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1.0 INLAND WATERWAYS

1.1 Introduction

The Inland Waterways Authority of India was set up on Octobe

r 27, 1986 under the

Inland Waterway Authority of India Act 1985 for the regulation and development of

Inland Waterways for purpose of Shipping and navigation.

The important functi

ons and powers of the Inland Waterways Authority of India

(IWALI) are as fqllows:

India’s navigable waterway exient nearly over 14,

river systems, canals backwaters, creeks and ti

Most waterways suffer from navi
width during dry season. Thi

result only about hal
als are suitable for mechanised craft (Ref. Table 1.2). =1y op
A
3

Conducting investigations and carrying out Techno-Economic -Feasibility

Studies on Inland Waterways for declaration as National Waterways through

act of parliament.

Development of declared National Waterways by means of conservancy

measures, river training works, setting up of infra-structural facilities etc.

Other connected/ subsidiary functions like regulation of traffic, maintenance

of pilotage, co-ordination of IWT in the National Waterways with intermodal

transport etc.

500 Km comprising variety of
dal inlets (Ref. Table 1.1).

gational hazards like shallow water and narrow
s is compounded by siltation and bank erosions. As a

f the river length 5,200 Km of major rivers and 485 Km of

4

Chapter — 1



VAL } | INLAND WATERWAYS AUTHORITY OF INDIA
m DETAILED PROJECT REPORT ON /&N
heeT

INTERMODAL TERMINAL AT VARANASI
-

Movement of goods by Inland Water Transport system in India has not gained
momentum. In the heyday of steam navigation, steamers used to ply from Kolkata to
as far upstream as Garhmukteswar on the Ganga and Agra on the Yamuna. They
also used to ply, via the Ganga- Brahmaputra linkage as far east as Sylhet and

Assam.

Long range river cargo services entered a period of gradual decline beyond 1850,
which ultimately led to a crash in traffic movement in early 1930’s. Primary factors
responsible for these trend was the decline in navigability on the river Ganga above

Mirzapur and increased competition from the railways and road transportation.

Share of Inland Water Transport in dévelopcd countries like USA, Holland, China
etc. are of the order of 8% to 20% of total Inland cargo, and the share in India is

around 0.1% only, corresponding to 1.0 billion tonne-Km.
The following. three waterways have been declared as National Waterways:

a) National Waterways No.1 (1620 Km_) Connecting Allahabad-Varanasi, Patna
- Semaria - Farakka Kolkatta- Haldia on river Ganges. ( Fig. 1.1)

b) National Waterway No. 2 (891 Km) connection Kolkata — Dhubri — Tejpur -

Guwahati — Dibrugarh — Sedia on Brahmaputra river.

c) National Waterways No.3 (168 Km) kottapuram - Kollam stretch of the West

Coast canal.

Map of India showing important waterways have been shown in Fig. 1.2

Chapter - 1
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1.2

Project background

The location of an IWT terminal along Ganga is most suitable where adequate water
front area with requisite depth of water is available. The site should have an easy land

transport with easy access and egress.

The Ganga — Bhagirathi — Hooghly river system from Haldia to Varanasi has been
declared as National Waterway No. 1 in 1986 and since then various developmental
activities on this waterway are under progress. The provision of infrastructure on the
National Waterway is one of the primary responsibilities of IWAI and as a part of
development IWAI felt that development of terﬁ_)inal location at Varanasi as an
intermodal terminal is essential. With the above background, MECON Ltd., Ranchi, a
Government of India Undertaking was selected to undertake a consultancy service for
the preparation of Detailed Project Report (DPR) for construction of Intermodal
terminal at Varanasi. The objective of the consultancy study is to prepare the DPR
for developing an intermodal terminal at Varanasi so as to develop the terminal as
integrated facility for operation of cargo along with shore based structure and
necessary services with an intermodal connection with rail/road. The proposal will
highlight the preliminary estimate, Preparation of preliminary design along with pre-

construction planning through consultant.

MECON had submitted the draft final report in the month of November 2003 and also
made a power point presentation to IWAI officials on the draft final report at Noida
office in the month of August 2006. IWAI has sent the comments on the draft final
report in October 2006. MECON, IWAI and the barge operators had a mecting at
IWALI office, Kolkata in December 2006 to discuss technical feasibility of operating
the barges at the terminal and finalise the optimum alternative. MECON had also
made presentation on final report to IWAI officials on 19.03.2007 at IWAI office,
NOIDA during which the report was accepted by IWAL

Chapter - 1
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The terms of reference for the above study are indicated below.

Terms of reference

Review of the traffic projections for terminal at Varanasi based on the earlier
reports/as planned/projected by various concerned agencies and fix up the
traffic for the future for the time frame of 2005, 2010, 2015, 2020. While
working out traffic projection, the commodity wise traffic inflow and outflow

will be conceptualised for the above time frame.

Study the fiver morphology and other related aspects and identify different
alternative locations as possible terminal sites, in view of berthing facilities,
requirement of river training/ protection works, inter model connectivity with

both rail and road, easy access and egress, availability of land etc.

While conforming the terminal location from various possible locations, the
best alternative location /locations are to be identified considering intermodal
connections with road and rail, duly describing the merits and demerits of
each alternative site along with the availability of backup land and the land
provision in the Municipality / city development authority ctc. Alternative
locations should include two sites at Kaithy on opposite banks as tentatively

selected by IWAI and also at Gauraghat which are downstream of Varanasi.

Recommend cargo-handling facilities required at the terminal. While
conceptualising the facility, the norms prescribed for operation along with the

inter model compatibility with road and rail, its merits and demerits will be

discussed in details.

Chapter — 1

Pag}ﬁr of 7

e Ty

(
i

4

EE B NN NNNENRNNENNNENENENENENENFEENFEEEEEEEEIEYEEEY



P ® O ® 0 0 00 000000 00 0©0¢C 00006000 9090000000000

. INLAND WATERWAYS AUTHORITY OF INDIA

W' DETAILED PROJECT REPORT ON /&N

INTERMODAL TERMINAL AT VARANASI
o

10.

1.

Undertake the required soil investigations at identified terminal for selecting

and designing suitable river/ shore structures.

Design suitable terminal structures including berthing facility, storage,
bunkering, inter model connection and mechanical handling system etc, for

the identified terminal site duly describing various alternative propositions

Prepare the preliminary cost estimate of various alternative possibilities and
recommend the optimum alternative, considering the capital cost and

operation/ maintenance cost, and merits and demerits with respect of technical

and operational aspects.

To prepare the detailed estimates, detailed drawings, bill of quantities along
with tender documents containing general conditions, special conditions with

technical specifications for various subheads of the terminal projects.

To prepare economic viability of various alternative taking into consideration
the cash outflows and cash inflows and other benefits including saving in turn
around time of IWT vessels and recommend option.

Accordingly the FIRR and EIRR are to be worked out for each altemative to

substantiate the optimum option recommended.

Recommend various charges for using the terminal facilities along with

container handling / bulk cargo handling etc.

Prepare a realistic construction schedule for the terminal indicating the
priority of works along with the schedule. The phasing of expenditure is also

to be worked out.

Chapter - |
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Navigable waterways in India

Table 1.1

Navigable waterways * (km.) . Density of navigable
State ‘Rivers Canals Total waterways (per 100 sq
(km.) (km.) (km.) km. of area)
Andhra Pradesh 309 1650 1999 0.72
Assam 19;83 - - 1983 2.53
Bihar 937 325 1262 073
Goa, Daman & Diu : 317 25 ' 342 9.00
Gujarat 286 - 286 0.15
*| Jammu & Kashmir 200 - 200 0.09
Karnataka 284 160 444 0.23
Kerala 840 708 1548 3.98
Maharashira 501 - 501 0.16
Orissa 761 224 985 0.63
Tamilnadu - 216 216 0.17
Uttar Pradesh 2268 173 2441 0.83
Westbengal 1555 782 2337 2.66
All India total 10241 4303 14544 0.44

* These include all waterways navigable by country boats

Source: Indian Ports Journal, October 2000

Chapter — |
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Table 1.2

Navigable length of important river system of India

S. No River system Navigable length (in km)
By boats By steamers
1 Ganga River system 3355 85
(excluding Hoogly)

2 Brahmaputra river system 1020 747
3 Rivers of Westbengal 961 784
4 Rivers of Orissa 438 42
5 Godavari riv.er system ' 3999 -
6 Krishna river 101 -
7 Narmada river 177 48
8 Tapti river . 24 24

Source: Indian Ports Journal, October 2000

3‘3 e Chapter - 1




© OO0 0O 09 OO 0V OO0 OOOGOEOFOCLOGOIOGNOGPGOD OOO®ONFODESEOES®OOTES

p—UCT

— s el

e .
%‘n.l
T
|
» u OvaYHY W - ¥NIvd *
whiYd = INdIVOTHE . :
— — = ANVONAGY TVIDUVMYILNT &AdIVOVHG  R3EIYL . QONH3d
- - v nsg - -~
ATvanie ssIme T rien aronien (QV37HYIVY - ONVISE HVOVS) *
Eaha SR L ETET (SW¥ 0Z91) W3IGAS H3AIH ATHOOOH-1HLVHIOVHE -VONYD |
_,.m.\.,\_ teooy CTUTHYIIE - wnivd ) _{.IOZ }qgmuu_lqg l—fﬂ‘zo —I_qu
P B 0EY | Twro9y VYNIVS - VivTn©s ! ] .
o TuN0IS VN - (10BS ) vizvvn sEHiE _.. 1
; TEnVED GBI - o ; W:slaved YAHT v om
i ~, -~ J.
v k4 Y f
\.. w — -\.'IJ.
" .
H fwyzen) ¥ e R
Fg P g ez
IH A erer vy = I lumag i
i ﬂ rrun e 14 5c2) o . fusn fuge) 19 : .
4 B WITE e ganTirr = - ol Jr==ton 3
t e — Rl o BV -~ s v T |
2N ANy VD B e 11 ooy - A
.... . A rmang o g a fard f n.uq..rm.. =T Yere
- T A0 ud . : i ST
J \ .u i i - ’ .....mu....mrmu..ur.u..u ! HE3avmed 17180
N, . [CEY-LITH -
-
Y
0_ -.q
£ 7
\..\ \.\ iid
S
—...m_n_ .(\ﬂ\ e i s Ay ﬂ
N — LD L W Tt egting i R G B 3 S AN . —




3

‘ " ';: E
%
w At
3

i,
f

It
N
Y
=

]
it

l’.ﬂ;‘{: 3

MAP OF INDIA

fal

o SHOWING IMPORTANT WATERWAYS
5 TDENTIEIED BY NATIONAL TRANSDOORT POLICY COMMITEE {1380
P LZZEND
S ST wema  CECLARED
f.’ “ R m—tz  IDENT FIED
N it ot am TERANATIONEL STEAWER 3TUT

f‘\

i SUNDERBANS

5 -

Y
3 2 ¢ :
3
= oF i
L oo
'5"4:“'&?:.
£ M G A L

ANDAMAN & NICDOBAH

ISLANDS
I N D a) ,
0.0
&
3
D CE AN
Sr. N@ | Particulars Stretch | kms | Remarks
1 GANGA - BHAGIRATHI-HOOGHLY RIVER SYSTEM| ALLAHABAD- HALDIA(SA -
(up, a?mgc_‘,'w:ssr BENGAL) AR Eiato | 1620 |DECLARED
2 BRAHMAPUTRA R|VER (assaM) DHUBRI(B.BORDERI-SADIYA]  B91 | DECLARED
3 SUNBERBANS RIVERS & CREEKS SYSTEM  |NAMKHANA - B.BOWDER | 197 | STUDIED
| {Wes} "BENGAL) .
4 NARMADA RIVER(MP, GUJARAT) HOSHANGABAD-8HARUCH| 640 | STUDIED
S TAPL_RIVER (GUJARAT) SURAT - SEA MOUTH 25 [IDENTIFIED
BALPUR - PARADEEP
6 )\%m%m“mm RIVER(ORISSA) ?ﬁ‘cnen-mmnﬁpﬂﬂni_“mzso STUDIED
7 |} GOCAVARU'RIMER (ANDHRA FRADESH) RAIMHMUNDRY - CHERLA| 208 [STUDIED
a %lSQNA !glg}én [ ANDHRA PRADESH) | NAGARIUNA SaGAR DAM | 163~ 2
9 o : | B CUMBERJUA RIVERS i%iﬁ?ﬂ;i,i‘f‘abfgﬁl“ )
i ST CaNAL TOTASRAM - KCLTh
R ey pET |=m\. LT e |
LI T

