for 8 months (from March to October) ot 1877, Only one wind direction per diem 18
given. The depth on bar is taken at flood tide and not reduced. All that can be
gathered with certainty from this record is that the bar silted up a great deal (6 feet
or more) between March and October ; that the depth had greatly diminished by
October (to 3' 4” at high water, the book states, but this is doubtful}; that a little rain
and even a plump of 0" had no effect on the bar. The back-water looks better. The
river or creek is mentioned as being from 20 to 28 feet deep for a mile inland from
the bar. .

In a short note by Sir A. Cotton his groynes are mentioned as having been built
in 1844 to prevent scour.

There are among the older records certain general statements that the bar used
to be less of an obstruction than at the dates of the statements (which are from 1859
onwards), and that rigged vessels of some tonnage formerly made use of the.port.
There are still remains of primitive mud docks in the backwater, in which lie the
hulks of several small vessels. These vessels are of less than 150 tons and did not
probably draw more than 15 feet. Craft of this size could never cross the bar now,
and on the whole it seems certain that the bar was really somewhat better in old days
than at presenf. The deterioration is most likely .due. to the reclamation of part of
the backwater, which will be referred to later. This view receives confirmation from
the records, referred to by Mr. Thorowgood in paragraph 17 of his report, in which
on 9th March 1859 the District Engineer states ¢ that there is strong evidence that
the depth of water has not varied, nor has its size and position during the recollection
of the oldest inhabitant.” In 1859 significantly enough, the reclamation was first
mooted and in 1871 the state of the bar had become such as to rouse attention.

Observations taken by the Port Officer previous to November 1898 are few and
necessarily imperfect. They have been collated and analysed, but rigid inferences
should not be drawn from them. They consist chiefly of soundings on the bar,
observations of wind, rainfall, etc., during the years 1395, 1896, 1897 and 1898, and
the chief of them are collected in table (4). An analysis of this table goes to show—

3 cases, increase of depth on bar with south and west winds.

10 " decrease ” » » ”»
2 , increase ,, » north and east winds.
0 ,, decrease ,, ” »

Average depth on bar with south and west winds = 4’ (25 montha).
" " » north and cast ,, = 5 (7 months).
5 cases, incresse of depth on bar in rainy months.
11 ,, decrease ,, » » »
Average depth on bar with more than 1” rain in month = 8’ 9" (17 months).

P ,, »  Without rain in month = 4’ 2" (19 months).

~
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TasLe 4.

Monthly averages of weekly soundings on bar.

Direetion and strength of wind,

Rainfall per month,

Particulars of storm and surf.

Years 1895, 1898, 1897 and 1892,

Dopth Numbor | Number
Month. 2pth on Dircotion and etrongth of wind. | Kain fall. | of days | % G0Y0
bar. of storm
surf flag. .
signal.
1896. ¥FT. IN. ¥
January .. . 5 9 |Light NE &S8E. .. ? .
February .. 5 0 Light soatherly ?
March 6 o Light sontherly 7
April 5 0 Strong southerly H e
May 5 0 Strong southerly .. 14 2 e
June 5 0 Moderate S.E. & S.W, 510 1 .
July 4 6 Moderate S.E. & S. W, 2:53 .. 1
August .. 4 0 Ntrong westerly . 10-11 1 ..
September. , 5 0 Strong NE. & S.W. 8:65 2 1
October 5 0 Light N.E, & W.B,W. 10-46 .. .
November. . ! Light N.E. . .. .
December .. Light N. k.
4 10
1598. ‘ FT. 1IN,
Januvary .. .. r 14 Light 8. & S.8.E.
Febroary .. .l 4 0 Strong southerly
March . & 0 8trong southerly
April ! 40 Strong sontherlyy . .
May . 3 0 Light 8. & s, W. . . ..
June . 3 0 Light 8. & 8. W, 3-92 1 1
July . 2 0 Btrong southerly 6-18 . .
August 3 0 Light W. S.W, . 3:50 .
September. . i 1 6 Light variable . . 0-73 Ve
October ' 4 6 ! Moderate 8. & S.I. o .
November ! 3 0 Light variable . ‘
December .. 3 0 | Light N.E. . J i
303 | g
1897, mon | ! 1
January .. 3 0 Light 8.E. . . ! ‘
February ., 3 0 Light sontherly ., . . !
March 4 0 | Light sontherlv . !
April 4 3 Light sontherly i .. ! . .
May 4 0 Light sontherly . 435 | .. e
June 2 0 Btrong 8.W. - . 1-60 i 3 ..
Jaly 2 6 Moderate 8. W, e | 296 ‘ . .
August 2 0 Moderate 8.W. .. .o 394 ! 3 ..
8eptember 4 0 Moderate N .E. & S.W. 717 ) . 1
October .. 3 o Moderate variable .. 7:50 10 1
November 6 0 Strong N.E. 375 2 [
December .. 5 0 Strong N.N.E. *60 3 2
3 6
1898. PT. IN,
Janoary .. 6 0 8trong vanable E. & S.E. . .
February .. 7 0 Strong variable E. & 8.E. .. 2-50
March .. 5 6 Light southerly ..
Apnl 4 6 It} I 1-70
M&y 4 6 ” " e 0-50 e .o
June 2 6 . v 7-40 . V.
Jaly 3 6 8.E. t W8 W, 5:60 2 5
August .. 3 6 Steady southerly 1-40 . ..
Beptember 3 6 Varishle . 1042 e ..
October ., 4 0 E.N.E. 9:93 4
November 6 0 . ..
December .. + 3 .
¢ 7

Plate X1 shows the resultant direction and force of the wind for the years 1895,
1896 and 1897.

