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AT A GLANCE

PLAN FOR FLOOD MANAGEMENT IN THE
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Appendix 6/2

AN APPROACH TO THE PROBLEMS OF FLOOD AND DRAINAGE CONGESTION &
REMEDIAL MEASURES IN THE KOSI RIVER BASIN (IN BIHAR)

1 INTRODUCTION

1.1 The Ganga sub basin is an important portion of the main Brahmputra-Meghna-Ganga river basin
and is the largest river system extending over an area of 8.614 Lakh Sg Km - within India. Due to high
intensity of rainfall and poor drainage conditions in a large part of the sub-basin as well as flat terrain
in the lower portion, there is a recurrent fiooding and drainage congestion problem aimost every year.
The flood damage in this sub-basin accounts for a major part (about 53 per cent) of the total flood
damage of the country.

1.2 Bihar is situated in the central part of the Ganga sub-basin. The portion lying on the northern side
of the left bank is known as North Bihar and that lying on the southern side of the right bank is known
as South Bihar. The lower part of northern region of this State is affected by serious fiooding almost
every year. A number of major rivers of the Ganga on its left bank iike the Mahananda, the Kosi, the
Kamta Baian, the Bagmati, the Gandak, the Ghaghra etc which originate from the Himalayas join the
river Ganga in this region.

1.3 These rivers flow through a considerable length in Nepal and a large part of their catchment falls
in the glacial regions of the great Himaiayas. These rivers are snowfed and hence perennial. The river
Kosi, originating from Tibet and crossing Nepal, joins the river Ganga near Kursela in Katihar district,and
has a total catchment area of 74,030 sq km of which 85 per cent lies outside Bihar and only 15 per
cent lies within it, excluding catchment areas of its two major right bank tributaries namely, the Bagmati
river and the Kamla-Balan river.

1.4 Fioods and droughts are regular features in the state of Bihar due to the vagaries of climate and
rainfall. While one part of the state is under the grip of severe floods due to excessive rainfall, the other
part suffers from drought due to poor rainfall.

1.5 Floods have caused devastation and acute human suffering too frequently since the dawn of
civilization and man has had to live with floods since his existence. The impact of fioods was not
perhaps felt to the same extent in the past as is felt now. This was due to the fact that a much smafler
number of people were living then and pressure of industrial activities and other development works
in the flood plains was far less compared to the present-day activities. The flood problem has been
accentuated due to ever-increasing encroachments on the flood plains by the growing popuiation to
meet its requirements of food and fibre. The destruction of forests for reclaiming land for occupation
and for obtaining fuel for domestic consumption have also caused changes in the tiver regime, All
these have resulted in an anomalous situation where, inspite of protection measures carried out so far
in the State with an investment of Rs 611 crores (approx) and Rs 28.34 Lakh ha having been afforded
reasonable degree of protection, the flood damages have gene on increasing instead of decreasing.

2 THE KOSI RIVER SYSTEM

21 The river Kosi originates at an altitude of over 7,000 m above MSL in the Himalayas and the river
system lies between 85° and 89° E Longitude and 25° 20' & 29° N Latitude. The upper catchment of
the river system lies in Nepal and Tibet in the hilly reaches of great heights of the Himalayan range.
The highest peak in the world, the Mount Everest and the Kanchenjunga are in the Kosi catchment.
The Kosi, after it debouches into the plains, is the third biggest Himalayan river, being next only to the
indus and the Brahmaputra. !t is one of the ancient rivers of India and has its mention.in the old
literature as ‘Kaushika’. It is known as *‘Sapta Kos! in Nepal because its seven tributaries the Sun Kosi,
the Bhotia Kosi, the Tamba Kasi, the Budh Kosi, the Barun Kosi, the Arun Kosi, and the Tamur Kosi
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meet above Tribeni (about 10 Km upstream of Chatra), But for all practical purposes, the confluence
at Tribent in Nepal is considered to be formed by the three major tributaries out of the seven, the Arun
from north, the Sun Kosi from West, and the Tamur Kosi frem east. The Arun, the longest of these
tributaries passes through Tibet, hamed there as Phung Chu, drains the highest peak of the world, ie
Mount Everest. The Tamur drains the second highest peak, the Kanchanjunga and the Sun Kosi drains
the eastern Kathmandu valley in Nepal. Below the confluence at Tribeni, the river Kosi flows in a
narrow gorge for a length of about 10 Km till it debouches into the plains near Chatra in Nepal. From
here the river runs in relatively flat plains of the terai region of Nepal consisting of sandy soit. After
flowing through the Nepal territery for 50 Km below Chatra, the Kosi river enters the Indian tertitory
near Hanuman Nagar in Nepal. Below Chatra, the river divides itself intc several channels spread over
a width of 6 to 16 Km east to west and flows in south-west directicn upto Galpaharia-in Nepal. Below
this point the river flows almost straight in south-west direction upte Mahesi near Supad! to a distance
of 100 Km after entering into india near Bhimnagar. Here it is worth mentioning that Kosi has been
netorious for its meandering behaviour, having its movements from east to west. It is Known to have
changed its course across a width of about 112 Km in its lower portien in India in a peried of about
250 years. This meandering behaviour of the Kosi has rendered, about 1,235 Sg Km of 1and in Nepal
and about 7,770 Sg Km in Bihar useless as a result of sand deposition. In the course of shifting it has
wiped-out many towns and villages inflicting heavy losses of human, catile life and property. Below
Mahesi the river starts taking turn to south and south-east direction passing through Dhemraghat in
a single defined channel. Subseguently it fiows in the easterly direction and joins the Ganga finally near
Kursela in Katihar district.

2.2 The river Kosi drains a total catchment area of 74,030 Sg Km in India and other countries,
excluding catchment areas of its two major tributaries on right bank, namely, the Bagmati river having
caichment area of 14,384 Sq Km and_the Kamla-Balan with 7,232 Sg Km. Qut of the total catchment
area of the Kosi enly 11,410 Sg Km lies in India and the rest 62,620 Sg Km lies in Tibet and Nepal.
At the confluence of its three main tributaries the Sun Kesi, the Arun Kosi and the Tamur in Nepal at
Tribeni, the areas drained by them are 19,000 Sg Km, 34,650 Sg Km and 5,900 Sg Km respectively
giving a total area of 59,550 Sq Km. About 5,700 Sq Km portion of the catchment in Nepal and Tibet
lies in the glacial region of the Himalayas. It is a snowfed river and hence perennial. The catchment
area uptc Bhimnagar (in Saharsa district of Bihar) is hilly and the rest in India forms part of the
Gangetic plains.

2.3 The Kosi river system is bounded by the ridge of the Himatayas in the north separating it from
the Brahmputra river system, the Mahananda in the east, the Gandak/Burhi Gandak in the west and
the main Ganga stem in the south. The area within India is almost flat and lies in the Gangetic plains.
The vast plain, en which the Kosi delta has been formed, has a general slope from north to south and
west to east, being steeper in the north and flatter in the south. In the noerth, the slope is 56-75 cm
per Km but it is 6 cm per Km beyond Bhaluahi in India. Thus, the entire lower catchment is nearly a
level country which is split into numerous ‘Dhars’ in the old beds of the Kosi river. There are undulations
and innumerable depressicns called “Chaurs™, where water remains accumulated for maost part of the
year. The average bed slope of the river in different reaches is indicated below:

Table No 1

.Average Bed Slope of the River Kosi in Different Reaches

Sl No Reach Average bed slope
1 0 Km to 42 Km 1.4 m/Km
2 42 Km to 68 Km 0,716 m/Km
3 68 Km to 134 Km 0.45 m/Km
4 134 Km to 310 Km 0.1 m/Km
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Geographically, the entire Indian portion of tha Kosi river system falls in the state of Bihar only.

2.4 The main Kosi river catchment falling within the [ndian territery is distributed under several
districts of Bihar, namely, Madhubani, Darbhanga, Saharsha,Supaul, Madhepura, Araria, Purnia, Katihar,
Bhaga'pur and Khagaria, The important places of Bihar falling in the drainage area of the river Kosi
are Birpur, Supaul, Nirmali, Saharsa, Madhepura, Purnia, Murliganj, Kursela etc. On the left bank of
the river Kosi the districts of Saharsa, Madhepura and Purnia and on the right bank Katihar, Madhubani,
Darbhanga, and Khagaria are flood prene areas. The important commarcial centras are Nirmali, Saharsa,
Supaul, Madhepura, Gulab bag (Purnia), Forbesgan], etc.

2.5 Detafls of different rivers of the Kosi drainage basin in India are given below -

Table No 2
St River or Dhar Bank Left {t) Origin Qutfall River condition-
No _ or Right {(R)
1 Bagmati R Shivpuri range of  Near Bang village on the
hills in Nepal at korder of Samastipur and
elevation 1500 m  Saharsa district in Bihar,
2 Kamla-Balan A Mahabharat range River Bagmati near
of hills Badlaghat village in
Khagaria district.
Bhutahi Balan R
4 Trijuga R Foot hiils of Belew vittage Galpaharia
Himalayas in Nepai.
5 Fariani dhar L Between Koparia Drainage channel
and Kursela. siited up
13 Dhemra dhar L . These are the oid
and abandoned
7 Pakilpar L . courses of the
river Kosi now
8 Hareli dhar ’ L . serving as
drainage
g Basanwara dhar o channeis

10 Kashnagar dhar
11 Sapni dhar

12 Beldaur dhar
13 Chausa dhar
14 Gaidhar

r r~r O r -

This repert has been limited to the main Kosi river system only. The other two river systems, ie
the Kamia-Balan and the Bagmati are being dealt with separately as individual river system because
of their distinct identity, individual preblems and the censiderable expanse of the catchment of these
rvers.

2.6 The Kosl river basin in India lies in the Gangetic plains which has been built up in the process

of iand formation. The rivers originating from the Himalayas and talling intc Ganga have played a major
role in such a land formation precess. The sediment brought by them formed inland deltas where the
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steep slope of the terai converged into the flat slope of the plains. This resulted in the meandering and
braiding tendencies in the rivers leading to shifting of their courses. Such changes in the river course
and avuisions/cut-offs of the meander loops formed local depressions known as ‘Mauns’. The Kosi river
basin has numerous gullies and ridges and also saucer type natural depressions locally known as
‘Chaurs'. The outfall conditions aof the leading trunk drains have degraded due to non-functioning of
sluices in the Kosi embankments as also the rise in the river bed near the embankments substantially
(more than 1 m above the country side G L) due to heavy deposition of silt. The southern portion of
the basin, however, is fairly level and without much undulation.

2.7 SOCIO-ECONOMIC ASPECTS

2.7.1  The total population in the Kosi river system within India as per 1991 census is about 66.55
Lakh which is likely to cross 83 Lakh by the end of 2000 AD. The density of population in the basin
in India, ie in Bihar is nearly 583 persons per Sg Km. About 90 per cent of the population live in rural
areas and only 10 per cent in the urban areas. Nearly 85 per cent of the population constitute the wark
force engaged in agriculture.

(Computed on the basis of the data obtained from Directorate of Statistics & Evaluation,
Government of Bihar.)

2.7.2 There are a good number of small-scale industries located in this river system. Two jute mills
and a flour mill at Katihar and few rice milis in Darbhanga district can be counted as the few medium
scale industries in the basin. However, outside india, Birathagar in Nepal is developing into a major
industrial complex. There is ample scope for developing agro-based industries in the basin in Bihar.

2.7.3 The important highways, railways and aerodromes in the river system are indicated below -

Highways

1 Birpur - Bihpur road

2 Purnea - Murliganj - Madhepura - Saharsa - Mahesi road
3 Purmea - Dhamdaha - Rupauli - Bijayghat road

4  Purnea - Korha i Kursela road (NH 31)

5 Katihar - Karha - Falka road

6 Pratapganj - Narpatganj - Farbesganj road

7 Supaui - Pipra - Tribeniganj - Jadia road

8  Jogbani - Forbesga'n] - Araria - Purnia road

9 Kursela - Mirganj - Sarsi - Raniganj - road. -

Railway - {North -Eastern Railways)

Purnea - Murfiganj - Mahhepura - Saharsa section
Supaul - Saharsa - Mansi section

Supaui - Narpatganj - Forbesganj section
Banmankhi - Bihariganj section

Katihar - Barauni section

Lo T4 | B N B

Katihar - Pumia - Jogbani section (North East Frontier Railway)
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Aerpdromes

1 Saharsa
2 Birpur
3 Purnea

2.7.4 |Irrigation canals taking off from both sides of the Kosi barrage at Bhimnagar namely the
Eastern Kosi Canal and the Western Kosi Canal and the Chatra Canal taking off from Chatra in Nepal
are spread over in the terai and plain areas of this basin both in India and Nepal. These canals provide
irrigation facilities in both Nepal and India, except below unconstructed pottion (29.69 Km out of total
208.7 Km) of the Western Kosi canal system, which is still under construction, The CCA of Eastern
and Western Main canals are 4,94,948 ha and 1,62,689 ha respectively. The salient features of the
Kosi irrigation project is enclosed at Annex - 10. There is a hydel power station at the 5th Km (14 RD)
of the Eastern Kosi Main Canal in India with an installed capacity of 20 MW. People of the basin are
benefited from this.

2.7.5 Almost all the cities and towns located in the Kosi river basin in India,namely, Birpur, Nirmali,
Saharsa, Supaul, Madhepura, Forbesganj, Banmankhi, Jogbani, etc, get their domestic water supply
from the ground water potential of the basin.

28 The fand use pattern in the Kosi river basin in India is reported to be as follows -

sl Category Area in Per cent of

No : 5g Km total area

1 Forest land 32.97 0.30

2 Land under miscellaneous trees & groves 343.32 3.01

3 Current fallow 900.52
Other fallow 317.53 1288.91 11.30
Culturabte waste : 70.86

4 Net area under cultivation 7092.09 62.15
Barren land and permanent pastures 792.57 6.94

6 Area under non-agricultural use 1860.33 16.30
Total 11410.19 100.00
Area under cultivation Existing Proposed in the project

a Bhadai 14.09 % of CCA 12 %

b Jute '57.66 % of CCA 15 %

c Sugarcane 21.54 % of CCA ' 3 %

d Agahni paddy 0.09 % of CCA 65 %

e Rabi 9.48 % of CCA 20 %
Total 102.84 115
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- The principa! crops are, Paddy, Maize, Jute, Sugarcane, Wheat, Gram and other Rabi crops.
[Note © A map showing the Kosi River Basin is enclosed as Drawing No 6/01]
3.0 GEOLOGY

3.1 As already stated earlier, the catchment of the Kosi river system is a part of the indo-Gangetic
plains, the farge part of which falls in the Nepal and Tibet Sub-Himalayan hill range. The geology of
the Mount Everest and Kanchenjanga regions in Tibet and Nepal represents the geology of the upper
catchment of the Kosi, whereas thick alluvial deposits of the Gangetic alluvial plains in India represents
the geology of the lower catchment.

In Mount Everest region a broad zone of folded Jurassic strata composed of black shales and
argillaceous sand stones lie which enclose a well- preserved ammonite shell or some other fossi! as
nucleus. The whole group of rocks is soft and fragile and has received a great amount of crushing and
compression. Immediately underlying there is a layer of dark grey limestone, dipping northwards, about
300 m thick, followed by an yellow slabby schistose limestone 300 m thick, which together form the
actual summit of the Mount Everest. The thick zone of rocks below the Mount Everest limestione
consist of slaty rocks with limestone bunds carboniferous, 1220 m thick, underlain by metamorphosed
foliated slates and schists. The composition of the Siwalik deposits shows that they are nothing else
than the alluvia! detritus derived from the subacrial waste of the mountains swept down by their
numerous rivers and streams and deposited at their foot. The weathering of the Siwalik rocks has been
nroceeding at an extra-ordinary rapid rate since their deposition, and abrupt forms of topography have
been evolved in the course of time.

The terraces below Chatra comprise clay, sand and grave!s. The hills at the flank comprise
conglomerates and thick beds of sand, rock and shales. Lower down in the Kosi flood plain, there is
thick alluvial deposit, being a part of the Gangetic alluvial plain.

The geology of the Kosi catchment, by and large, is unstable in nature and susceptible to heavy
wear and tear which ultimately increases sediment load in the flow of the river,

3.2 The drainage basin of the Kosi on the basis of soil characteristics, can be divided into three
Zones: ’

i Upper catchment zone

ii Mid area zone

iii Lower reach zone

i Upper Catchment Zone- The upper caichment of the Kosi basin lies totally in mountainous

region. The soils of this region are usually of three types, namely, (a) Mountain Meadow Soil, (b) Sub
Mountain Soil and (¢) Brown Hill Soil.

a  Mountain Meadow Soil - These are found at the elevation of 3700 m in Himalayan region
having different texture and structure with grass vegetation cover acting as binding material. Wherever
such soil thickness is limited to 7 to 15 m, they are so much erosive in nature that even the wind can
remove the soil and expose the rock surface.

b  Sub Mountain Soil - These types of soils are found in the Sub- Himalayan region under

forest vegetation of the coniferous type. These soils are generally siliceious in nature having pH value
on the acidic side.
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c Brown Hill Soil - These types of soil are found in hilly region and under moderately heavy
vegetation. They are composed of compact grey and dark drown clay loam having p,, value between
6 to 6.5 on slightly acidic side.

i Mid area Zone - The Mid area zone comprises the area between the mountaineous and plain
portions of the catchment at the foothills of the Himalaya, also known as terai region, which basically
lies in Nepal. These terai regions have excessive growth of vegetation and weeds on account of
excessive moisture content.

lii Lower reach zone - Lower reach zone of the Kosi basin in the plains comprises large inland
delta formed by the huge sandy deposit of the Kosi river. On account of heavy siltation of the order
of 25 million cubic metre of sand/silt per year and thereby in the process of building up the delta as
already stated the river Kosi has shifted over 112 Kms from east to west in a span of 250 years prior
to the construction of flood embankments. A short description of soil characteristics in the different
districts of the Kosi river system is given below :-

Darbhanga, Madhubani :- The soils of these districts falling within Kosi basin consist of sandy
loam and clay. Some area to the west and east of Madhubani district consists of heavy clay and clayey
soil, while to the extreme north-east and north west there are patches of sandy clay with saltpetre etc.
All over the area in these district patches of 'Usar’ land, which are unproductive due to salt effervescene,
are found.

Saharsa :- In this district mainly sandy soil is found, except a few places in south of this district
where sandy loam soil is found on account of recurrent flooding by the river Ghughri carrying combined
discharges of the Kamla Balan, the Bagmati and the Kosi.

Khagaria :- The areas of this district which are flooded by the Ganga comprise loamy scil and
those areas flooded by the river Ghughri comprise marshy swamp of clay and ioam.

Purnia :- The central and westem portion of this district comprises sandy soil whereas the eastern
par falling within Mahananda has loamy soil.

4.0 HYDROLOGY

The Kosi drainage basin in india forms part of the Gangetic plains and is situated in the direct
path of the tropical depressions which form in the Bay of Benga! during the monsoon season and travel
in a north - westerly direction. As such, 85 per cent of the annual rainfall occurs in the monsoon period
of June to October. The intensity decreases from east to west and from north to south. It is, therefore,
the catchment in Nepal which contributes a major portion of the runoff in the Kosi river.

4.2 According to the norms lald down by the Bureau of Indian standards (IS 4987), one raingauge
for drainage area uptoc 520 Sq Km in plains is sufficient, However, if the catchment lies in the path of
low pressure systems which cause precipitation in the area during their movements, the network should
be denser, particularlty in the upstream. in not-too-elevated a region, ie, with average elevation one
kilometre above sea level, the required network density is one raingauge station for every 260 to 390
Sq Km area. The IMD has, however, prescribed at least one raingauge station for every 500 Sq Km
of the drainage area. It also specifies that at least 10 per cent of such raingauge stations should be
self-recording. This has to be increased to 20 per cent, as recommended by the Rastriya Barh Ayog
(RBA).

4.3 According to the norms laid down by the World Meteorological Organisation (WMQ) the following
densities are required -
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Table No 3
Sl Type of terrain Density required (one station for}
No
Ideal Acceptable
1 Flat regions of temperate 6800 - 900 Sg Km 900 - 3000 Sqg Km
Mediterranean and tropical zones
2 Meuntainous regions of temperate, 100 - 250 Sg Km 250 - 1000 Sq Km
Mediterranean and tropical zones
3 Arid and Polar zones 1500 -10,000 Sq Km depending on the feasibifity

10 per cent of the raingauge stations are required to be self recording to know the spatial and
temporal distribution of rainfall in the area, which, however, has to be increased to 20 per cent as per
the recommendations of the RBA.

4.4 According to the norms of the IMD, a total of 145 raingauge stations is considered necessary in
the drainage area of the river Kosi, of which 25 such stations are required in the lower catchment in
India. Against this requirement, there arg 35 raingauge stations in India for which data for reasonable
period are available. The number of raingauge stations maintained in the portion of the catchment in
Nepal and Tibet is only 48 as against the requirement of 120. It indicates that while the number of
raingauge stations in the plains is more than adequate, the hilly catchment is not satisfactorily covered.

4.5 The above facts clearly establish the necessity of installing more raingauge stations in the catchment
of the river Kosi in Nepal and Tibet with adequate numbers of self recording raingauges amongst them
in the light of recommendation of the RBA so that reliable rainfall data are available for a sufficiently
longer period for detailed hydrological studies of the Kosi river, This also necessitates an understanding
of the HMG, Nepal and Government of People’s Republic of China with the Government of India for
regular exchange of such available data/information.

46 RAINFALL

4.6.1 Rainfall data of 41 raingauge stations in the upper catchment {Nepal portion) for the period
1948 to 1960 and 26 raingauge stations in the lower catchment {India portion) for the period 1951 to
1970 maintained by IMD had been collected and analysed by the GFCC while preparing a comprehensive
plan of flood management of the Kosi river system in 1986. The GFCC was not able to get any rainfall
data beyond 1970 from the IMD. However, rainfalf data for 26 raingauge stations in the lower catchment
(India pottion) for the period 1974 to 1987 from the Hydrology Cell of the Water Resources Department,
Govemment of Bihar and Districtwise annual rainfall data for the period 1979 to 1985 from Directorate
of Statistics, GOB have been made available to this commission.The rainfafl data made available are
enclosed at Annex 1B. In spite of the serious efferis made the data for the missing year 1971 to 1973
could not be obtained.