EEEEEEENEY N NN R XN N B N N N N B N N B N B S I N N N




CHAPTER -2

TRAFFIC ANALYSIS

_4”9‘

20 0000060 00000 0 0090 0000 @00 accededaooeoao e



PO OO0 O 00 000000 0000000060006 060 9020600600000 ¢

‘ . ‘A ) INLAND WATERWAYS AUTHORITY OF INDIA

2.0

2.1

DETAILED PROJECT REPORT ON /ﬂ
INTERMODAL TERMINAL AT VARANASI
T
TRAFFIC FORECAST
Prelude

This section deals with the assessment of traffic expected to be handled
by the proposed Varanasi inter-modal terminal up to the years 2020. For
the preliminary assessment, the cargo potential for the terminal at
Allahabad is taken as within the command area hinterland of Varanasi
terminal, as the distance between the proposed terminal at Varanasi and
that of Allahabad is only 120 kms which is not a long distance for large
terminals as also cargo origins and destinations because in future, it may
over-lap due to further industrial development of the region. The trigger
effect of the terminal is not considered in this preliminary assessment, as
this is still indeterminate at this point of time. Moreover it can be
influenced by the implementation of any one terminal either at
Allahabad or at Varanasi,

The intermodal terminals with container handling capability and with
provision of transshipment facilities are considered. ‘Large’ terminals
require an acceptable volume of traffic even if it needs to be developed
over a pe-iod of time. The consideration that road transport distances for
cargo generation/receiving points from the terminal may not be applicable
for ‘large terminals’ since the industrial development is perforce to be
along the river to meet such conditions. In a situation where non-river
transport models had over decades a development edge, the existing
industrial locations were based on various criteria, such as weightage on

rail / road transport support. If the IWT is to take advantage of the

expansion / capacity additions of such existing industries, plants etc, the

®
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needs to be compared 1o the ideal near-the-bank location. In these cases,
cost comparisons made by cargo owners may show favour for the
continuance of the present status quo rather than the total shift of this
commodity to the IWT mode. This is due to the investment already made
by the owners over a long period in supporting transport infrastructure for
raw material receipt and finished goods distribution. Therefore it is not
conducive to use the cargo volume potentials of such industries as
qualifying cargo for the IWT terminal unless the owners fully commit the
cargo for passage through the terminal. Several previous studies have
made traffic projections on the assumption of total shift of such cargo 1o
the IWT mode. In subsequent paras the maximum share of the shift to
IWT mode with logistics has been worked out,

However, if near the bank of river, industries become a reality by taking
advaniage of the terminal, the same will be due to the existence of the
terminal thus causing a trigger effect. But this will take a longer period
after the terminal starts functioning as the accepted norm that the terminal

waits for the cargo rather than cargo waiting for the terminal is the

general criteria,

The ITWT mode with all its working infrastructure like intermodal
terminals, navigational requirements, least available depth (LAD) safety
etc, will have the following advantages : saving of fuel, relief to the
Rail and Road mode caused by shift of low and medium value cargo to
IWT, enabling them to carry high volume fast delivery items causing
increased revenue without large incremental investments, environmental
degradation is largely minimised or even eliminated which is more cost

effective, ~additional employment generation triggering  social

like vessel
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building, vessel repair, communications etc. which enhances national

economy €rc.

Hence the above contribution of IWT on the national economy, will
require that shift of cargo to IWT to be made mandatory in qualifying

cases and that any costs to the owners for investment in support
infrastructure to move cargo to and from the terminal may require to be
subsidized in view of the economic gains accruable by use of the IWT
mode. If this is not done the projection of traffic would only be wishful. It
is worth while to mention that the National level Interactive meet on
IWT organised by the IWAI and FICCI on 8" June 2001 has brought out
the problems / deterrents in the introduction of IWT in the country and

the IWAI paper has emphasised the above premises.

Review of past studies

Review of existing literature reveals a number of studies carried out on
IWT mainly with the objective of comparing [WT operating costs vis-
a-vis road transport costs. It is worth mentioning that all the studies

have pointed out comparative advantage of IWT over road

transportation of bulk commodities.

National Transport Policy (NPT) report prepared by the Planning
Commission, 1980, is a comprehensive study on economic analysis of all

major modes of transport system, v.i.z., rail, road, coastal shipping and
IWT.

The Bahgwati Committee has examined the major river systems in the
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treatment was given to traffic potential. Moreover, the study also
mentioned historical navigation in some of the Ganga tributaries, Ghagra,
Sone and its Yamuna canal ete. The important implication of the study is
that if these ever become navigable in future, can open hinterlands with

impact on Allahabad / Varanasi traffic.

National Council of App]icd Economic Research (NCAER) has carried
out a study on IWT services on Ganga between Allahabad and Calcutta
with emphasis on estimation of potential traffic, economics of barrage
operation vis-a-vis other modes transpori, investment appraisal of IWT
services etc. A techno economic feasibility study on NH-1 as also been
earlier conducted by CES. In case of traffic forecasting, the hinterland is
defined as a region within 20 kms from the river. The demand for goods /
cargo is assumed as function of population concentration and mining /
industrial complexes. Projections are made considering the above factors,

consumption and production parameters.
Traffic projection

The total route of water ways to be covered by the Varanasi terminal is
in fact, Varanasi - Allhabad - Patna - Kolkata, In this route, majority of
the cargo is handled between the Patna - Kolkata segment because of
the advantages of sufficient water. Table-1 depicts commodity-wise
cargo handled through the Patna-Kolkata segment by CIWTC. The table
amply reveals that fertilizer, met coke, cement and stone chips are the
major ilems bandled during the period. Itis also observed that the
quantity of these items as well as total volume of inland water traffic

through this segment is quite low. A close examination of the historical

Page 4 of 29
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@) that there is tremendous fluctuation in traffic, both in terms of quantity
o and value during this period. This has important implications from the
C}f point of view of quantitative analysis/ modelling.
O
°® Table-1
INLAND TRAFFIC HANDLED BY CIWTC DURING 1991-92 TO 2000-01 ON NW.-1
® Q = Quantity in MT V = Value in Rs lakhs
® SL 1991/1992-11993-|1994-{1995- l996-l997-l998|1999—2000-
) No. Item Unit) -92 | 93 94 935 96 (97 | 98 [-99| 00 | 01
OLKATA-
O A [PATNA
1 [Soap Q 19
® V] 05
o 2 [Fertilizer Q | 180] 532
V| 09 1.06
@ 3 [Stone chips Q
o v
4 [Met coke Q 7409 6300 1488
o A 18.8/ 18.3 9.01
: 5 |Paper Q 452
v 113
@ 6 |Pipe Q
Vv
@ 7 [Tug high Q
® v
8 [Cement Q 500
O \ 1.4
9 10DC Q 594 637
o Vv 62 56
® 10 {Silica sand Q
Vv
@ 11 [Project cargo Q
\'s 20)
® 12 Jute Q 600
@ \i 4.0
13 {General cargo Q
© R
(5] _SLIB-TOTAL (A)| Q | 199 8393 6300 0 594 011237
P TN v | 142099 183 0 6.2 20.0 9.
¢ S NG | )
® N 7 =)
O g O ! Chapter - 2 ~//Page 5 of 29
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ATNA-

B [KOLKATA

Soap

Fertilizer

57§

1.4

Stone chips

160

3155

2148

0.16

4.1

3.0

Met coke

Paper

Pipe

6.6

1.0

Tug high

Cement

ODC

10

Silica sand

228

0.46

11

Project cargo

Tute

13

General cargo

10

3.1

0.02

0.06

SUB-TOTAL (B)

170

11.7

3135

2148

804

0.18

1.06

4.1

2.96

je] [en]

1.86

(A+B)

GRAND TOTAL

369

8405

9455

2148

1398

1237

<O |[CRI<I0ILO|I<I0I<IOI<IOILCICIO| SOOI <O << <O

1.5822.05

22.4

2.96

8.06

9.6

Chapter - 2

CH E E E N N ENENNENENENENEENEEEEENFEEE R E EE R E Y Y REEYY



P ® 0O OO 00 000000000006 006000600606000000000060s¢

. * | INLAND WATERWAYS AUTHORITY OF INDIA
M\“ DETAILED PROJECT REPORT ON 7.\
INTERMODAL TERMINAL AT VARANASI N,
L)

The inland water cargo demand encompasses the local needs of the
commodities for a short radius and primarily for river crossings.
Projections norms based on population, regional economic development
etc are valid but the traffic generated by the upgradation from time to
time adds up to a satisfactory quantum for sustaining a long IWT
waterway. But such regional developments are required to be super
imposed with heavy industrial outfits like power stations, steel, cement
and fertilizer plants, food grain movements, mining / mineral processing
etc along the waterway. The cargo origin locations and user points
supplemented by finished product out letting and distribution through
base terminals will give large traffic volume with incremental
argumentation for years to come. These are based on national planning
i.e. Five year plans and only such large development features requires to
be considered for analysing the traffic block for the terminal. Other user
contribution becomes a bonus if a terminal is made to exist, Exports to
other countries like Nepal or further overseas through Kolkata / Patna
offer a valuable cargo base for the terminals. The influence area for the
proposed terminal at Varanasi will have hinterland area extending upto
Renukoot where big industrial units viz. HINDALCO, NTPC super
thermal power stations and Rewa area where cluster of industries exist.
The influence zone-can also extend towards Kanpur and Jagdishpur /

Bhadohi where big industrial areas exist.

The Tenth plan sectoral reports which are under finalisation are expected
to throw light on the developments planned with regard to industrial and
infrastructure projects along the hinterland of the Ganga-Bhagirathi-
Hooghly river system. Their Influence on the Varanasi inter-modal

terminal by way of cargo traffic generation hence requires to be assessed

when the data is made avaijlable.
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24 Traffic assessment

As mentioned earlier, the historical traffic data do not reveal any trend
or cyclical pattern. The major reason being lack of proper terminal
facilities in IWT. As the proposed Varanasi inter-modal terminal is
developed, it is expected to attract traffic not only because of the
improved facilities but also due to cost-effectiveness of transport. In
such case, it is worth while adopt to the Delphi method which is

based on expert opinion.

The forecasting exercises on future traffic potential were carried out on
the basis of time series data available from secondary sources. The time
series on different cargo transported by inland water ways through the
considered route (or the study area) for the period 1991-92 to 2000-01
were thoroughly examined before selecting the most suitable forecasting

technique. In course of this, the following trends were observed:

= In most of the cases the time series were not complete, ie., a
particular commodity (or cargo item) observed to be transported by
inland waterways in this route for very few years.

= Therefore, statistical analysis like trend, econometric modelling etc.
(done by way of conducting curve fitting experiment on past trend,
causal relationship of demand and its determinants etc. ) was not
possible due to lack of “degrees of freedom™.

=> As the number of observations (in the time series) for different cargo
items were quite less, Delphi was considered as the most suitable

. technique and accordingly, applied in the study.

As} result, various authorities were contz to obtain necessary

authorities were
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contacted for evaluating the possible traffic levels of cargo owned by

them and to assess the extent of modal shift that can be encountered by
them :

Electric Authority

. Food Corporation of India

J Cement Manufacturer Association
. Fertilizers Association of India

. Varanasi Development Authority

. UPIDC, Varanasi

. Individual Exports in the respective fields

The general theme propounded by the above authorities is that the Cargo
availability as at present is not the issue since the cargo movement in the
rail route connecting Allahabad~Farakka-Calcutta is taking place over
very long period with investments made in transport infrastructure. The
expectation of the authorities of the above institutions is that the total
package of cost in the movement of cargo to the leading terminal, the
river transport and exit of cargo from the delivery terminal required to be

lower then the present cost incurred by them in the existing rail / road
transport of cargo.