The year 1898 is not included, as part of it comes into the subse-

quent observations.
on the same plate.
During the early part of November 1898 there was heavy rain and a good deal
of land-water running down the creek, and the opportunity was taken to note the
effect on the bar. Owing to the surf, soundings could not be taken till November
11th, by which time there had fallen 1216 inches of rain in five days, and the bar had

4

The monthly wind resultants from November 1898 are shown

The effect of
land-water.
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scoured to a depth below datum of 7/ 11”. The condition of the bar on succeeding
days is shown in the accompanying table (5). 7The inference is unavoidable, that the
scouring effect of land-water is temporary, even momentary. After the rain geased,
the wind changed, and the silting occurred with light southerly airs,

TasLe 5.—Qbsorvations on the Bar.

l | Maximam Aren of
Direction | Average velnaity Rainfall. deathon | oveiwno holow
Data. of wind. ‘ of wind. all- bar helow datum.
i | datum,
\ Miles per Inches. } Ft. In. \ Square fect,
hour. 1 '
N.N.E. !
6th .. N.E. 29 162 i
N.E. i !
i NNE i '
ith .. N.FE 25 ] 3-32 v
N.E 1 »
|
N.N.E. ' \
8th .. N.N.E. 17 1-22 v
N.NE. 1 i ,
' i i
9th N.NE. 12 ! 240 ¢ i_ 5
‘ . ) |
10th { ;I;i } ? 3-60 ? | ¢ i
N T ! }
1te .. N.N.E ? 7 11 2,070 |
N.N.E i !
N.E. ;
12th .. EN.E. 5 8 1 x 3,230 -
ESE. | i
i ‘ —_ —_—
( W {
13th .| SE. 4 78 l 3,000
i 88 !
e f —j 1
w. ‘ ‘
14th .. B.W, 5 7 3 3,200
S.E. t t
w. ! i |
15th .. S.W. 5| 6 8 3,060 |
SS.E. |
W, |
i16th .. B.W 6 | 6 2 3,080
8.8.E, ! i
- — ! l -
wW. 1 i
1mh .. {| WS.W 6 5 1 2,590
W. l
S.E.
18th .. N8.E. 3 4 11 2,530
8.E.
—
X 8.E. ‘ ' l
19th .. \ S.E. ¢ 4 3 | 2,140
| ESE [ ,
| ; — ‘ |
\ N.NW. | | ; ;
20th .. N.NE. | 4 ; 4 0 1,900
| ENE. | ll |
! |

At the present day the bar does not seem to vary greatly from year to year.
Some years are better than others, but only temporarily so. The only evidence on the
subject is the port records as tabulated in table 4, and these as previously explained
are not to be too rigidly applied. )

The bar does, however, vary somewhat at different seasons of the vyear.
With the boats now in use depth on the bar is of less importance than surf, since
the boats can nearly always push through on acalm day, but with anv sea thev are
battered to pieces. But the variations in depth and in conformation afford evidence
of the movement of sand which is highly important. It was intended during the
vear November 1898 to November 1899 to take a daily cross section of the har or at
least a maximum sounding, but it wasfound quite impossible owing to the surf. The
record was begun in November 1898 and kept up intermittently until the end of Mav
with much difficulty. By this time the bar had become very bad, with a heavy surf
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from the southward, and remained so till the end of October. Gonstant efforts were
made to take soundings, but the boat was frequently swamped, more than once
capsized and once wrecked and stove in. The record is therefore very imperfect.
Further there is always a surf on the bar, even when the sea i3 dead calm, and sound-
ings are not flawless, though taken with great care and patience, Sometimes the
maximum sounding varicd by as much as a foot in one or two days, without any
change in the force or direction of wind to account for it ; sometimes after a fowedsys
of a little extra surf a difference of over two feet would be found, now~emywng side
now on the other. Bad weather to the southward with a heavy swell often produced
an effect which local conditions disclosed nothipg to explain. The soundings varied
most capriciously, with tide, with direction of wind, with force of wind, sometimes
in one direction, sometimes in the other, and no rule or gnide could by any auvalysis
or observation be discovered. On all these grounds it has not been thought necessary
to tabulate or analyse the soundings that were taken on the bar, but they remain on
record and are available for inspection.

There are the following charts on record: (1) a tracing of a survey of the bar
“ with soundings by Mr. Nordmann and Subbiah Naidu.” The month in which these
soundings were taken cannot be discovered, and for purposes of comparison this plan
is useless. (2) Detailed survey of December 1891 by Mr. Thorowgood, described by
him as Drawing No. 2. (3) Survey of bar in December 1892 and January 1893 by
Lieutenant Brown, R.N.R.;in connection with Mr. Thorowgood’s observations. (4) A
survey of the bar by the same showing soundings of March to April 1893, and of May
—June 1893. A survey of the bar (5) was taken in February 1899 during the
present observations.