4.6.2 The mean annual rainfall in the whole catchment varies from 1589 mm in the upper portion of
the river system to 1323 mm in the lower part. The maximum value of 24 hours rainfall in the lower
catchment during 1951 to 1970 and again during 1974 to 1987 is in the range of 118 mm to 406 mm
in the Indian side and 180 mm on the Nepal side at Barahkshetra,

The rainfall data made availahble are enclosed at Annex 1A.
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4.7 GAUGE AND DISCHARGE

4.7.1 According to the norms prescribed by the WMO, one gauge-discharge site is required for every
300 Sq Km of the drainage area in the hilly portion and for every 1000-2500 Sg Km in the plains.
Accordingly, 224 gauge discharge sites are necessary in the basin, 213 in the upper catchment area
in Nepal and Tibet and 11 in the lower part in India. Against this, 22 gauge-discharge sites and 3 gauge
sites, ie, altogether 25 observation sites are located in the Indian portion of the Kosi basin as listed
below :

Table No 4
List of G-D Sites Located in India Portion

Sl No  Name of site Name of stream Maintained by Observation Site for
1 Trimohan Kosi WRD Gauge only
2 Chausa Sapandhar " Gauge-Discharge
3 Chandpur Fariyani . .
4 Koskipur . . .
5 Dumar Barandi . ,
6 Koparia Kosi - .
7 Dumariaghat . 'e .
8 Kurselaghat ' o
g Banmankhi (1) Fariyani . .
10 Raniganj " " ,
11 Madhepura East Gumti o "
12 Madhepura West Bhirkidhar .
13 Sonbkarsa Maindhar . .
14 Durgapur Kari Kosi n
15 Harda . 1
16 Mushahari Boro -
17 Jarlahi Barandi . "
18 Baghmara Kosi " .
19 Birpur {1) " o
20 Birpur (2) ” CwC Gauge only
21 Basua " ) . Gauye Discharge
' (seasonal site)
22 Baltara : " " Gauge-Discharge & Silt
23 Kursela " " Gauge only
24 Pipra old Kosi " Gauge-Discharge-silt
25 Banmankhi (2) Fariyani “ "

Source: Water Year Book - 1990 by State Hydrology Cell of the Water Resources Department, Government
of Bihar, Sept 1992

The information given in the above table indicates that out of 25 sites only three sites namely at
Baltara, Pipra and Banmankhi, maintained by the CWC have facility for silt load observation. The list
of stations, as mentioned in the Water Year Book : 1990 does not indicate as to how many stations
are actually in operation and data for the same are being collected.
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However, in the upper catchment of the river on the Nepal side altogether six observation sites
have been installed by the CWC, of which excluding the Barahkshetra site, the rest of the five sites
have been installed recently in 1991 and are to be maintained by the Nepal Government under an
agreement reached between Government of India and HMG, Nepal. The status of all observation sites
in Nepa! is as indicated below:-

Table No 4 B
List of G-D Sites Located in Nepal Portion

Sl No Name of site Name of siream Maintained by Observation site for Additional to be made for
1 Barahkshetra Kosi ' CWC Gauge-discharge

2 Pachuwar Ghat Sun-Kosi HMG Nepal '

3 Toksel Ghat . " Gauge-cnly Discharge

4 Balua Bazar Dudh Kosi " Gauge-discharge

5 Turki Ghat Arun ' .

6 Maijhitar Tamur . "

“Source : CWC, Patna Division No 4, Rajendera Nagar, Patna.

It is reported that one more G-D site at Angba Ghat on the river Tamur is likely to be installed
by the CWC very soon.

4.7.2 The maximum and minimum discharges observed at the Barahkshetra and Baltara sites on the
river Kasi for the period mentioned are as follows :

Table No 5
Sl No Location Period of Data Peak Discharges in cumeacs
Maximum Year Minm. Year Average
1 Barahkshetra  1947-1992 25,856 1968 5,420 1953 12,239
2 Baltara 1957-1982 12,043 1974 4,368 1957 7,483

Source : As per comprehensive plan of Kosi prepared by GFCC, 1986 and Report by CE Birpur 1993.

4.7.3 From the data/information contained in Para 4.7.1, it is apparent that the number of gauge-
discharge sites in the upper catchment of the river Kosi on the Nepal side is much less than the actual
requirement. For a fairly reliable hydrological analysis for assessment of water resources, data for a
reasonably longer period and for required number of locations are essential. Although the number of
gauge-discharge sites in the lower catchment on India side is more than the minimum requirement,
data for most of the stations could not be obtained, except for a few stations for a limited period, in
spite of efforts made by this Commission.

ft has been reported that five more sites at suitable locations in Nepal have been installed by
the CWC, which, of course is likely to improve the situation to some extent.

438 RUNOFF FACTOR

4.8.1 Finding out the run-off factor of the catchment is essential to know the runoff likely to result
from short duration heavy rains. In order to find out the total run-off during the monsoon peried for
planning schemes for drainage of accumulated water, it is necessary to determine the runoff factor
applicable for the mensoon period as a whole. In order to conduct such a study and analysis, rainfall
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data for the stations spread over the entire drainage area of the basin and runoff data at suitable
locations on the river for a sufficiently longer peried (at least 20 years or more) are considered to be
the necessary inpui.

4.8.2 The GFCC were able to get hold of the rainfall data of 41 raingauge stations situated in the
Nepal territory for the period 1948 to 1960 and 26 raingauge stations in the lower catchment {India
portion) for the peried 1951 to 1970 maintained by the IMD. This Commission, in its attempt to update
the aforesaid data, could be able to get rainfall data of 23 raingauge stations only in the lower
catchment for the period 1974 to 1985 from the State Hydrology Cell and for the period 1979 to 1985
districtwise annual rainfall data from the Directorate of Statistics, GDB (para 4.6.1). The discharge data
at Barahkshetra for the period 1947 to 1992 and at Baltara for the period 1957 to 1982 only could be
available. It is for this reason that the rainfall-runoff relationship could not be precisely established. On
the basis of longer duration data which would have indicated more accurate results, as compared to
the analysis done by the GFCC with shorter duration figures. This Commission, therefore, suggests
that the State Government should make all-out efforts to coilect the rainfall and runoff data in the basin
for as many years as possible and carry out further studies to establish a precise rainfaii- runoff
relationship at suitable iocations on the river Kosi for future use.

4.9 SEDIMENT CHARACTERISTICS

491 The past history of the river Kosi indicates that the river has a meandering tendency and in
the process it has shifted its course from east to west very frequently before construction of the
embankment. This trend of translatory movement is still continuing in the shape of continuing attacks
on both sides of the flood embankments in one or the other reach every year where huge ameunt is
being spent reguiariy to prevent any possible breach in the embankment. The perusai of river cross-
sections broadly indicates signs of bank erosion and silt deposition.

4.9.2 One of the main reasons for such a shilting and erosive tendency appears to be the excessive
silt charge in the river flow which might be due to landslides and erosion which occurs as a result of
removal of forest trees and undergrowth from the steep hill sides in the Nepal portion. The seriousness
of the silt problem in the basin feading to aggravation of floed problems in India deserves urgent
attention. Suitable measures for afforestation and catchment area treatment for soil consersation in the
hilly catchment in Nepa! are required to be undertaken on a priority basis. The State Government may

take up this issue with the Government of India for appropriate action in consultation/co-operadon with
the HMG Nepal.

493 The location of sites in the Kosi river basin for observation of sediment data along with
discharge {India and Nepa!) are indicated below -

Table No 6

Location of Sediment Data Dbservation Sites in the Kosi Basin.

Sl No  Location River Distance from Chatra Remarks
1 Tribeni Sun Kosi 18 Km u/s Nepal

2 Tribeni Arun 12 Km u/s "

3 Tribeni - Tamur 11 Km u/s

4 Site No 13 {Barahkshetra) Sapt Kosi 6.5 Km u/s "

5 Baitara Kosi India

6 Pipra Oid Kosi "

7 Banmankhi Fariyani "

Source : Comprehensive Plan of Kosi prepared by GFCC,1986
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The available silt data for site No 13 on Sapt Kosi and Baltara on Kosi are enclosed at Annex 3.
The average annual sediment lcad analysis of the above data reveals the foilowing position -

Table No 7

Average Annual Sediment Load Composition at Barahkshetra & Baltara

Site Based on data Composition in % of total load
far the period
Coarse Medium Fine
Barahkshetra 1948-81 19.82 24.79 8539
& .
1985-89
Baltara 1973-81 8.19 19.81 72.00

It is further observed that, on an average, about 95 per cent of the silt load comes down the
river during the monsoon months of June to October and the balance 5 per cent in the remaining period
of seven months of the year. The silt charge is not uniform even during monsoon manths, It is
maximum in the months of July and August and minimum in the months of January/ February.

50 FLOOD FREQUENCY ANALYSIS

5.1 Frequency analysis is carried out to interpret the past records of the hydrologic events like the
precipitation, run-off, flood levels, etc, to predict the probabilities of such occurrences in future. For
quantitative assessment of the magnitude of flood prablem, it is essential to evaluate or estimate the
frequencies of rainfall, flood, etc. Such studies are necessary inputs far proper design and location of
hydraulic structures as well as other related studies.

5.2 CRITERIA OF DESIGN FLOOD

521 The Ministers’ Committee on Floods and Flood Relief Constituted by the Government of India
in 1970 had recemmended that,

“As most of the embankments have been constructed on inadequate and meagre hydrological
data available, it is necessary that the existing embankments are reviewed to see that these are safe
for a flood of 50 years frequency for major rivers and at least 25 years frequency far small tributaries.
Similarly, afl the future proposals of embankment should alsa be based an the above criteria”.

§2.2 The recommendations of the RBA constitited by the Government of India in 1976 (which
submitted its report in March, 1980) regarding the degree of protection by the embankments are as
follows :

“The use of the benefits - cost criterion would require (i) damage data with respect to different
fiood frequencies, (i) data on damages due to probable failure of embankments, and (jii) expertise to
carry out alternative benefit - cost and trade - off exercises. These are not available at present. Hence,
for the time being, the Commission recommends, as a general guide, adaption of the following driteria
based on flood frequencies :

i For predominantly agricultural areas: 25 years fload frequency, (in special cases where
the damage patential justifies, a higher design flood/maximum observed flood, may be adopted).

i For town pratection works, important industrial complexes, etc : 100 years flood frequency,
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(for larger cities like Delhi, the maximum observed flood, or even the maximum probable flood should
be considered for adoption).

Meanwhile, studies should be undertaken to review the basis of these flood frequencies and
attempts made to collect the data and appoint the necessary personnel, s¢ as to enable the application
of the benefit-cost criterion in due course” (Para 13.5 of RBA report).

5.2.3 The relevant recommendations made by the Ministry of lirigation, Government of India in the

guide lines and instructions for implementation of the recommendations, of the RBA are reproduced
below :

“In the case of embankments, the design of a project should be determined for the time being
on flood frequencies suggested. Meanwhile, necessary steps may be taken for the eventual application
of the benefit-cost criterion for fixing the design.”

The summary of recommendations as accepted is as follows-

“In the case of embankment schemes, the height of the embankment and the corresponding
cost be worked out for various flood frequencies and also the benefit- cost ratio, taking inte account
the damage likely to accur for the relative flood frequencies. However, till such times as the details of
all relevant parameters are available, the embankment schemes might be prepared for flood of 25
years frequency in the case of the predominantly agricultural areas and for flood of 100 years frequency
for works pertaining to town protection and protection of industrial and other vital organisations”.

While endorsing the decisions of the Ministry of Irrigation, Government of India on the
recommendations of the BBA, the Commission suggests that all embankments on important rivers
should be designed for a flood of 50 years frequency in general and for flood of 100 years frequency
for works pertaining to town protection of vital industrial establishments.

5.3 ANALYSIS OF AVAILABLE DATA

53.1 At present gauge-discharges are being observed by the CWC at Barahkshetra, Basua, Baltara,
Pipra and Banmankhi and gauge observation at Birpur and Kursela. The gauge and discharge data on
the old Kosi dhars, namely, the Parwane dhar and the Fariani dhar at Pipra and Banmankhi respectively
are being observed since 1977. in order to obtain a reasonably good estimate of future probability of
occurrence of the event, atieast 20 to 25 years of yearly peak value of gauge and discharge are
required for frequency studies, The gauge discharge data for Baltara and Barahkshetra sites available
for 25 years and more have been used in the study. The yearly peak gauge for Barahkshetra, Birpur,
Basua,Baltara and Kursela and gauge discharge data for Barahkshetra and Baltara are enclosed at
Annex 4.

53.2 The frequency analysis of the above available data using Gumbel method gave the following
results:-

Table No 8
A Flood Discharge in the River Kosi.
: (By Gumbel method)
Site Year of data available Flood discharge in Cumec corresponding to
5 yrs 10 yrs 25 yrs 50 yrs 100 yrs
Barahkshetra 1947-92 13524 16120 19395 21826 24239
Baltara - 1957-82 9107 10366 11955 13134 14304
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Table No 9
B Flood Levels in the River Kosi (By Gumbel method)

Site Year of data available Flood levels in metres corresponding to

5 yrs 10 yrs 25 yrs 50 yrs 100 yrs

Barahkshetra 1948-92 125120 126.551 128.360 129,700 131,030
. Birpur 1975-92 75.090 75.420 75.840 76.150 76.450
Basua 1971.92 48.423 48.675 48.984 49.213 49.442
Baltara 1957-92 35.213 35.589 36.062 36.414 36.763

Kursela 1967-92 31.890 32.490 33.260 33.830 34.400

5.3.3 It is observed from the peak discharge data available for Baitara and Barahkshetra sites
{Annex-4) that the maximum recorded discharges of the two sites were not in the same year, {in 1974
at Baltara and 1968 at Barahkshetra). Sometimes higher discharges have been observed at lower
stages. The rise in river stage corresponding to a flood of 25 years and that for 100 years are 2.22
per cert, 0.83 per cent, 1.76 per cent and 3.26 per cent for Barahkshetra, Basua, Baltara and Kursela
sites respectively. Similarly, the increase in flood discharges, for a flood corresponding to 25 years to
a flood of 100 years for Baltara and Barahkshetra sites are 19.68 per cent and 24.20 per sent
respectlvely

5.3.4 It is further noticed from the recorded peak discharge data contained in Annex 4 that the
discharge at the Barahkhetra site is higher than at Baltara in most of the years although the latter is
a downstream site. This might be, besides others, due to the fact that extensive flooding might have
taken place in the flood plains within the basin by the creation of valley storage between the two sites
leading to considerable flood moderation. The other reason could be that at the time of floods the river
spilled between the two discharge sites leading to diversion of some of its flood flows in the adjacent
basins. The overbank spilling has since been contained by embanking the river in its entire spilling
zone.

5.3.5 Further studies may be carried out to ascertain the real reasons for the aforesaid anomalies
so that assumptions/ presurngtions are not the only alternative to be relied upon in future decisions.

54 UTILITY OF FLOOO FREQUENCY STUDIES

5.4.1 The results of flood frequency studies are useful in delineéating the floodprone area on the
contour map in order o be aware of the situation in the unprotected area at different stages of the river
during flood. To make this study useful it is essential to have the contour map {with contour at a
suitable interval) of the area prone o flood preferably in a scale of 1:15000. The next utility of theSe
studies will be in formulatlon and planning of the flood control projects in the basin.

55 AGGRAOATION ANO DEGRAOATION OF THE RIVER BEO
5.5.1 In order to keep a watch over the aggradation and degradation tendency of the river Kosi, its
167 Km length from Chatra to Koparia has been divided into six different reaches with a number of

fixed points on both sides of the bank within each reach for taking cross sections of the river every
year since 1955, as given below :
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Table No 10

Reach-Wise Distribution of Cross Sections

No of reach From To Cross Section No Length of the reach in Km
i Chatra Jalpapur 1-19 27
i Jalpapur Bhimnagar 19-32 15
ii Bhimnagar Dagmara 33-49 26
v Dagmara Supaul 49-70 34
v Supaul Mahesi 70-90 49
vi Mahesi Koparia 91-88 25

Source : Comprehensive Plan of Kosi prepared by GFCC, 1986

The Indian Institule of Technology, Delhi, on the advice of the Kesi Board of Consultants
headed by Sri Kanwar Sain, undertock Cubature analysis in 1974 based on data from 1955 o 1974
for assessing the change in the Kosi river bed in various reaches. The findings of the above study
indicated the reachwise tendency of aggradation/degradation of the river bed as shown in the following
table.

Table No 11
Summary of Cubature Study, 1955-74

Siltation (+) Scouring {-) Rise {+) Fall {-)
Reach Bed variation during Bed variation during Volume change in river bed in MCM/year
1952-62 in mm/year 1963-74 in mm/year
1955-62 1963-74
I (-} 178 (+) 123.4 (-)  4.046 (+) 28.304
I (-} 165.6 (+) 107.0 {-) 16.058 (+] 10.436
mn (-} 35.8 (-} 083 (<) 5.082 - 1.181
v (-} 038 {(+} 1846 (- 2.081 (+) 10.228
v {(+) 95.6 (+) 835 (+) 42.900 (+) 20.949
v NA (+) 120.3 NA (+} 15.730
Total (+) 15.633 (+) B84.466

Source : Comprehensive Plan of Kosi prepared by GFCC, 1386

The analysis of the above cubature study as mentioned in the comprehensive plan for Kosi
prepared by the GFCC in 1986 in being repreduced as below -

“We have already indicated that the average annua! si't load of the river Kosi was of the order
of 95 million MCM as observed at Barahkshetra. Despite the above silt load the reaches 1 to IV, ie,
from the Chatra gorge to about 102 Km downstream at Supaul, the cross-sections did not indicate any
silting during the period 1955-62. As a matter of fact, in this reach, there was about 27 MCM of bed
material scoured away by the river. Thus, this length of 102 Km from Chatra to Supaul was a degrading
reach, the average rate of degradation being between 165.6 mm to 3.8 mm in the different reaches
as shown in column 2 of Table 11. The sit deposit that was occurring during 1955-62 was only in the
Vth reach, which was of the order of 43 MCM during the above period, the annual average rate of
silting up of the bed being 95.6 mm. Data for the next reach, ie reach V! is not available for period
1955-62. This period of 1955-62 approximately correspends with the commencement and completion
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of the embankments. The average annual silt load of the river and the overall deposit of the same in
the river up to the Vth reach during the period 1855-62 are widely different,against a total annual silt
load of about 80 MCM. The two possible reasons for this phenomencn are either (a) they got deposited
in the flood plains at the upper reaches during the pre-embankment or parly embanked periods, or,(b}
bulk of silt deposits occured in the reaches below the reach V.

During the period 1963-74, all the reaches | to VI became aggrading, except reach Il , where
also, the rate of degradation reduced considerably from the period prior to that,as can be seen from
Table 11. The rate of rise of the bed level per year during this period varied from 123.4 mm to 18.6
mm in the different aggrading reaches as shown in column No 3 of Table 11. The reach iil, downstream
of the barrage was degrading in a nominal rate of 8.3 mm per year. The overall silt deposit per year
during this period was about 84 MCM per year, which approximately corresponds to the annual average
silt charge of the river at Barahkshetra.

The fact, that after the embankment, when the spills of river Kosi could be checked, corresponding
to the period 1963 to 1874, the silt charge and the silt deposit as per cross-sections could be correlated
and that it could not be correlated prior to the embankment during the period 1955 to 1962, as
considerable silt used to spread over the flood plgins along with uncoentrolied spills.

The ponding effect of the barrage has obviously played an important role in the intense
deposition of silt in the various reaches. The rate of rise in the bed level in reach Il, immediately
upstream of the barrage is, however, not the highest of all the reaches as could be expected normally.
This reach had, however, the maximum annual degrading rate of 165.6 mm prior to the barrage, which,
after the barrage came under operation, changed to aggradation at a rate of 107.0 mm, thereby
indicating the overall impact of the barrage on this reach”.

In the year 1984 the Department of Civil Engineering of the University of Roorkee was requested
by the GFCC to examine the problem of aggradation of the river Kosi and indicate, with the help of
a mathematical model, the response of the river to the construction of forward embankments. The
report submitted in 1990 concluded that aggradation (with respect to the levels of 1984) of the order
of 2.44 m (8ft) may occur within the existing embankments by 2005 AD and uniform reduction of the
river width in the entire leveed reach is not a feasible solution to the large aggradation noticed in the
river. However, the proposed forward embankments between cross sections 67 and 75 (Table-10)
provide a feasible solution to the control of aggradation {map enclosed at Drg No 6/02). So, on the
basis of this study it has been recommended that in view of the expected aggradation by 2005 AD
raising of the existing embankment in some reaches is desirable and a forward embankment between
cross-sections 67 and 75 may be constructed for reducing aggradation tendency after due verification
of a physical model.

5.6 MORPHOLOGY OF THE RIVER KOSI

5.6.1 Morphology of any river channe!, when considered for its detailed study, is associated primarily
with the study of the size (ie bed width and depth), shape and pattern of river to be supplemented by
study of structure of the basin and the texture of its drainage area. The study of morphology of a
particular river requires association of geologists, meteorologists, hydrologists and biclogists. This is
particularty important because any river or stream flowing in a particular size, shape and pattern today
is a result of short time and long time changes of various factors influencing its morphology over
different spans of time, which may be designated as geological time, graded time and steady time for
proper appreciation of the whole process of metamorphosis of a particular drainage channel. Variables
influencing river morphology by a varying degree of inter-dependence for the three different spans of
time can be considered as below:
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Time (stage)

Initial relief

Geology (lithelogy, structure)

Paleoclimate

Paleohydrology

Relief on volume of system above hase level
Valley dimensions {width, depth, slope)

Climate {mean ppt, temp, seasonality)

o @ ~N o o AW NN =

Vegetation (type and density)

—_
]

Hydrology {mean discharge of water and sediment)
i Channe!l morphology

12 Observed mean annual flood and peak annua! flow (reflecting meteorological events)
13 Hydrautics of flow

The significance of these variables is different in different time spans and far some consideration,
some of them may appear irrelevant even for broad study of the subject but at times they are relevant
in some specific spot or location. As for example, time, initial relief, may not appear to be of any
significance for the study of a drainage channel in the graded time span, arbitrarily defined as a period
of last few hundred years, because it is the present relief of the remaining mass of the landscape
through which the river flows today which is of instant significance. Study of geology, forming the river
basins may not be of significance today but still it is of prime importance because it determines, to a
targe extent, the quantity and type of sediment, fed into the stream. Similarly, paleoctimate and
palechydrology could be considered to be not relevant to modern channel morpholegy but if the same
have determined the dimensions and slope of the valley in which the river flows, then their study
becomes relevant.

