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PREFACE

'I-‘he malnt.enanee of 100 mle lung .-.-.pproz.ches to the port of Culcutta
I_has engugea the attepti.m of uhe Port. I‘-uthorlties sinc-.- t® niddle of
the lyth cent,arj}'. -.Copseque'rrt,_ c_m, the “neregse of size of tht' veasels ad
their. drifts, the pmbie_m\;&:;-_:'i_%proving t.ﬁc_ ?ié.vj gabilit,; »>f the river |

oo_,ql,;r bec ATE more ac té then in. uldan cavs. Popt Co. 1-;3'.:ners. aonTnt
_’th'*__ advice of verious rec-.gri*eq e:mer'ts. '1".1ey were generally of th
onhinisy thal tne_ Jemes ang ';;agfy -Rea.ch j«'as a bottleneck in tht; way of
Lzviggtion.. In 947 ,‘;}ir ‘(,Ja”uc‘ie Iri ;lis, whom the Port Commissioners con-
sulteo B B.QVl-:e thcm to :anestlgute the measxes for isproving the navi-
E,f;_b:. 1t.y oz t.ne -'1ve. :’ooghlv by hydrzulic model studi~s. The problem
'was', th,erefor:e ,,_xefe_r-redr to the C.ar.t.ral I',ater & Power Research Station
in .May 1947.

_The “memorandur gives a resume of model ‘studies -f:ondaci:ea' tos evulve
’gn-_gjq{imim -sol&t.ioﬁ fbf the im%r'o;'emﬁt 6f th; ‘Lxlta:. Jamem‘ -a'nd Vary
‘deach. Tr 58’ mvestlgations were corducted or a hyurzulic m:de.:. of the
: Hoozhly evienting- i‘rcu tue Sanc He.aos to Bansbdra. ut t.e 1‘ eld labora-

- tyry of the CYPES,.
: ?Tﬁé;3'é'.%tllg:'§’* gjpﬁtéf‘ullyf acknowleagé the nelp of Shri A S Naik,B Se,

in gonducting the model tests.
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TRAINING OF FULTA JAMES AND MARY REACH OF HOOGHLY

* HOOGHLY RIVER SYSTEM
' The River Hooghly is formed by the confluence of the Bhagirathi

and t.he Bhairab-Jalangi at Nabadmp about 138.40 km(75 N miles) above
Calcutta(fig 1). Churni, the’ thlrd feeder river_joins the Hoogh;y |
66.4 km(36 N miles) further down. OFf these three spill channels of”
the parent river Ganga,.pnlf'the Bhagirathi drains about 6700 ;q ﬁiies
of catéhment on its western bank cévering a large part of Birbhum dis-
trict and the sénthai parganas with an average rainfall of 53 inches,
throigh the tributaries Ajoy, Mor, Bansloi, Pagla, Babla etc.

Until 1893, the Damodar, one of the major tributaries of the
Hooéhly, had its outfall at Kalna 103.3 km(56 N miles) above Calcutta.
However, due tQ changes in its course, the outfall shifted to a poipt
about 57 xm(31 N miies) downstream of Calcutta off Fulta. The sjf
. Damodar river‘spills bulk of its freshet volume on its right bank into
the’' Rupnarain which meets the Hooghly at Hooghly Point 7.40 (4 N miles)
south of the Damodar outfgll, Two more smaller tribptaries,'fha Haldia
and the Rasulpur meet the Hooghly further down on iﬁs right bank 10

and 131 km(56.5 and 77 N miles) south of Calcutta.

2. APPROACHES TO PORT
" The port of Calcutta is situated 184 lm(100 N miles) inland.. The

outer bar, Beaumonts gut is 24 km(13 N miles) south of Saugor the Sou-
thern most gauge-site in the estuary. From Saugor to Diamond Harbour

67.4 km(36.5 N miles) further north, the estuary converges from
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478 km(13 N miiéé)' to 3.04 Jah{1:65 N'milss)“at ‘an average rate of 0.31 km
'~;;e'r - | | |
“In the 62.7 km(Bh N miles) stretch from. Hoognly Poifit &G Calcutta
'the river width decreases from 1. ? m to 0.5. Kkm. The r.wer cour se im
this stretch is much more tortuous than further south , with the mean-
ders gradually 1n,crea31ng in length. On ‘account of the tortuousity,
seccndary 'currents develop and ‘at-évery contraflexture of- cuf'v_ature ‘a
crossing appears. -Also, .on ac-count of the peculiar geog’raphyr of ce;r-
tain reaches like Sankrail and Ninan, bars form due to the évergence
of tke axes of the ebb a.nd flood currents. During the freshets ebb
currents predominate, to which the cross:.ngs tend to align. In thé-*ﬁr.?
season when the floodtide dominates tke crossings tend to align to the
flood flow. The seasonal shift of the crossings is a sowrce of tr‘ou-—
ble for day-to-day nevigation. - This. behaviour of the cr-ossings‘gene‘-
| rally persi.sts in the stretch down to Hooghly Point. -
Further downstream to Diamond Harbour the river is very deep dus
tc ebb of the Rupna;-ain which draws nearly 50 percent of “the tidal in-

flux at Hooghly Point. In this stretch there is only oﬁetrossing =

frca below Luff Point. Between Diamond Harbour and Saugor in a dis-

tance of nearly 67.4 ian(36 N miles) trere are only two bars viz the

Balari and Auckland., Below Diamond Harbowr the channels-are flood. main-

tained and they do not exhibit the seasonal shifts of alignment of eto-

ssings as :'g.n'_the upper river,

. South of Saugar the position of the bar depends on the éntrance
channel. There are three of them viz the Eastern chammel 'with tke ©
Lower Long Sand on its west , the middle branch of tte Western Channel

running immedistely along the Western face of Lower Long Sand and
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the- I'ar Weetern channel w:.th :lts head off the Rasulpur; outfal.l

Pr:Lor to 1937 the Eastern qha.nnel wa.e being ne\pgated when the
outer bar wae M:deleton about 8 9 km(h 8 N miles) below Sa.ugor. Later
on’ :Lt deterlorated and the m:dele branch of the Weetern Chennel opened
when the outer bar was Bean;lonte gut 2h km(lj N miles) eouth of Saugor.
Round about 1768. the far Western Channel was nangated