On this head see first paragraphs 18 and 23 of Mr. Thorowgood’s report. The
subject is important, since thereon Mr. Thorowgood has practically based all his
deductions. Ile says:

“ By reference to the detailed survey of December 1891 it will be seen that
the one-fathom line runs out as a spit of sand for a distance of 640 feet to the east of
the old Dutch Battery,” and further on, “ by again referring to Drawing No. 2 it will
be seen that in February 1892, on repeating the survey of the saud spit with wind
and current from the south, the contour line of one fathom is driven backward a
distance of 320 feet. I therefore come to the conclusion that the bar is and always
has been caused by sand brought, as I have suggested, during the north-east monsoon
and afterwards flattened back over the mouth in the south-west monsoon.” Now this
conclusion appears to be diametrically opposed to the facts. In December the north-
east monsoon has only just been established, while the sonth-west monsoon has been
blowing for 7 or 8 months. In February there are occasional southerly winds, but it
is not really till the end of that month that the south-west monsoon begins, so that
in February the north-east monsoon has been blowing for over two months. It follows
that the facts of December are due to the south-west monsoon, and the facts of Febru-
ary to the north-east monsoon. Mr. Thorowgood’s conclusion is exactly the contrary,
though he is aware (paragraph 19 of his report) that there is a movement of sand
shorewards during southerly winds. The true conclusion must be that there is an
accumulation of sand during the south-west monsoon and a denudation during the
north-east monsoon. The word denudation is expressly used and not « flattenin
back”. Not only does the sand spit project further in November and December than
in February, but it also extends backward further up the creek. Further still in Ma
and June the water is shallower, in both directions, than in March and April, and this
must be the work of the south-west monsoon which, in June, has been blowing
steadily for three months.

The following is a statement of what really happens, based on hourly and daily
ocular observation from the beach, from the cliffs, from the Dutch Battery Reef, from
a boat, continued for many montbs. When the wind changes towards the end of-
February, the direction of the waves changes and they begin to come from the south-
ward. There is instantly a marked influx of sand from the south-eastward. 1t can
be seen pouring over the reef at lutch Battery with every wave,and not returning.
The bar shallows, a sandy spit forms northwards in continuation of the Dutch Battery

Reef, the deepest channel through the bar is pushed northwards to the end of the spit,
and both the ebb and the flood eurrents leave and enter the ereek on a more northerly
course. North of the deep channel (which is kept open by the tidal currents) a large
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sandy elevation forms, which is only just awash at low water and on which the surf
breaks furiously. This sandy elevation graduallv joins the shore, and Cotton’s
groynes are silted up so that they are invisible, Later on the heavy sea still further
extends the sand spit in coutinuation of the Duteh Battery Reef and practically joins

In April even the sounding

it to the sandy elevation, causing great trouble to boats.
The waves in May, now much bigger

pillarg a mile up the coast were silted over.

than in December, move the whole foreshore inland and expose Cotton’s groynes again,

wh}le a channel forms between Cotton’s north groyne and the sandy elevation, along

which the tide runs with great velocity, carrying sand into the ereek. In September

and October the waves diminish and the groynes begin to silt over again. At the end

of November easterly waves begin, the foreshore is washed down, the groynes uncover,
as also does the spit in continuation of the

the sandy elevation gradually disappears,
Dutch Battery Reef, the deep channel on tlie bar moves southward, and the whole bar

deepens, both inside and outside the cree
_ The best survey of the bar is
at its best, but it occupied nearly

.

that taken in February 1899, which shows the bar
; three weeks and was only comgleted with great
difficulty and the help of numerous buoys, anchors, and telegraph wire, although tbe
weather was favourable. Without some such accessories and at least two observers 8
reliable survey can hardly be carried out. Consequently such surveys, especially if

uniform and regular, should not be too rigorously accepted. Patient and continued
visual observation is of more value.

The material of the bar is pure sand, and so is the floor of the sea everywhere.

(B) Cross sections of the Creck.

There exist a few bald statements

ereek, and Mr. Thorowgood mentions * an undoubted record of a series of soundings

taken a few months after the cyclonic storm of 1876, on which is shown a channel
from the Dutch Battery up to bridge with from 18 to 27 feet of water at low water
throughout.” It is quite conceivable that very heavy land floods might scour the
ereek out to this extent momentarily, and the point is worthy of notice as showing
that the deepening of the creek would not be difficalt and that the bed for some depth i8

mud or sand and not rock; but it also shows that such a state of th i
¢ 1 creek 18 not
normal and that a different condition is soon re-established. o e

The creek may be said to extend from the crest of the bar. o site the Dutch
Bt:.ztelgr_.u to ths t]l’lonj(:;)on bi‘ittligef.) a distance of about 3,400 feet. ’ Ilt?,}“i)sl :alle?l i: by
steep hills on both sides. e Pontoon bridge h: i 1
D et o o sides ge has replaced a ferry, which used to ply

The first detailed survey is dated 1873 and

west monsoon. The next is that of the marine survey, taken during the north-east
monsoon of 1883, These two are fairly comparable, oxcept that the creek may he
expected to be deeper after the rains of November than during the dry weather
months. The following comparative statement has been compiled : —

was probably taken during the south-

TasLe 6.—Comparative condition of creek in south-west monsoon of 1873 and north-east
monsoon of 1883,
Distance . A . i -
e | o™ | o | A, | er |y | Vil | USR8 | A
0 . 920 5% 5,060 1873 1,500 Luo 4 |
0 660 | 13 8450 1883 1,600 '980 3 3540
AEIRE IR
m Wy | m | e m | T
W@ | 4| weyw | | m v
e | om LA | om | wm [

concerning the previous superior depth of the -
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After 2,700 fect the north bank curves away into the general coast line, aud the
sand spit "is irregular. The *sand island,” which was so marked in 1891-92
(¢f. Mr. Thorowgood’s report passim), does not make « conspicuous figure here, though
it is mentioned, Exeept at 0 feet there 1s no mm’_ked difference in the ec:mhtwn of
the creek. As far as 900 feet the state of 1883 is superior, perhaps owing to thf.»
souson at which the soundings were tuken.  From 1,200 feet onwards the balance is
gomewhat in favour of 1873 as regards arca, snd the dilference pernaps represents
gradual permunent deteriorution. o _ Lol render :