§.6.2 Introduction to Morphaologic Study of Kosi

For an understanding of the characteristics and behaviour of a river it is necessary, in the first
instance, to view the entire aluvia! landscape in a historical perspective. The factors influencing the
river channels and river systems can be broadly categerised as : (a) Structure, (b) Stage and {c)
Process. The term structure, as used in geomarphaology, implies not only the effect of various kinds
of rocks but also the differential erosional character of the rocks, the influence of fractures, joints and
faults and their distribution in a drainage basin. The passage of time and the change of land form
character with time is referred to as stage of development of a land form which takes place through
the processes of erasion and deposition. This phenomenon is also referred to as avulsion. The example
of the avuision of the Kamia river into the Balan river can be cited for such a phenomenan. So, study
of this factor is of particular importance in case of the Kosi river because it is reported that in the past
the Kosi river used to fall into the Brahmputra and more recently was the tributary of the Mahananda
before sporadically shifting westward to join the Tiljuga in 1940. The third factor process, which is
influenced by the erosional forces acting at the bed of the river due to magnitude of the flowing water
and internal forces acting below the earth surface causing displacement of earth {very slowly at the
rate of 0.76 cm per year) and thereby changing topographic features and drainage pattern, need an
in depth study.

The morphological study for the Kosi river is of particutar imperance in view of the uniqueness
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of its problem and its notorious shifting tendency. A map showing the shift in courses of the river
between 1731 to 1954 is given in figure 6/03.

The approximate rate of movement of the Kosi between 1731 and 1954 measured on a ling
passing through Belhi and Purnia can be seen in the following table .

Table No 12

Approximate rate of movement of the Kosi between 1731 and 1954

Year Name of the Shift Period Average rate Remarks
main river course in Km of shift of shift
in year Km/year
1731-70 Kali Kosi Livari 11.0 39 . 028 Pericd of shift has been
1807-39 Dhamdaha Kosi 8.0 33 0.15 taken as mid point to span
1840-73 Kiran Dhar 6.5 34 0.19 of years of live existance
1875-92 © Sursar-Dhar 11.0 18 0.40 of two successive courses
1892-1922 Mirchai Dhar - 16.0 3 0.66
1922-36 Parwane Dbar 16.0 15 0.72
Belhi Dhar ' ‘
. ahd Dhusar Dhar
1936-46 Tilawe Dhar - 11.0 11 157 Period of rapid shift.
1946-54 Flowing Kosi 27.0 9 1.80

Source : Comprehensive plan of Flood Control for the Kosi River prepared by GFCC in 1986.

The above table indicates that during 1807 to 1873, when the river Kosi was flowing direct into
the Ganga, the rate of the lateral movement was relatively slow, but since the Kosi began to flow into
Ghughri to the West of where that river joins the Ganga, the rate of translation increased markedly.

5.6.3 Past History of the River Kosi

The past history of the Kosi is the history of the different courses which it adopted in successive
decades below Chatra. The oscillation of the Kosi bed below Chatra can well be compared with that
of a pendulum of a clock having its fixed point at Chatra and oscillating between the district of Purnia
on the east and the district of Darbhanga on the west. Maore than 150 years ago Dr B Hamilton formed
an impression that the Kosi during the remcte past, possibly flowed more towards the south east than
towards the east and joined the Brahmputra. That means that the Kosi had no connection with the
Ganga at that time. In his opinion, the Kosi probably afterwards, when it joined with the Ganga, the
great chains of lake and marshes north and east of Malda (WB) were the remnants of a great river
bed formed by the united Kosi and the Mahananda and the united river opened up the wide channel
now known as the Padma at Jangipur in west Bengal through which the Ganga is still flowing. However,
this theory advocated by Dr B Hamilton has insufficient evidence in support of the suggestion that the
Kosi used to join the Brahmputra.Hence a second theory was put forward by Mr O'Donnell in the
Bengal Census Report of 1891 that the original course of the Kosi was the one then occupied by a
river in Bengal Known as the Karatoya. In his opinion the Karatoya in the days of its real greatness
was the bed not only of the Tees!a but of the Kosi and of the numerous hill-streams which now unite
to form the Mahananda.

Although no historical records regarding the Kosi joining to Mahananda are available, the local
belief is that in some bygone days the Kosi used to flow along the course of the river Parman near
Araria (Purnea Division) and, finally, joined Mahananda. This fact has been corroborated by Mr Shillingford
who wrote “The Kosi in remote times broke away eastward, in part, along the present bed of the
Parman or Panar®, and this statement is in conflict with the theory advocated by Dr Hamilton.
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5.6.4 Different Ancient Beds of the Kasi
The different past courses of the Kosi for which records are avaifable are given below :

1 The Kali or Kari Kosi : it was known in its upper reaches as the Kamia and in Nepai as
the Kajri. it fiowed about 1.5 Km west of the civil station of Purnia. The name ‘Kalt',as given to this
river is from the curious fact that this is the only abandoned channe! of the Kosi, which carried dark
limpid water. This was the main Kosi in 1731, forming at that time the westermn boundary of the Purnia
district.

2  The Dhamdaha Kosi : it is known in the higher reaches as the Fariyani. Dr B Hamilton
showed this to be the main Kosi during 1807-1811, Between the Kali and the Dhamdaha Kosi, there
is another silted up bed, calied in upper reaches the Livari and in lower reaches the Burhandi, which
must have been cccupied by the main Kosi between the year 1731-1807, but no record in this regard
is available. This channe! crosses the North-Eastern Raiiway line between Karhagola Road and Kursela
Raiiway station and joins the Ganga near Karhagola.

3  The Hiram : it was the main Kosi as per the Revenue Survey maps of 1840-47, flowed
to the west of the Dhamdaha Thana and about the year 1870 began ¢ throw off branches into the
Daus Swamps, which became the main Kosi in 1873 and flowed into the Ganga cpposite Patharghata.

4 The Daus : it was the main Kosi from 1873 t¢ 1823 which marked the further westward
swing of the Kosi. The Daus flowed into the Ghugri (coming from west) and they cojointly fell into the
Ganga beiow Kurseia.

5  The Loran : it became the main Kosi channel in 1893 though the Kosi began to throw off
shoots into it since 1891. The Daus and the Loran in their upper reaches used to be fed by the Sursar
Dhar which is still existing. The main Kosi stream remained confined within the Sursar (Daus) for a
pretty long time and was quite vigorous up to the year 1909. Up to the year 1921 the main Kosi
followed the course of the Mirchaia dhar which flowed about 13 Km to the east of Madhepura town.
During 1917, the straight Kosi channe! got completely silted up.

The Kosi flowed during 1922 to 1936 through a number of channels, such as the Beihi dhar,
the Parwane dhar, the Tilawe dhar, etc. During this period the town of Madhepura suffered a good deal
due to the Kosi flood havoc and the headquarters of the then Madhepura subdivision (now district) had
to be shifted to Supaul.

While discussing the shifting of river Kosi and flowing through various channels, the Bir bund
constructed nearly 700 years ago from a point about 5 Km south west of Bhimnagar and terminating
quite close to the Scoranga Range, deserves special mention. The old fine of borrow pits which were
made west of the bund had become one of the main feeders of the Dhemra channel. The flocd waters
of the river Kosi used te spill into this feeder of the Dhemra channel whenever the Bir bund breached
from time to time. The Tilawe depression aisc started from the fine of borrow pits on the west side of
the Bir bund. There were many places between Bhimnagar and Saharsa where Kosi used to spill into
the Tilawe. In 1925 the Bir bund in the tndian territory was repaired. Nething was, however, done in
the major portion of the bund lying in Nepal territory. As a result the Kosi waters used to spill into the
Dhemra and Tilawe channels on the west.

During the years 1924-26 a smali channe! was formed, about 3 Km scuth east of Bhaptiahi.
This was an off-shoot from Dhemra and became known as the Udha channel. This channel in the
following years opened up and from 1828 fo 1932 it got further enlarged. The earth quake of 1934 in
Bihar had its epicentre in the Kosi catchment which caused disastrous land slides and enormous local
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subsidences in the catchment. in the following year, ie in 1935 there were heavy floods in the Kosi river
causing extensive flooding. There was about 18 Kms of westward movement of the Kosi between 1830
and 1932 and a further movement of nearly 38.5 Kms between 1936 and 1938. The udha channel
mentioned above became the main channel of the Kosi river. Thus it can be said that due to quick
silting of the ofd channel on account of the heavy silt brought down by the river as a result of the
disintegration of rocks in the catchment due to the 1934 earth quake, there was apparent shifting of
the main course of the river Kosi.

Nirmali, then a block in the Madhubani district, was considered to be free from the Kosi floods
upto 1938 but was affected by floods in subsequent years. This place for many years had been
protected from fiood by varicus bunds and consequently, had received no silt from the Bhutahi Balan
river which had built up the surrounding country by as much as 2.7 m. Nirmali, therefore, became a
natural depression with the resuit that the Kosi rushed to the low lying area and became active there.
After 1939 the westward movement of the river Kosi was very slow.

In the year 1936 the river Mahuli became one of the Kosi channels. it received a fair quantity
of the Kosi flood discharge through a gap in the Bir bund, in the Nepal territory and carried the same
down to the Beti below Raharia railway station. By this time the Dhemra was also carrying down a
percentage of the Kosi right bank spill through the gaps in the Bir bund. Bhaptiahi also came under
threat by the flood of a branch of the Dhemra, locally called the Udha dhar.

in the fiood of 1936 the gap in the Bir bund near Badia ghat (just to the north of Bhimnagar
in the then Bhagalipur district) was widened and in 1937 practically the whole of the Kosi discharge was
thrown into the Dhemra basin. All the culverts and the bridges of the railway line between Nirmali,
Bhaptiahi and Supaul were severely affected and most of them completely damaged during the flood
of 1937. Since 1936 tilt the river was confined between the eastern and western flood embankments,
the Kosi flood discharge used to be carried down by the Dhemra, the Beti, the Tiljuga and innumerabie
right bank spills of the Dhemra between Bhaptiahi and Parsarma railway station.

The abandoned beds of the Kosi from east to west are respectively the Panar, the Kali Kosij,
the Sursar, the Rohua, the Khunia, the Maria, the Jamua, the Bochaha and the old beds of the Kosi
at east of Bhimnagar, etc. The Sursar, the Rohua, the Maria, the Jamua, the Bochaha, etc, ultimately
unite tegether and form the three principal channels, ie the Sursar dhar, the Bochaha dhar and the
Haiyaha dhar. The Kali Kosi has already been discussed in para 5.6.4 while discussing the ancient
beds of the Kosi. The principal dhars as mentioned above is being described in brief as given
below:-

1 The Panar - it was also called the Parman dhar and formed the eastern most channel.
It used to be fed by the Sursar dhar branch of the Kosi through local diversions in the Nepal territory.
In the ancient past this river invigorated the Mahananda river through a number of channeis taking off
from Panar near Agaganj and Scnapur, scuth of Malharia in Araria district. At present the Panar gets
water from its own catchment and flows to join Mahananda after breaking into two channels nearly 54.5
Km below L R P road (Lateral Read Project road) near Araria. The left channe! which carries much
more discharge in comparison to the right channel, is called as the Parman and joins the river
Mahananda downstream of Bagdoeb. The right branch of the river known as Panar or Riga meets the
river Mahananda upstream of Jhaua railway bridge.

2 The Sursar Dhar - it takes off from the main Kosi at Chatra and is locally known as the
Khunia or the Babhani dhar. This river is fed by the Kosi during flood seascn only because during the
non-mensoon peried it becomes unable to draft discharge from the Kosi due to its offtake filled up with
bouider and sand in the 3 Km stretch. From enquiry it appears that about 100 years back, the Sursar
was the main Kasi channel but in course of time its bed became siited up. The Sursar dhar carries
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some high flood spilis of the Kosi along with the iocal drainage of the area through which it passes,
but practically the supply foer Kosi spill inte Sursar has stopped since the execution of the Kosi Project.
it crosses the Nepal border just North of Ghurna viltage in Araria district, and then fiows directly
southwards upto village Chuni where it divides into three channeis,viz,the Sepaha dhar,the Gorghwa
dhar and the Gorawa dhar, which uitimately fall into the Ghughri under the name of the Kathantia dhar
to the north of the Katareha railway station.

3  The Bochaha Dhar - it is an abandoned bed of the river Kosi which nearly 87 years back
used to receive Kosi spills during high ficeds. its offtake is now silted up and therefore, it is now
completely separated from the Kosi main channel and working as a drainage channel. The river flows
in a southerly direction and enters the Purnia district near village Bela. Further down it joins the
Haihaha dhar to the south of village Bhawanipur.

4  The Haiyaha Dhar - The river is called as the Jamua dhar in Nepal territory and enters
india on the east of Birpur. It is said that Haiyaha was very vigorous some 72 years back. it meets
Thalaba dhar, a small stream and a branch of the Bochaha dhar, at nearly 6.5 Km south of Nepal -
India Border. Further down it bifurcates into two branches, one meeting the Bochaha dhar to the west
of village Bahuan and the other flowing directly south to meet the Garah dhar which is in continuation
of the Bochaha dhar. Up to 1940 it was active during fleceds only but iater on after the floods of 1941,
the eastern main channel of the Kosi in the vicinity of Bisaria had greatly developed and the left bank
erosion had been going on so vigourously that the Kosi had encroached upon the siited course of the
Haiyaha, the result of which was that the Halyaha had a direct connection with the Kosi.

5.6.5 Opinions of Various Experts on Problems of River Kosi

Many prominent engineers and scientists have studied and analysed the complex behaviour of
the Kosi river, such as its shifting tendency, excessive sediment load etc. Some of their reievant
observations have been quoted in this report at Para 5.6.3,however,in the present context, some more
observations are brought out here. Mr J Inglis {(Maori) described the genera! characteristics of the Kosi
as foliows -

“The main stream flows with a swift milky flood, dividing the two great indige and rice districts
of Bhagalpur and Purnia. When swallen by the melting of the snows or by the annual rains, the river
overflows its banks, and at such time presents the appearance of a broad swiftly flowing sea, for its
breadth from bank to bank is often ten and in some places even twenty miles across. In the dry season,
the waters, always of the same milky hue, are confined to innumerable channels, some so shallow that
the stilted ployer can wade across, the other running deep and strong, with a ceaseless gurgiing swish
that would sweep the stateliest elephant off its feet and carry its ponderous buik far down the stream.
These streams seem to run at random over this deitaic plain diverging here, reuniting there, forming
a wide bend at one place, and cutting direct through the sandy soit in another. The face of the country
is spiit up into an infinitude of islands, and recticuiated every where by a network of dry channels and
shifting sand banks, and overall wherever there is inch of soil the stately elephant grass spreads its
feathery mantie”.

Mr F A Shilingford in 1893 made his conclusions after 25 years of observation of the river.
These are:- -

a The bed of the Kosi osciliates over a vast tract of country from the Bramhaputra to near
the mouth of the Gandak, the oscillation being repeated at iong intervals of time.

b The westward movement in each oscillation is slow and in a series of steps each of which
is attended with damage to property but of a temporary nature.
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¢ The eastward movement of the oscillation wil! probably, be accomplished in aone great
swing and will be accompanied with great loss of life and property with a remoter danger of serious
nature”.

in support of the facts described in (a)} abave, it would be quite interesting to note that
description of Mithila territory by a famous cournt poet Vidyapati during the reign of Raja Shiva Singh
in about 1402 reveal that the limit of land bounded on the south by the Ganga, on the east by Kosi,
on the west by the Gandak, and on the north by the Himalayas and being traversed by the Kamla, the
Tiljuga, the Amrita (Jiwachh), the Dhemra, the Bagmati, the Lakhna, etc is called Mithila, the fountain
of learning.

Regarding the translatory motion of the river, the contention of Mr C C inglis is reproduced
below in his own words “Translation of the Kosi is normally started by spili from the outside of a bandh
entering a smal! natura! drainage. Such drains tend to form wherever surface drainage is concentrated,
which occurs wherever surface flow is interfered with by road or embankment or where the waste water
from rice fields concentrates to form a drain. The Khata nala, which used to flow into the Dhemra, is
a good example, while the Sakardyi nadi, which was hitherto protected from spill by the Hanumannagar-
Kanauli Road, is another case.

Early spills contain little sand. As the slope of a smal! drain generally far exceeds that required
to carry the increased supply, scour is rapid. So, in a very short time, what was previously a small
surface drain becomes an angry, turbulent flood flowing with ‘ceaseless gurgling swish’ as typical of
the Kosi, where scour is occurring. The almost universally assumed cause of silting or scour is the
magnitude of discharge relative to slope, whereas the major factor in the case of the Kosi is the
distribution of sand charge.

Whaere there is an excess sand charge, the main channels are curved and at the outside of
each curve the water banked up by as much as two feet (0.6 m) and at this point, the channe! carries
little sand, whereas at the inside of each curve, the reverse is the case. It follows that channe!s which
take off from the outside of a curve (in its middle portion} carry water which is relatively free from bed
sand, whereas channe! taking off from the inside of a curve carry excess bed sand and conseqguently
silt rapidly. In general, bank scour is continuous at the outsides of bunds and a channel which at first
draws water from the outside of a curve will at a later stage, draw water from a point where a heavy
charge of sand will be drawn.

In the former case, owing to the small sand charge and high water level, the new channe! will
scour rapidly, even though the slope be small, whereas with a heavy charge of sand and a relatively
tower water level, the head of the off taking channe! wili silt rapidly, even though the chanhne! be steep.

Where, however, the slope is steep and the sand.chargs is small, all factors are then favourable,
and a very rapid scour occurs.

Under these overchanging cenditions, new channels are being continuousiy formed and other
channels are being continucusly closed up, while this is in progress, accretion is simultaneously taking
place on the shoals and islands, especially where the velocity of flow is retarded by grass. The annual
depth of accretion on the latitude of Hanumannagar was so far as Inglis could judge, about 0.6 m but
in some cases aroynd Supau! a much greater depth had been deposited and in depressicn up to 3.6
m had been observed.

An embankment like the Bir bandh, i built on land sioping up graduaily towards it, will effectively

prevent translation as long as it is carefully maintained and its lower end strongly held, but an embankment
built on land sloping down towards the west would lead to a drain forming along its face. This would
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later become a channel along the toe of the embankment, with consequent severe attack so that,
unless its toes were very strongly protected, it would fail”.

Mr C C Inglis, the then Director of the erstwhile Centra! Irrigation and Hydro-Dyanamic Research
Station, Pune further expressed the following views in regard to the problems of the Kosi river -

a. The river is now held firmly along the Right Bank and will continue to fili up the trough
of low land which is now occupied by the Tiljuga and Balan rivers, untii its westward translation is
stopped by the somewhat higher land running south from Tamuria, along which an embankment wili
probably be required to prevent stili further westward movement.

b The cause of the movement is buiiding of the submontane deita due to an excess charge
of sand. This sand is stated to be due to a considerable extent, to land slides and erosion which occur
as a resuit of removai of forest trees and undergrowth from the sweeply sloping hilisides in order to
do short term cultivation.

Though such erosion must, in the course of time cause great loss to the State, | was toid that
there was iittle likelthood of this being brought under control in the near future. If this be so, the cause
of the trouble cannot, for the present, be removed. The aiternatives, therefore, appear to be to allow
the river to fill up the trough of the Baian and Tiljuga as far as Tamuria or to train the river for some
20 miles below the Gorge to cause it to return to the neighbourhood of Purnia. The data avaiiable is
inadequate to make it possible to say whether such training is practicable. Ail that can be said is that
shouid the river be brought into this course, its slope would be much more favourable for permanent
controi than at present but much more data would be required before the cost of such a scheme couid
be estimated. This data must include information regarding sand charge and bed movement”.

Mr M Mathrani, 1 S E (Retd) Chief Engineer, irrigation Bihar was of the view that the topography
of the Kosi basin had not fully developed and the bedsiope of the river in the upper reaches was too
. steep for carrying a discharge varying between 8,490 cumecs and 19,810 cumecs in a channel made
up of weak sandy material. He did not consider the siit charge of the Kosi river to be excessive as
compared to that of the other Himalayan rivers,

M/s Leopoid and Maddocks, Experts from The United States, were of the view that the braided
channe! of the Kosi would continue to shift laterally at a rate dependent on the rate of deposition of
siit. As one course of the river became higher, the river would shift to the adjoining lower channei.

M/s C V Gole and § V Chitale of the CW & PRS expressed the view that the Kosi formed a
conical delta with its apex at Chatra and the base plane passing just north of Mansi and Kursela. On
the east, the delta extended a little to the east of Katihar-Jogbani railway line and on the west up to
Belhi. Any one course of the river occupied a part of the cone with an appex angle of about 10°. After
deposits were formed where the river slope was deficient for carrying the material further down, the
adjoining part of the cone remained low, inviting the river to shift towards the low ground. This shifting
was neither systematic nor regular. However, the general pattern was the same. Out of the several
flowing channels only a few channels at a time carried major discharge. When these channels got silted
up and their beds were raised the adjoining channels carried more discharge and gradually became
the major channels.

Mr Gole and Mr Chitale were of the opinion that in conical delta building, as in case of Kosi,
sediment deposition, rise of bed tevels and consequent shifting of the river course occured progressively
from one edge of the cone to the other. After reaching the other edge, the process of deposition and
rise of river bed with consequent shifting of the course, would continue in the opposite direction.
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Dr K | Rao of the CW & PC was of the view that the laterai movement ot a river occured due
to the five basic factors such as valley slopes, bed load and coarse silt, discharge, bed resistance and
transverse slopes and these.variables occured in conjunction and should not be studied in isolation .
Hydraulic model studies are necessary to observe the effect of these factors individually. According to
him all the basic factors favourable for violent shifting of the course are present in the case of the Kosi
river. The gradient is steep, having on an average 0.763 per 1000 for the reach of 48 km below Chatra.
There is an appreciable amount of coarse silt in the river and bed resistance is low, there being no
beulders in this steep reaches. At times, the discharge are also appreciably large, against the normal
flood of 7,080 M%¥sec. The most important contributory factor for side way of the river, as appeared
to him, is due to excessive coarse sediment in the river. He felt, it was necessary to flatten the
gradient, to reduce or trap the coarse silt and if possible, to reduce the intensity of peak flood flow.

5.6.6 Study of River Morphology of Kosi by Different Experts

It has already been stated in the introductory para that no systematic study of river Kosi and
its behaviour has been done uptill now. But in connection with the finalisation of the 1353 Kosi Project,
the Government of India and the State of Bihar had obtained the views of a number of foreign experts.
Among those, M/S Leopold and Maddocks Jr. of the United States Technical Co-operation Mission to
India, New Delhi submitted a report on reconnaissance of flood control problems in North Bihar on April
9, 1955 which contained a broad analysis of the Morphology of the Kosi river, its different patterns and
the analysis of the situation existing then. Relevant extracts of the above report are enclosed at Annex
11.