The cycllc changee of the entrance channel and its repercussions
_on’ the navigation channel in the Dlamond Har‘oour-Gangre etretch form

F]

a pro_blem b_y -the_mselv_es.—,;

~ 3. NAVIGATION TO AND FROM CAISUTTA

" An inbound vessel can be navigated with the rieing tide to reach

‘ Celcutta. in about 107 houre.. An outbound veseel however, hee to anchor
enroute. Sh:Lpe of moderate‘draft negotn.ate the five 1ow water eross-

_ J.nge between Garden Reach and Ulubaria on the ebb to arrive at Moyapur
on the next rismg tide. Deep draft vessels negotiate these crossings
-on the n:.ght rn.eing tide to anchor at Ulubaria. before making of the

ebb and proceed further on’ the next flood to croee the Eastern gut |
near about high water. Further down they may -anchor at Kalpi to reach
the open sea nangatlng againet the next tide. ‘

Though every har or croeeing ie an impediment in the way of navi-
gatlon, yet Jamee and He.ry reach of Hooghly Point_ had been the biggest
. one on account of 1te qulck changing nature. As much as 1 67 m(5 ft)
s:.ltatlon in a day or two of epring tides is not umsual. Consequently
it was the weakest link in the cham of bars at the time.

Since the introduction of. steemers in place of. Beil.’mg veeeele,

heavier and larger ships have naturally been put in the trade. While
in the 19th century the port used_to cater for comparatively low
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draught vessels, in recent times 26 ft draught vessels are quite common
(fig 2). Added to thls, is the deterloratlon of the river channels.
Both the factors contrlbute to restrlctlons on nav1gatlon.' Slnce 1853
the Port Comm1331oners consulted recognlsed experts to study the ques-
tion of the river condltlon and adv1se about measures for 1mprov1ng its
navigability. There was no unanlmlty-on the aspect of deterloratlon
but various tralnlng works were suggested for 1mprov1ng the nav1gab1r
lity(fig 3).  In addltlon to the experts, Mr WEbsterg Chief Englneer of-
the Port Cormissioners revived the suggestlon of a sh1p canal 301n1ng
the deep channel at Diamond Harbour to Kldderpore and King George Docks.v
In 1947 the Port Commlss;oners consulted Sir Claude Inglis regard—
" ing improving the navigability of the river Hooghly; ln hls reportAthe
latter advocated hydraulic model tests for evolving suitable training
works. Accordingly, the problem of improving the nav1gab111ty of the

Hooghly was entrusted to the Central Water and Power Research Station,

Poona.

L. THE FULTA-JAMES and MARY REACH
The typical geography of the Fulta-James and Mary reach with the
outfalls of Damodar and Rupnarain at its ends and incidental complex

flow pattern with strong secondary currents, render it the most hagzar-

dous as compared to other reaches. This reach was, therefore, taken

up for studies fifst.

The reach consists of concave eastern bank above and below the

projection of the Fulta Point. On the western bank the Damodar

meets the Hooghly. At its lower end the river takes a right angled

bend to the east at_Hooghly Point; while the Rupnarain meets it on
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the western bank opposite Hooghly Point.

During the freshets the dominating ebb follows the concave Fulta
bight above the Fulta Point projection. Below the projection it natu-
rally swings towards the Bungalow Point on the western bank with con-
sequent slack velocities in the Ninan-Nurpur reach. Further down, due
tc the effect of the Rupnarain ebb which masks the ebb in the western
gut, the ebB tends to be deflected to the Easternigut. This improves
the Eastern gut but deteriorates the Ninan~Nurpur reach.
| In the following dry season the flood tide dominates and reshapes
the channel configuration. It makes along the Western gut and is dire-
cted a few degrees east of north. It thus sets on to the Ninan bar and
scours out the freshet season deposit, thereby improving the Ninan bar.
However, due to secondary currents at the Hooghly Point, the bed load
is drawn by the Eastern gut which deteriorates. Thus during the year
either Ninan or Eastern gut is bad. |

Since Eastern gut is a high water crossing, out-bound vessels
have to nego?iate the Filta Point about 20 minutes to half an hour be-
for; high water. At this phase of the tide, in the dry season above
the Fulta Point in the lee of the projection there is an ebb eddy in
the channel(photo 1). At the point itself the set of the flood is due
north. Thus when the bow of a vessel gets in the flooding region the
stern is still in the slack and she gets a shear on to the Fulta sands.

Similar eddy also appears at the Hooghly Point rendering navigation
difficult.

5. THE ESTUARY MODEL
The model covers a 249 km(135 N miles) reach from Reefs 113.76km

(105 N miles) south of Calcutta to Bansbaria 55.36 lom(30 N miles)
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north of it(photo 2); the 87.65 km(L7} N miles) tidal reach above Bans-
baria being incorporated'in a labyrinth to absorb the tide. Rupnarain,
the major tributary of the Hooghly iﬁ the tidal zone is reproduced as
far as Baxi 52.6 km{28.5 N miles) above the outfall at Hooghlj Point.
The other minor tributaries viz Damodéf, Haldia and Rasuipur are repfo—
duced for a length of about ih.76 km( 8 N mileg)*beyond which suitable
labyrinths have been provided to absorb the tide. The scale raﬁios

adopted are

Horizontal 1/2000 Velocity - 1/12.65
Vertical 1/160 Time - 1/158.

The design of model scale ratios was based on J Allen!s criterion
for movement of bed material(see appendix I). The mean diameter of the

bed material chosen viz Ninan Sand was .0%94 mm which' was about 75 per-—

cent of the mean grade of sand in the river..

é. TIDE REPRODUCING ARRANGEMENT

Though electronically operated system for tide reproduction was
thpught of, yet considering the timg and personnel required to develop
such an arrangement, it was decided to use é manually operated arrange-
ment for the purpose initially. The design of the equipment used is
shown in fig L. :'Since salinity reproduction was thought of, rscircu-

lation system was adopted.