Subsequent to 1883 several artificial alterations were _made, which render a
comparison unprofitable. In 1884 the Poutoon bridge was built, by which the “"ater-
way was contracted, Between 1883 and 1892 the rocky island at 1,500 feet was
connected at its west end to the bunk by a rubble training wall and a great local eddy
and scour produced. Between 1392 and 1398 the Kast Coast Railway broug}))t their
line alone the creek, built a wharf on the north bank and cqnneetad it to the I ontoon‘.
bridge b; a rubble training wall, the enclosed area being either already reclaimed or
in process of reclamation. During this period the followull‘g series of cross sectuk))ns
were takeu, almost along the same lines, viz., (1) by Mr. llhorowgood in Degfem eg
1891,°(2) by Lieutenant Drown, RN.K., In December 1892 and January %08 &1’8219]19
duriﬁg the i)resenb year, (3) oue in February rl&)‘-i and (4) one in November .
Of these No. (4) has been plotted in detail.  The fo}_lowv1ng comparative statement
of these four surveys has been drawn up—sce Table (7) :—

v‘ \ - : & r.
Taslk 7.—Tke areas and maximum depths of sections across the backwate

; ;
l Thomwg‘;uri-—-Junueu"Y i Brown—December 1892, Fcbroary 1899. l( November 1899.
! 1892, !
Number of i R B o ‘,_,,_, —
section, \ i ‘ ) ‘ ) ( Maximam |
Maximum A e ' Maximum ’ Aren. Mnm‘mum Aren. axim | Avea.
! depth. | Arca. | depth. ' depth. l ] epth. |
.‘ ! | 1
| N : FT. ]N.i FT. IN. l FT. 1;\'. .
0 o sse 0 106, 6,012 15 8 | 5143 16 3 . 5331
P : —_ e — ;
' 7 : 3,67 : 11 0 4,407
1 ee 12 6 . 4,673 | 13 3 | 3,679 9 6 E 3,45_4_ ‘
2 ‘ 9 0 ! 3,67 | 10 6 | 2912 7 8 3,267 | T 0 | 2,868
e l e | e
3 . . 73 3,28¢ | 10 6 | 3,35 69 2,932 ] 5 6 | 2,69
4 1209 | 2,45 l 9 0 3,408 79 ‘i 3,150 | 6 6 | 2,638
— o ' Pl —as ! T
5 .. 17 0 [ 3,259 20 6 L 5,160 18 3 g 3,365 - 19 9 \ ,28
6 : 5—,{_| 1,432 14 6 . 6,480 15 3 ’ 3,970 | 14 3 | 3,396
}) .o . , o
7 ; 5 6 i 1,447 10 0 | 4,921 § 0 | 3413 | 7 01 31356
8 ! 9 6 | 1441 8 9 | 3,978 | 5 9 3,164 \ 58 261
- | — i | r -
9 ‘ g8 9 | 1,201 10 9 | 3,990 113 2,632 | 99 | 19%
10 | 7 6 ‘ 1,940 17 8 | 3,92 11 9 2,595 o | 2308
v .. ) | |
1 o 70 1,447 17 0 | 3778 10 9 2,612 9 0 | 2216
12 . .. T 1,346 18 6 | 17 13 6 2,130 12 3 { 1,824
13 T 0 9 l 945 10 6 I 1000 | 183 2,076 15 6 | 1,911
14 s o 935 13 0 | 2,150 \ 16 0 1,959 15 0 ‘ 1,720
16 ' 7 6 002 | 11 0 | 1,330 \ 13 6 | 1,725 2 3 . 1,723
b} .. .o ‘ “
{

is di anv conclusions from these figures as a whole. In the January
{tsz)s‘.’.ds}gtci?)l;st?hgr:;xd iZland made a great difference at low water to the galpulated
area. but not so much at high water. The fall in area after: sectlonh is very
cons’picuous and remains to the end. In the December 1892 sections, on tue contrary
there is an equally conspicuous rise at section 5, and a eonspleuousl f?\ again at
section 12. It seems a reasonable assumption that these were abnormal years. .
The two series of sections in 1899, taken at an interval of nine months, are
regular. They show a slight fall of maximum depth and area on the \fhole, which is
attributable to the fact that there was heavier rain in October and November 1898

v
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th?ln in t}xe corresponding months of 1899, and therefore more scour by land-water ;
:}1; partly pirhaps‘; these diminutions are a sign of permanent deterioration. Both
ofefg gssness show, 1n the upper part of the creek, a deterioration from the condition
s Ince the construction of the training walls above meationed, the  sand
1sland 7 has however almost disappeared, its avea is much reduced and it ,never shows

:t;]‘zg water ; and there is deeper water along the north bank from the bridge to the

In tgél ?}plgiol;grtqf thf’t ereck is pure sand throughout the lower or scaward part.
PPY lons 1t 1s sometimes sand and sometimes mud istributi
of material 18 shown in the cross sections of Febrnary 1899. ud. The distribution

(6) The Backwaler.