In order to establish a cargo base for the terminal at Varanasi, it is felt
that large volume commodities like coal, fertilizers, food grains, POL
cement and stone would conslitute a good base as the commodities for

exports to Nepal. Major commodities that can be handled at the

- cemprapgsed Varanasi terminal can be listed as follows :

e X
“ir_ e 1 Sugar

® | Fertilizer

&y m
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-z W Ee |
! * )2

Chapter - 2 Page 9 of 29

6%



e ‘A o INLAND WATERWAYS AUTHORITY OF INDIA

W DETAILED PROJECT REPORT ON /RN

INTERMODAL TERMINAL AT VARANASI

e Cement

¢ Iron and steel

¢ Coal

e Jute

¢ Stone chips

¢ Cereals and pulses
* Project cargo

o Consumer products
e POL

¢ Nepal traffic etc.

Although other potential cargo movements also exists but their viability

of operation have been discussed separately under 2.4.7.

Cargo movement through Varanasi terminal is likely to be within a
region (i.e., regional) or between nearby regions (i.e.inter-regional)
(Table-2). It is observed that sugar, jute, consumer products etc. are
specifically subject to inter-regional movement while itemns such as coal,

cement, stone chips etc. are usually for regional movement.

Table-2
Distribution of commedities by type of movement

Type of movements Commodities

Regional Coal, POL, Fertilizer, Cement, Stone
chips, Cereals and pulses

Inter-regional Cereals, iron and steel, sugar, Jute,
consumer products

Through Nepal imports and exports

Chapter ~ 2 .,/ Page 10 of 29
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It is now worth while to discuss about packaging of cargo because it is
one of the major aspects in regard to safe transportation. Table-3 depicts
packaging of major cargo which may be handled through Varanasi
terminal. The table reveals coal is transported in bulk while other type
of cargo are generally transported in bags. As the terminal at Varanasi

brings more facilities for the users, a substantial share of cargo may

be containerised.

Table-3
Commodity-wise packaging in practice
Commodity Packaging
Coal Bulk '
Fertilizer Bags of 50kg
Cement Bags of 50kg or Drums of 250kg.
Stone chips Bulk
Cereals and pulses Bags of 100kg
Sugar Bags of 100kg

On this background, the traffic assessment for the proposed inter-
modal terminal at Varanasi is made. Most of the studies mentioned in
the review of literature, on the Ganga-Bhagirathi-Hooghly waterway,
were carried out long ago, i.e., about 10-15 years back. The latest one
is the NBCC (draft-report) on Allahabad terminal which thoroughly
reviewed and in turn, utilised the projections made in the previous

studies / reports. The traffic projections made in the present study are

discussed in the subsequent sections.
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2.4.1

Coal

Coal mine companies deliver the coal at pit heads and users transport it to
the thermal stations / industrial plants by rail/road as suitable to the
respective destinations. In the case of power plants except for short haul
road haulage to rail head from the pit head, their onward delivery to the
power plant is by rail upto rake unloading point at the power station. A
well planned and coordinated rail movement has been established over
decades optimising the stock pile to be maintained at both mine and

power plant ends, empty wagon generation and the effects of dislocations

caused by monsoons, mining problems etc.

It is considered that as such the delivery cost of coal is very high.
However, authoritative sources indicate that inventory costs and certain

level of cargo loss also contributes to the high cost of coal delivery.
Coal Movement by I'WT could obviate certain constraints as noted below,

* Relieve the rail mode future coal transport burden thus enabling the
potential of higher value cargo movement by rail.

e Eliminate cargo losses

* Provide cargo sufficiency for viable IWT and terminal operation

giving large quantum movement.

As regards inventory, the criteria for stock maintenance may be re-

evaluated and at best inventory may not increase by use of IWT even

though consignment delivery may be longer than that of rail mode. The
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Moreover like pit head power stations and coastal thermal stations river
bank power stations can be developed over the next 15 — 20 years. A

modal shift of this cargo can give a fillip to IWT as per dbove.

Most of the power stations in the NW-1 are below Patna. The power
stations are located at Barauni, Kahalgaon, Farrakka, Bendel, Titagarh,
Budge-Budge and Kolaghat. There are proposals to setup power stations
at Barh also. The Coal Linkage Committee of the Ministry of coal has
indicated a potential of 7.62 million tonnes/year in the X Plan period for
movement in the NW-1. As for the Varanasi terminal, power stations in
the Varanasi hinterland if developed would contribute to coal traffic from
Raniganj (Coal mines) on the NW-1 and for the terminal at Varanasi.
Already power plants viz. Unchahar, Renukoot, Tanda are present in the
region and coal movement for these plants through IWT can be planned
and moreover it can be influenced by the implementation of any one

terminal either at Allahabad or at Varanasi.

The coal movement is from Rajmahal coal fields towards Allahabad and
Chapra for industrial use. Coal for UP power stations is not moving by
IWT and needs to be attracted by IWT. Without the confirmed power
station developments for the 10" plan, it is difficult to accurately assess
possible coal movements through Varanasi terminal. However industrial
consumption can be placed at 100,000 tonnes for 2005 and 125,000
tonnes for 2010. This is based on Coal unloading at Allahabad of 102600
tonnes for public sector and 342000 tonnes in the private sector with a
total 4444,600 tonnes as reported in NBCC report. Industrial coal
consumption at Varanasi destination is placed as above specifically for

industrial units near Varanast and Allahabad traffic which will not shifi.
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2.4.2

Fertilizers

Fertilizers are continuously increasing commodity for distribution to
agrarian sector spread over the country. Though seasonal in nature, the
quantum of traffic is considerable and the delivery requirements are
critical. The use of urea accounts for around 70% of total fertilizer
consumption and the distribution of urea under Essential Commodities

Act is controlled by the Central government policy frame work.

The present mode of transport utilizing rail/road system is reaching
saturation levels and the fertilizer utilization is continuously growing to
meet enhanced agricultural production. Fertilizer manufacturing units are

concentrated in the state of UP and the distribution is for UP, Bihar and
West Bengal. '

The importance of this commodity vis-a-vis transport is well understood
from the fact that the present production level is about 20.0 million
tonnes/year and the growth of production is going to be at least 5% per
year for next 10 years if the growth rate of the 90's is to be maintained

which was around 6% per year.

NCAER (2000) has taken up separate analysis of urea to be distributed
from UP to Bihar and West Bengal. This is logical in the context of
Varanasi terminal since NW-1 movement can originate from this
terminal. Further, this analysis is for the additional movement of urea
leaving the present level of rail / road transport i.e. as cited earlier this
becomes a qualifying modal shift thus rendering the investments already

made as usable fruitfully.
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NCAER projection is cited below:

{tonnes)
UREA DISTRIBUTION FROM UP
Year To Bihar To W. Bengal Total
2001-02 161000 123000 284000
2006-07 378000 215000 593000

Other fertilizers such as DAP and MOP come from Haldia. The assessed
requirement for 2000 for UP distribution is 1125000 tonnes of DAP and

150000 tonnes of MOP totalling 1275000 tonnes as per data of MOA
cited by NCAER.

This would mean that for the present base year 2001 the total UP
outgoing and incoming traffic in fertilizers would be 284000 t + 1275000

= 1559000 t. This is a considerable quantum of traffic.

NBCC projection for Allahabad gives the following;

Year 2000 2005 2010 2015 2020
Unloading 68000 70000 80000 14000 | 15000
Loading 24000 250000 275000 | 280000 | 290000
Total 308000 325000 355000 | 420000 | 440000
(Tonnes)

Considering the fact that Varanasi terminal will be Uttar Pradesh’s inlet

and outlet the terminal will cover the command area.

As for other projections, the IX plan Working Group on IWT has
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2005 and 675000 tonnes for the year 2010. This is for entire NW-1
movement. This is also a very conservative estimate, Of this 70% will be

UP receipts and despatches and this matches NBCC projections.

The report of the working group of IWT for the plan Ganga National
Waterways No. 1 indicates that for the year 2005, 571000 tonnes will be
the total movement. This includes all fertilizer movements in Phulpur -
Ballia, Barauni-Chapra and up to Farraka. The NBCC projection for
Allahabad terminal is 96,000 tonnes (high scenario) for 2005.
Considering the fact that Varanasi has 40,000 tonnes capacity plant and
taking 50% of this capacity as distributable by IWT and taking 50% of
other types of fertilizers to be distributed 1o the Varanasi hinterland, it
works out to (20,000 t, + 96,000/5) = 68,000 tonnes. In addition to this
about 26.7% of the NBCC's projected fertilizer cargo , i.e., 257,000
tonnes is likely to be attracted by the Varanasi terminal. This would
result in a total traffic of around 325,000 tonnes for 2005. This traffic
is assumed to grow by 1.8% pgrowth rate per year, leading to the
projections for 2010 at 355,000 tonnes. Fertiliser movement by the
plants in the hinterland namely IFFCO Allahabad; IGF,Jagdishpur,
DUNCAN Kanpur is envisaged to be covered by Allahabad terminal.

Food Grains

Food grains primarily cereals are moved from Punjab, Haryana and
Western UP to other regions of the country. The long distant movement is
primarily by rail with short hauls of road transport. Local distribution for
commercial trade for the public distribution system [ration shops) and for

industrial supplies i.e. flour mills, bakeries etc. is done from selected sub

centres afier rail movement from grain produaw of Punjab,
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Haryana and Western UP.

Considerable food grain movement is taking place from the North to
Assam and other areas in the Northeast. The movement route is Punjab/
Haryana/ Western UP rail heads to New Bongaigon by broad gauge and
there after transhipment to metre gauge for onward movement to north
easiern states. This movement totally takes 12-15 days, with attendant
problems of double handling and additional storage. FCI statistics
indicate that in 1998 broad gauge and metre gauge train movements from

New Bongaigon amounted to 1280.000 tonnes. This is also referred by
the NCAER (2000) study.

Discussions with FCI gave definite impression of their encouraging
views on IWT for moving food grains. It was also pointed out that FCI
made experimental run of 200 ton food grain barges from Allahabad to
Varanasi in 1998 in order to come to full understanding of the
characteristics of IWT mode. They experienced certain problems on the
movement of barges at that time. But with the committed development on
the water ways (NW.1 particularly) initiated by IWAI for giving complete
navigational characteristics to the operating fairway the problems
observed by the FCI during their trial shipments will be non-existent.
NCAER (2000) study had recommended that the train movement from
North can terminal at Farrakka instead of New Bangaigon and thereafter
NW.II can be used to carry out barge movement from Farrakka to six
terminals in North East i.e. Dhubri, Jogighopa, Pandu, Tezpur, Nemati,
and Dibrugarh, covering the whole of North East. From Farrakka the
protocol route via Bangla Desh can be used, as observed by the NCAER.

Chapter - Page 17 of 29
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As for rail transport from Punjab, Haryana and Wester UP down to
Farrakka as recommended above (NCAER) it can be planned inview of
the advent of the Varanasi terminal (which is the nearest IWT terminal to
upper Northern India) that food grain transshipment terminal can be
established. To begin with % of the total train movement in food grain
can terminate for onward movement by barges through Varanasi terminal
on NW.I and further move onwards through Farrakka to NW.II for the
Dhubri, Jogighopa, Pandu, Tezpur, Nemati and Dibrugarh river ports.
This fits in with the purpose of IWT experimental movement done by FCI

earlier.

The absorbtion of food grain traffic on the Waterway NW.I from
Varanasi - Farrakka - NW.II -- Protocol route to Assam through Kolkata
and Sunderbans / NE. States can commence from % of the present train
movement and accommodate the further growth totally on to the Varanasi
terminal-head for NW.I, NW.II for through movement to Northeast. In
view of the past O-D trend of food grains, it can be argued that cargo
transported by inland water ways in or out of North East, through any
protocol route, will not have any significant impact on the future cargo

potential (traffic) at Varanasi terminal.