The design consisted of a main sump fed by gravity supply from

the Lake Fife. Water from the sump could be passed into the entrance

channel either by gravity or by pumping when recirculation was required.
The entrance chammel fed the desired discharge directly into ﬁhe tide’
chamber. From the tidal chamber surplus discharge in excess of that

réqnired by the tidal phase could be escaped out of the model to flow
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into the Mutha Right Bank canal or back into the sump in case of recir-

culation by adjusting the radial gate opening.

7. SIMULATION OF TIDES : _
The curves for southern limit were statistically computed and adju-

sted in the light of initial observations so as to get as close a repro-
duction of gauges at Saugor and other places as possible. Fig 5 shows
typical neaps and springs as obtained in model. A scrutiny of the vari-

ous curves will show that the gauges at Saugor, Balari and Garden Reach

were reproduced fairly satisfaptorily.

8. TIME LAG BETWEEN GAUGES
Correct reproduction of time lag in a model means satisfactory

tide propagation and right adjustment'qf desired friction coefficients.
Observations of this aspect with comparative prototype figures are

givén in Table 1.

TABIE 1
: Time lag " 3 Model values : Prototype
Site : in model : reduced to pro- ; time lag
S :totype dimensions:
t Neagp : Spring : Neap : Spring : Neap : Spring
_ Sec Sec hr min hr min hr min hr min
Southern limit . 27 27 1 11 1 11 1 1 1 1o
to Saugor - '
Saugor to Balari 35 60 1 32 2 38 1 35 2 0
Balari to Garden 76 g2 3 20 3 36 3 22 3 38
Reach

Comparison of columns 3 and 4 shows that the reproduction of
time-lag and hence the velocity of propagation of the tidal wave was

satisfactory.
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9. FLOOD AND EBB"GONDITIONS. OF FLOW |
In nature the flood arrives garlier'by about 15 minutes along the
€hannel Creek and runé aldﬁg the eastern side of Saugor island. The

model observations showed that the flqod of the créek channel arrived
5.6 seconds earlier which is equivalent to 14.45 minutés._ The répro—

duction was considered satisfactory..

HOOGHLY POINT: Ab the Hooghly Point, first of the flood passed into
the Hooghly along the'WEStern Gut while at the Eaétern Gut there was a
return eddy. After the high water slack the ebb first made along the
Eastern Gut. As the phase advgncéd greater and greater width of the: -
section began to ebb. When it went aboﬁt half way, a return eddy began
to make its appearance in the Western Gut; beéause some of the extreme
left bank filaments of Rupnarain ebb made their way into the Hooghly.

This return eddy went on elongating as the ebb prcceeded up to Bungalow

Point to merge into the first of the next flood(photo 3).

FULTA POINT: On the first of the flood the flow fanned out past the

Fulta Point as below a gorge. Thus there was general initial flooding

all across the section above Fulta Point. The fanning out effect re-

duced as the water level rose and a dead water region occurred near

-»

Date Station. This developed into a return eddy which gradually elon-
gated with rise of water level.: Jué? before high water slack, the
clockwise return edd& eﬁtended from below near 29 Station down to M S
36 station, finall& to merge into the following ebb.

SANKRAIL REACH: Between Hangman's Point at the upper end and Akra

' Column at the lower one both the banks belly out. The river section
in the reach, therefore, is wider than either upstream or downstream of
1t. In this reach the ebb followed the right ﬂank.but the flood tended
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to make straight. through the shoal awey from the right bank with qe;d
water at Sankrail which'waé Just according to prototype observations.
First of the ebb at Akra made along the right bank where the cha-
nnel was deep with almost a:dead'watef region on the left bank. As the
water lgvei fell the slack water region develéped into a counter clbbk-
wise return eddy which gradually elongated along the left bank. These

-flood_and ebb flood conditions were confirmed by the officers of the

Port Commissioners.

10. BORE TIDE |
The formation of bore tide is a phenomenon peculiar to the Hooghly

river. Iﬁs neighbouring estuary; of the "MATLA", does not exhibit this
characteristic. It is a wave front about 5 to 6 feet high, which tra-
vels upstream. It first shows at Brul and travels with a high velocity
of about 17.5 knots. This sudden impulse causes considerable damage to
property such as jetties, wharves, etE, dislocation of traffic and con-
siderable silt movement~in the upstream direétion.

In the model this phenomenon.was reproduced to a remarkable. extent.
The model bore travelled with a velocity 2,15 feet per second.which
works out to 16.35 nautical miles per houf. This was considered satis-

factory.

11. SIMULATION OF BED CHANGES
Initially quite a number of difficultieshad to be overcome in res-

pect of bed movement. Though the model was designed for bed movement
according to the experimental results of Dr Jack Allen, it was noted
that there was excessive movement in the upper reaches above Moyapur.

From Moyapur to Diamond Harbour the movement was satisfactory while
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below Diamond Harbour there was practically no bed movement. In the upper
relatively narrow reaches, on account of vertical exaggeration, it was

not possible to reproduce bed contours and they had to be laid in lean
sand cement mix. So far as Fulta-James and Ma#y reach under investigation
was concerned, the estuary below Diamond Harbour served as entry length.
With injectioﬁ and the satisfactory bed movement in the investigation rea-.
ch fairly qualitative results were expected.

Another difficulty to be surmounted was of -algae growth on the sandy
model bed. When under water for sbout a week, the growth forﬁed a film
on the sand surface, prevented bed movement and defeated £he'very pur-
pose of‘experiment. A seriés of tests were conducted for eradication of
the growth. The choice of chemicals for treatment was limited by the
fact that the discharge escaped from the model was’?éqpired to be drop-
ped into the Mutba Right bank canal which supplies drinking water to
Poona city. A series of tests were conducted in’the-Chemistry Division.
The final practicable solutioﬁ of the problem conéisted in-treating.the-
sand initially with a dose of copper sulpﬁate as weak as 1 pért in -
million and cutting off sun's rays by providing a cover to the model.

In nature sediment transport takes place by rolling on the bed,sal-

tation and suspension while ip the model only the first and partially

the second aspect are present. Consequently accretion by suspended load

had to be reproduced by injection of suitable matérial. In these expe-

riments injection of treated saw dust was found to be sétisfactory.