This natural tidal reservoir with a
. AR ! n area of nearly 2,700 acres below high water
springs is Chleﬂ)’ flat mud, intersected by channels, 'fhe’ limits of the backgater are

defined by rocky hills scattered singly in the bed or massed around the edges. Through

it runs the rive - . 1
Plate 1. r Maonderu, which forms the main channel. Sce Marine Survey and

_ The rainwater catchment iz about 160 s 1 :

e ramm : quare miles, The land-water in the

l;v‘ ‘il()li?elgzgnxf}cang, except during October and November when there 1saiometimes

covered to :11 0 la fiw days duration. There is a record of the back water being

patam bein se ve o d feet above high water springs and of part of the town of Vizaga-

B oo g swamped. There is, however, no steady flow of fresh water in the river
oods are rare, 8o that as a scouring agent it may be neglected.

In 1859 the Roman Catholic Missi i
: th sion applied for leave to 1 h
bzill{ggter tt)l;}la nominal rent 1f successful. In 1393 the then Collec;‘s:l?)lfm\'igzgaotfitta;
%)0 resum(;upossiz stil;i reo%a;ln;a!"u:ir}ﬁhad been unsuccessful and advised the Goverxlx)ment
. Indifierent use of the words ¢“ drainage” and “ reclama-

tion ” in previous negotiati !
to abandcn the g ons seems to have led the law advisers of the Government

yot. drains had bproposal, since though hardly any of the land had been reclaimed,

een dug. 'Thi . oy
useless to anybody, 3 18 land amounts to about 1,700 acres. As it stands it i8

but when Vizagapatam becomes )

_ . a large port, it wi

mzlﬁ tl:tahbapk: round it removed, 1t would be of great vglugoto’ ;hewll):)lr:) ZSO:BV:};&?;
gathering ground, since even six inches of water on it represent an extra volume

of 38 millions of cubic feet. Since the embanking (it cannot be called reclamation)

the state of the b .
cumnlatire, ar and creek has undoubtedly deteriorated, and the evil i8

In 1893 the East Coast Railwa :
s ; y took a portion of their li -
water, providing bridges at two of the princli)pal channelseue.rgtls::d acr((;?eﬂ:); t;?l(:e

bridges being on piles became u
on nsafe and was removed, and a bank lai
f:rl;?:sgel,i t:se :,Idal inflow and out-flow being arranged for gy afour kfol::ifo?)imsispge
i hI; p o ;‘e; etéo:ﬁleggef :;lloug?l :n(}i are always more or less blocked by xﬁsrme
. of them 18 to deprive the creek of about 1,0 i
of water on the average each gpring tide and to constriet tl?: tid’alof(i)(’)ggo cuble feet

The area sti i i i
cheors rea still used as a tidal gathering ground is about 1,000 acres. Detailed

ey e:?ogiea: l:;he Pontoon bridge during two eomplete months at different seasons of
tho Yoar g; e average tidal capacity during spring tides as 61,000,000 cubic f

ng neap tides as 42,500.000 cubic feet. T uble feet
A great part of the area is so near

comparatively little use. Between—
a spring tide 0’ 4” to 5' 1",
and a neap tide 1’ 6” to 3' 9",

the difference in capacity is 17,000,000 cubic feet. Supposing that 6,000,000 of this
)

is stored between 0’ 4” and 1’ 6.” there i

rL1m . remains but 11,000 i P

ti.l];dfu -1”, egmvalent toa depth, of less than 3" on th,e a‘,r(;OO ?2? 10:12 between 597
act during neaps the water does not extend rage over the whole area.

: . X far beyond th
X:cmllﬂe ;.;1 determine the difference of area betwegn highe ::danlx:)ela. It wouald
soourately, but that the reolemstion is sometimes losed and sometimes e more
nsequence of the banks breaching. imes open in part

the level of high watersprings as to be of
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The ecourses of the.main channels through the backwater are determined by
isolated hills and by the salt-pans at Karassa. Kven were it possible to train them, it
would be useless, as they are not used by boats. As scouring agents, however, they
are o valuable asset. They vary in capacity with and according to the season and
although Mr. Thorowgood’s soundings in 1892 and subsequent observations show a
deterioration since the Marine Survey Chart of 1833, and though it is probable that
this deterioration is permanent, it 1s impossible to aver with certainty that such is

the case.

]x’empi[u[ah‘an.

It will be convenient here to recapitulate briefly the main facts established :—

(1) Southerly winds out-numbered north.easterly winds 1n the proportion of

nearly 7 to 3.

Southerly winds were also stronger than north-easterly winds.

Southerly waves out-numbered easterly and north-easterly waves in a pro-
portion greater than that of the winds.

They were also larger.

Waves oblique to the coast do not become parallel till they are on the point
of breaking, and sometimes not, then. .

Sand ripples have been observed in o fathoms after heavy weather from
south-ward ; in 14 feet after north-casterly wind.

(2) The flood current is from the soath and runs a little shorewards,

The ebb current is from the north and runs a little seawards.

Both are feeble. They do not scour, but they transport sand in suspen-
s101.

Other currents are slight, up the Bay from May to September, down the
Bay from November to Mareh.

The range of tide is small, generally under 5 fect, and the average much
less.

(3) Soundings on the coast show—
That there is no permanent alteration.
That there is seasonal alteration, viz., shallowing during south-west monsoon
and deepening during north-east monsoon.

(4) The depth on the bar used before 1859 to be greater than now.
The bar improves in depth and area during the north-east monsoon.
Land water has but momentary or no effect in scouring the bar.

(5) The creek has deteriorated since the reclamation of the backwater.
It is probably still deteriorating.