The description related tc the study of morphology of the river Kosi made in the above repon,
thourgh not in detail, contains for during pre-barrage and pre-embankment period. After the construction
of the barrage and floed embankment on Kosi were completed, the State of Bihar appointed a Technical
Committee in the year 1971 under the Chairmanship of Shri Kanwar Sain a former Chairman of the
earst while Central Water and Power Commission. One of the terms of reference to the Committee was
to review the functioning of the existing barrage and to suggest further measures that may be necessary
ta¢ ensure optimum flood protection in the Kosi basin. While analysing the effect of the Bhimnagar
barrage and flood embankment on the Kosi River Regime in chapter IV of its report, the Committee
had ocutlined the causes of shifting courses of Kosi river, as under :

“In order to understand the process of the shilting courses of the river and the delta building
activity a topographic plan of 1926-1938 was prepared for the Kosi basin, bounded by Mahananda river
on the east and Balan river on the west. The base plane on which the Kosi delta is being built has
a slope from north to south and west to east. On this plane the Kosi is building a conical delta with
contours running almost circumferentially with the centre situated in the vicinity of Belka Hill. The toe
line of the Kosi delta could easily be demarcated comparing the contours of the base plan with those
of the Kosi deita which rest on it. On the east, the delta appears to extend a litte east of Katihar-
Jogbani railway line beyond which the area is occupied by the Mahananda valiey. On the west, western
most Kosi channei of the present river course is running almost along the other edge of the cone.

In the process of building up of the land, the Kosi river moved westward to Madhepura by 1938
and the cone between the eastern most limit and the Mansi-Saharsa railway line was fully developed
by then. Further west, the contours show a sudden depression ting the pan of the cene to be buiit next,
ie, after 1838. This remaining part of the cone was occupied by the Kosi by 1357 and the iand was
partly raised by sediment depasition resulting in partial smoothening of the 1938 contour lines. That
the thickness of sand deposition after the Kosi has passed over a part of the cone couid be gauged
from the pattern of the contours. The maximum thickness appears to be of the order of 6 feet (1.8 m)
in the middle reach in between the contours of the 150 and 175 knowing the thickness of sediment
depasition and the part of the cone over which deposition has occurred during the period 1938 ta 1957
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the tota! quantity of sediment deposit works out to 1.6 million acre-it (1973.6 MCM} in 19 years, ie,
0.083 million acre-ft (102.4 MCM} per year. -

After deposits were formed where the river slope was deficient for carrying material further
down, the adjoining part of the cone remained low inviting the river to shift towards the low ground.
This shifting was neither very systematic nor regular. However, the general pattern was the same. Qut
of the several flowing channels, only a few channels at a time carry major discharge. When these
channels get sifted up and their beds are raisedthe adjcining channels carry more discharge and in
turn, become the major channels. Thus, in the progressive shift of the river from east to west the major
channels existing at any one time slowly went on dying, while the channels further west progressively
opened out. '

The study. of the contour plan of the Kosi delta from 1947 to 1963, although not covering the
whole area of the delta, is helpiul in indicating the river reaches that are prone to silting and scouring.
From the contours that again run circumferentially south of Hanumannagar, the tendency of cone
formation is evident. it may, therefore, be inferred that the river is aggrading in this reach. North of
Hanumannagar, the contours run mostly straight while near Belka hill the contours are curved in a
fashion opposite to those indicated downstream of Hanumanagar and further upstream and tendency
for bed scour is indicated till near about Belka Hill.

From the above findings, the shifting of the courses of the Kosi river appears to be caused by
the deficient river slope in the lower reaches, which is not able to carry the excessive load trought
down by the river. The river in the natural course would have continued building the delta for many
years causing heavy devastation in North Bihar during these years and ultimately achieved such a
stable slope, probably along the line running straight south from Chatra, so that all the sediment could
be carried down the river, with progressive changes in the bed materials lvad caused by attrition and
sorting. The 1953 Kosi Project was designed to hold the river to one course, occupied by the river at
that time .This naturally hindered the processes involved in the delta activities of the river giving reliet
to vast areas formerly effected in such process”.

Dr S V Chitale of the Central Water and Power Research Station, Pune has heid that the river
slope immediately down stream of the barrage which is 0.44 metre per 1 km is the most stable.

He has advocated an idea that if the river bed is regraded in accordance with this stabie slope,
the shifting tendency of the river and its erosive nature would disappear. On this consideration he has
suggested the following measures to be adopted -

i The length of the river Kosi should be shortened by joining it with the Ganges near Mansi,
according tc the above mentioned stable slope of 0.44 m/Km or alternatively.

i An altogether new channel from the Chatra to Kursela be developed according to this
stable slope. -

The ideas formulated by Dr Chitale are based on sound logic. Leopoid Maddocks of the United
states Technical Co-operation Mission to [ndia expressed a similar view as early as the year 1954
which was also reiterated by Dr Kanwar Sain as it has been pointed out in the comprehensive plan
of the GFCC that the two alternatives suggested by Dr Chitale suffer from serious limitation as would
appear from following -

(a} Both the proposals would involve developing of artificial channels of gigantic size which

obviously would pass through developed and populated areas. This would naturally invite sericus public
objections.
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(b) Prior to construction of the barrage, only part of silt of Kosi and that toe only suspended
silt used to be transported to the Ganga. This trend continues even after construction of the barrage
and the flood embankments, But, after regrading of the river bed as suggested above the silt carrying
capacity of the Kosi river will considerably improve, thus increasing the contribution of silt to the Ganga.
Consequently, the river Ganga itself is likely to aggrade. in effect, this would mean transferring the
problem of the Kosi to the Ganga. The possible repercussions of this excess silt contribution to the
Ganga will therefore need a detailed study.

(c) The slope which has been considered to be stable by Dr Chitale is showing this apparent
stability only because the upper reaches to this is having large scale deposits of coarser variety of
sediment. This is borne out from the fact that even with a steeper slope in the reaches upstream of
this so called stable slope reach, the river is aggrading. Hence, a stable slope, which shall give a
sediment transport capacity, for all the sediment that emerges at Chatra gorge shall be much steeper
than that considered by Dr Chitale.

(d) The Kosi is joined by other rivers like the Kamla, Bagmati ete. These, and the numerous
drainage channels shall need a separate system of rivers for draining their catchment with independent
outlets to the Ganga, at least one on the east and another on the west, creating more of the problems
of getting land in developed areas, already discussed, In this case, this Commission is of the view that
the idea propounded by Mr. S V Chitale of the CWPRS, Pune, and the comments cffered by GFCC
in the above para may be investigated thoroughly as well as hydraulic model studies should be carried
out and final decision may be taken on the basis of such detailed studies.

The study of Morphology and Mechanics of the Kosi river has been attempted by the River
Morphology and River Mechanics wing of the Central Water Commission. The impertant contents of
their reports are as under - '

1 The Kosi river can be divided into the following broad reaches trom its origin in Nepal to
its point of cutfall near Kursela on the Ganga in Bihar. There is difference of elevation between the
point of origin and the point of confluence to the extent of 80 metres. The length of the valiey between
these two points is 160 kms, indicating a broad valley gradient of 1 in 2000. Against this, the bed
gradients of the river along its different reaches are as follows -

Sl Ne  Extent of the reach Existing bed gradient

1 0-42 km 1.4 mAkm (1 in 714)
2 42-68 km 0.716 m/km (1 in 1396)
3 - 68-134 km : 0.45 m/km (1 in 2222)
4 134-310 km 0.11 m/km (1 in 9090)

The above details wifl indicate that there is considerable difference between the valley gradient
and the bed gradient of Kosi. Probably because of this, the river is showing the tendency of changing
its course with a view to maximising the length 1o be as near the valley gradient as possible. Detailed
mode! experiments are necessary to determine a stable channe! length so that the valley gradient of
the river equalises.

2 Long term data shouid be collected in a phased manner and studies on various aspects,
such as aggrading and degrading tendency of the river along with the process of shifting of course due
to change in slope or otherwise should be conducted. The data required and studies 1o be conducted
have been indicated.
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3  Prior to the construction of the Kosi Project, the river changed its course in westward
direction moving about 112 kms between 1736 and 1953. |t appears that there were three major
directions in the river course and all the three took place in a very short reach between Chatra and
Hanumanagar. It was from these three primary spill channels that the other secondary channels took
off in the lower reaches and most of them took off between Hanumannagar and Bhaptiahi. Lower down
the channels usually did not spill as frequently. Except for a few exceptions al! the spilis took place
from the western bank. The long time gap between the major duration suggests that the silt deposition
and the erosional processes responsible for the development of the new channels were rather slow.
These processes lower down were quicker. It is also clear that the bank material in the upper reaches
was more resistant to erosions than that in the tower reaches.

4  The above observations will help in identifying the relatively stable and unstable reaches
of the river. A number of basic studies have been recommended for identification of the stable and
unstable reaches, besides studies on the channels geometry also. These are listed under the next
paragraph.

5  Study of morphology of the river should include the study of deep channel of the river and
the prevailing water levels in the river from season to season.

6 It is desirable that the details of river training works of different types are coliected and
studies on their effectiveness be made. Whether any improvement in the case is necessary has to be
studied in detail,

7 The solution for stabilising the Kosi appears to be in reducing the extra-ordinary high
charge of silt brought by it from its unstable catchment. The reduction of this high charge of silt by
appropriate methods has to be considered for any permanent solution of the Kosi.

8  One of the solution to achieve the objective of reductions of sitt has been to construct a
high dam in the higher reaches. The after effects of a dam have to be analysed and studied in defail.

5.6.7 In the study of morphology of the Kosi river in the Central Water Commission as described
above a programme for collection of data in four phases has been suggested as a first prerequisite
of the long lasting solution of the problem of the Kosi river. These are reproduced below -

Phase-]

i The river configuration plans should be prepared every year. These should show he bank
lines, shoal formation and current direction. This may be supplemented by aerial mapping (This work
except aerial mapping is done every year).

ii The stable and unstable reaches should be identified.

iii  The river cross sections and L-sections should be taken every year and contour plans
should be prepared after every five years or so to ascertained any appreciable change in the topography
of the flood plain between the embankments (this work is done every year).

iv. The most obvious causes of river attack should be accurately recorded for different
reaches eq deflection of the current towards the bank due to the formation of sand bars or development
of a deep channel near the embankment or sloughing of steep banks under saturated conditions. The
distribution of the flow in various channels and the current direction should be recorded both for the
low and high stages of the river.
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v A detailed geological report should be prepared for the entire river basin highlighting -
a  Various potential erosion spots contributing sediments.

b The past history of the river giving major geological and hydroiogical events that may
have caused major changes in the river course and flow patterns.

¢ The mineral composition of the entire range of sediment particles.

This will help in understanding the process of reduction of sediment size in the downstream
direction. :

vi  Additional GD and silt observation stations should be set up at the following places :
a Half-way between Barahkshetra and the barrage.
b At four places between Hanumannagar and Koparia to have five study ranges of
equal length. The discharge should be measured by modern sophisticated equipmeént at all stages. In
addition to the above stations, gauges should be observed at a number of intermediate points, preferably

at the existing spurs so as to get accurate energy slope for different reaches. -

¢ Representative river bed samples should be collected from each of the above study
ranges to study the processes of deposition, erosion..

vii - All visible effects of various spurs on the river flow, erosion of sand bars or deposition,
etc, should be accurately recorded in detail. General performance of each spur during flood should be
recorded in a hisiory sheet.

Phase-Il

The next phase will comprise the following basic studies for stable and unstable reaches -

i Analysis of hydraulic parameters establishing relationship between discharge, on one
hand and depth, width, bed slope, velocity and Mannings ‘n’ on the other.

if Relationship between various parameters of channel geometry, eg meander length, meander
width, river width, depth. How these relationships get affected by major changes in discharge and
velocities.

iii Aggradation/degradation of the river bed should be ascertained by a study of the G-D rating
curve for each study range.

Phase-lll

This phase will comprise the following -

i Finalising the empirical formula for use in mathematical models for the river.

ii Work out the maximum and minimum safe discharges for a stable meandering river.

i Work out the meander length, width and other channel parameters for the river and the

fiver alignment.
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v Work out the critical design hydrograph far the river.

v Work out the appropriate silt charge that can be safely routed.

Phase-IV
This phase will comprise :

a Planning structures like spurs, revetments to bring the river to the desired alignment with
proper curves, bends and meanders.

b Planning control structures for routing the design hydrograph and silt cnarge. Data collected
in each phase shall have to be analysed to establish relationship between various hydrologic parameters
of flow and some characteristic of the flow of river Kosi will have to be enclosed which can be then
projected for working out a pattern of stable river regime, which is the end-result of all data collection.

As a second line of future action, study an the following specific points has been suggested:

1 To evolve measures to be taken for the shifting of the river towards the centre from the
present trend of shifting eastward.

2 To examing and work out a programme to make the river straight downstream of the
barrage from its present trend of immediately turning on the eastern side.

3  To check up whether the ariginal course of river Dhemra dhar is just hugging the line on
which the eastern embankment is constructed at present.

4  To examine the possibility of construction of cheaper permeable spurs instead of the
present costly impermeable spurs.

5  To explore the possibility of constructing sloping spurs to remove unwanted shoal, sand,
bars, etc. :

6 Study of aggradation, degradation, pattern of natural meandering and other characteristics
for this river,

7  To decide the necessity of raising the flood embankments.

5.6.8 Comments of the Ganga Fiood Contro! Commission on the aforesaid study of the Kosi river
morphology and its mechanics by the CWC is given below :

1 The study of the morphology of the river Kosi should aim at not only achieving the stable
course of the river, but also ensure that the regime thus achieved is capable of safely carrying the fiood
discharge from the gorge to the Ganga as well as permit the entry ol drainage channe! from the
countryside into the river 50 as to effect satistactory drainage in the nonflood periods. 1t is, therefore,
suggested that the study of the morphology of the river should include the study of the deep channe!
of the river and the prevailing water levels in the river from season to season. The entire process of
drainage is still going on and a long term solution has to be found out with regard to the trend of
development during recent years.

2  The history of the Kosi is that it has been shifting its course from time to time. Even after
the construction of the barrage and embankments, the river has been maintaining its shifting tendency
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but it has been kept confined within the embankments. The study of the effect of the Kosi project on
the river Kasi has therefore, to take into account the change of the river prior to the construction of
the Project vis-a-vis the trends in the post-project candition.

The physical phenomenon of prevention of the change of the course of the river beyond the
limit set by the two marginal embankments is self evident.But it has to be remembered that in the Post
project condition, the river is carrying depositing silt in a limited space between the embankments the
implications of which have to be assessed in the study of the morphology of the Kosi. -

3  The river Kosi has a much more stable reach lower down where the country slope
becomes flat and the silt charge becomes manageable. On account of the steep slope in the upper
reaches, it may be extremely difficult to attain a slope as flat in the upper reaches as is prevailing in
the lower reaches. Even if a flat slope is achieved in the upper reaches due to the barrage the problem
of silt in the upper reaches with an artificially created slope may become enormous. It becomes,
therefore, clear that a mere identification of the relatively stable reach of the river and trying to induce
the geometrica! parameters of these stable reaches in the unstable reaches may not bring about the
desired result of stabilisation.

4  Keeping in view the observations in para 3 the salution for stabilisation of the Kosi
appears to lie in reducing the extra ordinary high charge of silt brought by it from its unstable catchment.
Thus a mere study of the data relating to the river in the reaches down the gorge may not provide the
desired solution. The reduction of the high charges of the silt by appropriate methods has to be
considered for any permanent solution of the Kosi. '

5  One of the solutions suggested to achieve the objective of reductions of silt has been to
construct a high dam in the higher reaches. One consequence of the dam may be degradation below
the dam which may be limited by the coarse material of the bed forming an armour. But the size of
bed material decreases with distance from Chatra, hence a larger and larger volume of sediment may
be removed to secure adequate amount of material large enough to resist in flowing water. This section
may result in steepening of the slopes for some distance and at some point further down a deep
channet might be excavated. The ultimate result in the lower reaches may be a larger and still a larger
amount.of material by side-ward movement of the river and, finally, resulting into development of a
meandering river. Such a situation has been reported to have taken place in the USA on the Colorado
river below the Hoover dam. The after-effects of a dam have also therefore to be analysed and studied
in the morphological study of the Kosi. -

6  The main thesis of the report appears to.be the observation given at page 138, that the
river would be stable when the channel gradient and valley gradient are the same. The author advocates
experience to determine this channel length of orientation by model study and adopting river training
works for ensuring this. The Mississippi river is quoted as an example. The detailed justification for this
theory should be given in the report before suggesting its adoption.

7  Lots of silt data are available in respect of the Kosi. Any morphelogical study of the Kosi
is, thersfore, incomplete if these data are not incorporated in the study and discussed to identify the
problems and remedial measures.

8 Training works of difterent types have been used with a view to taming the Kosi. It is
desirable that the details of these training works are collected and included in the report. How far they
have been effective and whether they need any improvement to achieve the objectives are some of
the questions which need to be discussed and answered in a report of this type. The cubature study
of the Kosi was made about 14 years back.
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9 The iast 14 years data can be utilised to find out the present status of the behaviour of
the trend of the river.

56.2 Changes in the Regime Characteristics of the Kos! River.

Considering from the general appearance, the formation of the river Kosi is rather pecuiiar and
distinct from that of other rivers. Normally, a river has three distinct reaches first in the hills where the
stream very rapidly flows generally in a deep gorge with steep sides followed by the second one called
up-land region. in the second reach the river is comparatively much broader and still flows in a deep
valley with high margins on both sides. The next stags, ie, the third one is a deltaic formation. In case
of the Kosi the middie reach which is called the upland region is practically absent. The river begins
to exhibit the deltaic characteristics immediately after it enters into the plains at Chatra,

The first and second reaches, as mentioned above, usually provide a favourabie location for
construction of controi structures. Prior to construction of the Kosi barrage a lot of deliberations and
apprehensions were made regarding technical feasibility of the project, its location, post-effects, etc.
Finally, the barrage site was fixed at the end of a steep reach of the river about 5 Km upstream of
Hanumannagar. From aii considerations, this location is found to be most stable excepting the absence
of a high margin, particufarly in the eastern side to tie up the structure. So a fairly high and rather long
affiux bund was considered to be a solution to this probiem. This naturally made the weakest link in
the scheme.

Some ot the apprehensions made at that time in this regard by eminent experts in the tield are
brought out as follows:

i That the inter position of a barrage would greatly aiter the river condition by fiattening the
gradient upstream of the barrage which would cause considerable deposition of the coarse sediment
at further end of the pond. In the initial years, due to canalisation and centraiisation, heavy deposition
of siit wouid be iikely to take piace at the flanks which would, in effect, strengthen the earth dam,
eastern and western embankments and a small reach of the affiux bunds up stream of the barrage.
In the long run fiattening of the gradient would cause aggradation at the upper end of the pond and
intensily the braiding action there.

i The new spill channeis might appear in the upstream which would attack the eastern
affiux bund as the country slope is from west to east there and the river runs at a higher ievei than
the adjoining country on the east.

it To the brighter side, it was obszrved that it wouid improve the regime of the river below,
as the sediment load beiow the harrage wouid be less because of trapping of a part of the sediment
joad in the pond area. Since the sediment {oad in the Kosi flood water is excessive, such action is likeiy
to introduce an aitered condition in the river section in regard to width, velocity and siope, which might
iead towards the estabiishment of stabie condition in the downstream,.

v !t was feilt that the #fe of the barrage wouid be the life of the afflux bund looking at the
prabiem from the element of the risk invoived in the pond. Next came the question about the period
of usefuiness of the barrage assuming the eastern afflux bund wouid be held an to. In this context,
Messrs Maddock and Leopoid observed that graduaily a stable gradient would be established in the
upstream of the barrage and subsequently the full load of coarse materal would pass down the
barrage. However, they were unable to estimate the length of the period by which time such position
would be reached.

v Sir C C Inglis rather made a very alarming statement that the barrage capacity for the

502



Appendix 6/33

suggested pond level would be filled up in some seven and half years if all the coarse material were
trapped and in 2 years if both coarse and medium sediment were collected. However, this cbservation
of 8ir G C ingiis evoked much adverse criticism and such statemerts were disregarded as lacking in
a realistic basis. After about thirty years of operation of the barrage, this apprehension has proved to
be baseless.

Since commissioning of the Kosi barrage, nearly thirty years have passed by. if those
apprehensions are reviewed in the fight of the present position, it would be seen at the first instance
that a!l the components of the Kosi project stili stand effectively performing the functions for which they
were meant. However, aggradation is found to be taking place extensively both upstream and downstream
of the barrage. There are aiso instances of bank erosion in some reach or other of the river both
upstream and downstream. The fiattening of the steep siope in the upstream of the barrage has taken
place which was one of the objectives of

As aiready stated eariier, the river Kosi from Chatra to Supau! is braiding in nature, consisting
of a number of interlacing channels. Sometimes, the main river is concentrated in one of the channel
which may get transferred to another one during the next year. Such changes in one single flood
season are also not very uncommaon in the Kosi. This causes shift in position of attack on river banks
and the fiood embankments from year to year and even from season to season. It has alsc been
explained aiready as to how expensive the anti-erosion measures in the Kosi beit are proving to be.
It is, therefore, of paramount importance to analyse the river behaviour in order to find out the channel
pattern and its tendency, whether the braided reaches in the pre-barrage conditions have changed to
the meander pattern or if not, whether at least the braiding pattern has minimised.

The attempt so far in the study of the morphology of the Kosi has been just to introduce the
morphological aspect of Kasi river in a very preliminary form. This Commission, however, hopes that
with further strengthening of the concerned crganisations and collection of the basic data, further
analysis covering more details about the Kosi and its morphotogy will be done so as to utilise the same
for working out a better and quicker solution and at the same time at a lower cost which will serve for
decades.

6.0 FLOOD AND DRAINAGE PROBLEM
6.1 Fleod Problem

6.1.1 The records are availabie in the District Gazetteers of Saharsa and Pumia as weil as in the
Water Resources and Revenue Departments of the State Government for the fioods that occurred in
the Kosi river basin since 1866. During flocds the river used toc spili over its banks and fiocd a large
tract of tand in the Districts of Madhepura, Saharsa and Purnia and the high velocity generated during
fiood caused a huge loss to both human and cattle life and property. From 1922 to 1936 the Kosi
flowed through a number of channeis, such as the Belhi dhar, the Parwane dhar, the Tilawe dhar, etc.
During this period the town of Madhepura suffered a great deai due to the Kosi flood havoc and the
sub-divisiona! offices had to be shifted to Supaul.