The injected material moved freely with the currents and did not cause

unnatural deposition at the site of injection, Puxﬂice store powder or

gilsonite were also suitable but on account of availability and cost, —

saw dust was preferred for injection.
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The adjuétmént of the rate of injection at the upstream and down-
stream end on the ebb and flood £ides respectivgly was the next point to
be determined. This depended on the tidelcycle reproduced and the num-
ber of repetitions required for getting the desired bed changes. These
adjustmentsAwere done by trial and errof process. It‘was found that 360
repetitions o} dry season spring tide were enough to give the bed chan-
ges with injection of saw dust. -

With the various adjustments determined in preliminary runs, the
model was laid to post-freshet conditibns(fig 6a) and dry season spring
tide operated. The model contours obtained at the end of 360 repeti-
tions of the tide aég shown in fig 6b while the corresponding prototype
survey is shown in fig 6c. It will be observed that the formati;ﬁ bf
Eastern gut bar, iﬁprovemé;t of Ninan bar and shrinking of the Fulta
bight as indicated by the eastwardly shift of the 12 ft cont?ur were
fairly reprodﬁced. The model performance was, therefore, considered
satisfactory for evaluating the comparative effect of different train-

ing measures.

12. EXPERTS' PROPOSALS

As mentioned earlier various experts had suggested means to im-
prove the Fulta-James and Mary Reach. Instead of spending time on
detailed observations of each proposal, it was considered desirable to
test the proposals in—preliﬁinary runs and concentraté'only on the ones
which gave promising results. The criteria for Judging the performanée
were

i. improvement of - flow conditions amd bars in the navi-
gation chanrel

ii. implementation of the proposal without affecting day~
to-day navigation.
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13. BROOKS! PROPOSAL

The proposal provided"\&': cut from Nurpur across the land to eppo-
site Luff Point and a sma.ll groyne at Shipgunj Column to dlrect the ebb
into the cut. It was npted that. the ebb bed load tended to enter the
cut. The ebb veloc:.tles in the cut were slacker than in the main river.

The groyne was ineffective in diverting ebb into the cut.

On the flood a ret.urn eddy formed on the leeward 51de of the groyne.
Due to the meet:.ng_ oi" tPe flood i‘rom the cut and the main river the flow
pattern at the junction was complex. It was felt that unless the river

below .the cut was completely dammed, the cut would not functioen as

desired,

Later experiments with a similar cut with the river below dammed

showed that due to relatlvely greater energy of the tide on account. of

&

short cutt:l.ng the lengt.h $and avoiding loss at the right angled bend at
I

Hooghly Point, thereiyg,s a tendency to higher beres.

s

Generally, condi-

- tions with the proposal were not considered satisfactory.

14. IEONARDS AND VERNON HARCOURT'S PROPOSALS

Both the-. proposals almed at dlverta.ng the ebb J.nto the Western gut.

A longrtudlnaﬂ. gu:Lde bund Was env:Lsaged Leona.rd proposed to terminate

it off Nurpur pomt mth‘reclamatlon at Dhaja pon.nt above Damodar out-
\

fall and a groyne at Fort Mornlngton to induce greater influx in the

Hooghly by reduc:mg it from Rupna.raln On the other hand Vernon Har-

court proposed to contlnue t.he emban}cment down to Hooghly Po:_nt(i‘lg 3)

Both the proposals when tested on the model showad that the ebb

was not deflect.ed to t.he Western gut. It aiways tended to flow down to

the Eastern gut. An addltlonal test was also conducted to test the

effect of chang:mg .the concavity of the bank between Fulta & Hooghly
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Point into a convexity with the Western bank suitably aligned(fig 7).
The configuration thus smoothened out the bend at Hooghly Point to an
extent. | |

The model "i?rhowed that the ebb could not be drawn into the Western
gut. It crossed over to the Eastern gut with sand separating it from
the Western gut. Rupnarain ebb was noted to mask the ebb in the Western
" gut which got deflected into the Eastern gub.

15. SIR CHARLES HARTIEY'S PROPOSAL
’ This consisted of a half tide mid river training wall on Muckra-

patty sand. This proposal also did not work. A series of tests condu-

cted on the lines of this proposal will be discussed later.

16. LINDON BATES' PROPOSAL
The proposal envisaged getting rid of the double concavity by cubh-

ing off the proje&:tion at Fulta, with reclamation works above and below
Damodar outfall. This was expecte;l to improve Ninan and the Eastern gut.
In the model the propoe;al was observed to give satisfactory conditions of
flow in the Fuli‘.a.-James ard Mary reach. ﬁowever, at Brul the tendency
was to increase .flood currents on the sand at the cost of the bighi'..

Of the various proposals tested, this appeared to be on thp right
lines in as much as it did not aim at rever sing natural tendency of the

ebb to follow the Eastern bank at Hooghly Point.

1

17. SHIP CANAL SCHEME
This proposal was made by Mr Webster, Chief Engineer, Calcutta Port

Commissioners. It consisted of connecting the Kidderpore and King George
Docks to the deep bight at Diamond Harbour by a ship canal with necessary

locks. Such a proposal would naturally obviate the need of navigating -



~1h~
the tortuous route along the river with its various bars and crossings

and also their costly dredging .

To test this idea the model was run with freshet season followed
. by dry season for an equivalent period of s even years. Results showed
that the tidal ranges at Bansbaria reduced first aml then as the experi-
ment proceeded the same effect was observed at Garden Reach. 'This

: . indicating
effect gradually proceeded downstream. The low waters rose amd the
likely deterioration in the channel retarding the tidal propagation. It

was apprehended that in the long run'thié deteriorative trend would

affect the lower reathes as well. The proposal was,therefore, dropped.

18. FURTHER INVESTIGATIONS
Dry season runs showed that the Eastern gut deteriorated due to the

dsecondary current s developing on account of curved flow at the Hooghly
‘Point bend. It was thought that if the flood could be Eedistributed S0
that Eastern gut could.draw greater volume than under existing condi-
tions, the sand carried by the secondary currents migﬂt travel further
up instead of depositing in the gut and improve it thereby.” A number of

vanes amd groynes of different lengths, amd top levels wefe tried in

preliminary runs. Finally a half tide flood repelling' groyne at Durga-

pur was found to be promising as judged by initial flow conditions.