(6) The backwater is in a bad condition owing to the reclamation.
It is probably further deteriorating.

The facts under the heads (1), {2), (3) and (4) point to the conclusion that ke
main travel of sand is from the south. There 18 also corroborative evidence. Firstly,
the fishermen say the same thing. Secondly, this is the same direction as the flood
current. It is not here laid down that littoral drift is always in the same direction as
the flood current, but in the majority of observed cases it is so. The reason, perhaps,
is that the flood current comes from the nearest large ocean from which direction
the waves often come, particularly the heavy swell ; and that in a channel or inlet,
however large, the flood tide has a shoreward tendency. Thirdly, during the south-
west monsoon there are three main currents, the ebb flowing southwards and slightly
seawards, the flood flowing northwards and slightly landwards, and the ocean current
flowing northwards. The balance is northwards. During the north-east monsoon the
ocean current flows southwards and the balance is southwards; and this should
produce .scour which it does. Fourthly, the littoral drift has heen observed to be
from the south, all along the Coromandel Coast, in innumerable cases connected with
opening the bars of backwaters for the Buckingham canal and for salt factories.
Mr. Russell has treated this point at length in his * History of the Buckingham
Canal’ It would be strange, indeed, if the régime of the whole Coromandel Coast
were suddenly reversed at Vizagapatam. The results would be so extraordinary as
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speedily to attract attention. Fifthly, close ocular observation during a whole year
has shown the sand moving from the south on to the bar and the coast north of it,
directly the southerly winds and waves begin, The waves have been watched a
thousand times during this monsoon washing sand and other objects on the shore
northwards. A great many efforts were made to lay objects on the sea floor during
the south-west mounsoon and ascertain their position through a considerable period of
time. These efforts were unsuccessful, but the objects were often washed ashore and
such observations as were made showed that they were travelling northwards. Small
coves among the rocks to the south of bar all showed an acerction of sand during the
south-west monsoon and a denudation during the north-east. Dust from manganese
loaded at the mouth of the creek can be seen on the shore northwards for a long
distance. A model harbour representing Vizagapatam reproduced the same effects.

It has been urged that sand canmnot arrive from the south, because there is none
on that side; but the premise is not true. For some two miles to the south of the
bar the cliffs are high, but there are patches of sand extending far above high water
and the 1 fathom line on a sandy bottom can be traced on a calm day the whole
way. Fuarther on the cliffs begin to open and there are large deposits of sand.
Further on again there is a continuous sandy beach and dunes.

Recommendations.—1 should not put forward an opinion on the means for the
improvement of the bar were it not an axiom in harbour engineering that local
experience is indispensable. If the main littoral drift is from the south, the north
groyne proposed by Mr. Thorowgood is out of the question. It wouid make the bar
worse. Another means proposed is by sluices in the creek. I have submitted a

separate note showing the conditions which should govern the design of such sluices,
but there are the following arguments against them : —

(1) Sluices do not go to the root of the matter which should be the prevention
of the formation of the bar, not its constant removal.

(2) Sluices would not by any means be certain of their effect. During many
(and many consecutive) tides the water impounded would be extremely small, and
there is no land-water to co-operate. The formation of the bar is extremely rapid, If
it once formed the sluices might not be competent to remove it. "The effect of scour
on the bar once formed 1s rather to transfer it than to cut it down.

(3) The mouth of the creek would have to be trained, and the training walls
would ferm a sand trap. The bar might form again outside the mouth, necessitating
the extension of the training walls and so on ad infinitum. This is a very real danger
in all sluicing schemes.

(4) Training walls would contract the area of escape for land floods.

(5) Even if the sluices continuously removed the bar they would spread fresh
sand every tide over the anchorage and gradually shallow it.

(6) Sluices would not work into any further scheme for a larger harbour.
Such a scheme means a greatly increased depth on the bar, wharves along the creek
and eventually in the backwater.

(7) The effect of a strong current meeting heavy waves at a confined entrance
would make a commotion worse than the bar.

(8) Sluices would necessitate a lock which would be an obstruction and
expense. With an improved bar waves would travel up the creek. If the sluices
were anywhere near the mouth they would be sadly battered and the lock would be

difficult to enter. If they were at the head of the creek, over 3.000
a good deal of scouring effect would be lost. » OTeE S feet from the bar,

(9) Sluices and training walls would impede the propagation of the tidal
__ (10) For some hours every day there would be a sgzere curre;tlofxt:::;;
which would be awkward for boats. They can only just stem the current as it is.

The above arguments seem to me to be fatal to sluices. Th i
to lie in another direction. The bar is produced by waves rioadical cure appears

acti -
south. If the waves and sand are both stopped the bar canno e 5 on sand from the

v T tho wares an A t be formed.

e solution then 1s a southern groyne. Such a groyne might be

the Dutch Battery and would have the desired effect, bl)lzl it wo%xld cult.uolifot‘;ltef{)zz
part of the anchorage, which is more to the southward than the northward of the
creek, Vessels would be slow to enclose themselves between the Dolphin's Nose and
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a groyne exposed to southerly winds and swell during most of the year. The proper
line for the groyne is from the Dolphin’s Nose eastward, gradually curving to the
north-cast, as shown in Mr. Thorowgood’s proposal for a larger harbour. Such a
groyne taken out to 7 fathoms would arrest sand and protect the bar and shipping
from all waves south of south-east, that is, for nine months in the year. The remain-
ing three months is mostly calm. Moorings would be laid down under the lee of the
groyne and ships wonld be able to work their cargo in comparatively smooth water.
There is a very great deal more to be said on this subject, but it is not my province to
enlarge upon it here.