As for traffic projections the following statistics are reviewed :

2000/01 2005106 2010 2015 2020

IX Plan Working Group 900,000 1165000 1193000 - -

(for NW.1)
NCAER 1350000 1480000 - - -
NBCC 365000 355000 360000 380000 430000

[%%(\ )fﬁ’a’)
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In the case of food grain a very large quantity consists of cereals (wheat
& rice) and a smaller quantity consists of pulses and oil seads. Evidently
upper northern India supplies the cereals to down south overall and in the
eastern region also from Punjab / Haryana / Western UP the movement is
for Northeast. Considering physical fact that nearest IWT river head for
upper northern India being Varanasi Terminal the modal shift will take
place at this location i.e. Railways will be relieved of carriage of grain

1620 km (equivalent) + New Bongaigon (MG) to north eastern location.

In North East, road is the major mode of transport due to its natural
advantage. With extension of BG line to Tinsukia rail transport became
more attractive than earlier. In such a situation, it is reasonable to assume
a shift of food grain movement from Allahabad / Varanasi up to or around

“a. A higher proportion of shit may lead to serious overestimation of

demand.

In the projections of Working Group on IXth plan for total passage

through NW.I the component of cross traffic is not separately given.

The burden of projection in looking for cargo for modal shift, lies on
getting a definitive demand pattern supplied from known source. This is
Punjab/ Haryana cereals going to deficit North East. NCAER has
correlated this with present Punjab/ Haryana to new Bongaigon (BG) and
onwards to other North- Eastern location by (MG) as transported by Rail.
Taking confidence on this ever -- to -- continue traffic, projection can be
made for Varanasi as the terminal head. Taking ' of present traffic as
modal shift from now and providing a raise of 10% for 5 years period the

cargo projection is made below on NCAER/ FCI rail movement base.
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2
Tabie-4
Projection on_Food Grain
Year 2001 2005 2010 2015 2020
; Food Grain IWT movement from Varanasi (tonnes)
337,500 371,250 408,375 449212 494,133

Presently country is surplus in food grains and it is possible there can be
readjustments in crop pattern for a while. However the demand of the
North East will continue and increase in annual demand wil] exist. Hence
a moderate value of 2% per year as increase in demand is taken towards

IWT account. Since the grain movement from Punjab/ Haryana to New

- Bongaigon onwards to North East states would continue to co-exist with

IWT movement of Varanasi - Farrakka - Protocol route - North East river
ports (commencing with % shift) the annual demand increase of 2% per
annum is considered sufficient for terminal provisions for IWT of

Varanasi,
Petroleum Oil and Lubricants (POL)

POL is energy related critical commodity. India produces around 65.0
million tonnes of crude. The refining capacity is about 62.00 million
tonnes with 14 refineries. In the hinterland of Varanasi there are no
refineries and therefore POL load out of any form and crude inflow will
not be a terminal traffic. However the local requirements and POL
movement to UP, nearby to the terminal are being catered by rail/ road
from Barauni refinery. This POL traffic can be attracted to IWT mode for

out loading at Varanasi terminal towards onward dis
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Present mode of transport as has been used over long periods are
Railways and pipe line transport of crude. POL products are mostly
transported by rail and road. Presently pipe line mode is saturated.
Potential exists for IWT for crude and product movement. This is in the
overall context. As regards Varanasi terminal, the possible movement in

NW.l is to be assessed. As for projection of POL traffic for the terminal
the following references are cited.

NCAER 15.0 million tonnes potential for 'WT on NW.I and NW I1.

(Keeping the Assam refineries in context only NW.II IWT
potential is projected).

Agency/ Year 2000 2005 2010 2015 2020
NBCC (CES study reference 1982)
250,000 260,000 270,000 280,000 290,000
OCC reference (2000) Haldia — Allahabad
240,000 -- - - -
NBCC (OCC ref. Extended)
240,000 260,000 265,000 270,000 280,000

IX plan Working Group on IWT
295,000 377,000 481,000 - =

It can be observed that all the projection are nearly similar. NBCC has
extended OCC reference to additional 5 year periods with notional
growth rate for 5 years. Working group on IX plan for IWT have taken a
growth rate of 5.5% per year. it is observed that the projections cited
above are in some range and it is considered that IXth plan Working

Group’s projection be adopted with 5.5% per year for growth for the year
2015 and 2020,
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The projected POL traffic is as follows :

YEAR TONS

2000/2002 295,000
2005 377,000
2010 481,000
2015 613,275
2020 781,926

Iron & Steel

‘According to NCAER (2000) study the iron and steel movement will

intensify by 2007 due to the capacity upgradation of Durgapur Steel
Plant. The supply of steel to northern India is about 50% of the 15470
monthly Wagon despatches and about 35% is supplied to eastern zone
stockyards. All of these are along NW.1. Observing this aspect NCAER,
has derived that by 2007, with 3.0 million tonne / year capacity 47% of
the Durgapur Steel Plant products can be moved by NW.I.

The movement of iron and steel on account of DSP expansion is in the
part of NW.1 i.e. Durgapur - Farrakka (onwards to Guwahati), Durgapur -
Shalimar Durgapur - Haldia onward to coastal shipping to Vizag, Chennai
etc., and Durgapur to Bangla Desh. So far for the prospect of using NW.1.

However the iron and steel for the terminal of Varanasi requires to be

examined.

The point to be noted is the present and further hes of steel

materials to northem India cited as 47% of qbsc;?.“el - monthly\despatches
! 1 | |
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qualify for NW.I up steam traffic to be terminated at Varanasi for onward
distribution. The monthly despatches as observed by NCAER is 15470
wagons. This at a conservative estimate amounts to about 386750 tons/

year. The NBCC study (likely Scenario) indicates the following

projections on iron and steel :

Year 2000/02 2005/06 2010 2015 2020

Unloading 10,000 10,000 11,000 12,000 15,000
Loading 8,000 10,000 10,000 13,000 14,000
Total 18000 20000 21 000 25000 25000

CES Study, 1982
(unloading) 11880 14270 - -

There are certain iron and steel works in the Allahabad - Varanasi region.
Movement of steel is both upsteam and down stream with Patna and
Varanasi respectively as nodes. Howrah / Calcutta to Varanasi movement
also takes place. However the intent is to make Varanasi a terminal point

for north bound steel cargo emanating from Durgapur steel belt putting
NW.I to best use.

Considering the fact that (NCAER Study) 47% of steel movement is for
northern India as such Varanasi terminal could become a receiving point
in future and the attraction of cargo to IWT mode in NW.I from SAIL
plants will take place. Therefore, with these possibilities there can be a
larger cargo quantum. The recommended projection based on this

understanding is given below. Only unloading_at_the terminal is
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2.4.6

product whose modal shift is indeterminate. Whereas movement due to

supply from Govt’s. Plant to industries is determinate.

The projections are :

YEAR QTY. (TONNES)
2001/02 30000
2005/06 33000
2010 36300
2015 39930

The projected value of unloading (NBCC) in the initia} years is taken
thrice the value i.e. 3x10,000 t = 30,000 and 10% increase per 5 years is
assumed. This is taken due to the fact that shift from rail mode will occur

if Varanasi terminal becomes a base point for north bound cargo.

Cement

There are two cement plants in the Varanasi hinterland both in Mirzapur
area with 2.6 million tonne/ year, NBCC study envisages movement of
cement to northeast also apart from unloading at Patna for Jocal
consumption. NCAER (2000) study has envisaged cement movement to
northeast on NW.I from Sindri, Chaibasa, Banjar, Tisco and Durgapur
and have not considered Allahabad - Varanasi are a plant to despatch

cement to northeast region.

Cement cluster in India is located to a great ex wa area, which is

AFRAS

part of hinterland of Varanasi and Allahabad: , a_smd‘__%ﬁ 1e analysis of
[ Vg
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local market profile, it is understood that the major cement manufacturers
are exporting cement to various south east Asian countries including
Bangladesh from this zone. Movement of cement from this cluster

through Varanasi / Allahabad to especially to Bangladesh through IWT
route is possible.

Projections made by NBCC are, in fact, based on All India IWT study.
The NBCC study projections are as follows :

YEAR QTY. (TONNES)
2000 230,000 UL
280,000 L
2005 240,000 UL
310,000 L
2010 250,000 UL
350,000 L
2015 240,000 UL
360,000 L
2020 295,000 UL
370,000 L

The projections of IX plan Working Group on IWT are 168000 t for 2005
and 189000 t for 2010. This is for the total movement on NW.I. There is
considerable variation in the value of projections and there is no
definitive correlation in NBCC (All India Study reference) projections as
for local usage plant capacity and inter regional traffic. Under the

Circumstances it is recommended that only of 50% the NBCC projections

r dramasi. Growth is
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taken at 2% per year. As such the projection for Varanasi terminal is as

follows:

YEAR QTY. (TONNES)
2001/02 140000
2005/06 154000
2010 169400
2015 186340
2020 204974

Other Cargo

For the Varanasi terminal the following cargoes can use the terminal.

Nepal - Indian Exports.
Tea.

Sugar

Carpets

Miscellaneous and unit cargo.

It is to be noted that tea, sugar and miscellaneous cargo cannot be relied
upon for a full fledged modal shift. Tea movement as a potential cargo
for I.nland waterways has not been recommended by NCAER also the
ownership of cargo is mostly in private hands and the quantum is also
less. Making any projection for modal shift will not produce any tangible
result as the terminal requires support-cargo for profitable sustenance and
these commodity movements will not bring in sizeable cargo volume. If

the terminal comes up with coal, food grains, fertilizers, POL and iron

and steel in their respective combinations
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above in normal course will be accommodated as they come and would

be bonus cargo supplementing the terminal viability.

As regards Nepal’s imports (i.e. Indian Exports to Nepal) presently
reliable data is not available and Nepal Embassy would offer soon

workable data for evaluating projection for Varanasi terminal, which can
be added later.

Overall traffic Projections

The summary of commodity-wise projection on cargo for milestone

years for Varanasi terminal are presented in Table-5.

Table-5

Traffic Projections for Varanasi_inter-modal terminal
Commodity 2001/02 2005 2010 2015 2020
Coal 90,000 100,000 125,000 150,000 200,000
Fertilizers 308,000 325,000 355,000 420,000 440,000
Food Grains 337,500 371,250 408,375 449,212 494,133
POL 295,000 377,000 481,000 613,275 781,926
Iron & Steel 30,000 33,000 36,300 39,930 43,923
Cement 140,000 154,000 169,000 186,340 204,974
Total 12,006,500 | 13,60,000 | 15,74,675 | 18,58,757 | 21,64,956

The table reveals that total inland water traffic potential for 2005 is
about 1.36 mt which is expected to increase to the level of 1.57 mt

during 2010. During 2015 and 2020 the terminal can attract cargo to

the extent of 1.9 mt and 2.17 mt respectively ~grovided relevant
. k‘\" l“_ R.gn
5 Qi
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terminal facilities are developed at Varanasi. Fig.-1 provides a

pictorial view of commodity-wise projected traffic for 2005, 2010,
- 2015 and 2020.

Fig.-1 : Projected cargo for Varanasi inter-modal tertninal
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The projected traffic shown in Table 5, however can be reduced by 25%
considering the present traffic handled by CIWTC and the growth
potential over the years. Table 6 gives the projected traffic for the

corresponding period and which are taken for further analysis and

terminal design.