The effect of the groyné was,therefore, furt-.her investigated in
the model. The tests showed,that with the Durgapur groyne a narrow gut
ﬁhrough the bar deeper than 18 £t could be obtained. However » since
the bed load entering the gut travelled further up.and the Eastern gllt.

drew more flood at the cost of West.ei-n gut, the Ninan bar was adversely
affected,

With the flood tide an eddy developed off Shipgunj point thereby
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reduclng the sectlonal area for the forward flow. This effect together
with the constriction a.t Fulta. caused the flood to set on due north on to
" the Dhaja bank. Rea.ligning the banlf at Shipgun) effected better flow bis—
tribution across the sect.i_;)n at Fulta Point but did not materially help
the Fulta bight where at later phases s]ack water devéloped(phot.o L).

To improve Ninan during freshet cqn@it.ions recession of the Fulta
projection in stages of 152.4 m(500 ft) was tested in combination with
Durgapur groyne.. The results were not satisfactory. The Durgapur
groyne was ineffeét.ive to influence condit.ions at Ninan. Recession of
the projection by 304.8 m(1000 ft_)_ gave promising results which improved
markedly when reclamation bunds were put at Dhaja. With these improve-
ment works at Fulta, further tests to :unprove the Eastern gut in the dry
season were conducted. .

Since in the dry season bed sand from the back of the Hooghly
drifts into the gut, submerged vanes to deflect the bed load away from
the Eastern gut were evolved by trial in preliminary runs. It was
noted that with these vanes a mid-river training wall on Muckrapatty
wand was essential in order to prevent the deflected drift of sand com-
ing up via Western gut into the chammel along eastern bank. This
device was subject.eci to detailed gtudies. Though flood bed load was
effectively diverted from the Eastern gut, flow conditions on the flood
and ebb were quite unsatisfactory as the experiment progressed

(photos 5 to 9). The unsatisfactory aspects were:

a. tendency of the flood to hug along the eastern face of
the mid river training wall

b. return eddy at the Hooghly Point dwring flooding

c. concentration of ebb along the eastern face of the
mid river training wall
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d. the sharp angle between the Rupnarain and the
Eastern gut ebb

e. eddy formation at the tall of the mid rlver t.ra.lnmg,
wall and also off Luff Point.

The model bed survey(fig 8) was also unsatisfactory as the channel on
the east of the mid river wall developed a sharp kink. The dlversmn
of bed load away from its natural course thus dld not prove satlsfactory.'

Consequently various shapes and lengths of m:l.d r:Lver wall only were
tested.

A mid river training wall with a bell-mouth shape was tested. A

12 £t bar appeared amd the channel tended 1-[0 hug the lower half o_i“.the'

training wall(fig 9). Curving the mid river wall also did not help.

. i '
A mid river training wall with a bell-mouth in combination with a cur-

ved vane from Hooghly Point curving round to end of_"Durgapur was tested.

Fig 10 shows the bed survey. The eastern 12 ft contour encroached on

the channel and a bar shallower than 12 ft developed. Chamnel condition

was obviously unsatisfactory.

The tests showed that it was not advisable to artificially enforce .
conditions against the natural secondary currents at the’ Hooghly Point.
The channel tended to hug the training wall which was unsafe from the

point of view of navigation under the flow conditions _obﬁaining.

19. TRAINING THE EBEB : ‘ .
As the methods of training the flood at Hooghly Point were not
successful, efforts were made to train and strengthen t.he' Ee.sf;erh gut

ebb with a view to counteract the siltation obtaiﬁed ‘:,y's.ecendary

currents on the flood. Effect of recession of the prejeetion along

with reclamation off the Dhaja bank was further studied. . It was noted

that mere recession of the projection was not enough to improve the
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flood set in the Fulta hight. With the reclamation bunds at the Dhaja
flat and off Shipgunj above and below the Damodar outfall, flow condi-
tions markedly improved. Effect of slicing off the projection in small
bits with reclamation above and below Damodar outfall was tested in pre-
1-_iminary runs. It was noted that 152.4 m(500 ft) recession was not
encugh in improving the Fulta bight. 304.8 m(1000 ft) recession showed
promising conditions, while with recession of 548.64 m(1800 ft)or more
the flood velocities over the Brul sand further upstream increésed with
development of dead water in the bight. 3-65.76 m(1200 ft) was about
the optimum recession. The effects of 304.8 m(1000 ft) and 365.76 m;j"'-ﬂ
(1200 ft) recessions of the projection were,therefore, studied further, :

The model was laid to post fres;het survey of 1945 and tested under
dry season conditid_ns. Figs 11 to 13 show comparative model survey
under existing conditions(fig 11), with 304.8 m(1000 ft) recession
(£ig 12) and with 365.76 m(1200 ft) recession(fig 13). Comparison of
figs 11 and 12 shows reduction in the length of the bar, while fig 13
shows a narrcw channel though its direct.ion 13 slightly altered.

in the Fulta bighf , under existing conditions, the upper and
lower 5.49 m(18 ft)cor;tours were separated from each other with a
shallower gag; off lower Fulta Mark with an isolated pocket(photo 10).
On the other hand, with 365.76 m(1200 ft) recession, the shallow

stretch was deepened giving a through channel along the bight(photoll).

20. VELOCITIES
Figs 14(A) and 14(B) show velocities dwring a crmplete tidal cycle
at various peoints in the reach from Brul down to Hooghly Point. Inset

of fig 14(A) shows location of the points. Table 2 shows the mean
and maximum velocities at the points.