The severity of ficod problem in the Kosi river system has been mitigated, to a great extent,
after impiementation of the Kosi project partly in 1959, when embankments on both sides of the river
of full iength were completed. The eastern embankment having 144 Km length extends from Nepal to
Koparia in india and the western embankments having 123.2 Km length extends in two parts from
Jaipapur in Nepal to Nirmali in india and Ghoghardiha in india to Ghoghepur opposite Mahesi. in 1968
the highest fiood discharge ever recorded in the Kosi was observed, but damages were comparatively
jow and that too, because of the four breaches in the lower reaches of the embankment. in other
portions, the embankment stood well and prevented the recurrence of 1954 flood disaster. The flood
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prone area in this river system is about 1.015 million ha in Bihar.

6.1.2 Uniike many rivers in India, the river Kosi does not have any defined flood plains. !t is rather
extensive and changing aongwith the shift in the course of the river towards the west. The flood
problem gets aggravated when the Ganga is also in flood simultaneously and the outfall of the river
Kosi is choked resulting in back flow of the Ganga in 1o the Kosi. Any breach in the embankment in
such a situation, therefore, results in a catastrophe in the area.

6.1.3 The river Kosi brings an enormous amount of silt from the Himalayas. The siit load is deposited
in the bed as the river travels in the plains and causes the river to spill its banks and shift its course.
Such excessive deposition of silt is reducing the capacity of the river channe} gradually and iots of
shoals and islands have been formed in the bed of the river. The average annual siit load carried by
the river is about 95 MCM as observed of at the Barahkshetra site. The braiding and shifting nature
of the river along with aggradation of its bed is considered to be the direct consequence of the
excessive quantity of silt load brought down by it during the monsoon period. The river Kosi is known
to have shifted by a distance of about 112 Km to the west in the last 250 years and this trend of
transitery movement is still continuing in the shape of continuing attacks on the two marginal
embankments. The everchanging river course is threatening the flood embankments in one or ancther
reach every year. The Belka nose, where the slope flattens from 95 ¢cm io 61 ¢m per km is obviously
the place where most of the bed load is dropped. The consequent aggradation of the river bed then
results in a braided pattern for the river nearly up to Hanumannagar. Below Manumannagar, there is
a further flattening of the siope to about 38 c¢m per km which continues up to Sikrahata and Bhaptiahi.
Beyond, there is a further flattening of the slope to about 19 cm per km. 1t is in this reach where the
slope changes and most of the coarse sediment gets deposited. Only medium and finer materials are
found below Kharhara about 64 Km downstream of Manumannagar. Below Jamalpur which is about 86
Km downstream of Hanumannagar the medium grade materials also practically disappear.

6.1.4 The Kosi project was taken up in 1955 and the embankments were completed in 1959 and the
barrage by 1963. After commissioning of the Kosi project, flood damage in this basin takes place,
mainly due to spilling and drainage congestion. The protective measures in the Kosi project flood
embankments are being taken up every year to ensure the safety of the embankments. Before taking
these measures, it has been the normal practice every year to prepare a survey plan and cross-
sections of the river after the fiood season in order to send the data to the CW & PRS, Poona for
conducting mode! studies. The resuit of model studies used to be available to the project authorities
sometime by the end of March or April. Thus the project authorities were ieft with very iitlle time before
the next monsoocn for executing the works recommended by the CW and PRS, Poona. To obviate this
deficiency a standing highlevel experts committee has been constituted by the Government of Bihar
to advise on the immediate works to be undertaken every year well before the next flood season in
Eastern and Western Kosi afflux bunds, eastern and western Kosi flood embankments and Jalpapur
protection works. The proposals given by this highlevel experts committee relates to strengthening,
rebujiding of the existing spurs, extension of existing spurs, constructions of new spurs at iocations
indicated by previous mode! studies and/or experience in the past fiood seasons, alongwith construction
of flush bunds and channelisation of dhars at some places.

6.1.5 The History of past floods as available from the records of the district gazetteers of Saharsa
and Purnia as well as f[rrigation and Revenue Departments of the State Government have been
summarised in the statement at Annex 5.

6.2 Drainage Problem

6.2.1 The Kaosi river basin suffers from acute drainage congestion due to the existence of numerous

depressions known as ‘Mauns’ and ‘Chaurs’ and the old, abandoned courses of the river. The topography
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of North Bihar had been thoroughly disturbed during the major earth quake of 1934, causing upheaval
and depressions which disturbed the gradient of the rivers and aggravated the problem of flooding and
drainage congestion. The abandoned courses of the river Kosi, commonly known as “Dhars”, are
meandering, mostly overgrown with weeds, panly silted and are not able to drain the area properly.
The capacity of most of the right bank tributaries of the river Kosi has declined considerably due to
the siltation of the bed, weed growth and flattening of the hydraulic gradient. Their water ways have
mostly been encroached upon for cultivation and are blocked at some locations by means of artificial
barriers for fishing. All these factors lead to drainage congestion in the basin particutarly during the non-
monsoon months. A wide strip of area along the countryside of the embankments shows waterlogging
conditions throughout the year. This is so due to the non-functioning of the sluices in the embankments
on the Kosi due to a substantiat rise in the river bed (1.5 m toc 2 m higher than the countryside
G.L.)near the embankment as well as the non-existence of favourable conditions of the outfall of the
Kosi due to the high leve!l in the Ganga. These are the main impediments in the drainage of the area
during the monsoon. Heavy precipitation coupled with high stages in the outfall channels further
aggravates the drainage problem during the monsoon months. Inadequate waterways in many rail and
road bridges and cross drainage works in the canal system and non-provision of such structures at
certain locations where water accumulates for want of proper drainage arrangement are also factors
contributing to drainage congestion in the basin. The total area reported to be suffering from the
drainage congestion and waterlogging is estimated to be about 1.82 Lakh hectares. Apart from the
problems of congestion in the trunk drains, the absence of subsidiary trunk drains connecting the
depressions with the trunk drains and drainage congestions in the subsidiary trunk drains also accentuate
the problem.

6.2.2 it appears that the area suffering from surface drainage congestion in the basin is not being
systematically surveyed and recorded every year in order to know the magnitude of the problem. It has
also not been possible to separate the areas affected by flood spills from those affected by the
drainage congestion because such details have not been observed. Efforts should be made to observe
and keep separate records for the two aforesaid categories without any further detay. In the absence
of such information, it is not possible at this stage to make an analysis and relate the extent of drainage
congestion or fiooding with the magnitude and duration of floods experienced in the river in the difterent
years.

6.2.3 A sub-surface drainage condition in the basin is also a likely factor which contributes to the
problem of drainage congestion. The introduction of canal irrigation which adds to the rainfali contribution
charging the sub-scil may, therefore, cause local rise of the sub-soil water level. This effect has not
as yet been identified due to the prevailing surface drainage congestion. After the surface drainage
congestion is removed the studies of the variations in the sub-soil water leve! may eventually indicate
the necessity of relieving related sub surface drainage congestion. The problem of drainage congestion
and waterlogging of the Eastern Kosi canal command area has been surveyed by the project authorities
and it has been found that for improving surface drainage and removing waterlogging resectioning and
regrading of about 694 km of trunk drains, 1411 km of subsidiary drains and excavation of 1080 km
of Chaur link drains will have to be carried out for effective drainage and reclamation of about 1.092
Lakh ha of water jogged area in the Eastern Kosi Canal command. Weli cbservation in the Kosi canal
command is being done in the monsoon and non-monsoon periods after introduction of irrigation. The
- gbservations made so far indicate that since 1965 to 1970 there is a tendency of rise of 0.6 m to 0.9
m in the sub-soi! water level in the Kosi basin. The available records indicate that the ground water
level varies between depths of 1.5 m to 6 m depending upon the zone and the season. Thus it is clear
that with the advent of irrigation from the Kosi canal there are indications that the sub-soil water level
has risen. The Kosi Technical Committee, 1971, in its report had said that in certain areas where the
water table is already high and within 1.50 metres of the ground surface it is apprehended that such
rise will lead to waterlogging conditions resulting in damage to crops. it is, therefore, necessary to carry
out systematic field investigations regularly so as to pin-point such water legged zones which are due
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to lack of proper sub-surface drainage.

6.2.4 It appears that a post-facto evaluation study of any of the completed drainage schemes either
in this basin or any other basin in North Bihar has not been undertaken so far. Such evaluation studies
for a few completed drainage schemes in the basin need to be undertaken quickly so that future
planning for removal of drainage cengestion in the basin is executed after knowing their usefulness and
efficiency.

6.2.5 A number of sitvices have been provided in the embankments at suitable locations in order to
provide drainage of the area lying on the countryside of the embankment when the river stage is low
after floods. It is necessary to conduct a review of the overail functioning at present as well as the
adequacy of such sluices in the embankments in the basin and to take further necessary action gn the
basis of such a review. It is, however, observed that even where sluices have been provided, they have
become inoperative due te cne or more of the following reasons-

a  Substantial rise in the river bed near the sluices, as compared to the natura! surface level
on the countryside. '

b High stages prevailing in the river,
c Choking of the leading channel of the sluices due to siltation or encroachment,
d Non-gperation of the gates due to mechanical faults and

e  Shifting of the river channel away from the sluices and heavy siltation near the siuice on
the river side.

6.2.6 Itis a common saying that the problem of drainage cangestion and waterlogging increases with
the introduction of irrigation. While this may be true in some cases, it cannot be applicable universally.

Some of the waterlogged areas in the basin existed even before introduction of irrigation in the
river system and virtually, there has been no change in their extent. i is, there-fore, necessary that
groundwater structures in the basin are systematically and regularly cbserved to ascertain the fluctuations
in the sub-soil water table and records maintained for fulure planning of remedial measures. It appears
that such studies are not being carried out regularly in a systematic manner,

6.3 Fiood Damages

6.3.1 The damages caused by flood and drainage congestion are classified broadly into the following
two categories -

a  Direct damages and

b Indirect damages.
6.3.2 The direct damages are those which are caused due to the direct physical contact with flood
water. These include losses to (a) growing and pre-harvest crops, (b) houses and household assets,

(c) public utility works, (d) public buildings and (e) loss of human lives and livestock,

6.3,.3 The indirect damages are not susceptible to quantification. Therefore, approximate monetary
evaiuation can only be done for such damages. These generally include :
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a Less of earning in agro based industry and trade,
b Loss of revenue to the road and rail transport system due to disruption of services,
c Loss of earnings 1o small shopkeepers and other daily wages earners and
d Loss of employment 1o the daily wage earners in the public and private sector.

6.3.4 The ilood damage data are collected by the Revenue (Relief and Rehabilitation) Department
of the State Government and passed on to the various concerned organisations of the State & Central
Governments. The CWC is collecting and compiling such damage data of all flood-prone States at the
national level.lt is observed that the flood damage statistics,which is essentially required for the benefit-
cost studies for any proposed flood management measures, are net being scientifically and rationally
collected and compiled. The RBA had made many useful recommendations in this regard which do not
seem to have been followed.The commission recommends that the recommendations of the RBA
should be followed strictly and realistic evaiuation of flood damage river basin wise be carried out every
year under the foliowing three separately identified categories:-

i Unprotected areas;
i Protected areas due io failure of protection works;
iii  Areas hetween the embhankments and the river.

The Water Resources Department dealing with ficod management should be associated with
coliection and compilation of ficod damage data. In order to eliminate any inconsistency, the ficed
damage data should be collectively reviewed by the concerned Departments at the end of each
year.Such reconciled long-term data of flood damage is to be used in economic viability study for any
future flood protection management scheme in the area. The Ceniral Fiood Conirel Board had decided
that the Flood Contrat Departments of the States should compite basin wise flood damage data with
effect from 1960.

This is not being followed in Bihar and the ficod damage data still continue to be coliected
districtwise (not basin wise) by the Revenue (Relief and Rehabilitation) Department.

6.3.5 Fiood damage data are required every year during the flood season for the purpose of relief
operations that become necessary on account of the immediate requirements of current damage
caused by the flood. As such, the need for compiling the annual flood damage data, according to the
administrative jurisdiction in district and blockwise category in the State, cannot be denied. On the
other hand, planning of the flood management measures are to be done on a basin and sub-basin
basis. 1t is, therefore, necessary that such data are coliected by the revenue autharities with active co-
operation of the staff of Water Resources, Agricuiture and Roads and Building Construction Departments
and the data are processed and compiled both districtwise and basin/sub-basin wise by the statistical
organisations at the district and the state level for future use for planning of refief measures and #iood
management works respectively.

The flood damage data for the Kosi river basin converted from the available districtwise figures
are enciosed at Annex 6. Proporticnate damage in accordance with area has been accounted for in
the case of the districts which partially lie in the Kosi river basin.

6.3.6 From the perusal of the data processed by the Revenue Department, it is noticed that damages
to property of the Central Government, such as Railways, Posts and Telegraphs, etc, are not properly
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accounted for. On the other hand, the cost of relief and rehabilitation measures, grant of loan, remission
of land revenues, etc, is added to flood damage. This does not appear to be in order,

6.3.7 It would be evident from the available flood damage data of the basin (Annex &) that average
annua! area effected by flood is 3.10 Lakh ha. The average annual damages to the crops, houses and
public utilities at the 1991 prices work out t0 Rs.3188.20 Lakh, Rs.548.88 Lakh and Rs. 693.52 Lakh
respectively, totalling to Rs. 4430.60 Lakh. During the period {1868 to 1992} for which the data are
available, the maximum damage amounting to Rs 38,917.38Lakh occurred during the year 1987 and
the minimum damage of Rs 176.31 Lakh in the year 1990 at the 1991 price level.

7.0 PAST APPROACH AND ACRIEVEMENTS

7.1 In the early days embankments wete constructed to prevent the spill of river from causing
damage to the agricultural lands, properties and inhabitated area. It is also observed that such
embankments were not constructed in continugous lengths in a systematic manner but in scattered
reaches. The construction of Eastern and Western Flood Embankments were taken up in January 1855
and were compieted by 1958-568. Prior to the construction of these embankments, there is no available
record regarding zamindari or unauthorised embankments in the Kosi basin. However, in 1896-97 on
the basis of findings at a conference at Calcutta presided over by the Secretary to Government of
India, PWD, several short lengths of embankments of varying dimension were put up to protect
individual properties or areas by interested parties all over the region without any standard selection
and without ascertaining the effect of such bunds on the course of the river lower down.

7.2 No clear cut flood control policy was iaid down in earlier years but committees of Experts were
appointed to examine the problem and suggest remedial measures whenever flood of severe intensity
causing large-scale damage occurred. Most of the suggestions made by such committees could not
be implemented either for want of funds or for other reasons. One of the worst and devastating floods
occurred in the country in the year 1954 and Bihar was no exception. The Government of india
announced & national policy on fiood control and taunched a national programme of fiood control in the
year 1954, This policy stressed the need for coliection of data and formulation of pians, implementation
of shortterm measures like embankments and channe! improvements and long-term measures iike
construction of storage reservoirs on tributaries in conjunction with embankment,ail under an outiine of
time-bound programmes. No iong range plan could, however,be immediately formulated for want of
survey and investigation as well as historical data but emergent schemes were prepared and executed
to provide a reasonabie degree of protection from the ravages of floods to the areas concerned. These
schemes have served their desired purpose.

7.3 The river Kosi was embanked on its both banks. The details of these embankments are
enclosed at Annex 7.

7.4 The Central and State Governments appointed several committees to go into the problems of
flood and suggest remedial measures. The recommendations of such committees relating to the Kosi
river basin are described in the following paragraphs.

7.41 In November 1937, a conference of officials and non-officials was called by Government of
Bihar to discuss the very difficult and pressing problem of floods in North Bihar. At this conference the
controversy centered mainly round ‘Embankments’ or No Embankments. Captain G F Hall, Chief
Engineer, Bihar was for an ali-out policy of removing all embankments, public or private on the ground
that embankments did more harm than goodd, that they merely transferred the trouble from one area
to another and that they gave a false sense of security. He contended that embankments interfered
with the natural process of land-building and delta formation of the river. The deliberation of this
conference, however, did not lead to any constructive approach towards the soiution of the flood _
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problem in North Bihar,

7.4.2 5ir Clande Inglis submitted a report after visiting the areas in the Kosi basin in January 1941.
He suggested for possibie check in soil erosion in Nepal through a comprehensive scheme preferably
based on model experiments after investigating river discharge, siit charge, ground leveis and sub-soil
water level. But as no satisfactory scheme for the cortrol of the Kosi and fiood damage could be
prepared on suggestions made by Lord Wavell, the then Viceroy of India in December 1945, the
problem of the Kasi was referred to the then newly constituted Central Waterways, irrigation and
Navigation Commission for advice.The Central Waterways, lrrigation and Navigation Commission in
June, 1950, aiter considerable field surveys and geological investigations of the site, submitted a
project report for a multipurpose scheme which comprised the followirg -

a  Construction of 238.72 m (783 {t) high dam at Barahkshetra to impound 0.85 million ha
m{6.2 million acre ft) of which 0.38 million ha m(3.1 million acre ft) was to provide silt reserve, the
remaining 0.47 million ha m (3.8 million acre it) was intended to moderate floods to a safe maximum
of 5664 cumecs (2 Lakh cusecs).

b Genaration of hydroelectric power to the extent of 1800 MW,
c Pravision of navigation faciities in the reservoir and the river below and

d Construction of a barrage and canal system feor irrigation of 15.54 Lakh ha (38.4 Lakh
acres) in Nepa! and Bihar, annually flushing drainage channels and siltation of low lying areas and for
generating 90,000 KW hydroelectric power on the Eastern canal.

On the basis of the Advisory Commitiee (1951) recommendations, investigations at the Belka
dam site lower down in Nepal were conducted and detailed estimates were prepared for the Belka dam.
But these estimates were far in excess of the figures assumed by the Advisory Committee. The CW
& PC, therefore, made allernative studies for a low detention dam at Belka. When these proposals
were under discussion with some of the members of the Advisory Committee and Planning Commission,
Shri Kanwar Sain, Chairman of CW & PC inspected the Kost area with Bihar engineers during the flood
season and discussed the problem of prevention of flood damage in Bihar in great detail. The outcome
of the discussion indicated that even a flood of 5664 cumecs (2 Lakh cusecs) obtained after moderation
through the Barahkshetra Dam would inundate targe areas cn both the banks, Thus, the embankments
appeared in-escapable on account of the fact that there is a difference of a tew feet of inundation
between 5664 cumecs (2 Lakh cusecs) and 25488 cumecs (9 Lakh cusecs) of discharge values.
Therefore, as regards the construction of a high dam at Barahkshetra, it appeared then that the
investment of large fund was not justified owing to the insignificant ficod moderation effect and low
demand of power generated at the dam site. Cn these considerations, the comprehensive project
prepared by the CW & PC in 1950 did not appear to be economically viable. The flood problem of the
Kosi was recurrent and had to be lacked without further loss of time. Fresh studies and deliberations
in the CW & PC culminated into the revision of the former proposals and formutation of what is known
as the Kosi project, 1953. The 1953 project propesed construction of a barrage at Hanumannagar at
a distance of 48 Km beiow Chatra with pond level at 74.69 m (245 ft). Embankments were proposed
to be-constructed on either bank of the river, the right embankment extending from Jalpapur te Jhamta
and the left embankment from opposite Belka to Bangaon. These embankments were to confine the
river in the middle reach, where the effect of its lateral movement was mostly felt. A reguiating structure
was also proposed in the barrage to enable 50,000 cusecs (1408.5 cumecs) to be diverted away from
the main river into the old dhars on the left bank.

The CW & PC invited several experts from inside as well as outside of the country to review
‘the 1953 project’ in the light of the fact that the Kaosi river carries a large quantity of cearse silt. Most
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of the experts agreed that the problem of flood control in the Kosi was a long drawn affair posing
difficuft issues and would require constant attention for the protection of a vast region of thickly
populated area. Some useful suggestions were received and taken note of. In continuation &f these
sludies, Shri Kanwar Sain and Dr K L Rao, eminent engineers, were deputed to china by the GOI to
study the flood control works there on the yellow river and other similar rivers, On return, they
recommended that the free board of the Kosi embankments should be increased from 1.22(4 1) to 1.83
(6 ft) to provide ample margin in case any siting in the bed of the river between embankments took
place. Ancther recommendation of this team was that the embankments be constructed with public
cooperation. :

7.4.3 The Ministers’ Committee on Floed constituted in 1964 by the Ministry of Irrigation and Power
GOl had observed that a programme should be drawn up for the utilisation of ‘chaurs’ as detention
basins. Widening of waterways in raiway and road bridges should be taken up more vigorously.

7.4.4 The North Bihar Drainage Commiltee was set up in 1965 by the Ministry of Irrigation and
Power, GCI to make a detailed study of the drainage requirements in North Bihar. The committee
made the following recommendations :

a Augmentation of the existing network of rain-gauges, gauge and dischargé stations and
coltection of data on a systematic basis,

b Provision of adequate drainage systems in irrigated areas and the criteria which are to be
followed in their design and

C Provision of additional waterways for road and railway bridges and adequate drainage
sluices in the embanked porions.

7.4.5 At the instance of the National Flood Commission appointed by the Government of india in
1976 the programme evaluation organisation of the Planning Commission undertook evaluation of the
Kosi embankment project with a view to assessing the economic benefits of the projects. The abstract
of the relevant assessment made by the Programme Evaluation Organisation is given below :

i According to an estimate, the annuai loss in pre-embankment period was of the order of
Rs. 6 to 10 crores depending on the intensity of flooding which on the basis of the present price
structure would be very high. The same could be prevented with the construction of embankments. The
duration of floods generally lasted for 2 to 3 monihs, thereby disrupting the communication system.

i Long embankments on both sides of the river and a barrage upstream at Hanumannagar
helped 1o hold the river and the people of the area developed a sense of security, A vast area of 1.6
Lakh hectares in the district of Saharsa could be protected from the ravages of flood. The barrage
helped in creating the irrigation potential through the networks of canals.

i More than Rs 1 crare were being spent on the maintenance of embankments every year.
Since attack on embankments has been shifting from year to year, it necessitates construction of new
aggradation spurs. In the absence of proper maintenance of embankments, serious fiood hazards are
likely to be witnessed by the protected areas.

v Though embankments by stemming the floods had benefitted the area and the people, it
created some potential dangers to the zone inside embankments which is liable to experience greater
threats of floods than before. The annual sediment load of the river which is not reduced by way of
construction of barrage tends to concentrate in the central basin raising its level and creating the
problems of seepage and drainage congestion due to choking up of the sluices. it may also result in
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overtopping of the embankments thus defeating the very purpose of embankment. Moreover, the heavy
sedimentation may obstruct the flow of the Kosi further downstream and {ead to overtopping of the
ridge north of the Ganga.

v As a resuit of embankment, a vast area lying within 5 Km of ieft embankment is submerged
under water. Besides a vast area on eastern embankment is cbsessed with the menace of water
logging and even in a pericd of two decades since embankment nothing could be done to mitigate the
worsening situation of the people there.

vi  The water table of the Kosi area, because of constant inundation and heavy rains has
risen high to the extent that it is detrimental to the agricultural productivity.

vii  The embankments were constructed with a view to protect the area from the ravages of
floods and bring about speedy economic regeneration. Since the whole gamut of developmental activities
were not taken up simultaneocusly, tangible effects were not realised in most of the area.