&/
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Table 6

Traffic Projections for Varanasi _inter-modal terminal

| Commodity 2008 2006 2010 2015 2020
Coal 75,000 78,423 93,750 112,500 150,000
Fertilizers 243,750 248,092 266,256 315,000 330,000
Food Grains 278,250 283,643 306,281 336,909 370,600
POL 282,750 296,868, 360,750 459,956 586,44.5
Iron & Steel 24,750 25,226 27,225 29,948 32,942
Cement ' 115,500 117,667 - 126,750 139,755 153,731
Total 1,020,000 1,049,919} 1,181,006 1,394,068| 1,623,718
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3.0 RIVER HYDROLOGY, MORPHOLOGY AND
METEOROLOGICAL CONDITIONS
This chapter gives the river hydrology, morphology and meteorological conditions
of Varanasi.
3.1 Discharge
Some average and annual monthly discharge as available between 1971 and 1989
and also for the year 2000 are shown in Table 3.1. Considering that lean month
discharge are critical for IWT, the data shows that the month of May generally
indicates a low trend. The average monthly discharge in May 1989 was
160.80m/sec. Exceptionally a very low average of 170.80 m*/sec occurred in
June 1988. The monthly mean discharge at Varanasi is shown in Fig.3.1.
Table 3.1
Details of discharge at Varanasi in m*/sec
(Source: CWC, Varanasi)
YEAR | AVE |AVE 84-] AVE 1984 1685 19856 1987 1988 1989 2000
71-82 87 85-88
JAN 472 - 469.54 - 562.98 514.34 511.48 289.36] 481.98 754.3
FEB 464 - 406.37 - 366.46 650.93) 32645 281.63| 359.88 580.8
MAR 417 - 333.22 - 261.30 432.21 352.29 287.06] 229,76 486.0
APRIL 370 - 274.91 .- 214.89 374.00] 237.26 273.500 231..03 374.0
MAY 319 - 220.59 - 164.78 295201 23742 184.95 160.80 332.0
JUNE 586 - 217.74 540,70 169.77 318.28 212,05 170.841 404,82 1273.0
JULY - - - 2643.84| 2018.52 1029596 119226 6031.45 1144.7 .
AUG - - - 11097.87; 15782.52] 1897147 303565 16769.75| 4447.0 .
SEP - - - 13706.63]  9283.33]  5323.57| 14921.42] 4609.81 6882 -
OCT - - - 1739.03) 13825.34f 2164.20| 2430.52| 3285.18 1259 .
NOV 1071] 1287.05| - 897.23] 249341 892.15 B2942 884.55] 568.11 -
DEC 625 340.31 - 410.36 811.63 61241 } :2{:‘%;%&1&\486.59 365 -
: sy Fn’x
é:: \
%
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The minimum and maximum monthly discharges yearwise in cumecs on river

Ganga at a site Varanasi from year 1991-92 to year 2005-06 are shown in Table

3.1.1.
Table 3.1.1 : Yearwise monthly discharge in cumecs
(Source: CWC, Varanasi, collected from IWAI, Kolkata)
1991- | 1992- | 1993- | 1994- | 1995- | 1996- | 1997- | 19s8-
92 93 94 a5 96 97 98 89
June min | 27556 | 14362 | 197.04 | 157.26 | 263.12 | 293.92 | 20272 | 36368
max | 78748 | 1795 | 311.28 | 280.7 | 332.92 | 387.09 | 40842 486.62
July min 53058 | 149.22 | 291.76 | 802.38 | 32362 | 4274 3939 | 504.35
max | 131464 | 5762.5 | 5777.34 | 17527 | 5935.8 | 12169.2 | 5617.36 | 9738.18
August min | 847.18 | 524338 | 564.64 | 11727.9 | 5898.38 | 13187.4 | 4378.96 | 1398.66
max | 28241.3 | 19842.9 | 9368.37 | 32225.2 | 20935.9 | 421315 | 17789.2 | 20895.1
min | 3044.22 | 4005.7 | 28434 | 3896.52 | 4966.09 | 6714.91 | 4740.9 | 4314.32
September

max | 19346.1 | 760164 | 26178.2 [ 15132.1 | 25019 | 280428 | 26648.3 | 16630.6
October min | 62518 | 1660.56 | 1449.15 | 843 | 1083.53 | 2483.98 | 1550.8 | 3013.18
max | 2087.75 | 4748.72 | 9269.3 | 36799 | 4740 | 626218 | 4338.2 | 14164.8
min | 484.32 | 57062 | 568.38 | 539.32 | 626.28 | 1172.16 | 1108.66 | 1865.01

November
max | 618.36 | 1815.22 | 1421.08 | 774.58 | 1061.74 | 2283.45 | 2084.74 5373.56
December min 15374 | 5244 | 397.82 | 403.74 | 553.08 | 950.58 | 1199.34 946.36
max | 491.02 | 913.82 | 566.14 | 5368 | 620.24 | 1161.50 | 50950.86 1827.14
Janua min 408.96 | 37671 | 33269 | 403.72 | 553.96 | 568.42 | 616.04 891559
" max | 551.18 | 52242 399 47446 | 618.6 496 | 2157.03 | 995.36
min 32574 | 339.22 | 294092 | 372.88 | 481.66 | 4064 | 381.06 588.08

February

max | 408.62 | 374.72 | 361.64 | 440.24 | 509.08 | 466.07 | 558.85 | 957.28
March min 2335 | 33046 | 21279 | 341.92 | 40016 | 306.82 | 32189 | 49263
max | 326.29 | 371.56 | 291.76 | 376.06 | 46892 [ 404.48 | 468.98 | 581.51
Apil min | 19852 | 31068 | 195.77 | 305.83 | 333.34 | 271.36 | 32959 470.52
max | 24846 | 3458 | 21445 | 379.48 | 40256 | 341.18 | 55685 | 5122

min | 174.98 | 24522 | 164.26 | 228.58 | 309.7 | 227.08 | 35003 | 328.25
max | 47908 | 298.06 | 20463 | 305 | 27092 | 37825 | 4685

May

ZS LD
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Table 3.1.1 : Yearwise monthly discharge iﬁ cumecs
(Source: CWC, Varanasi, collected from IWAI, Kolkata)
1999-00 | 2000-01 | 2001-02 | 2002-03 | 2003-04 | 2004-05 [ 2005-06
; min | 276,71 327.04 190.74 | 178.88 224.95 170.57
une
max 501.5 2899.58 | 3168.06 | 537.88 1971.52 220.47
L min | 523.62 | 1707.28 | 3273.56 | 546.47 820.21 197.62
u
Y max | 1569814 | 27819.07 | 16279.5 | 632248 1341.3 | 28763.88
Aucst min | 8064.62 | 6211.87 | 429593 | 51552 124464 | 6208.71
ugus
s max | 19573.53 | 11998.62 | 21112.84 | 33971.82 199841 | 158315
min j 7958.04 | 482034 | 1158.39 | 89258 165564 | 352222
Seplember
max | 28783.18 | 16807.88 | 7419.92 | 18240.93 12261.72 | 7704.78
Oclob min | 3720.86 | 149864 | 82437 | 613.26 1535.52 | 2385.88
ober
- max | 1140198 | 4532.27 | 3920.08 | 7258.36 2696.8 8289.9
min | 1109.04 | 747.98 £36.02 | 4461.92 751.85 1136.22
November
max | 3668.84 | 150012 | 83469 | 18454.3 154018 | 2358.34
min | 931.08 578.1 480.39 691.1 49198 722.78
December
max | 107564 | 749.94 627.83 | 4332.88 738.9 1129.04
! min | 608.34 47212 42705 | 57666 | 576.66 398.34 396.88
anua
" max | 95546 57414 | 496894 | 701.2 | 6729 49332 71218
min 556.32 3525 476.21 486.11 | 488.08 3944 383.07
February
max | 606.25 480.08 54722 | 599.95 589.6 468.4 420.24
March min | 404.81 287.86 354.9 313.84 | 409.24 38578 395,75
arc
max | 573.76 350.62 51439 | 476.26 | 476.26 446.25 432.41
- min | 356.64 249.78 21119 | 31214 | 313.84 324.95 299.97
fi
P max | 40023 268.62 353.25 4696 | 407.04 40625 379.22
. min | 322.04 208.52 17388 | 23598 | 23598 22032
a
/ max | 351.38 249.24 2101 407.04 | 315.02 32196
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For further non-monsoon months the discharge appears t0 be adequate and
uniform. Table 3.2 shows the maximum flood discharge at Varanasi between
1959 and 1976. The maximum discharge varied between a minimum of 18,062
m*sec in 1966 and maximum of 46,186 m%/sec in 1971, During the site
investigations and various discussions held by the consultant with statutory
authorities such as Central Water Commission, PWD, NHAI of Varanasi it was
inferred that the maximum discharge value of 46,186 m3/sec was considered in
the design of the New Ramnagar by pass bridge. This bridge was completed in
1999 and located near Malahia.

Table 3.2
Data on floods at Varanasi in m*/sec
(Source: CWC, Varanasi)
Sl. No. Year Gauge Q Max (Cumecs)

i 1959 70.71 32,590

2. 1960 70.96 29,401

3. 1961 70.00 21,169

4, 1962 70.78 25,050

5. 1963 69.84 23,451

6. 1964 69.71 24,008

7. 1965 68.85 18,220

8. 1966 69,01 18,062

9. 1967 72.81 30,736

10. 1968 68.98 19,850

11, 1969 71.01 34,702

12. 1970 71.11 34,890

13. 1971 72.69 46,186

14, 1972 64.43 24,700

15, 1973 71.03 30.451

16. 1674 T 69.44) 21,975

17. 1975 69.42 23,662

18. 1976 69.84 20,234

18, 1977 72.16 30,362
20. 1978 67.64 -
21, 1979 - -

[l
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On scrutiny of past mean monthly discharge records for the period from June
1984 to May 1989 for Allahabad to Varanasi and from June 1983 to May 1988 for
Buxar to Patna it is inferred that peak flood discharge occurs during August and
September. The minimum discharge is observed mostly during May, some time in
dune or April. The average ratio of the peak discharge to the lowest lean discharge

is in the order of 80 for the last five years for Allahabad, Mirzapur and Varanasi
and the same for Buxar and Patna is about 49,

For many years to come the strong hydro-morphological characteristics of the

river Ganges will remain unchanged for various reasons like:

* The Hydrograph as well as discharge hydrograph can only be changed
by projects. The desired dampening the peaks or the augmentation of
the lean season water level or discharge can only be realised with huge
and expensive river works like dams, giant reservoirs, spurs, afore

station, linking with other rivers etc.

The minimum and maximum discharge in the Ganga, the Ghaghra and the Sone is
shown in Table 3.3. The amount of water in the Ganga increase towards east as
more and more tributaries drain into the main river. There is not much difference
in the amount of water in the river Ganges between Allahabad and Ballia. But
between Ballia and Patna two major rivers the Ghaghra from the North and the
Sone from the South join and almost double the amount of water in the channel.
Between Patna and Bhagalpur, the Gandak and the Burhi Gandak joint the Ganga

near Khagari. Another big river Kosi joints Ganga from North near Karagola 115
Km upstream of Farakka.

The monsoon period discharge of the Ganga and its tributaries vary between 70 to

80 times of their lean season discharge.
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The average annual run-off of the river water as estimated by CPWC and Dr. AN.
Khosla is indicated in Table 3.3.

Table - 3.3
Average minimum & maximum discharge of water in the rivers

(In million cubic metre per Sec.)

S.No River and site of observatory March September
The Ganga
1 Allahabad 224 21700
2 Mirzapur 237 22000
3. Varanasi 246 35000
4 Patna 740 40300
The Ghaghra
5. Chapra 322 28312
The Sone
6. Dehri-on-son 2] 740
Table - 3.4

Average annual run-off of the river water as estimated by (fPWC

and Dr. A N Khosla

(In million cubic metre)