TABIE 2 : Model Vclogities in ft/sec

=18

A = Experiment with existing conditions

B = Experiment with 1200 ft recession

- o e oy e m mm omm el aw s e me e e mm e R o mm w mm RS S mm o am e wed ver mm  me am mm—

“Point of observation
(see fig 14A)

Mean Velocity

Ebb

Ebb

Eastern Gut
Point’ 39 (0'N2'W)

Point 35
(1'N 1.25'W)

Point 33
(2'N 0.50'W)

MéstEpn‘Gut
Point 28
(3N 2'W)

Fulta-Ninan Reach

» Polmt 24(7'N 2'E) -

Point 17.-
(12'N 3'E)

Point 13
(14'N 4.5'E)

Brul Reach -
Point 6.
(27-25lN-2133'E)

e

v e}

Flood -
- M P
L9 6.20
A 5.5
5 onil
nil
nil
nil
42 5.31
A5 5.69
.28 3.54
15 1.90
.08 1.01
32 4.05
11 1.39
A9 2,40
13 1.64
12 1,52

.33
.18

.43
.50

a36
41

55

—-__———-_.-._————-n—_
- -— o =

LeL3
£.82

L. 17
2,28

7.08
7.97

746
7.08

M = Model
P = Prototype
Maximum Velocity
Flood :
M P i M
1 8.98 L2
71 8.98 .56
nil .50
nil .50
nil .56
nil .63
.63 7.97 .50
63 7.97 .28
.50 6.33 .56
.31 3.92 .36
19 240 .56
.50 6.33 .63
.23 2.91 .56
36 4.55 .63
48 4.8 .59
.36 h.55 .56

TE T et em e am e mm e mm e am e o o e



-19-

Réference to points 39, 35 and 33 in the Eastern gut shows that at
point 39 the ebﬁ velocities considerably increased during the latter
half of the tide with the recessed Fulta Bank. This was because of the
étrengthehing and better canalisation of the ebb with consequent check-
ing of the flood eddy abreast Hooghly Point. Points 35 and 33 fall in
the region of ebb eddy and as such tﬁe flood velocities at these points
weré not affected by the recession. During ebb, however, the velocities
imprcved much especially on the last of the ebb.

In the Western Gut, at poiht 28, it was observed that the flood
velocities were little affected but the ebb velocities decreased by the
recession of Fulta bank, at the cost of corresponding increase of ebb
velocities in the Eastern éut which is a good feature.

Fig 14(B) snows the velocities in the Ninan Reach, Fulta bight and
the Brul reach. Niﬁan bar forms during freshéts but improves during dry
season. Henée; freshet velocities in the vicinity of this bar with and
without recession were observed and are shown in fig 14(B) at point 24,
It will be seen that the ebb velocities considerably increased and con-
sequently a better channel in the Ninan reach was obtained. The flood
velocities were seen to have reduced with the recession.

At both the points 17 and 13 in the Fulta bight the flood velocities
markedly increased. This was due to fhe removal of the projection, as
a result of which forward flow was ensured in the bight. This indi-
cated that the deterioration of Fulta reach during the dry se;son under
existing conditions will be checked by recession. During ebb tide,
the velocities were not much affected as expected.

At point 6 in the channel opposite Brul Column, the average flood

velocity was unaltered which indicates that the 1200 ft recession woﬁld
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not affect the Brul reach adversely. The avérage“gﬁb‘yelqpitiqs were

were also not appreciably changed.

21. FLOW PATTERN

Observations of flow pattern with recéésed Fulﬁa bank were made
photographically by means of confetti. For compéfison cqrrééponding
photogréphs under existing conditions are also reproduced.’

Photo 12 shows the dry season flood flow under existing -conditions
and 13 with'365.76 5(1200 ft) recession of Fulta Eank and éorresponding
reclamation. It will be observed that with e:;isting conditions ebb
.eddies appeared at the Hooghly Point, Shipgunj Point and in the Fulta
bight. The‘eddy at Shipgunj restricted the waterway of forward flow®
thus adding to the gorge effect above Pulta Point. This resulted-in

the flood flow tending to set towards Dhaja bank with an eddy in the
Fulta bight.

With the recession and reclamation(photo 13) the eddy at Hooghly

Point shifted its tail slightly further upstream. The general pattern

of flood flow at the point was otherwise similar to %hat in photo 12.
Further upstream the flood flow improved considerably; the gorge -effect

above Fulta Point disappeared and flow conditions improved with for-

ward flow in the Fulta bight.

-As the work of recession of the projection was likely to be diffi-
cult an attempt was made to see if training works alone on the western

bank above and below Damodar outfall would give equally good condi-

tions. Accordingly, to cause as little contraction of the existing

section as possible, half tide pefmeable‘grojneé were tested above and

below‘the Damodar outfall without recession of the point.

Photo 1k shows flow conditions after 4 hours making of flood at
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Hooghly Point. - These were nnt satisfactory. The eddies in the Fulta

bight as also the flood set off the point were unchanged. Dredging of

the flat‘in front of the Fulta Point in addition to the half tide’ groynes

above and below Damodar Outfall worsened the conditlons(photos 15 to 18).
Of all the tests, satisfactory results were obtained with a 365.76 m

(1200 ft) recession of the Fulta Point and corresponding reclamation.above

and below Damodar outfall.

22. EFFECT OF FULTA POINT SCHEME ON BRUL REACH
) The effect of the Fulta Point Scheme on the Brul Reach was tested

- on the model laid in treated saw dust. After preliminary runs for sele-
. . : ? '
ctionapf tide cycle and?evaluation of time scale, comparative tests with

existing conditions and with 365,76 m(1200 ft) recession and correspond-
‘_ ing reclamation were conducted. Results showed that compared to exist~
'ing conditions there was no deteriorative trend of depths ar velocities

in the Brul and Royapur Channels due to the recession of the Fulta Point.

3

23. PHASING QF WORK INVOLVED IN FULTA POINT RECESSION
' The complete scheme of training the Fulta James and Mary reach con-

sisted of the following works:

i. Reclamation above the Dameodar outfall .
ii. Rec;amation below the Damodar outfall

iii. Removal of the flat in front of the Fulta bank
{and iv. Recession of the projection

Of these, (i) and (ii) pertaining to reclamation were away from tne
navigation channel and could be executed without interference with day-
to-day mavigation.

Works for (iii) end (iv) were along the navigation channel. It was

necessary to phase the programme of work in a manner not to create un-

desirable conditions and hamper day-to-day navigation.
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To dréw out a programne of work consistent w1th above requirements
two series of experiments were. conducted with the model bed laid mobile
to post ireshet condltlons and the dry season spring tide simulated.
First series without reciamgﬁion on the Eastern bank was run to

show the following phases of work(fig 15):-

a. The outer spit dredged to 20 ft to about the datum line
abreast of the point with the inner dredged line running
about North and South of the western most point of the
Fulta projection.

b. Bund to admit dredger over a width of hOO £t and the area
inside the bund removed in stages. of

i. 1/8th dredged iii. 7/8th dredged
ii. % dredged -iv. inside bund completely
: dredged to 20 ft

c. Dredging outside bund completed except for the splt to the
northward,

d. The removal of the bund starting at the north end block

by block for 6 blocks starting 1200 ft from the rece~
ssion line.