7.46 Rastriya Barh Ayog (RBA) in March 1980 has given its view on the assessment made by
Programme Evaluation Organisaticn of the Planning Commission. it reads ‘As some of the members
raised points which go to the very root of some of the findings of the case study and as for want of
time the Commission could not discuss these points with the Planning Commission and representative
of the Bihar Government, it has not been possible for the commission, however, agrees with the
following findings of the case study-

“The annual loss of pre-embankment period was of the order of Rs 6 to 10 craores depending
on the intensity of fiooding, which on the basis of present price structure would be still higher. The
same has been prevented with the construction of embankment which was completed in 1959. The
total expenditure on the embankment tc derive the above benefit was about Rs 40 crores, including
cost of special repairs and of impermeable spurs etc censtructed up to March 1978. The people of the
area have developed a sense of security after the flood protection and holding of the river which was
of a shifting nature in its present course between the embankments.

The cost of protection of the embankments against river attacks has been more than Rs 1
crore per year. In the absence of proper maintenance the protected areas are likely to be exposed to
serious flood hazards.

On the negative side, the embankments have enhanced flood problems in the unprotected area
between the two embankments. The continued rise of river bed has created problems of seepage and
drainage congestion, aggravating the water logging problem of the protected area particularly in a.strip
along the eastern flood embankments.

The case study has also highlighted the interaction of irrigation introduced in the protected area
and how in the absence of the whole gamut of developmental activities, tangible effect of speedy
sconomic regeneration were not realised in most of the areas.

This singie case study represents the problem of embankment along a specific aggrading river
with high silt charge”.

In the same report given by RBA, it has indicated the method of evaluation of performance of
flood embankments, wherein, it has emphasised on the collection of the required data for dependable
evaluation of the performance of the existing and future fiood control works. The report says "Some
of the required data would be with regard to the pre-project status -
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a  The proposed protected area, and perhaps some neighbouring protected area, and

b The river regime and its hydrology”

The Commission had asked for the following informations with regard to each embankments
scheme costing more than Rs 25 Lakhs in the Kosi river basin vide its questicnnaire sent to the
Engineer-in-Chief and the Chief Engineers Birpur and Purnia of the Water Rescurces Department -

a past breach or overtopping,

b past retirement due to river attack or protection work,

c estimated assets ie, building etc and extent of area cultivated before and after completion
of the scheme,

d post-embankment drainage congestion with average depth, duration and extent of water
accumulation over the protected area,

e benefits derived year by year in crop area and monetary value of the same,

f quantitative evaluation of the economic condition before and after construction of
embankments,

g creation of additional fiood probiem on upstream, downstream and cpposite bank after
embankment construction,

h  river behaviours and post mensoon river survey including river cross section, and

i actual performance compared to the same in the project report regarding evaluation of
economic viability.

The replies to these questionnaires have not been received by the Commission. The Cemmission
would suggest that such detalls be prepared for the past by retrieving historical records and should be
continued to be compiled, analysed and properly recorded in future at different levels so as to make
these easily available whenever required.

7.4.7 Other flood control measures cansidered in the past in the Kosi river system are as follows:
i Alternative sites for flood moderation reservoirs-

The Belka dam had been recommended by the 1952 Advisary Committee in s report submitted
1o GOI. The 19865 Kosi Technical Committee observed that this dam would provide silt storage of 0.8
million acre feet (0.986 Lha-m only), which would not be adeguate for more than 10 years. Also
observing the cost and submergence area, the committee opined that no tangible advantage would be
gbtained by construction of this dam.

ii Erstwhile CWPC had suggested investigation for a 155.5 m (510 ft) high dam at Kothar
6.4 Km (4 miles) downstream of Barahkshetra dam site.

But the geolegical conditions at this site did not suggest construction of such a high dam.

Further the reserveir created by this dam would have submerged the ancient Hindu Temple at
Barahkshetra which would arouse religious sentiment against this dam.
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in view of this the 1965 committee was of the opinion that further investigation on Kothar dam
need not be pursued.

ii  Closure of bifurcating channeis and development of central channel by dredging - There
was a proposal to close a number of interfacing branch channels of the Kosi within the embankment
in order to increase the capacity of the main channel as well as increase in the equilibrium depth of
the channels as it was found that blocking of several dhars at or near the points of oft-take proved
successful in ordinary floods to check erosion and damage which used to occur otherwise. Although,
the Kosi Technical Committee of 1965 had strongly recommended dredging as a means to maintain
and improve silt carrying channels of the Kosi, it was later on found that dredging of silt from river bed
from year tc year was economically not viable.

iv  Bundalling - Bundalling was resorted 10 at several places in the river and has proved to
be effective specially during low discharge conditions.

7.4.8  The list of flood control works completed in the Kosi river basin is enclosed at Annex 7.
7.5 DRAINAGE SCHEME

7.5.1 The abandaned courses of the river Kosi, commonly known as ‘dhars’ are meandering, mostly
overgrown with weeds, partly siled and are not able to drain the area properly. These Dhars run from
north to south along the general siope of the country. Due to these reascns, the Kosi river system had
considerable problems of drainage even before the Kosi project was taken up. After construction of the
flood embankments on both banks in the year 1959 and introduction of intensive irrigation on the
eastern side by eastern Kosi canal systam in the year 1964 followed by irrigation by the Rajpur canal
system the drainage of countryside posed sericus problems. A Master Plan for drainage of Kosi
Command was accordingly prepared by the State irrigation Department which has further been updated
by the Project Report (8s moditied by Task Force) on drainage schemes in the irrigation commands
of Gandak and Kosi Projects in North Bihar prepared by PP Cell of WRO, Government of Bihar in
January 1988, in crder to tackle the problems of surface drainage congestion and water logging in a
systematic way, A number of major trunk drainage schemes with subsidiaries and laterals were taken
up for execution. Some of them are Dhemra, Tilawe, Parwane, Bhenga, Pakilpar and Libri on the eft
bank, and Arbisia, Tugerue Nadi and Soni Nadi on the right bank of the river Kosi.

7.5.2 These channels were once the spill channels of the river Kosi and used to provide irrigation
during high flocd and acted as drainage during the receding flood in the river. it is reported that their
free passages have been restricted due to the construction of embankments and the network of canal
system even though a number of anti-fioed sluices in the embankment and cross-drainage works in
the canal system have been provided. These structures are not proving effective and the problem of
drainage congestion is turning cut to be serious. Not only that but due to cultivation in the bed of these
channels and other encroachments, progressive siltation has taken place and lots of weeds have also
grown. Some cf the drainage channels have become extinct. Some of these channels have been put
to use as escape channels of the Kosi canals.

7.8.3 The drainage schemes either executed or under construction are meant for revival of the old
drainage channels with proper cross secticn and bed siopes so as to make them function as trunk
drains. Artificial drains have also been excavated {o act as subsidiaries and laterals. These schemes
are under varicus stages of construction and have been found to be effective, to a certain extent, in
easing of the drainage congestion in the area. ,
7.5.4 Many drainage schemes in the basin were taken up as a parn of the Kosi irrfigation project and
either completed or were at various stages of completion. After closure of the Kosi project estimate in
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March 1985 the incomplete and left over schemes were p'roposed to be taken up in Kosi Phase i
project. Some drainage schemes were taken up as Special Area Programme,

75.5 The remaining drainage works which were not included in the above two programmes in the
entire Kesi command were propesed to be taken up through a new proposal for which a project report
on drainage schemes in the irrigation commands of Gandak and Kosi projects in North Bihar was.
prepared by PP Ceil of WRD Government of Bihar. This is proposed to be completed in three phases-

Phase- | It comprises of catchment area of Bhuthi Balan river. The command area of this
Phase- | drainage work (which extends on the east of Bhuthi Balan river) is about 19000 ha,

Phase-~ Il This includes drainage work in the western Kosi command comprising of the area
bounded by western Kos! canal on the north, Bhuthi Balan river on the east, Kamla Baian river and
Patghat on the west and the western Kesi embankment in the south. Total GCA of the command is
0.9 Lakh ha, CCA is 0.48 Lakh ha and rabi is proposed to be sown in an area of 0.145 Lakh ha.

Phase- lll #t comprises of the area between Kamla river on the west and Dhaut river on the
east. Total GCA of this command is 2.61 Lakh ha and CCA is 1.33 Lakh ha. Rabi crop may be grown
in an area of about 0.4 Lakh ha.

it is estimated that only about 60 per cent of the water iogged area can be economically
reclaimed for Rabi irrigation, the remaining 40 per cent water in the depressions may be ailowed to
remain there and utilised for pisciculture and other aquatic crops such as Makhana, Singhara efc.

7.5.6 A list of the drainage schemes either completed or under construction in Kosi river basin is
enclosed at Annex 8 and list of proposed drainage schemes in Kosi River Basin are enclosed at
Annex 9.

7.5.7 Flood Forecasting System in Kosi Basin -

The impertance of flood forecasting system, in reducing the flood damages by giving timely
warmings, is now fully realised, although it can in no way prevent the recurrence of floods. The Central
Flood Forecasting QOrganisation of CWC has been conducting the flood forecasting work in the Kosi
river system since June 1970. At present there are three forecasting sites on the river Kosi, namely,
Basua, Baltara and Kursela with two base stations at Barahkshetra and Birpur Barrage. All these sites
are equipped with wireless system for efficient communication purpose. The method of forecasting is
practically on the basis of gauge to gauge co-relations ameng these stations in the network.

Basua is the first forecasting site on the river Kosi where co-relationship between change in
discharge with change in gauge at Barahkshetra base station and the corresponding gauge observations
at Basua is developed having time of trave! ie warning time as 24 hours. However, the warning time
at Basua forecasting site is reduced to 16 hours when co-refationship of discharge released and gauge
observation at Birpur harrage and corresponding stages at Basua is established,

Baltara is the second torecasting staticn on the river Kosi having co-relations of gauge
observations between Basua and Baltara. The river Bagmati along with the river Kamla-Balan meets
the river Kosi at a point which is slightly upstream of Baltara. so the gauge at Hayaghat site on the
river Bagmati is also co-related with the gauge at Baltara which gives another parameter for forecasting
at this site. The travel time for Basua to Baltara is 18 hours and from Hayaghat to Baltara is 28 hours.

Kursela, which is the third and the last forecasting site on the river Kosi, is affected by the back
water of the river Ganga. Therefore, the gauge at Kursela is co-related with the gauge at Hathidah on
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the river Ganga as well as with the gauge at Basua. The travel time from Basua to Kurseia is 26 hou:s.

The overall performance of the forecastings made at all these three stations during 1976 to
1992 have been found to be quite satisfactory when compared with actual gauge levels. However, the
forecasting can be turther improved by increasing the warning time if more gauge-discharge sites being
established by CWC in the upper reach of the river in Nepal portion start functioning.

8.0~ FUTURE APPROACH

8.1 The river Kosi has already been embanked on both sides in its entire flood prone length which
has prevented flooding of the basin from the spill waters of the river. There have been varying opinions
and analysis on the problems of the Kosi river and their soluticns, but most experts agree on one point
that the high percentage of coarse silt is the root of all problems of the Kosi river. The residual flood
problems in the Kosi river system as existing now are as follow:

a  Excessive silt charge in the river causing aggradation of river bed and braiding pattern of
flow, further causing erosion of banks and threatening the existing embankments. The average annual
silt load as observed at Barahkshetra is 95 Mcm, the percentage of coarse, medium and fine silt being
19.82, 24.79 & 55.39 respectively on the basis of data for the period 1948-89. The excessive silt
charge is the main reason for attack on Eastern Flood Embankment during high flood. In addition to
this due te certain changes in gorge and immediately below Chatra due to possible land slide or sudden
deposit of coarse silf, the major flood was pressing towards the Eastern Embankment on the down
stream of the Barrage till about three years back. This situation has now changed and the river has

" started threatening its Western Embankment in Nepal below the barrage.

b Inundation problems on the ieft bank in the lower reaches, below Koparia, affecting an
area of 450 Sq Km.

c Erosion of banks, particularly the Eastern bank in the lower portion and Western bank in
the upper portion below the barrage. The severity of the problem can be very well imagined on
consideration of the fact that annual average cost incurred on anti-erosion works is about Rs 700 to
1000 Lakhs.

d Erosion of banks on the eastern side in the portion lying on the upstream of the barrage
necessitating huge protection works to protect the Eastern Afflux Bund every year.

e  Water logging and drainage problems on the eastern side of the river. An area of 1.82
Lakh ha has been found to be suffering from drainage congestion and water logging. This includes the
area in the bed of the old abandoned dhars.

8.2 in order to find suitable solution to the above problem the following measures could be taken up.
8.2.1 Reservoirs

According to numerous experts, properly operated flood control reservoir/reservoirs combined
with efficient flood forecasting, offers the most dependable flood control. The National Policy on flood
of 1954 also recommended dams on tributaries as a long term measure of flood control. Reservoir in
general, even without specific flood cushion have a benificial effect on the flood problem of a basin.
The effectiveness of reservoirs in moderating floods would depend upon the capacity available for
absorbing flood run-off. Because of their high cost, the reservoirs are not economically viable or justified
exclusively for flood control purpose but a multipurpose reservoir to provide irrigation, power, domestic
water supply, recreation and other benifits alongwith flood moderation would be economically viable.
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The provision of reservoirs in the main Kosi and its tributaries have been considered to be
indispensible for a long term solution of the Kosi problem. With this in view, some sites on tributaries
of Kosi river were also investigated alongwith the Barahkshetra high dam in the late forties. A silt
control reservoir on the Tamur tributary of Kosi was proposed at the first instance due to the fact that
it contributed highest intansity of sediment charge in the Kosi river. But all these proposals were kept
under abeyance because the Kosi Technical Committee of 1965 and 1971 did not favour these
proposals. Lateron the Board of Consultants under the chairmanship of Dr Kanwar Sain realised the
need for resumption of investigation of the reservoir projects on the main river as well as on the
tributaries and accordingily a teasibility report on the high dam projects across the Kosi at Barahkshetra
prepared by CWGC in 1981 is under consideration at various decision making levels. Proposed Kosi dam
at Barahkshetra will moderate the maximum probable flood of 42475 cumecs {15 Lakh cusecs to a
flood of 14000 cumecs (5 Lakh cusecs) at Barahkshetra. 1t will trap the bulk of coarse and medium
silt carried by the river and a sizeable portion of fine silt will also get trapped in the reservoir. This will
heip in stabilizing the river in Nepal and India and reduce the over fiows as well as the braiding
tendency of the river. The project aiso envisages afforestation and soil conservation works on the
tributaries on the basis of photo-interpreted aerial surveys and other field works which will reduce the
silt inflows in the reservoir thereby increasing its usefu! life.

it has already been recognised that a series of dams in the main river and the tributaries will
be essential steps towards an effective long term solution of the silt problem. But, so far, except for
the Barahkshartra high dam, no dam site has been found feasible after detailed explorations and
investigations on the main Kosi river. Ancther dam site across the Kosi at Kothar, about 6.5 Km
downstream of Barahkshetra had already been abandoned as the same was not found suitable after
detailed investigations and geologica! explorations. However, a number of suitable sites are available
in the hilly region of the river Kosi and its tributaries where construction of a series of low height rockfill
check dams can be possibly planned which could trap the coarse silt above the gorge at Chatra. But
their feasibility can be reviewed only after detailed investigation at these sites are taken up and
hydrology as well as silt data thereof are analysed. As these sites are located in Nepalese territory,
co-operation of HMG, Nepal will be necessary for joint exploitation of these sites for mutual benefits
of both the countries. These would generate hydel power which can be used by Nepal as well as sold
commercially to the Government of India by the HMG, Nepal.

it is learnt that the GOl has started negotiations with HMG, Nepal for finalising Kosi high dam
at Barahkshetra and schemes of reservoirs on the tributaries of the river Kosi in Nepal. It has to be
ensured that possible flood control as well as sediment contro! benefits are taken care of besides
power, irrigation and other benefits in the finalised projects prepared for execution after detailed
surveys and investigations.

8.2.2 EMBANKMENTS

The right bank of the river Kosi is almost fully embanked except for a small gap near Phuhia
which is left deliberately to receive the combined flow of the Bagmati and the Kamla into the Kosi. The
ieft bank, however, is still unembanked below Koparia upto Kursela. This has been engaging serious
attention since the very inception of the project. in this regard, Kosi Technical Committee of 1965
recammended that a detailed investigation was necessary to decide whether or not to construct an
embankment in this reach, as large numbers of rivers join the Kaosi river between Koparia and Kursela.
It is apprehended that construction of the embankment from Kaoparia to Kursela may aggravate drainage
congestion and waterlogging as a result of flood locking of spilis from tributaries joining the Kosi. A
synchronisation study conducted by GFCT on the basis of rainfali data obtained from IMD and Birectorate
of Statistics, GOB, indicate that the proposed embankment below Koparia on the left bank may
aggravate the drainage problem of this area and it is also evident from the studies carried out so far
that this embankment may not technicaily be feasible. However, detail investigation is under progress
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in the Master Planning wing of the WRD.

In the Kosi river, the spacing hetween the two embankments varies from 5 to 13 Kms which
is apparently 3 fimes the requirement and on very high side. The result is that the river even after
embanking has been left with ample space to swing, braid and shift its course, which no doubt is
confined within the left and right embankments now. But the river even in the present condition is
causing extensive erosion and posing great threat to some area or the other. The average cost of
maintenance of flood embankment and anti-erosion works has been found to be of the order of Rs 1.42
Lakh per Km per year, which is already high. The concept of constructing forward embankments in
order to bring about improvement in the hydraulic conditions of the river with the belief that a central
channe! may develop after the initial erosive actions for a few years, was thought of some time back,
This was referred to the Department of Civil Engineering of the University of Roctkee by GFCC in Feb
1884, which submitted its report in July 1990. The report with regard to proposal! of forward embankments
conciuded that uniform reduction of river width in the entire leveed reach is not a feasible solution to
the large aggradation noticed in the river, but selective reduction in width does offer a good solution.

It is, therefore, necessary that a permanent river mode! of the affected reach is laid out in the
Irrigation Research Institute, Khagau! and study of the river morphology and behaviour is carried out
in depth to ascertain the reasons for such tendency of the river and to suggest future protection
measures to¢ make the river regime stable. Protective measures and anti-erosion works should be
carried out on the hasis of the model studies and effects of such works at other locations on the
upstream or downstream side or the opposite banks should duly be taken care off.

Detailed studies should be undertaken to find out the effectiveness and adequacy or otherwise
of the existing sluices in the embamnkments and remedial measures be taken on priority basis to make
them function properly as and when necessary. If found necessary, more sluices may he provided for
proper and efficient drainage of the countryside and for providing irrigation to the areas on the countryside
in case of drought.

8.2.3 DRAINAGE IMPROVEMENT

Some drainage schemes have already been executed and some are under execution in the
Kosi river basin. These are detailed in the list at Annex 8. Al! lingering schemes for drainage improvement
in the basin which have remained incomplete so far shou!d be reviewed on priority and completed as
early as possible to realise the full benefits and to prevent large scale escalation in their costs due to
delays. The benefits accruing from the completed schemes shoutd be evaluated and if it is found that
these schemes are providing intended benefits then other drainage schemes may be executed
accordingly. if certain modifications are considered necessary in order to get the intended benefits or
more benefits are likely to accrue as a result, then such modifications shou!d be carried out immediately
on priority. Future drainage schemes should be planned, designed and executed on the basis of the
result of such post-facto evaluation studies carried out carefully. A list of proposed drainage schemes
in the basin is enclosed at Annex d.

A Technical Experts Committee constituted by the Government of India in 1965 had carried out
studies to find out the drainage congestion caused by the inadequacy of waterways in the railway and
road bridges in Norh Bihar. The recommendations of the Committee with respect to river Kosi are
enclosed at Annex 12, Further detailed studies may be carried out by the WRD on the basis of past
hydrometeorclogical data to confirm the reported inadequacy of waterways or otherwise in the railway
and road bridges and cross drainage works in the cana! system and further action of extending such
inadequate waterways to the required size should be taken up and completed as quickly as possible
for removal of drainage congestion caused by such structures.
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There are certain low lying pockets in the deepest portions of the ‘Mauns’ and ‘Chaurs’ which
can not be drained by gravity due to existing outfall conditions in the main and trunk draing, such areas
may be delineated on the village maps and developed for aquaculture or pisciculture as the case may
be. Draining such low pockets by pumping is not considered to be economically viable as the present
and likely future availability of power may not be adequate.