The only recommendation I need make for the creek is that the rocky island or
projection half way down on the south side should be joined by a training wall to the
bank eastward of it. This would regulate the width and improve the depth on the
other bank along the wharves where it is mostly wanted.

The reef projecting from the Datch Battery should be removed if other steps
are taken to improve the bar.

If the bar is deepened waves will travel up the creek and be a trouble to boats.
The care for this would be a groyne somewhat on the lines of Mr. Thorowgood’s
proposed north groyne but only in conjunction with a south groyne. I am of opinion,
however, that this might well be left till the effect of a south groyne has developed.
Boats would gladly endure the minor trouble of small waves in consideration of deep
water on the bar.

With regard to the backwater, nothing can be done. Experts of eminence have
shown the seriousness of the matter as previously mentioned. I cannot believe that
any court would consider ninth-tenths of the ¢ reclamation” to have been reclaimed,
while ¢ draining ” is meaningless as long as the surface is below tide level, and salt
water can percolate under the banks. The land, except for a mere fringe, grows
nothing and is fit for nothing till it is raised well above high water. To the Roman
Catholic Mission it is valueless; to the port it would be cheap at a lakh of rupees.
Dredging or otherwisc excavating channels in the rest of the backwater would
doubtless be of use but not sufficient to justify the expense.

Subjoined is a copy of appendix to G.0., No. 3512 W., of 22nd December 1892,
showing the situation. The Roman Catholic Mission have lately sold 200 acres to
the East Coast Railway, thereby showing their belief in their title. By a recent
civil court decree the compensation for this land was fixed at about Rs. 5-4-0 per acre.
For Rs. 5,000 Government could probably buy all the rest that still would be of use
to the port.

——

. Appendiz to G.0., No. 3512 W., daled 22nd December 1892.

Préeis.

In 1861 and 1862, two portions of the swamp at Vizagapatam, aggregating 79
acres in extent, were granted to a Mr. Warfield, subject to the payment of an assess-
ment of Rs. 12. Mr. Warfield sold this land to a native who resold it to the
Right Rev. Dr. Tissot, the Roman Catholic Bishop of Vizagapatam. In 1868,
Dr. Tissot applied for an additional piece of land which, together with that already
purchased by him, he wished to convert 1nto & model farm for the orphanage attached
to his mission. 'This was granted subject to the payment of an assessment of Rs. 22
(G.0., No. 686, dated 11th March 1868). The extent of the land was not specified,
but as it was proposed to assess it at the same rate as the lands granted to Mr. Warfield
the area has been calculated to be acres 145. In 1869, Dr. Tissot applied for a further
grant of 1,000 acres of the swamp which he considered absolutely necessary to ensure
success in the trial he was making to establish a model farm. This was also granted,
subject to the payment of an assessment of Rs. 88 and subject also to the condition
that 100 acres should be reclaimed every year, one year being allowed for preparations
(G.0., No. 722, dated 17th March 1869).

2. On a representation from Dr. Tissot, the Government modified its order of
March 1869 so far as to allow him to hold the land (1,000 acres) free of assessment
during the first ten years, and observed that he should still abide by the condition

6



()()

which bound him to reclaim at least 100 acres of th )
hiel m : leas > e swump every year (G.0.
No. 3007, dated 22nd November 1869). In 1871, he applied for an extension of thu’
time allowed for ‘re(:lamatmn from 10 to 40 years and for the remission of assessment
for the whole period, but the Government passed the following order;—

“ The frec grant for 10 years will he altored for o frec grant for 21 ye 'rial 1
of_ thc. swamp (to be fixed by the Collector with the sar%«:tion of tl&cybl;‘;;}d )Atr(:ll:ztam:]t’c‘izltl;?&
trieunially, in_default the grant to lapse to the Governmont ” (G.0., No. 1164-A., dated 7th
Tuly 1871). Latcr on in the samc year he applied to the Board to obtain a modification of these
terms, but In its P_rogeedmgs, No. 4539, dated 30th October 1871, it declined to take further
action, observing it is not to be supposed that the Government will show any rigour in the

enforcement of the penalty of resumption if it can be proved th i ’ i
nent of t a1ty «d that the Bis st at
every triennial inspection of the undortaking by the Cglle(etor"’ e Bishop bas done s best &

3. In 1874, the Collector and the District Engineer were of opinic r
Tls(;ot bad not observed the terms of the grant, as uonlv acres 131 h(e)ll()l“ll)‘e)(:) tl})?otu?h.t
un ]ir c;x}}twatlon and that as his action was prejudici;il to certain proposed harbgur
;wv*;)lrti, ; E glrant should be cancelled. The Advocate-General was consrulted as to
infsr nfrDr eT.anc: ?}?ght be resumed, and, on his advice, the Board was directed to
i Willjno.n h 1ssto at the grant had been ce}neell'ed. The Government also expressed
datod SEEM 88 108 ;znmder favourably any fair claims for compensation (4.0., No. 507,
ated - ay ). Dr. Tissot protested on several grounds, one of which was that

e undertook only to drain the lands and that he had reclaimed the whole swamp in the
:e?inge c()lf rescuing it from the water. The Advocate-General, who was again consulted,
«e v1ts‘e_ arlll‘ amicable settlement. The order of resumption was held in abeyance and
w:;l}? (;:I;h aylor, Master Attendant at Madras, was directed to report on the effect
: tlcd 1"1?}1 reclamation had or was likely to have on the harbour (G.0., No. 1341,

ated 17th October 15874). Captain Taylor’s report was in favour of the reclamation

and Dr. Tissot was, therefore itt - >
(G.O., No. 509, dated 2nd AP!”iF?Sn';lf))-ed by Government to proceed with his work