The second series was run in exactly the same way as. the first ex-

cept that the reclamation bunds were in position

The removal of the outs:l.de strip in the first series did not adver-
sely affect the nav1gat10nal conditions and if anythlng. snowed slight
~ improvement in eddies above Fulta Point and a tendency to concentrate

the flow in Ninan slightly eastward of normal condition. In the second

series on the ébb tide, the flow still followed the east bank above the

point but tended more to the eastward at Ninan., On the flood tide, the

flow across the Fulta sand appeared to be more concentrated to the east.
There was the normal slow reverse eddy along the east bank, on the last
of the flood tide.
In neither series did the cutting of the bund over a width of.
- 121.92 m(400 ft) at a position 365.76 m(1200 ft) to 487.68 m(1600 ft)

from the recession line have any.effect on the navigable channel.
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The result of dredging inside the bund was the same in both series. .,
There was a slight increase in the ‘edd;ies at the entrance as the.dredging
progressed but these did not extépd outside the bund and éhéﬁgh!thefé was.
a slow rotary current inside the dredged'area, it did'not aépear to be éf.
sufficient strength to interfere with the operation.’

Up to this point the operation cannot be said to have affecied the .
navigation of ships except possibly by the presenge“of'thé'dredéer and its
anchor cables. The conditions were if anything sliéhtiy improved as ihe
work progressed and the existence of the reclamation work in‘anything |
showed further improvement. It appeared possiblé that if the lower part
of Fulta sand showed any tendency to encroa?h on the channel, prior
dredging to widen the channel in this area might.be;an advantage. At
Ninan the siight swing of the flow of the ébb'eastwérdﬁ caused by the
removal of the outer strip and increase& by the reclamation works might
require the services.of a dredger.

The completion of the removal of’the’outer strip had the same effect
in both series namely the swing of flood énd‘ebb currents eastward in
Ninan and a concentration of the flood above FulthPoint over the eastern
area of Fulta Sand. These tendencies were emphasized Sy the reclamation
on ﬁhe west bank. At this stage there appeared to be definite advantages
in the existence of the reclaimed area. i ‘

The removal of the bund,however, created criticalrconditions both for
the navigable channel and the dredger. These reached a peak when 543.6im
(1800 ft) of bund had been removed from the north'ehd and continued till
the 5th blé;k had been removed after which conditions improved. By the
‘time the 6th block had béen removed, the channel was practically unaffe-

éted.
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During thie opera,tion, t.here appeareo to be no doubt that the exis-
tence of the reclamation area was’ an edva.ntage to the shipping but made

the werk oi‘ the dredger more’ diffioult by increasmg the intens:.ty of

the eddies in the vicinity of the bund There was an n.ndlcatlon that

shipping would. be restricted during this period though it ‘may be permi-

tted for half an hour either slde of High Water. The restricted perlod

may be expected not to exceed about one month.

During the second serles, ‘the remeval of the lower part of the outer
spit was not done until over one half of the bund had been removed and

it appeared that tha existence of this strip was advantageoue to the

dredger without interfering w'ith naviéation. This would appear to pro—

‘vide a means of- obtaining flexlbility in the dredging progranune.

As a result of mode‘l tests the provisional dredging programme was
recommended &8 under:

a. October 1958 to Februa.ry—Merch 1959
Quter strip part, Stage IA & IB

b. February-March te September 1959
inslde bund, Stage II

October 1959 to January 1960 comple te
outer strip. Stage IV

d. January-February 1960
demolish bund. Stage III

e, March 1960 complete '
elea.ning up and upper spit. Stage V.

¢,

The construction of the reclamation work is advente.geous from the

tire the outer spit is removed but,. need not be completed till the area

inside the bund has been dredged. ie September 1959. The impo rta.nt part

~is that the construction of the . noss of the upstream reclamation should
be strong enough to withstand the attack of the flood tide.

The demolition of the centre of the bund should preferably teke

place dunng weak tides of Deoember—January-February and preferably durj_ng
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the neap tides.

It dppears desirable to phase the _progress of the reclambtior work

to start as soon as possible and to complete it ty Deceuber 1%, It is

likely that the malntgnance dredging programme will depend on this =ro-

gress up to the tii: of the removal of the bund, when the full effect of

bhe operations will be felt in the navigable chennel.

2L4.. CONCLUSIONS
. The tests brousht out the following points:

1. Though Western gut is the natwrasl ilood chennel it cocs
not draw suificient ebb flow. On the other hand Taster..
gut is the natural ebb charnel which deteriorctes ir,

 the dry season due to secondary flood currents.

2. W1th the pattern of flow conditions imposed by the Rupna-
rain ebb, 1t is not possible to develor & navi-sble
channel to the Western gut. Any works aiming &t this
would oppose nat ire ratner than aid it,

3. If the river were left to itself without any uredging or
training works, serious deterioration mey re.ilt in
the long run.

" 4. Training works designed to deflect flood into the Eastern
gut are undesirable sirce they result in channc. and
flow conditions aetrimental to navigation.

5. Training the ebb to the Eastern zut is by far the best
_ solution of the problem.

6; Recession of the projection ity 1200 ft would bene:it
. the Fulta bight as well &«s Winan Eestern e recci.
7. Since the optimum aligrwent or bunk linv at Fulla mey
erode and upset ihe de.ired regime it is necescary to
~hold the bank by suitable pitching.

8. Prosramme of work should be so phased ti t taere is
+ least trouble in navigation during the trensition
period. By the time the recession is complete - the
reclamation above znd below Lamodar outfall nmzy be
completed.

9. The programne of works evolved if zdhered to would give
the least interference with day-to-day nzvi:ation,

The recommendation of the CWPRS namely recession of the Fulta Point
projection by 365.76 m(1200 it) and reclamation above =rd below Dunocar

outfall was communicated to the Commissioners for th+ Port oi Calcutta
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who accepted it for implementation. fhe reélamation works are-planﬁed;
to be done departmentally while for thg recession work world tendef% ‘
weré invited.