8.2.4 Soil Conservation

Under an integrated Action Plan for Fiood Management in Inde-Gangatic Plain, watershed
treatment and soil conservation measures were taken up in a few flood prone catchments due to limited
avaiiability of funds. These measures are still limited to pilot and experimental applications. Their
effectiveness in reducing the peak flood during mansoon is yet to be estabiished. However, soil
conservation and watershed treatment measures are likely to have beneticial impact by way of reduction
in the quantities of silt flowing into the river. Such measures are likely io be effective in the case of
the Kosi river because of the high silt charge of the river and its meandering tendency. Soil conservation
to mitigate soil movement from hilis in the upper mountainous catchment in Nepa! territory is of
absolute necessity for holding soii erosion in hifis. in early nineteen fifties a Soil Conservation wing of
Government of india was stationed at Chatra to advise and assist in formulating actions to stop soil
erosion in hilly catchment of the river Kosi. The Commission has come to notice that now the aforesaid
soil conservgation wing of GO! is not functioning and it is not known if Nepalese authorities are doing
anything to stop soil erosion in Kosi catchment. In the light of the fact that although Soil Conservation
work is a long term operation, it is felt that it gives the lasting solution. Therefore, the suggested
measures in this direction would be firstiy, afforestation with suitable grass and trees to hold soil with
moisture on hill top and slopes. This is to be taken up in whole of hilly catchment intensively and
extensively. Secondlythe cultivation on hill tops and slopes should be carefuily supervised and so
planned that it should not cause erosion during rains. Cultivation fields should be pianned in terraces
with contour bunding to control the flow of rain water during precipitation down the slope of the hills.
Thirdly, ali tributaries of the river Kosi which contribute signigicant silt charge, should be provided with
small boulder check bunds 1o stop the eroded soil from coming down with precipitation runoff. All these
works would require constant vigil for stopping denundation of hilly catchment and wasting down of sail
crust which is vital for vegetation, forest and cultivation and ultimately this would reduce the silt charge
being carried with flood waters in Kosi causing immense problem in the lower basin.

in connection with the preparation of teasibility report on Kosi High Dam at Barahkshetra, CWC
have dealt at length on the necessity of Kosi water shed management and have furnished a programme
for ten years for execution of the required works under this programme. in the absence of any survey
giving the areas requiring treatment a tentative programme for treating about 3 Lakh ha area constituting
about 11 per cent of the total catchment area in Nepal has been framed. Out of this 3 Lakh ha, 2.25
Lakh ha will be in the sub-catchment of the Tamur and the rest will be in the selected watersheds of
other two sub-catchments having direct bearing on sediment production into the reservoir at Barahksheira,
The break-up of different types of works are given below: ‘

ltem of works Area in ha Time invoived
1 Agricultural iand bench terracing etc 50,000 10 years

2 Development of orchard plantation crops 25,000 10 years

3 Afforestation/Pastures development 1,560,000 10 years

4 Land slides in 110 Km length (including kholas) Covers additional area 75,000 ha 10 years

5 Gully plugs/check dams for 14 kholas only

remaining to be worked out after the survey is over
Survey and categorisation 2 years

Total 3.00,000 ha

Lea]
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Land treatment through afforestation and grass {and development should also be supplemented
by structural works in the upper catchment for retarding the velocity of water and detaining silt efficiently.
Such works obviously,would alsc increase the life of the proposed reservoirs,

The following points, however need special attention on this aspect-

a Watershed treatment works are to be carried out in the Nepalese territory,for which the
co-operation of HMG, Nepal will be necessary.

b  The works proposed will be smal! in size and scattered over a large area without suitable
and proper approach to the sites. Under such conditions,the transport of materials, effective supervision
and quality contro! are likely to be a tough proposition.

¢ The maintenance of these works is fikely to be difficult and costly due to the reasons
indicated at (b) above.

d Adequate cooperation and proper response from the local pepulation is essential for the
success of such programme. Special efforts will be necessary to secure public co-Operaticn, in a
foreign country (Nepal)

The difficuities mentioned above, however, shouid not overweigh the benefits expected from
the watershed management programme. Major pottion of the benefits like afforestation and prevention
of soil erosion will accrue to Nepal. lts benefit in the Indian territory wouid be limited to less flow of
sift into the river and consequent improvement in river behaviour leading t0 less expenditure on the
maintenance of embankments. The cost and benefits of such works would, therefore, have to be
weighed critically alongwith constraints and difficulties mentioned in the above paragraph.

8.2.5 Siit Catching Siiis in the River Bed for Gradient Control

The varying steepness in bed slope of Kost appears to be the main cause of deposit of course
siit in the river bed on the one hand and tendency of meandering on the other hand. Therefore,if by
constructing raised sifls at suitable sites between Barrage and Bhaluahi,the varying steep slope can be
flattened to some extent as uniform bed slope by deposition of coarser silt and the suspended silt may
move foreward on account of the variation in velocity. In such case the coarser silt will initially be
arrested by the raised sills in the bed of the rivers and in due course of time the bed gradient may
be flattened. After flattening of the bed gradient the siit instead of being deposited in bed may flow
partly into the river Ganga. But suitable sites,after a detailed survey and study of the river regime, will
have to be judiciousiy selected. The sills to be constructed will have to be suitably desigred such as
to maintain the Kosi channe! midway of the two embankments. This can be done by designing sills
sioping from the two embankments towards the centre where main Kosi channe! is proposed to be
maintained.

8.2.5.1 Here # is worth mentioning that in 1965 Kosi Technical Advisory Committee headed by Shri
Kanwar Sain, Ex-Chairman C W P C recommended construction of another barrage at Dagmara
downstream of existing barrage at Bhimnagar. This was in fact conceptualised for achieving gradient
contre! by flattening of the slope and aiso to act as second contro! point for the Kosi down stream of
Bhimnagar barrage. Added advantages of this structure foreseen at that time were creation of a shorter
communication between Darbhanga and Saharsa by construction of a rail cum road bridge linking the
existing LRP road. |n the opinion of this Commission, the above proposal still holds sound and
beneficial and therefore, it is suggested that this propesal may be investigated in detail and hydraulic
mode! studies be carried out to find out the usefulness or otherwise of the proposed barrage at
Dagmara at the earliest. Proposal for canal system on both banks for irrigation during Rabi and hot
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weather seasons only to avoid siltation of the canal bed ,as has happened in the existing Kosi Canal
System,may also be examined fo improve the henefit cost ratio of the proposed scheme.

8.2.6 Flood Diversion in Low Lying Pockets

The original Kosi Project Scheme prepared in 1950 was revised in 1953 and this contained a
plan for flood contro! by construction of a diversion harrage for diverting nearly 1400-2000 cumecs
{50,000-70,000 cusecs} of flood for reviving old and abandconed dhars of Kosi on the eastern side and
thereby reducing the flocd intensity in the main river. Since quantity of silt increases with increase in
Hlood discharge, diversion cf flood to cld dhars during high floods would have also carried silt alongwith.
it appears that the expers, after examining the above proposal in September 1957, abandoned this
idea due to apprehensions regarding uncertainties of the river Kosi and expected oppoesition from public
who were cultivating the ofd bed of Kosi. Although it cannot be denied about risks involved in such type
of proposed experiments, still the idea of flood diversion in old Kosi dhars, in the opinicn of this
Commission, appears to be best first hand solution for saving the suflering mass of population from
vagaries of the Kosi during floods. For keeping the river in the present course, the excess silt deposit
in Kosi bed is causing adverse consequences as already experienced. The breach in 1984 flood resulted
in siltation of depressions and water logged areas converting them into raised plots which were lying
useless being permanent depressions. This proves that fiooding can be a possibie method for tackling
the siit problem of Kosi. The excess siit has to be transported to locations it is required ie in jow
waterlogged areas in the zone abandoned by oid Kosi dhars.

Therefore, this Commission is of the opinfon that ali such low iying zone in the old Kosi dhars
which can be filled with Kosi silt being carried every flood season preferably adjacent to the eastern
fiood embankment,should be identified through detailed survey. The purpose of this accumulation of
fiood will be for siltation of the low lying water logged areas as well as reducing the impact of flood
along with the guantum of silt in the down stream main course of the river Kosi. A bold and firm
decision to declare all the low lying pockets as detention basins during the higher ficod stages in the
river will have to be taken for operation of this scheme. The pockets will have to be embanked to
receive the flood at HFL, linked with the river through link channels passing through low lying alignment
through a regulator at its head located on the existing eastern flood embankments. The embanked low
lying pockets will also have to be provided with a waste weir to pass cut silt free water to the nearest
drainage channe! during flood season, if required, and to drain the flooded pocket completely after the
fiood season to make the area free for production of Rabi crop. All these pockets will get restricted
to only single Rabi crop till the area gets silted up sufficiently to receive irrigation from the nearby canal
system.

This scheme of diverting fiood to low lying pockets for disposal of Kosi sitt may meet stiff
opposition from the loca!l people who may be likely to be affected. But keeping in view the long term
advantages from this scheme, there is no doubt that it would bring in much relief and prosperity in the
future.

Preliminary studies of the foposheets of the area adjoining eastern embankment indicate that
possibility of diversion of flood waters of Kosi might be possible through the Berda Dhar and Tilawe
Nadi and other existing abandoned courses of the river nearby. Further detailed investigations would,
however, be necessary to find out the techno-economic viability of such proposal and its usefulness
in the fong run,

8.2.7 Maintenance of Existing Works

While new structural measures as suggested above are necessary for solution to the residual
flood and drainage problem in the basin, it is equally important to properly and adequately maintain the
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assets already created sc that they can withstand the pressure exerted due to the flooding of the basin.
Besides regular supervision and necessary repair of embankments well before the onset of the monsoon
season, the following points deserve special attention.

During past few years the highest flood stages in the river at different locations have been
noticed to have gone up resulting in encroachment in the free board of the embankments. A systematic
survey and investigation of the existing embankments on both banks of the river is required to be
carried out every year after the flcod season and encroachment, if any, in the free board in any porticn
should be efiminated by raising the height of embankments correspondingty. Suitable protection works
should be provided in the portion where the active river channel is flowing very close to the toe of the
embankments and river training works may be carried out after mode! studies to keep the flowing
channel away from the embankment. In the portion,where the embankments have been ercded or are
likely to be eroded, suitable retired embankment should be constructed to prevent flooding of the area
already protected by the embankments. It is also necessaty that the top of the embankment should
have a water bound macadam road or atleast provided with brick soling so that the embankments could
be conveniently patrolled during the high flood condition in the rainy seascn and flood fighting materials
could be transported conveniently during emergent situations.

8.2.8 Construction of Raised Platform

During the flood season, breaches sometimes occur in the embankments as a result of which
protected areas get flooded. Submergence of the protected area is also caused due to heavy precipitation
on the countryside coinciding simultanecusly with high stages in the outfall channels. The affected
persons take shelter on the embankments atongwith their livestock and properties in such situations.
As a result, not only the embankments get damaged but the works like flood fighting and rehabilitation
get hampered. Generally people do not go back to their original living places even after the fiood
subsides and continue to live on the embankments endangering its safety and hampering regular
maintenance. !t is, therefore, suggested that .

i Occupation of embankments and the lands acquired should be got vacated effectively to
avert any danger or risk to the flood management embankments and to the people living in the
protected areas.

i Raised platforms above the highest flood level may be constructed in areas liable to
inundation near vilages on Government of acquired lands. These could be alsc constructed on the
countryside of the embankments abutting the same. Such ptatforms should preferably be connected
with all weather roads and should also be provided with necessary facilities for warehousing, community
living, sanitary and potable water supply instailations, space for keeping cattles and storing fodder,
telecommunication facilities etc in order to obviate likely inconveniences to the people residing on such
platforms during flocods. These should be handed over to local bodies panchayats for being utilised as
community property and kept free from encroachment.

8.2.9 HNon-Structural Measures
a  Flood Plain Zoning

The guestion of introducing flood plain zoning measures has been under consideration for a
long time. In view of the increasing pressure of population and consequential greater encroachment of
flood plain, zoning has assumed added significance. The continuing trend of rise in flood damage
figures in recent years is primarily due to greater encroachment into flood plains. The zoning measures
will be usefu! in both protected as welt as unprotected areas as they prevent indiscriminate growth in
unprotected areas and help in regulating the development activities in the protected areas so that
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unduly heavy damage is not caused in the event of failure of flood protection measures. As a major
portion of flood prone area in the Kosi basin is protected from flood since 1959 after construction of
flood embankments, such zoning regulations should be introduced in the first instance in the unprotected
areas and for future developments in the protected areas.

It would be necessary to procure contour maps of the flood prone area of the basin to a scale
of 1:15000 with contour intervals of 0.3 metre for implementation of this measure. Flood risk maps will
have to be prepared by carrying out necessary hydrologica! analysis of the historical data and further
hydraulic computations to identify areas prone to flood for different frequencies of flood such as 5
years, 10 years 25 vears, 50 years and 100 years. Similar risk maps for the submersion caused due
to drainage congestion as a resuit of water leve! likely to attain corresponding to a 50 years and 25
years rainfall will also have to be prepared.

b  Flood Forecasting and Flood Warning

Flood forecasting has proved to be of great help in issting warning to the people in flood prone
areas, organising flood fighting and safety measures for the engineering works, timely evacuation of
people from affected areas and salvation of movable properties besides mabilising relief operations,

It has come to the notice of this Commission that in addition to three existing flood forecasting
stations at Basua, Baltara & Kursela on the main river Kosi altogether five more new gauge- discharge
stations located at Pachuwarghat, Toksel Ghat, Babua Bazar, Turki Ghat and Majhitar on main tributaries
of the river Kosi in Nepal portion have since been installed by CWC sometime in 1891 under an
agreement reached between GOl and HMG Nepal. Obviously the flood forecasting at the existing
stations in India is likely to further improve by increase in waming time when the new stations installed
in the upper catchment in Nepal start functioning.

Although there is wide appreciation of the flood forecasting system and warning issued by
CWC, there is very little feed-back on the procedures specified or evolved by the civil administration
and the engineering organisation for undertaking relief/rescue/precautionary action on the basis of the
farecasts. 1t is also not known as to how effectively the necessary advice is being given to the people.

On receipt of the forecast, its dissemination to the local population in terms of likely depth of
inundation and its duration in the area by the administrative authorities is very important so that
affected population, cattle, movable properties etc are evacuated before the area gets submerged by
flood waters which cause damage. For this a network of wireless stations and telephone system are
necessary in the basin near critical/vulnerable reaches of embankments and towns etc specially where
other means of communications are not dependable or adequate. Flood warning to smaller areas in
villages may be conveyed through public address system or in its absence by beat of drums. Specific
advice should be given to the people regarding evacuating the areas likely to be affected and also
about the locations which could be considered safe for the level indicated in the flood forecasts.
Necessary training in this regard should be imparted to the concerned officials on a regular basis so
that they are well versed in the interpretation of the forecast and taking precautionary measures in the
event of an imminent threat to the life and property. This training programme shouid become a regular
feature before the flood season every year.

c Disaster Mitigation System and Preparedness
This is an important measure which directly influences the damage prevention if managed
efficiently at all levels according to the prescribed procedures and guidelines. Improper management

could also result directly in increased damage. The Government should, therefore, ensure that all
routine exercises and necessary drills are carried out systematically before every flood season and
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departmental instructions, manuals and rufes in this regarg shoulg be wigely circulateg so as to make
these available to all concerned. it is observed that disaster mitigation system and the preparedness
programme usually get activated only just before and during the flood season and no attention is paid
during the rest of the year. Experience has shown that the activity has to be maintained continuously
and there is a need for increased flood awareness in the officers and staff of the concerned departments
as also in the public and voluntary organisations to dea! with flood emergencies.

it is essential that training pregramme and exercises are regularly held to improve the
preparedness of officials and the public. This will develop confidence amongst all concerned to manage
any emergency situation. The training programmes, including education and publicity should be got
arranged by the civil authorities with active participation of the officers incharge of flood management
and voluntary organisations. The interpretation of distress codes and signals and flood warning messages
being broadcast over all India Radic (Akashvani), Deordarshan or transmitted through other channels
and the effective follow up of such messages into appropriate actions should be taught to all people
in the flood prone areas.

8.2.10 A map of the Kosi river basin showing the compieted, under execution and proposed drainage
schemes is enciosed at Drg No 6/04,

9.0 SUMMARY OF RECOMMENDATIONS

941 it is observed that hydrometeorolegical data of the river basin is not being observed, coliected,
analysed and documented in a systematic manner. There is necessity for establishing more raingauge
stations (in Nepal portion) in the catchment of the river Kosi with adequate number of self recording
raingauges amangst them. The network of gauge discharge sites should be designed as per standard
norms and adequately met with by epening mere sites at suitable locations as quickly as possible. The
records of shifting of the main river course after every flood, areas liable to floods and drainage
congestion in various reaches of the basin alongwith areas actually flooged with crop details are not
being observed and properly recorded. The areas flooded from the over-bank spills of the river should
be marked separately from those which get submerged due to drainage congestion on acccunt of
heavy precipitation coinciding simultaneously with the high stages in the outfall channels. In orger to
cover more details about the Kosi and its merphology, systematic observation, collection, analysis and
maintenance of relevant data should be attended to immediately and all such historical data be procured/
retrieved from the concerned sources, studied, analysed and documented for finding out better and
quicker long term solutions and for future use, The State Government may consider allotment of
sufficient funds under plan head for establishing data collection units with the primary objective of
collection of data/information on a continuing basis, sc that it is usefu! for the future planners.

[Para 4.5, 4.7.3, 4.8.1, 4.8.2, 55.1, 5.6.9, 6.2.2]

9.2 The seriousness of the silt problem in the basin leading to shifting, erosive and aggracation
tendency of the river in India deserves urgent attention. Suitable scil conservation measures along with
watershed management in the catchment area lying in Nepa! are required to be undertaken on priority
basis. The state Government may take up this issue with the Government of India for appropriate
action in consultation/co-operation with the HMG, Nepal.

[Para 4.9.2]

9.3 The relevant recommendations made by the Ministry of Irrigation, Government of India in the
guidelines and instructions for implementation of the recommendations of RBA are reproduced below:

“In the case of embankment, the design of a project should be determined for the time being
on flood frequencies suggested.Meanwhile necessary step may be taken for eventua! application of
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benefit cost criterion for fixing the design.”
The summary of recommendations as accepted is as follows:

“In the case of embankment schemes, the height of the embankment and corresponding cost
be worked out for various fiood frequencies and also the benefit-cost ratio, taking into adcount the
damage likely to occur for the reiative flood frequencies. However, till such time as the details of all
relevant parameters are availabie, embankment schemes might be prepared for a fiood of 25 year
frequency in the case of predominantly agricuitural areas and for fiood of 100 year frequency for works
pertaining to town prolection and protection of industrial and other vital organisations”.

While endorsing the decisions of the Ministry of Irrigation, Government of india an the
recommendations of the RBA, the Commission suggests that all embankments on important rivers
should be designed for a fiood of 50 years frequency in general and for flocd of 100 years frequency
for works pertaining to town protection of vital industrial establishments.

9.4 in the light of the fact that the river slope immediately downstream of the barrage being almost
stable, Dr 8 V Chitale of CWPRS, Pune advocated an idea which suggested for shortening of length
of the river Kosi by joining it with the river Ganga near Mansi or a new Channel from Chatra to Kurseia
be developed to maintain the stable siope. This proposal had been examined by GFCC which had
given some comments indicating serious limitations in Dr Chitale’s proposal. GFCC in its comments,
if Dr Chitale’s suggestion are accepted, has apprehended that silt problem would be transferred from
the Kosi to the Ganga consequently leading to problems in the Ganga apart from making separate
arrangements for the drainage of the Kamia and the Bagmati in the Ganga and inviting serious pubiic
objections also. Therefore, this Commissicn is of the view that the idea propounded by Dr S V Chitale
along with the comments offered by GFCC may be investigated thoroughly as weli as hydraulic model
studies be carried out and final decision may be taken if the techno-economic viability is established
on the basis of such detailed studies.

[Para 5.5.8]

9.5 Systematic tield investigations should be carried out regularly so as to pin-point areas in the
basin which are water-logged due to lack of proper sub-surface drainage.
[Para 6.2.3)

9.6 Post-facto evaluation studies of a few completed drainage schemes in the basin need to ba
undertaken quickly so that future schemes for removal of drainage congestion in the basin are planned
atter knawing their usefuiness and efficiency. Any modifications if found necessary in order ta get the
intended benefits or more benefits, should be carried aut immediately on priarity. Future drainage
schemes should be planned, designed and executed on the basis of the results of such evaluatian
studies carried aut carefully,

[Para 6.2.4, 8.2.3]

9.7 It is necessary to carryout review aof the adequacy or otherwise of the existing sluices, in the
embankments in the basin. Further necessary remedial measures far making them efficient and effective
far the purpose tor which sluices were constructed may be taken on priority basis following such
review. If found necessary more sluices may be pravided for proper and efficient drainage af the
cauntryside and far praviding irrigation in the protected area in case of drought.

[Para 8.2.5, 8.2.2]

9.8 Regular and systematic abservations af ground water structures should be carried out an a

cantinuing basis in the areas in the basin where irrigation facilities are available. This wauld help in
monitoring of the fluctuation in sub-sail’ water level for use in future planning of measures to combat
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the problem of waterlogging in the irrigated command area of the basin.
[Para 6.2.6]

9.9 it is observed that the flood damage statistics, which is essentially required for the benefit-cost
studies for any proposed flood management measures, are not being scientifically and rationally collected
and compiled. The RBA had made many useful recommendations in this regard which donot seem to
have been followed. The Commission recommends that the recommendations of the RBA should be
followed strictly and realistic evaluaticn of flood damage river/basin wise be carried out every year
under the following three separately identified categor:es-

i Unprotected areas
i Protected areas due to failure of protection works
fii  Areas between the embankments and the river.

The extent of drainage congestion in the protected and unprotected area should be indicated
separately. The WRD dealing with flood management should be associated with collection and compilation
of flood damage data. In order to eliminate any inconsistency, the flood damage data should be
collectively reviewed by the concerned departments at the end of each year. Such reconciled long term
data of flood damage is to be used in economic viability study for any future flood protection/management
scheme in the area.

{Para 6.3.4)

9.10 The flood moderation effect along with effective long term solution of the sift problem of the
contemplated reservoirs apart from one already proposed at Barahkshetra in the main Kosi river and
its tributaries in Nepal is required to be studied in detail after field surveys and investigations and
analysis of hydrometeorological data. As the works would be located in Nepalese territory, co-operation
of the HMG, Nepal would be necessary for joint exploitation of the prospective reservoir sites for mutual
benefits of both the countries. It should be ensured that possible flood control as well as sediment
control benefits are taken care of, besides power, irrigation and other benefits, in the finalised project
as mutually agreed upon.

[Para 8.2.1]

911 A permanent river mode! of the reach where the river is seriously threatening by extensive
erosion and particularly below Koparia on the left bank which is still unembanked, should be laid out
in the lrrigation Research Institute, Khagaul and study of the river morphology and behaviour be carried
out in depth to ascertain the reasons for such tendency of the river and to suggest protection measures
to be taken up in future to train the river and make its regime stable. Protective measures and anti-
erosion works should be carried out on the basis of model studies and efiects of such works at other
location on the upstream or downstream or on the opposite bank should duly be taken care of.

[Para 8.2.3)

9.12 Further studies in continuation of the studies carried out by the Technical Expert Committee,
1965, may be carried out to find out the inadequacy or ctherwise of the waterways in the railway and
road bridges and the cross drainage works on the canal system in the basin which are responsibie for
drainage congestion in the area and further action of extending such inadequate waterways to the
required size should be taken up and completed as quickly as possible for removal of drainage
congestion caused by such structures.

[Para 8.2.3]
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913 Low lying pockets in the deepest portions of the ‘Mauns’ and ‘Chaurs’, which cannot be drained
by gravity should be marked cut on the village maps and developed for aquaculture or pisciculture, as
the case may be.