S1. No. | Name of the river CWPC Dr. Khosla
LEFT BANK TRIBUTORIES OF THE GANGA

1. Gomti sub-basin 8462 -

2 Ghagram sub-basin 114331 75760

3 Son Basin 42308 42888

4, The Gandak 45022 29344

5 The Baya 2220 -

6 The Burhi Gandak

Chapter - 3 Page 6 of 33
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Sl. No. | Name of the river CWPC Dr. Khosla
7. The Bagmati 13075 -
8. The Kamla 518l -
9. The Kosi 70555 102922
10. Minor basins between the Kosi and | 703] -
Mahananda
11. The Mahananda 19612
RIGHT BANK TRIBUTORIES OF THE GANGA
12. Tributories joining the Ganga between | 14123 -
Allahabad and Buxer (The Tons, the
Karamnass the Karunauti and the Jirga)
13. The Punpun 3577 -
14. The Kul | 5797 -
15, The Man 493 -
16. The Chandan 1604 -
17. The Gerus 864 -
18. The Bhens and Koa 493 -
19. The Gumani 864 -
20. The Baghmari 1233 -
21. The Pagla 370
22. The Dwarka 4687 -
23, The Ajay 3207 -
24, The Damodar 12211 -
25. The Rupanaryanan 444| -
26. The Haldi 5304 -
27. The Ganga (excld. All tributories) 42555 -
28. The Ganga (with tributories up to East of | 325564 -
the Son) P 1 m
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3.2  Water level
Operation of IWT is essentially governed by the behavior of seasonal variations in
width determined by water levels and depths for realising draughts for the fleet.
Table 3.5 and 3.6 present monthly minimum and maximum water levels
respectively at Varanasi between 1980 and 1989. The minimum and maximum
water levels are extracted in Table 3.7 for ready reference. A minimum water
level of 58.220m was recorded in June 2003. It is further observed that minimum
water level mostly occurred in May and June without any apparent preference, [t
may also be noted that retarded scour occurs at minimum water levels some time
over crossings which do not render these water levels critical. For this a
comprehensive study of the crossings and the governing areas are required, Some
data are also shown in Tables 3.8 and 3.9 on maximum and minimum water
levels behavior 1978 and 2005 respectively essential for design of jetty levels and
appurtenant works. Maximum difference of water level is of the order of 14.450m
and a minimum difference is about 8.855m. Fig. 3.2 to 3.4 may also be referred
for graphic appreciation.
Table 3.5
Monthly minimum water levels at Varanasi in m (Source: CWC, VYaranasi)
1980 1981 1982 1984 1985 1986 1987 1988 1989 2000
JAN 39.18) 60.251] 59.591 60,3261 60.201| 59.281 60.001
FEB 59.116 59.941| 59.806 60.196] 59.716] 59.141 59.801
MAR 58.541 39.631 59.631 58.731 59.586 59.511| 5BR71] 58.841| 59.441
APRIL 58.371 39.561| 59.631 58.596 39.246 59.346| 58.701{ 358.681] 39.211
MAY 58.241 59.351| 59.541 58.466) 359.041 59.181( 5B471] 58.331] 58.570
JUNE 58.246 59.2711 59.541 59.97M 38.896 58.981) 58.960] 58.266] 59.001
JULY 63.721 539.661| 59,861 62.381 59.321 61.501 59.316| 60.856 61,419
AUG 67.640 65.066] 66.611 63.176| 66.651 65.711 61.151] 67.126 63.866
SEP 64.481 61.786| 64.001] 62.791| 63.806] 62.021] 63.701] 62.191| 62.149] 63.636
ocT 61.566 60.7211 61.711 60.771 64.101 61.331 61.616/ 61.461] 59.829] 1,091
Nov 60.781 60.131] 61.431 61301 60.741] 59.831 60.408
DEC 60.406 59.721] 60.701 59.571 59.841

L
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Table 3.6
Monthly maximum water levels at Varanasi in m
{Source: CWC, Varanasi)
MONTH 1980 1981 1982 1984 1985 1986 1987 1988 1589 2000
JAN 595111 60.536 60.141 60.536| 60.511 59.391 60.811
FEB 59.226| 60.306 60.171 61.101 60.161] 59.281 60.001
MAR 39.156] 59.931 60.201 59.001 60.741 597111 59.126] 59.021| 59.886
APRIL 58.526| 59.651 60.20t 58.751 39.641 59.501| 58.891] 58.681] 59.436
MAY 58.381] 59.581 60.501 58.586 59.231 59.566) 5B.726] 58.681| 59.181
JUNE 61.521] 359.756 60.461 61.466 55.821 59.426] 59.73% 62.441
JULY 68.571] 68.437 66.531 63.411| 67.871 71.266] 63.501] 66.871 70.586
AUG 71.991] 68.90] 73311 66.871] 68.391 71.331 67.811] 69.381 66.518
SEP 722111 64.716 73.291 69.051] 68.461 65.361 69.681| 67.641 67.091] 68.091
oCcT 64.051{ 64.681 63.976] 61.541] 67.861 62.531 62.346( 64.2911 62.091] 61.719
NOV 61.541] 60.681 61.701 63.911 61.311 60.741 . 61.07!
DEC 60.771( 60.11H1 61.391 61.251 60.731 59.64 | 60.376
Table 3.7
Minimum and maximum water levels at Varanasi in m
(Source: CWC, Varanasi, collected from IWAI, Kolkata)
Year Minimum Maximum
1978 59.451 73.901
1979 59.681] -
1980 58.241 72.211
1981 59.271 68.901
1982 59.516 73311
1983 59.941 -
1984 58.766 69.051
1985 58.391 68.461
1986 58.896 71.331
1987 58.981 69.681
1988 58.250 69.381
1989 58.261 67.116
1990 58.101 71102
_ =y -"'J?.:\
3
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The minimum water levels occur generally in the month of June and maximum in

Year Minimum Maximum
1991 58.901 71.311
1992 58.481 72.131
1993 58.92] 70.341
1994 58.521 71.941
1995 58.461 70.731
1996 58.751 72.541
1997 58.906 70,381
1998 59.061 69.301
1999 58.436 71.341
2000 58.971 70.661
2001 58.671 §9.331
2002 58.600 67.640
2003 58.220 72,130
2004 58.840 69.310
2005 58.380 70.450

the months of August or September.

Table 3.8
River data at Varanasi in m
Year Maximum Minimum Average
Sept. Oct Sept. Oct Sept. Oct

1989 67.091 62.091 62.149 | 59.829 64.712 | 60.692
1990 71.021 67.211 63.101 62.001 67.641 63.835
1991 70.661 62.876 | 63.051 60.826 66.509 | 61.567
1992 72.091 64.111 63.961 62.136 67.150 | 62.895
1993 70.299 | 66.069 62.246 61.498 66.670 | 63.210
1994 68.993 63.414 63.631 60.871 66.852 | 61.737
1995 70.731 63.671 63.901 61.041 67.318 | 62.024
1996 70.321 64.456 | 64.531 62.091 68.135 | 63.279
1997 70.381 63.811 63.851 61431 66.259 | 61.993
1998 68.316 | 68.881 63.714 | 62.746 65.568 | 64.597
2000 68.091 63.516 63.521 62, 65.806 | 62.771
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Table 3.9

Water level variation (difference in max and min water levels)
(Source: CWC, Varanast, collected from IWAI, Kolkata)

Year Difference in water level
1978 14.450
1979 -
1980 13.970
1981 9.630
1982 13.795
1983 -
1984 10.285
1985 10.070
1986 12.435
1987 10.700
1988 11.131
1989 8.855
1990 12,920
199] 12.410
1992 13.650
1993 11.420
1994 13.420
1995 12.270
1996 13.790
1997 11.475
1998 10.240
1999 12.905
2000 11.690
2001 10.660
2002 9.040
2003 13.910
2004 10.470
2005 12.070

Reference level is 58.25m. The danger level at Varanasi is 71.262m and HFL
recorded is 73.90lm in 1978 (09.09.1978).
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3.3

3.4

Generally, the water level is rising in the month of June and with the onset of
monsoon in July, the water level rise becomes more prominent and by end of July
the river attains its maximum level. It remains in this bank full condition till the
end of September. With the withdrawal of the monsoon the water leve| falls
continuously till a minimum level is reached in April = May. The water level
recession is very rapid during the first two to three weeks after the end of ra.iny
season. In the dry season the water level reaches its minimum — exposing
increasing number of shoals. Channet improvement measures have to be provided

by a survey, which is possible only after the fail in water level.

The minimum and maximum water level from January to December for the year
1995 10 2000 is given in Annexure —{ along with the water level variations and its
graphic représentation. The range of water level with reference to the number of

days in a year from 1989 to 2005 is depicted in Annexure — 1 (a).
Water level gradient

Since the river is alluvial and in the flood plains in the reach under consideration
the gradient has to be flat in conformity with the geotechnical characteristics of
the channel. The slope at Varanasi is about 1 in 20000. (Refer report on River
Ganga Pilot Project by Netherlands Engineering Consultants and Delft Hydraulic
Laboratory) It may change between 1 in 16000 and 1 in 30000 for lower and

higher stages in consideration of variable bed and bank friction.

Current velocity

The average current velocity decreased from 0.9 m/s in January 1988 to about 0.6
m/s in June 1988 and the average decrement of the water level about 1.2m.

Maximum current velocity observed in September is about 3.0 m/sec. {(Refer
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report on river Ganga Pilot Project by Netherlands Engineering Consultants and

Delft Hydraulic Laboratory)

During 1989, the current velocity decreased to 0.4 m/sec in the month of June.

During the peak floods, a velocity of maximum 4 m/sec. is experienced only for

the limited periods and an average current velocity is 3 m/sec. Current velocities
for different months are shown in Fig 3.5.

Velocity at shoal locations

Minor Ports Survey Organisation (MPSO) has completed detailed survey in the
shoal locations on NW 1 in the streatch of Varanasi to Kaithy. The velocity details
as per the MPSO are tabulated in Table 3.10

Table 3.10

Velocity at shoal locations between Varanasi and Kaithy

S.No | Name of the shoal | Maximum velocity | Minimum Velocity
(m/sec) (m/ses)
1 D/s Rajghat 0.75 0.14
2 Khurana 0.90 0.30
3 | Nakhwa 1.03 0.65
4 | Bhopauli 1.00 0.23
5 U/s Balua 0.80 0.60
6 Gaura/ U/s Gaura 0.80 0.40
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3.5
3.5.1

3.5.2

Morphology
Introduction

The Ganga, especially. is the river of India, beloved of her people, round which
are intertwined her memories, her hopes and fears, her songs of triumph, her
victories and her defeats. She has been a symbol of India's age-long culture and

civilization, ever changing, ever flowing, and yet ever the same Ganga.

- Jawaharlal Nehru, First Prime Minister of India was bom at Allahabad
situated on the Ganges.

The Ganga is a major river of the [ndian subcontinent, associaled in myth and

reality with the land and people of India as well as neighbouring countries like
Bangladesh.

Its wide valley stretches across northern India and Bangladesh from the
Himalayas to the Bay of Bengal.

Sources and Tributaries

The Gangotri Glacier, a vast expanse of ice five miles by fifteen, at the foothills of
the Himalayas (14000 ft) in North Uttar Pradesh now Uttatanchal, is the source of
Bhagirathi, \.vhich Joins with Alaknanda (origins nearby) to form Ganga at the
craggy canyon-carved town of Devprayag. Interestingly, the sources of Indus and
the Brahmaputra are also geographically fairly close; the former goes through
Himachal Pradesh and fans out through Punjab and Sind (Pakistan) into the
Arabian Sea. The latter courses for most of its tremendous len gth under various
names through Tibet/China, never far from the Nepal or Indjan borders, and then

takes a sharp turn near the northeastern tip of India, gathers momentum through

e A58

r_rrl;é{ore joining the major stream of the Ganga:‘-ﬁﬁgmga in Bangladesh to
ol . / WLk P ONy,
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become the mighty Padma, river of joy and sorrow for much of Bangladesh. From
Devprayag to the Bay of Bengal and the vast Sunderbans delta, the Ganga flows
some 1537 miles, passing (and giving life to) some of the most populous cities of
[ndia, including Kanpur, Allahabad, Varanasi, Patna, and Calcutta. Dacca, the
capital of Bangladesh is on a tributary of the Brahmaputra, just before it joins the
Ganga to form Padma. A large number of tributaries join and flow from the

Ganges to drain the Northern part of India and Bangladesh.

The Yamuna, which originates less than a hundred miles east of the Bhagirathi,
flows parallel to the Ganga and a little to the south for most of its course before
merging with the Ganga at the holy city of Allahabad, also known as Triveni
Sangam (literally, Three-way Junction, the third river being the mythical
Saraswati which is also supposed to be an underground river). New Delhi, capital

of India, and Agra, site of the Taj Mahal, are two of the major cities on the
Yamuna.

The largest tributary to the Ganga is the Ghaghara, which meets it before Patna, in
Bihar, bearing much of the Himalayan glacier melt from Northern Nepal. The
Gandak, which comes from near Kathmandu, is another big Himalayan tributary.
Other important rivers that merge with the Ganga arc the Sone, which originates
in the hills of Madhya Pradesh, the Gomti which flows past Lucknow, and the

Chambal made notorious by the ravines in its valley.