4. In 1890, the Collector of Vizagapatam, understanding the w 1

:1111 ;08%135;;1{; tze?:ﬁ,urzepor(tle;iht?qt Dr. Tissot’s enterprise ha% ;.i,\zgrg ‘;?)(:xlx?)l?eizl%l;
. , and that 1t was necessary, therefore, to el

%bser;rﬁi « ;1 little land along the upper or ng;thern edge of C:tll?e(lzlwt:rz grﬁg;. bcgg
b ;;Eca 1t1)n er eultivation and a purposeless tank or two has been dug blll)t this is all
w;)n e reasonably called reclamation. It is true that more or less ’effeetiv ‘b nds
have been thrown up to prevent the tidal water from spreadin Aa«-ros the luwer
portion of thg swamp, and that it i8 less subject to inundations an%i be i : 0t r-
la%gc%f:]ij It;:it;l 1t was, é)utt thl;aldoes not fairly fall within the meaning of t}leeoal)?a ’\’va i{e

ly proposed to call upon Dr. Tissot’ : diti
undeI: \yhlch the grant was magie had been 2::1lsﬁi}l‘:gl(fess'i:‘t.letoG%?e‘;ixtn};att t}}lle ?Oﬂdltmni
of opmlfon that. the word * reelarqation ” used in the correspoudone: ;'el-oz" Over;, ‘:l?;
tg;l"cmt 0 1369 simply meant drainage ” and that the grant couid not b‘1 lllg *Ollcd
e coqdltlons thereof having been fulfilled. The term of 21 v ® for whi };
e:semptlon from assessment was conceded, having expired on the ;8th CBI‘H, f(}))r Wh;)c()
after a_llowmg for_ the period of suspension of the work in 1874 a;d lb"'eci;n 61‘1} > t ,
Ygggduecte.d to inform Dr. Tissot’s successor that the land (1.000 ores) grar :f(; in
was liable to assessment from fasli 1300 (1890-91) and t acre.a) o ehether
tléeomlsi;on was willing to retg.in possession of the land on payom:flie:):‘am w‘h\ethe!;
%1 . :,t‘ 0. 305, dated 13t1.1 Aprll _1891). Rev. J. M. Rossat (Dr. Tissot’s asses:amet;)
as intimated that the mission wishes to retain possession of the land dsucc'essoh
assessment forthwith (G.O., No. 4171, dated 23rd J uly 1891). From tl?: (‘of‘lle‘it,;r’:

report submitting his letter it appeared doubtful wh

th s .
as_the Government supposed. A report on this P?)infc}r\;fse :}Y: mfp i really drained
still awaited. refore called for and 18

Cost.—Without settling preliminari :
considered. g preliminaries the question of cost can only eursorily by

The section of groy j - .
little slighter. groyne decided on would probably be similar to Madras or

23

In constructing a south groyne it would be out of the question to fix the

block-making vard on the north side of the creek, which would entail loading
the blocks in barges, erossing the bar, and transferring to the erane from barges.
The block-making yard must be on the Dolphin’s Nose, with an incline down to the
groyne.

The stone throughout the Visagapatam district i3 gneiss, some of it known
(I believe) as murchisonite, full of felspar, easily crumbling, and a good deal of the
cliff to the south of the bar is composed of this variety. Other parts are harder,
containing less felspar, and resist the action of the water fairly well as evidenced by
fallen rocks at the foot of the eliff. Specimens have been collected and labelled and
a drawing of the face of the cliff has been prepared. If a rubble base to the groyne
could be made of selected stone from the cliff it would be an important economy.

For concrete blocks the best stone is a dark-coloured horneblendic gneiss,
extremely hard, the nearest quarry being a hill called Darsametta, near the Karassa
Salt factory. It would be best to break the stone at the quarry, which is close to the
railway, and take it to the Dolphin’s Nose by an overhead wire ropeway which would
also carry coal, sand and cement.

Singareni coal would be the cheapest to use.

Madras cement 1s DOW considered good enough to employ in concrete blocks
for harbour purposes. It could be delivered by rail at Darsametta at a price much
less than English cement.

The Madras harbour plant could be hired or bought. It might, however, be
necessary fo procurc another crane, the Titan at Madras being perhaps in constant use.

The employment of Government Enginecrs would be a great saving.

With the economies thus sketched out, a rate of Rs. 1,000 per foot run for
a southern groyne seems Vvery liberal. This for 3,000 feet would work out to
Rs. 30,00,000.

(Signed) A. T. MACKENZIE,

Executive Engineer,
Vizagapatam Harbour Investigation.

98rd December 1899.
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PLATE (V

VIZAGAPATAM HARBOUR

CURRENTS OF EBB TIDE
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NOTE.— These Currents were takea by floats sunk as near the bottom as possible. -
They are the average of a great number of observations taken at different stages of different tides. s
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PLATE v

VIZAGAPATAM HARBOUR

~ . " SOUNDINGS TAKEN IN DEC. 898 FEp, 1899 DEC. 1899
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VIZAGAPATAM HARBOUR R
WIND FORGE & DIRECTION DIAGRAMS y
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