The recession work cénsisting of dredging 4.59 m cubic metres
(6.0i m cubic yards) of hard blue clay and some_sand; was allotted to
the Dutch Firm AMSTERDAMSCHE BALLAST MAATSCHAPPLJ, AMSTERDAM.

| Reclamation works were planned to be done departmentally. A4t the
time of writing this report the works above the Damodar outfali have

- been completed. Permeable.groynes consisting of 1,33 m distant piles
in two rows 1 metre apart with split Eamboo fastened‘across‘serfea

their purpose very well.

The implementation of the entire scheme is scheduled to be completed
by 1961.



. APPENDIX I

Design of scale ratios of the Model of Hooghly River
from Bansbaria to Reefs 25 miles below Saugor

.The model of the Hooghly Estuary covers a reach of 115 N miles
from Bansbaria down to Reefs 15 miles bélow the Saugor Light House, The
'Bb"éct*df model experiments is to ini h |

Jec xperiments is to investigate the means of improving

the navigability of the river.-

Length scale ratio: Considering the area available immediately,
the length scale of 1/2000 suggested by Sir Claude Inglis is suitable
“and is adopted.

Depth scale ratio: Sir Claude Inglis had proposed a depth scale

of 1/160; presumably this was based on Lacey's formula which gives

depth scale = (length scale ratio)z/3 = 1/158

;Ho%ever, it was expedient to'examiée tﬁe‘cpoice of depth scale

raﬁi& from the view point of beg movemgnt, tufbulence ete. |
Table 3 gives the computations for Allen's criterion for different

depth scales at various sections along the river from Saugor to Calcu-
tta. First row gives 'h', the depth; second computed veloclty; and
the third fhé Reynold's number. Computed velocity was worked out by
.Dr Jack Allen's formula

- - .2
Ve LaE - ) 1 e B

where

velocity in ft/sec

specific gravity of sard used in the mo?gl

specific gravity of water assume? unity”in this case
length of the side of a cube having the same weight
as the average grain(inches)

uniformity modulus of material

depth of water in inches
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'The average grain size was taken to be the weighted

mean diameter of the Ninan sand viz .09 mm with which

the model bed was proposed to be moulded. Fig 16

shows the sand distribution graph from which the modu-

lus of uniformity of Ninan sand was worked out to be .483.

Comparison of prototyi:e and model values for 1/160 scalel shows

that bed movement may be expected in the model with this depth src‘ale‘.'
It was noted that considering the high cémput_ed threshold velocities
it may be necessary to go in far a .highei:' exaggéré.tion 'of.material of
lower specific grav:i.t.y, unless on account of curvaturqéffect and ‘con-
sequent velocity distribution satlsfact.ory bed movement was possn.ble

Further considering the availability of dlscharge 1t was consuiered

better to work with the depth scale of 1/160 at the outset

From the tabulated values of Reynold's number it will be seemvthat

in each case turbulent flow in the model i2s satisf actorily e;ls'.zréd'.f

Tablel; shows the computations for Reynolds' criterion. It uiill—
be seen that except in the case of 't.he depth scale of 1/80 G:.bson's
eriterion of h3 vV ﬁ? 30 2 0. 09 " was not satlsfled

ever, in the light of experlence of other tidal models it was likely
that the depth scale of 1/160 may give satisfactory results

How—
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:Prototype : Model values for depth scale
svalues for : : : :

smaximum ¢ 1/80 1/120 1/160 : 1/200

_____________ flood & i Lol -i___—
.. h 251 oM 3.756n  2.496%  1.884r  1,500"
SAUGOR % (ft/sec) 5.2 -513 467 443 416
¥R x 1070 130.0 . 1666 0971 .0695 .0520
h 261 1n 3.912n  2.616m  1.956"  1.572n
GANGRA V (ft/sec) 7.4l .520 472 42 420
‘Rx1075  193.29 ° . .1695  .1092  .0720  .0550
h 251 On 3.75%n  2,496n  1.884r  1.500"
BALIRI ¥ (ft/sec) 5.4 .513 467 443 116
Rx1207°  135.0 1606 L0971 .0695  .0520
| ; h. 270 4 41160 2.7480 2,06k L.6hhY
. HOOGHLY V (ft/sec) 7.5 .52 478 LT 21
POINT :.R x 105  205.0 .1707  .1095  .0769  .0581
KING . - h 350 0n 5.2500  3.492"° - 2,628" 2,100
GEORGE  V (ft/sec)  10.7 551 .505 4T3 449
-DOCKS" R x 107>  .37h.5 .26 .69 L1036 0786

* Reynold's number

- -
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TABLE 4 ________.
' Be;tlz ;1 = -:- 3 sVerti-:Max : Q in :Time :Mt?del
scale:16.33 ft: : 3 *  :cal flood smodel :scale :Tidal
tbelow lOOh3 e :h3e\] H/30 :Velor :in  : = sratio :igr;.;:d
:Saugor : : : scity :model: 62 : 8
(£t) = : : cratio :. g 2-0%X107; :18 min
:1/d .10 cfs . min

——— — e - -

faad -— e EE e = e
- — -—eem R e e —m Em R e e = s = -

- s ew = -

1/120 .136 .25 16.67 .0307 1.52 1/2.63 19.00 1/183 4.03
/160 .102 .11 12.50 - .0101 .988 1/4.05 12.35 1/158 4.66

1/200 .082 .06 10.00 .00Lk2  .706 1/5.66 8.82 /141 5.24

- e s Ew am e -
- -
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Fig 2 : The increase in size of vessels trading
with the Port of Calcutta worked out
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Photo 12 : Flood flow pattern with existing conditions Photo 13 : Flood flow pattern with 1200 ft recessio
3 hrs after L W and reclamations, 3 hrs after L W

Pheto 15: Flood flow pattern 47:4 mts after L W



Photo 16 : Flood flow pattern 1 hr 27 mts
after L W

Photo 17 : Flood flow pattern 2 hrs 19-7 mt
after L W

Photo 18 : Flood flow pattem‘.‘} hrs 15 mts
after L W
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