The delta of the Ganga, or rather, that of the Hooghly and the Padma, is a vast
ragged swamp forest (42,000 sq km) called the Sunderbans, home of the Royal
Bengal Tiger , who still kill about 30 villagers each year. The silt-carrying waters
of the Ganga stains the Bay of Bengal a muddier hue for more than 500 km into

the ocean. . %‘INF 40
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3.5.3 Morphological characteristics

The Ganges and Brahmaputra Rivers combined have formed one of the largest
deltas in the world, comprising approximately 105640 km?2. The Bengal Basin,
into which this delta has prograded, is bordered on the west and northwest by
Lower Jurassic volcanics and on the east by Eocene sandstones and limestones.
The southern boundary is the Bay of Bengal. The Ganges River originates near the
Tibet/India border, and then flows southeast across India t0 combine with the
Brahmaputra in the country of Bangladesh. The drainage basin, approximately 1.6
mitlion km? in area, is geologically young, with large volumes of unconsolidated

sediment available for transport (Morgan and MclIntire, 1957, 1959},

The Ganges is primarily a meandering river, while the Brahmaputra is primarily a
braided channel. Their combined discharge into the Bay of Bengal is
approximately 82 000 m*/sec during flood. Sediment load is extremely high, with
suspended sediment load during flood stage reaching as high as 13 million tons
per day (Coleman, 1969). Fig 3.6 is a band 5 version of the lower Landsat image
in the Plate mosaic that highlights the vast sediment load beyond the mouths of
the Ganges. Because the climate within the delta is monsoonal, rainfall is
seasonal. Vegetation is highly varied and generally dense in areas that have not
been reclaimed for agriculture. The Bengal coast is mesotidal, with an average
tidal range of 2 m. Wave energy modifying the coast is relatively low because of

the extremely low offshore gradients that front the active delia,

The mosaic covers the eastern active deltajc part of the Ganges/Brahmaputra
Rivers and illustrates those landforms that are characteristic of a rapidly migrating
channel system partially modified by tidal processes. The Tripura Hills (A) that
bound the delta to the east consist of highly weathered Tertiary sediments that
show abundant dissection resulting from the high a noff. These hills are a
: . ZZ0ASTAN, :
southerly extension of the folds with topography thaIY;/}ughly drregular and relief
1:.1:.: > .—)
\ ":"L/, :“\‘f/:/
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ranging from a few tens of meters to several hundred meters. Emanating from
these highlands are a series of heavily vegetated alluvial fans (B) and small river
terraces. During the Pleistocene, large volumes of sediment were delivered to the
Bengal Basin, and former Pleistocene terrace surfaces are common along the
valley of the river systems. The Tippera surface (C)} has been assigned a Late
Pleistocene age and consists of an extremely flat terrace composed of highly
oxidized and deeply weathered clays and silts. The surface is easily mapped on
aerial photographs because it displays a distinctive rectangular drainage pattem
(D) resulting from man's modification for agriculture practices. The surface has an
elevation of several meters above the Recent fluvial and deltaic floodplain. During
the Pleistocene and even in Holocene times, faulting (E) has been active in this
earthquake-prone area, and many of the boundaries of Pleistocene surfaces are
marked by relatively straight fault- controlled boundaries. Smaller rivers, such as
the Meghna (F), have cut into these Pleistocene surfaces, forming rather extensive

meander belts of abandoned channel scars.

The wmajor part of the image shows the Recent delta surface of the
Ganges/Brahmaputra Rivers. The main river channel displays a braided and
anastomosing channel pattern (G). Fig 3.7 illustrates this type of channel
morphology, showing part of a midchannel island with large bed forms in an
active distributary of the Brahmaputra River. Note the large number of active
channels and the innumerable mid channel islands or sand bars (chars) that are
characteristic of this type of channel pattern (H), These sand bars separate the
flow into several channels, resulting in the braided pattern of the river. In such
rivers, the sediment bed load is abnormally high, and rapid aggravation in the
channel is common, constantly forcing the channe! o migrate laterally. Recent
channel scars (I), often unvegetated, can be observed along the margins of the

active channels. During flood stage, these sand bars are generally eroded on their

upstream end, with deposition on the downstream end, causing significant
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The range of river stage varies considerably from low to flood stage, and adjacent
channe) banks are often characterized by many over bank splays (J). These splays

are responsible for building up rather thick and broad natural levees that border
the active channels.

In the north-west part of the image, the morphology of the delta plain is
dominated by the abandoned channel scars of former river courses (K). These
abandoned courses display evidence of both migratory braided and meander
channel scars. These surfaces form the bulk of the rice-and jute- farming areas of
Bangladesh. In the south-eastern part of the image, the delta surface elevation
becomes low enough to be inundated by tidal waters, and much of this area
displays tidal plain morphology. A large percentage of the region has been diked
(L), and the land has been reclaimed for agricultural purposes, The undiked
regions (M), in the south-westernmost part of the image, are dominated by

mangrove vegetation. Large tidal channels and tidal drainage networks

characterise this part of the delta plain.

Gangatic plain, bounded by the “boundary faults” of tertiary foothill zone in the
north and the spurs of the Deccan plateau in the south, is made of very thick
alluvial deposits. Its depth has been recently estimated as 1300 to 1400 m. the

alluvial deposits consist of silt, clay and sand intermingled with gravels,

The height of the plain decreases from the Himalayan foothills in the north (100
m) to the Plateau River in south and from west 100m to 30m in the midd!le and 3m
from west-northwest to east south east. The Gange's slope is also influenced by

local variations caused by the changing courses of rivers and the resultant deposits
or erosion of sediments in their flood plain.
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Ganga, the lifeline of the plain, takes its rise from its catchments area in the snowy
Himalayas and following that general line of the land flows in south-south easterly
direction against the plateau spurs beneath. Hence all along its course from

Allahabad to Rajmahal the right bank of the river is steep and 8 to 15 m high.

It is to be noted that all important cities of the Ganga plain lie on the right bank of
the river close to the plateau spurs. Allahabad, Patna, Bhagalpur grew on the right
bank of the Ganga. However. Varanasi is located on the left bank of Ganga. These
cities are comparatively higher and broader making them generally safe from
floods. The northern tributaries of the Ganga, though receiving their waters from
the snow Himalayas, are sluggishly flowing rivers. They form a type of inland
delta at their confluence, the Geddes terms as “cone”.

The flood plains of the river basis are dotted with tals, oxbow lakes and deserted
channels of rivers.

The drainage pattern is dentritic in general and most of the rivers meet at acute
angle and form parallel or sub-paraliel lines to the main stream. Braiding and
meandering of rivers are the common features and the sandy shoals are often
liable to flood during the monsoon when changing and shifting or river channels
are common features. Some tributaries like Gomti, Ghaghara, Rapti, Gandak and
Kosi are notorious for shifting of their beds. The most important tributary meeting
the Ganga from the south is the Son forming a narrow flood plain dotted with
eroded hillocks, sometimes projecting on the riverbank.

Further east, the Ganga traverses south south-eastwards against the Rajmahal hills,
the northeastern of the peninsular plateau. Then it gets divided into two large
distributaries, the Bhagirathi or Hooghly running due south, and the Padma

flowing to southeasterly direction. The deltaic plain here is characterised by low
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elevation from 30m in the north to 4.5m in the south. Even 7m high tide is
sufficient to submerge the region up to Kolkatta, The delta proper has a gradient
of less than 2 cm per Km and is the land of dead and decaying rivers. To its south
is the stretch of famous Sunderbans.

The topographical and drainage differences have brought significant changes in

the soil morphology. They differe in texture from drift sands to fine and heavy

clays. They are rich in minerals and organic plant-food but normally deficient in .

nitrogen. The coastal soils are the interactions of river and tides and are saline and

alkaline containing gnerally half decomposed materials,

Climatically, the plain ranges from sub-humid in the upper to humid in the middle
and humid sub-continental type in the lower plain. In the upper plain January
mean temperature is 16° C but maximum lemperature sometimes in June goes up

to 40° C or more due to hot winds, i.e. 100, blowing from the west.
g

In the middle zone, the temperature conditions in general are more or less similar

to those in the upper part except the range of temperature is lightly lower.

In the lower plain, no doubt, climate is little different from its counterparts in the
northwest. In January, the coidest month, tem perature ranges between 17°10 21°
C increasing from east to west, e.g. Varanasi 110 cm to Agra 68 cm but increase to
north and northwest, e.g. Saharanpur with 75 cm to Gonda, Bahraich with over

100 cm. But the coastal parts, e.g. Kolkatta, receive 200 cm. In winter the upper
regions receive little more rain fall.

Thus, the Ganga plain is commonly divided in three zones the Upper Ganga plain,

the Middle Ganga plain and the Lower Ganga plain. The Upper regions is clearly
demarcated in the west by the Yamuna, but its }a;l:m;:i:im\if lacks any physical
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boundary. However, 100 cm isohyte appears to be a suitable demarcating line
between the upper and middle plain. In the east, the middle Ganga plain is

structurally delineated by the Rajmahal spurs from where the Ganga turns to the
south.

The vast plain through which the Ganga flows is almost entirely of alluvial silt
except for rock outcrops at Monghyr, Sahibganj and Rajmahal, all located
between Mokameh and Farakka. This soil (silt) is erodible and aided by a very flat
slope of the plain, Ganga has developed into a meandering system. The river
moves laterally and longitudinally in the form of meandering loops. The fim
banks (Khadir) between which the river meanders is large compared to the

channel width and contain churs and diara land as defined below.

Chur- It is a sand shoal which is created by the river in its normal process of
erosion and shoaling. It is now lying, free from silt and is covered during the high
water season. It may be in the form of an island, flanked on both sides by channels

of greater or lesser imporatance, or it may subjoin firm bank (Khadir) or a proiton
of the diara land.

Diara - It is land created by the same processes which form shoals or churs but its
tevel is just below that of high flood. Its’ topmost layers are largely of the finest
silt making it highly fertile for producing crops. Diara land, may be in the form of
islands or subjoin the khadir. Ganga from Varanasi to Allahabad (40 Km up
stream of Varanasi) is normally a narrow stream during the dry season because
most of its water is withdrawn for irrigation. Between Chhapra and Patna it is
joined by three large tributaries, Gaghra, Son and Gandak (the last one at Patna

itself). Thus, at Patna the Ganga is a fairly full river even during the dry season

and erosion process continues throughout the year though less pronounced during
the non-monsoon months. /—K
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3.5.4 Dams on the Ganga

There are two major dams on the Ganga. One at Haridwar diverts much of the
Himalayan snowmelt into the Upper Ganges Canal, built by the British in 1854 to
irrigate the surrounding land. This caused severe deterioration to the water flow in

the Ganga, and is a major cause for the decay of Ganga as an inland waterway.

The other dam is a serious hydroelectric affair at Farakka, close to the point where
the main flow of the river enters Bangladesh, and the tributary Hooghly (also
known as Bhagirathi) continues in West Bengal past Calcutta. This barrage, which
feeds the Hooghly branch of the river by a 26 mile long feeder canal, and its water

flow management has been a long-lingering source of dispute with Bangladesh.

Bangladesh feels that the lack of flow in the summer months causes sedimentation

and makes Bangladesh more prone to flood damages. At the same time, proposals
for linking the Brahmaputra to the Ganges to improve the water flow in the
Ganges is hanging fire, Also, the water management problem may actually
involve a number of other riparian countries such as Nepal (where there has been

tremendous deforestation, leading to greater silt content),

It is likely that Ganga carried more water around the time of the Roman Empire,
when Patna was the major port city of Pataliputra. Even in the eighteenth century
the ships of the East India Company would come to call at the port city of Tehri,
on the Bhagirathi, one of the main source river of Ganga. There are two important
cross structures namely Naraura Head Works, Barrage at Kanpur existing over
river Ganges. Another dam is proposed to be built on the upper reaches of a
tributary of the Ganga, Mahakali, This indo-Nepal project, the Pancheswar dam,

proposes to be the highest dam in the world and will be built with US
collaboration.
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The upper and lower Ganga canal, which is actually the backbone of a network of
canals, runs from Haridwar to Allahabad, but maintenance has not been very good
and it is experienced that it probably trickles out into & small river a little beyond
Kanpur.
355

General morphology of the reach Ramnagar to Kaithy

The Ganga from a straight rather narrow reach in the vicinity at Malahia at the
upstream end - upstream of Varanasi widens across a crossing at Nagwa when the
channel negotiates a comparatively sharp bend of radius about 500 m between
Bhelupura and Dasashwa upstream of Malaviya bridge. A large sand outcrop
encounters into the deep channel here from the right bank restricting
manoeuverability of operation. Proceeding down the river straighteng out
upstrearn and downstream of the bridge when it widens at chainage of 1305km at
Bahadurpur. The river braids there after into twin channels and the twin channels
and the channel also swings to the right. Quite naturally the right braid channe!
commands more depth genders by the curvature. At Chittauri chainage 1285km
downstream of the bridge the river takes a turn to North with the deep channel
shifting to the left upto Kaithi. A large sand outcrop emerges from the right
ensuring deeper depths on the left. There fore the river oscillates three times over
at chainage at 1264 km reach covering the 7 proposed sites. Morphological
stability at the sites will be a function of the past history. Stability of depths over a
period of time seasonal behaviour of the crossings as the river alterates between

right and left and right banks commencing from the upper end.

The consultant have procured National Remote sensing IRSIB Geocodal products
images of river Ganges at Varanasi for the years 1990 & 1995 and have studied

the river morphological changes. The images are shown in Plate 2 and Plate 3.
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Plate 3.2 NRSA image of river Ganges
at Varanasi during 1995
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3.5.6

Superimposed deviation of the channel between December [995 to December
1999 on the river Ganges between Mahahia and Kaithy is shown in Drg.
MEC/11/17/Q079/SK-1. At New Ramnagar by pass bridge on the left bank there
is deviation of the channel during the above period. But this change is negligible
during the above period. Between Nagwa and Domiri, initially the available
width of river is small. Over a five years period (Dec 95 to Dec 99) the right bank

has advanced and the river width has increased. At Domri there is small
deposition on the right bank.

During 97 period small shoals have formed between Tantepur and sehbar, Afier
two years (95-97) the length of the shoal has increased and became larger, At
Tantepur the channel has become twin channel and the channel near the left bank
is very thin. Over a years period this channel has gone under lot of siltation and
navigation of the bérges changed to right bank channel. Channel near to the right
bank between Mawaikalan and Mahraunda lot of shoals have formed. Near

Ramchandipur the left bank has advanced into the river and the channel has
become narrow.

Between Mahwari khurd and Balua the shoals have moved place to place. There
are small shoals in this stretch, Luthakund to Kaithi the river has changed to left
bank. In this stretch Balua and Gaura initially the shoals are on the right bank.
And these moved to feft bank, Near Purabijai the right bank advances into the
river. The bank is year to year during November, the bank is over topped and
non-monsoon period the channel becomes narrow. At Kaithi on the right bank the
change of the bank is negligible during the 95 to 99,

Shoals

A river section with an average reduced depth less than 2.0 m has been considered

as a shoal and when a shoal reappears during succ/ef;sj.xLay\_ﬂnding within 3 Km

N
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from its original location it has been termed as permanent. However, this does not

imply that such a shoal is stable.

There are four major shoals on the Patna- Balia Section . The shoals are :

Haldia Chapra / Sone confluence  Km 1067 1072

Hazaritola Km 1102 1105
Piparpanti/ Saharanpur Km1l16 1118
Gaderia/ Bhusaula Km 1121 1126

The number of permanent and non-permanent shoals in 1988-89 are shown in

Table 3.11
Table 3.11
The number of permanent and non-permanent shoals
(source : River Ganga Pilot_Project, March 1990)
Stretch Length No. of shoals |No. of  shoals
{(Km) (Permanent) {non-permanent)
Allahabad-Mirzapur 153 13 1
Mirzapur — Varanasi 84 9 3
Varanasi — Gazipur 133 17 7
Gazipur — Balia 110 13 9
Balia — Patna 120 4 4

The details of shoals occurred during the season 2000-2001 on National

Waterway No. 1 in the stretch of Triveni ~ Farakka, Farakka- Bhagalpur, Patna-

_ Kaithy, Kaithy — Allahabad and Bhagalpur — Patna are shown in Annexure —1( 8
sheets)
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Total number of shoals in the stretches as per 1986, 1987 and 1989 survey arc
indicated in Table 3.12
Table 3.12
Number of shoals in the different stretches
(source : River Ganga Pilot Project, March 1990)

Stretch 1986 1987 1988-89

Allahabad-Mirzapur - 16 14

Mirzapur — Varanasi - 11 12

Varanasi — Gazipur 15 17 24

Gazipur - Balia 2] 17 22

Balia ~ Patna 16 15 8
Number of shoals occurred during 2000-01 in NW1 in various stretchcs  are
shown in Table 3.13

Table 3.13
Number of shoals in NW1
(Ref. Annexure 11)

Stretch Sept.00 | Oct.00 Nov.00 Dec.00 | Jan.0l | Feb.0l
Tribeni-Farakka 1 ]1
Farakka-Bhagalpur ] 1 201
Bhagalpur-Patna 131 3 2 - 4 |3 |-

Patna — Kaithy | 5 6 3 4 219 -
Kaithy — Allahabad Bl 162 |32 - [36] -

More number of shoal occurred in the stretch of Kaithy Allahabad. The total

length of the shoals in this stretch is about 12600m mainly during the lean period.

The least available depth can be monitored by execu:i/ng;ﬁcqneqt surveys based
on an established chainage. 7 '
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The least available depth between Tribeni and Bhagalpur is 1.9m, between
Bhagalpur to Kaithy ranges between 1.3 to 1.9 m and Kaithy to Allahabad ranges

between 1.0 to 1.9m. The shoal length for different stretches which occurred
during season 2000-2001 are tabulated in Table 3.14

Table 3.14

The shoal length for different stretches
(Ref. Annexure [1)

Stretch Shoal length ranges in m LAD ranges
Tribeni-Farakka 30-50 1.9
Farakka-Bhagalpur 100 - 225 1.9
Bhagalpur-Patna 50-300 1.6-19
Patna — Kaithy 50~ 750 i3~-19
Kaithy - Allahabad 20 - 1000 1.0-1.9

3.6 Meteorological conditions

3.6.1 Climate

Climate in the hinterland at Varanasi can be divided in four seasons viz.

The winter season starts from December and extends upto February. The Summer

Season starts from March and extends upto May. The monsoon Season starts from

June and extends upto September. During this period water level slarts increasing.

The transitional period is between October to November.
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3.6.2 Rainfall

The monthly rainfall, nos. of rainy days and heaviest fall in 24 hours at Varanasi
are tabulated in Table — 3.15.

Table - 3.15.

Rainfall details at Varanasi

{Source : IMD, Pune, Station : Va ranasi, Period of Data : 1951-80)

Month Rainfall No. of rainy days Heaviest fall in 24
Inmm hours ( In mm)
January 20.3 1.8 69.6
February 125 1.1 67.1
March 10.4 1.0 37.1
April 4.3 0.5 40.0
May 11.5 0.9 51.6
June 85.6 4.5 159.5
July 303.8 12.5 288.3
August 281.3 13.3 321.6
Sepiember 2149 0.4 349.5
October 39.8 2.2 138.9
November 15.5 0.3 161.5
December 34 0.3 53.1
Total 1003.3 178 1761 8

The average annual rainfall is 1003.3mm having around 47.8 rainy days. The

rainfall from the south-west monsoon (J une-October) consists about 89% of the

total average annual rainfall. The 24 hours hea ralnfall lS 349.5mm,
Generally July to September are the wettest months in‘a y’w
LA \&
2 f
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3.6.3  Temperature

The temperature details at Varanasi are shown in Table — 3.16. The table gives
the mean of daily maximum, minimum, highest and lowest and extreme highest
and lowest temperatures, The month of January is the minimum and May is
maximum of mean of daily temperature. Mean of highest in the month recorded
44.3°C in the month of May and the lowest 5.3°C the month of January. The
extreme highest and lowest temperature recorded 47.2 °C and 1.7°C for the
month of May and February respectively. The minimum temperature slumped
down to 1.7°C.
Table ~ 3.16
Temperature details at Varanasi

(Source : IMD, Pune, Station : Yaranasi, Period of Data : 1951-80)

Month Mean Extreme
Daily Daily Highest Lowest | Highest | Lowest
Max. Min.
January 23.1 9.6 274 53 31.1 2.5
February 26.8 12.0 320 7.2 36.1 1.7
March 33.1 17.1 383 12.1 41.1 6.7
April 38.7 22.8 42.4 18.0 444 1.1
May 41.1 264 44.3 222 47.2 17.3
June 38.7 27.8 43.7 23.7 47.2 20.6
July 33.7 26.2 38.2 23.4 45.0 20.0
August 32.7 25.8 35.9 234 40.1 221
September 32.8 24.9 35.8 22,5 385 17.8
October 32.8 21.1 353 16.6 394 11.7
November 29.1 143 3235 10.5 36.0 50
December 24.5 10.2 28.0 6{1 /ﬂﬁ"@‘\i 22
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3.6.4 Humidity

The average monthly relative humidity recorded at 5.30 and 17.30 hrs at
Varanasi are tabulated in Table - 3.17.

Table - 3.17

Relative humidity details at vanarasi

(Source : IMD, Pune, Station ; Varanasi, Period of Data : 1951-80)

Month Average Relative Humidity

5.30 hrs 17.30 hrs
January 75 51
FeBruary 64 39
March 49 28
April 40 24
May 47 27
June 62 47
July 82 72
August 85 78
September 82 73
October 7 57
November 65 50
December 73 53
Mean 66 50

During the summer season the relative humidity varies between 24% to 28%. The

humidity in the monsoon season ranges between 50% to 85%. For the rest of the

Chapter~ 3
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3.6.5 Weather phenomena

The average monthly number of days at Varanasi having the phenomenon of

thunders, dust-storms, squalls and fog are given in Table — 3.18.

Table - 3.18

Weather phenomena at Varanasi

(Source : IMD, Pune, Station : Varanasi, Period of Data : 1951:80)

Month Thunder Fog | Dust-storm Squall
January 0.5 4.2 0 0
February 0.5 1.1 0 0
March 0.6 0.1 1.2 0
April 0.5 0.0 0.5 0
May 0.4 0.0 0.9 0
June 1.2 0.0 0.7 0
July 22 0.0 0 0
August 2.2 0.0 0 0
September L6 0.0 0 0
October 0.2 0.0 0 0
November 0.0 0.3 0 0
December 0.1 1.3 0 0
Mean 10.0 7 2.3 0

It is evident that fog is very less in this region except in the month of January.
Thunder rains occur generally only in the n%@uly and August. In other

months thunders and rains are less. So it~is quite; sun_ le tor navigation al

Varanasi.
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3.6.6 Visibility

The number of days with visibility is given in Table -3.19,

Visibility details at Varanasi

Table -3.19

(Source : IMD, Pune, Station : Varanasi, Period of Data : 1951-80)

Month Number of days with visibility in Km
Uptolkm [ l-4km | 4-10km | 10-20 km | Over 20 km

January 3.1 12.6 13.5 1.8 0.0
February 1.2 5.9 17.6 2.6 0.7
March 0.0 3.0 233 3.1 1.6
April 0 1.1 25.0 33 0.6
May 0 1.7 26.6 2.7 0.6
June 0.0 24 20.3 7.3 0.0
July 0.1 4.1 18.0 8.8 0.0
August 0.1 3.0 19.8 8.2 0.0
September 0 2.0 203 7.7 0.0
October 0 2.8 22.0 5.7 0.5
November 0.3 7 19.2 32 0.3
December 1.9 12.9 15.0 0.9 0.3

Most part of the year the visibility is more than 4 kms. So it is quite suitable for
navigation.
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3.6.7 Wind

The details of the wind are given in Table -3.20.
Table - 3.20
Wind details at Varanasi

(Source : IMD, Pune, Station : Varanasi, Period of Data : 1951-80)

Month Number of days with wind speed Km/h

> 62 20-61 1-19 4
January 0 0 21 10
February 0 0 20 8
March 0 0 23 8
April 0 0 23 7
May 0 0 25 6
June 0 0 23 7
July 0 0 23 8
August 0 0 22 9
September 0 0 22 8
October 0 0 19 12
November 0 0 16 14
December 0 0 21 10

Most part of the year wind speed is between 1-19 km/h.
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