[Para 8.2.3]

9.14  Soil conservation and watershed treatment measures are likely to have beneficial impact by
way of reduction in the quantities of silt flowing into the river Kosi and to check its meandering
tendency. As such an extensive 10 year programme of watershed management in the hilly caichment
area in Nepalese territory as suggested by CWC, appears necessary. Land treatment through
afforestation and grass development should also be supplemented by structural works in the supper
catchment for retarding the velocity of water and detaining silt effectively. Such works would also
increase the life of the proposed reservoirs. The cost and benefits of such works should be weighed
critically alongwith constraints and difficulties mentioned in paragraph 8.2.4.

[Para 8.2.4]

9.15  The recommendaticns of the Kosi Technical Advisory Commitiee, 1965 headed by Sri Kanwar
Sain proposing another barrage at Dagmara downstream of Bhimnagar still holds sound and beneficial
and therefore, it is suggested that this proposal may be investigated in detail and hydraulic model
studies be carried out to find out the usefulness or ctherwise of the propoesed barrage at Dagmara at
the earliest. Proposals for canal system on both banks for irrigation during Rabi and hot weather
seasons only to avoid siltation of the ¢anal bed as has happened in the existing Kosi cana! system may
also be examined to improve the benefit-cost ratio of the proposed scheme.

[Para 8.2.5.1]

9.16  The original Kesi Project Scheme prepared in 1950 and revised in 1953 contained a plan for
flood control by construction of a diversion barrage with an objective to revive old and abandoned dhars
of the Kosi on the eastern side. In the opinion of this Commission the above abandcned proposal
should be examined carefully and all low lying pockets in the old Kosi dhars which can possibly be fitled
with Kosi flood carrying heavy silt every year, preferably adjacent to the eastern flood embankment,
should be identified through detailed survey. A bold and firm decision to dectare all such low lying
pockets as detention basin during the higher flood stages in the river will have 10 be taken for operation
of this scheme. The pockets will have to be embanked to receive the floed at HFL, linked with the river
through link channels passing through low lying alignment through a regulator at its head located on
the existing eastern flocd embankments. The embanked low lying peckets will also have to be provided
with a waste weir to push out silt free water to the nearest drainage channel during floed season,
required, and to drain the flooded pocket completely after the flood season to make the area free for
production of Rabi crop. All these pockets will get restricted te only single Rabi crop till the area gets
sitted up sufficiently to receive irrigation from the nearby canal system.

Preliminary studies of the tope sheets of the area adjoining eastern embankments indicate that the
diversion of flocd waters of Kosi might be possible through the Berda dhar and Tilawe Nadi and other
existing abandened courses of the river nearby. Further detailed investigations would, however, be necessary
to find out the techno-economic viability of such proposal and its usefulness in the long run.

[para 8.2.8]

9.17 A systematic survey and investigation of the existing embankments on both banks of the river
is required to be carried out every year after the flood season and encrcachment, if any, in the free
board in any portion should be made good by raising the height of the embankment correspondingly.
Suitable protection works sheouid be provided in the pertion where the active river channel is flowing
very close to the toe of the embankment and river training works may be carried out on the basis of
the resuits of the model studies to force the flowing channel away from the embankment.

[Para 8.2.7]

616



Appendix 6/57

8.18 The suitable retired embankment should be constructed in the portion where embankments
have been eroded or are likely to be eroded so that flooding of the protected area is prevented. The
top of the embankments should at ieast be provided with brick soling so as to make it usefut for
inspection as well as for transporting of materials during emergent situations in the rainy season.

[Para 8.2.7]

9.18  Occupation of embankments and land acquired should be got vacated effectively to avert any
danger or risk to the people living in the protected area. Raised platforms above the highest flood fevel
may be constructed, in areas liable to inundation, near villages on the Government or acqguired lands.
These could also be constructed on the countryside of the embankment abutting the same. Such
platforms should preferably be connected with all weather roads and should be provided with facilities
to make living on them easy during floods. Such raised platforms should be handed over to ioca!
bodies/Panchayats for being utilised as community property and kept free from encroachment.

[Para 8.2.8]

9.20  Flood plain zoning measures will be useful in both protected and unprotected areas as they
prevent indiscriminate growth in unprotected areas and help in regulating the development activities in
the protected areas so that heavy damage is not unduly caused in the event of failure of the flood
protection measures. Such zoning regulations should be introduced in the unprotected areas first and
for developments in the protected areas henceforth.,

Fiood risk maps of the basin may be prepared showing the areas likely to be flooded for
different frequencies of ficods such as 100 years, 50 years, and 25 years. Similar risk maps for
submersion caused due to drainage congestion corresponding to a 50 year and 25 year rainfall may
alsc be prepared.

[Para 8.2.9 (a)]

8.21 The five more base stations recently installed and iocated at Pachuwar Ghat, Toksel ghat,
Babua Bazar, Turki Ghat and Majhitar in the Nepalese territory need to function regularly and supply
data to the CWC authorities so as to increase the lead time available for the existing forecasting
stations at Basua, Baltara and Kursela on the river Kosi.

On receipt of the flood forecasts, its dissemination to the local population in terms of the likely
depth of inundation and its duration in the areas by the administrative authorities is very imporant so
that necessary action is taken before the area gets flooded and causes damage. For this, a network
of the modern communication system is necessary in the basin near critical/vulnerable reaches of the
embankments and towns, etc, specially where other means of communication are not dependable or
adequate.

Specitic advice should be given to the people regarding evacuation of the areas likely to be
affected and also about the locations which could be considered safe for the levels indicated in the
flood forecasts. Necessary training in this regard should be imparted to the officials concernad on a
regular and continucus basis before the flood season every year.

[Para 8.2.9. {b)]

9.22 It is essential that training programmes and exercises are heid regularly to improve the disaster
preparedness of the officials and the public. This will develop confidence amongst all concerned 1o
manage any emergency situation. Such training programmes should be got arranged by the civil
authorities with the active participations of the cofficers incharge of flood management and voluntary
organisations. The interpretation of distress codes and signals and flood warning messages being
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broadcast over All India Radio {Akashvani), Doordarshan or transmitted through other channels and the
effective follow-up of such messages into appropriate actions should be taught to all people in the flood

prone areas.
[Para 8.2.9 (¢)]
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Annex 1A

RAINFALL DATA OF RAINGAUGE STATION IN THE KOSI RIVER BASIN
MAINTAINED BY INDIA METEOROLOGICAL DEPARTMENT NEW DELHI

FRDM YEAR 1948-60

S Location of Station Mean Rainfall {(in mm) Monsoon Rainfall {in mm)
No upper catchment {(May to Oct) {June to Sept)
1 2 3 4

1 Alsayalikharka 2232.7 1932.8
2 Angbung 1116.4 882.2
3 Bhojpur 1115.3 940.4
4  Barahkshetra 21316 1890.6
5 Chainpur 1183.0 975.7
6 Chatra 2001.8 1762.5
7 Chautara 1818.1 1635.8
8 Chaurikharka 2208.2 1998.5
9 Dhankuta 731.0 620.5
10 Dharanbazar 2155.7 1886.6
11 Dhulikhel 1448 2 1277.7
12 Dingla 18371 1553.3
13 Dolalghat 828.6 751.3
14 Dumbuhar 1471.8 1201.9
15 Ghumthang 1427.5 3921.2
16 Kamachin 1052.6 874.7
17 Kalimate 1651.7 1508.1
18 Kundieghat 958.7 8553
19 Kuruieghat 806.0 709.8
20 Leguaghat 834.0 7031.0
213 Langthung 1930.8 1669.0
22 Machuaghat 1185.8 1042.2
23 Manebhanjyang 1117.6 755.7
24 Mamengsagat 1512.0 1279.0
25 Mulghat 735.3 654.3
26 Munga 1113.0 989.5
27 Mamchebazar 797.2 695.9
28 Nepalthok 771.5 638.6
29 Mup 769.1 642.4
30 Okhaldunga 1565.8 1360.7
3 Pangihangdoma 1309.5 1099.5
32 Pekaznas 1629.8 1480.9
33 Phulut 2530.7 2068.9
34 Phaphlu 15891 1465.2
35 Ramechap 756.4 663.9
36 Sandakph 2541.7 22556
37 Taplethok 2085.9 1764.4
38 Sinduligarhi 1925.9 1631.3
39 Tapiejun 1725.7 1442.0
40 Tribeni 1592.0 1429.5
41 Wallung chang 1507.8 1263.3

{Source: Comprehensive pilan of Flood Control for the Kosi River System Prepared by the GFCC in 1986.)
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Annex 1A contd
YEAR 1951 TO 1987 (in mm}

Sl Name of rainfall Annual Highest rainfall Remarks
No Station rainfall

Lower Catchment 24 hrs 48 hrs 72 hrs
1 Bhimnagar 1504.33* 213.36 262.00 279.40 *
2 Narpatgani 1590.51 300.00 300.00 317.00
3 Forbisganj 1693.07 219.00 270.00 317.80
4 Madhepura 1259.71 232.00 287.20 381.00
5 Pratapganj 1376.78" 177.00 238.20 290.00
6 Supaul 1193.91 175.20
7 Bhaptiahi 1113.67 194.30
8 Birpur (Basantpur) 1488.68 257.00
9 Tribeniganj 1233.12 177.00
10 Murliganj 1249.66 248.00
11 Sour bazar 1208.52 257.20
12 Alamnagar 1012.38 144.00
13 Sonbarsa 1188.04 172.70
14 Chausa 1177.78 406.00
15 Chattarpur 1369.89" 323.00 369.00 369.00
16 Saharsa 1202.88 242.00
17 Dhamdaha {West) 1286.87" 265.00 324.60 335.60
18 Purnia 1500.24 235.80 330.20 379.90
19 Araria 1536.40 266.70 361.44 397.00
20 Haniganj 1726.44 240,00 343.20 417.20
21 Krityanandnagar 1317.00 276.00
22 Katihar 123410 277.60
23 Dhamdaha (East) 1321.15 283.00 332.40 436.40
24 Gondwara 1233.60* 183.00 209.55 307.34
25 Simri Bakhtiarpur 1162.67 263.90
26 Lankahi 1240.06 233.40

1 Raintall data for five stations namely Bhimnagar Pratapganj, Dhamdaha (West) and Gondwara are
only for the period 1951 to 1970.
2 The data for the period 1971 to 1973 is not available for all the station.
3 The data for stations Sl No 2, 3, 18, 19, 20, 21 & 23 Comprising Purnia District {old) have missing
data for 1985 & 1986.
4 Dnly 25% of the stations have almost complete data up till 1987 - others have discontinuous data.
Source: Comprehensive plan of Flood Contral for the Kasi River System Prepared by the GFCC in 1986 and
State Hydrology Cell of the WRD, Government of Bihar,
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Annex-2

LOCATION OF GAUGE, DISCHARGE AND SILT OBSERVATION SITES IN THE KOSI RIWWER SYSTEM
WITH MAXIMUM OBSERVED GAUGE AND DISCHARGE.

51 Name of Location of Agency which  Danger Maximum Year Mamimum Year  Remarks
No River Site maintains the  level Guage in Discharge
Site in Mirs  Mtrs in cumecs
1 2 3 4 5 6 7 8 9 10
1  Kosi Barahskhetra Central middie 120.3 -~ 132.18 1968 25856.16  (1968) Datla from
(GDS) Ganga Divn 4, 1948 to
CWC Patna 1992
2 Kosi Birpur co 74.7 75.87 1987 12609 {1987) For gauge
(GD) data 1975
to 1992 for
discharge
1982 to
1992
3 Kosi Basua {G) po 47.75 48.65 1987 1971 to
1992
4 Kosi Baltara (GDS) Do 33.85 36.4 1987 12043 (1974) Data obs.
for gauge
1957-1992
and for
discharge
1957 to
1982
5 Kosi Kursela {G) Do 30 321 1982 1987 to
1992
Note: 1 G = Gauge site Source : Comprehensive Plan of Flood Control

GD = Gauge discharge site

GDS = Gauge discharge & Silt site
CWC = Central Water Commission

Five new cbservation sites in Nepal located at
Pachuwar Ghat, Toksel Ghat, Turki Ghat, Babua
Bazar and Majhitar in upper catchment above

Barahkshetra have also been set up by CWC

recently in 1991, but data is still not being
received (Para 4.7.1)
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Annex 3

ANNUAL SEDIMENT LOAD IN THE KOSI1 RIVER SYSTEM FROM THE YEAR 19248 TO 1981
FOR DIFFERENT GRADES AT SITE NO 13 (BARAHKSHETRA) (ON THE RIVER SAPT KOSI)

Year Total average Percentage of sediment to iotal sediment load

in MCM Coarse Medium Fine
1948 103.611 12.38 33.33 54,29
1949 151.964 7.71 30.52 61.77
1950 93.251 16.01 2817 55.82
1951 102.748 19.32 29.05 51.62
1952 98.800 20.22 27.22 52.56
1953 81.532 20.27 28.29 51.43
1954 283.453 16,19 24,67 59.14
1955 659.320 23.84 24,73 51.42
19545 68.703 12.75 28.19 59.07
1957 59.699 13.43 32.44 5413
1958 105.215 32.27 34.70 43.02
1959 87.452 16.78 31.45 51.76
1880 72.153 14.02 28.89 57.10
1961 59.082 -17.12 27.35 54.47
1962 83.136 14.99 38.72 57.06
1963 72.898 17.60 29.44 52,96
1964 82.518 10.61 17.79 71.60
1965 57.356 20.43 18.50 61.07
1966 92.634 2277 23.83 53.40
1967 61.920 16.00 25.90 57.97
1968 172.345 1617 22.83 £0.99
1969 95224 25.00 20.08 54.92
1970 194.026 18.34 14,81 64.78
1971 92.387 23.90 21.09 55.01
1972 63.153 27.34 15.82 56.72
1973 73.761 2224 17.34 60.37
1974 82.7658 22.95 18.48 58.57
1975 85.377 30.19 18.49 51.32
1976 77.776 16.11 26.33 57.57
1977 55.875 18.64 30.24 50.99
1978 79.438 18.48 26.71 54.81
1979 49.319 24.44 2047 55.10
1880 161.260 3.52 27.14 44 54
1981 74.884 25.88 25.63 48.49
1982 87.300 28.14 29.40 42 .46
1986 64.084 33.38 21.78 44.85
1987 85.827 23.58 20.51 55.91
1988 82,552 22.23 20.34 57.43
1989 58.679 22.00 20.35 57.65
Average _ 82.48 19.82 24.79 55.39
1948-81 &

1985 to 1986

[Source: Comprehensive Pian of Flood Control for the Ganga Sub-basin (Kosi River System) March
1986 Prepared by the GFCC & Data from 1985 to 1989 from the CE (Birpun)]
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Annex 3 contd

MONTHLY AVERAGE SILT DATA FOR THE KOSI RIVER SYSTEM FOR THE

YEAR 1969 to 1973, 76 AND 85 TO 1989
SITE - BARAHKSHETRA {ON THE RIVER KOSI})

Month Total average Graded percentage of sediment to Total
sediment load
gm/litre Coarse, in % Medium, in% Fine, in %
1 2 3 4 b
January 6.348 35.35 17.37 47.28
Feb 5.435 31.37 18.95 49.68
March 7.486 33.05 11.82 55.13
April 15.370 2281 12.24 64.95
May 42.435 23.75 16.86 59.39
June 68.456 21.06 21.92 b7.02
July 89.510 18.96 21.85 59.19
Aug 67.165 22.88 21.54 55.58
Sept 44.947 23.60 24.62 51.78
Oct 28.814 26.54 21.37 52.09
Nov 15.822 37.98 15.64 46.38
Dec 8.607 38.67 12.20 4913
SITE : BALTARA

1 2 3 4 5
1973 67.20 4.85 21.86 73.29
1974 112.83 11.63 20.73 67.64
1975 33.37 9.90 21.33 68.77
1976 38.74 1.19 B8.64 90.17
1977 28.11 4,09 21.31 7460
1878 49.68 2.05 23.30 75.64
1979 50.71 0.79 15.01 84.20
1980 75.70 11.45 19.68 68.86
1981 59.93 18.17 23.68 58.15
Average 1973-81 57.35 8.19 19.81 72.00

Source: Comprehensive plan of flood control for the Ganga Sub-basin (Kosi River System) March 1986

Prepared by the GFCC
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Annex 4

Year Basua Baltara site Kursela Birpur site Barahkshetra site
gauge gauge
site Gauge Discharge site Guage Discharge Gauge  Discharge

1947 8845
1948 123.52 13476
1949 122.24 11145
1950 122.51 95936
1951 121.90 7219
1952 122.46 8632
1953 121.00 5392
1954 128.06 24091
1955 122.06 7042
1956 120.29 5408
1957 33.585 4367.903 121.97 7433
1958 34.500 5422.910 123.40 10607
1959 33.875 6195.000 120.84 5844
1960 34.735 66985.000 121.10 7155
1961 34.100 6909.000 122.06 8254
1962 34.752 8965.190 122.37 10450
1963 34.482 7163.220 121.24 7606
1964 34.652 9257.260 124.32 10704
1965 34.597 7980.690 121.94 6620
1966 34.952 7226.800 124.80 10760
1967 33.792 5563.620 31.610 123.31 8788
1968 34.642 N.A N.A 132.18 25856
1969 34.182 5939.840 31.100 123.04 7840
1970 35.085 8814310 30.330 125.35 13797
1871 47.750 34872 7095.000 31.700 124.29 12113
1972 48.300 34.334 6848.070 29815 124.13 10654
1973 48100 34.682 9065.660 30.425 123.71 9799
1974 48.340 35.352 12042.810 30.549 124.77 11360
1975 47.900 34.662 9630.750 30.735 74.090 123.13 9153
1976 47.545 34.642 7093.760 31.615 74.070 122.64 89432
1977 47.990 34.647 7410.880 30.605 74570 123.37 7736
1878 48.125 34,972 8035.140 31.845 74.310 123.46 Q778
1979 48.440 34.802 6096.920 29.565 74.610 121.73 13102
1980 48155 35.003 7100.000 31.640 74.370 124.94 9782
1981 48.080 35.202 10500.000 31.762 74.150 121.80 7788
1982 47.680 33.682 4845.200 32.100 74120 5213 121.30 6933
1983 48,140 34.360 31.360 74.820 8107 121.37 8819
1984 48270 35.270 31.290 74.850 8025 12215 13153
1985 47.550 35.160 30.850 74.850 9244 124.89 12942
1986 47.360 34.520 31.010 74.850 7987 123.12 7360
1987 48.650 36.400 31.790 75.400 126082 127.85 14324
1988 48.160 35.550 31.600 75.200 11254 124.92 9964
1989 47.87C 34.487 29.800 9273 13393
1990 48.550 35.200 30.740 11333 14429
1991 48.370 35.010 31.300 75.430 8533 124.65 3360
1992 47.990 34.440 30.280 74.850 5569 121.81 6896
Source: Comprehensive Plan of Flood Control for the Kosi River system by GFCC Patna, March 1986 and

from C.E Water Resources Department Birpur,
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Annex 5

History ot Past floods in the River Kosi

Year

Summary

1866

1906

1908

1918

1920-29

1930-31

1934

1938-39

1940-41, 1945

1948

1949

The first recorded famine and scarcity as mentioned in the District Gazetteer of
Bhagalpur in 1866. Faliure of crops due to heavy rainfail in July 1866 resuited in
severe distress in 1866. Prices of essential commodities soared very high. Commonest
rice was sold at 11 sears per rupee. There are different reports about mortality
statistics. The police had reported 97 deaths due to starvation. 2% tc 3% of the
population had per-ished from starvation.

There were exceptionally high floods during August September 1906 affecting both
Supaul and Madhepura sub-divisions. The distress was severe untill the water had
subsided.

Supaul and Madhepura had again a taste of very heavy Kosi floods creating havoc.
But the receding water left good silt and there were good crops of bhadai and aghahani
in Supaul and Madhepura sub divisions.

This year saw the further west ward swing of the river Kosi from the borders of the
Purnia district. There was heavy rain and the high flood of the river Kosi devasteded
most of the paortion of Madhepura sub-division.

During the pericd 1920-28, Madhepura and Supaul Subdi visions suffered from fioods
of the Kosi. Kosi floods 1921 damaged the standing crops. The heavy Kosi floods
1927 affected the agriculture of the district.

The flood during the period 1930-31 had brought devas tation to many parts the
districts. The railway lines used to be frequently breached.

In 1934 there was the Great Bihar Earth-quake which affected river regime. Some of
the river beds were raised and few new channels were revived.

Due to heavy rains and heavy floods, Supaul & Madhepura subdivisions were badly
affected. Kosi river had already become a menace. The railway communication between
Mansi and Koparia was suspended till 1954,

Heavy Kosi Floods affected the western part of Supaul & Madhepura.

Gajua Nala and Dhemra dhars and other small streams were silted up during the
second flood of the seasons. Berda dhar an absoiutely dead channel functioned
during the flood and fiooded the area to the west of Simrahi and Ganpatganj. The third
flood during the month of July was the highest in the year. The rush of water through
channels mentioned above combined with spill from Tilaway flooded about 500 Sg Km
of usually flood free area of Madhepura district.

The Kosi rose gradually this year. And there was no severe spilling except during the
month of July onwards over flooding the country side in the Tilaway and Nirmali belt
where the depth of ficoding was even 3 mts in this area, but the overall damage were
not s¢ much in comparision to the previous year.
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1951

1952

19583-54

1955

1958-59

1989-60

1960-61

1963

Appendix 6/67

Half of the Tilaway dhar flood water passed through a newly developed creek into
Parwana dhar which was almost the dead course. This development caused flooding
around Madhepura and breached Saharsa Madhepura railway embankment. It was
also observed during this year that the flood level was higher in the western channel
and fower in the eastern side indicating the westerly movement of the course.

The area affected by this year flood was approximately 3940 Sq Km in Saharsa and
Darbhanga districts. In this year Kosi experienced three flood peaks during first week
of June, Second week of July & the last week of August. in the main eastern channel
the second flood of July opened half the mouth of Dhemra dhar at its offtake, which
started feeding its branches lower down ie Kherdha, Tilaway and Parware.

in this year the Majari Dhar took greater share of the discharge than last year and
began feeding the river Beti and the Patalia near village Parri, south of Nirmali. The
tetal about 1300 Sq Km area of Saharsa district was badly affected.

The Kosi flood of 1953-54 was extremely severe and entire Saharsa district was badiy
affected, The left ocut dhars in Purpia district, which were hitherto almost dead, also
became active by the severity of the Kosi fiood and caused inundation over a large
area. The Kari Kosi, the old bed of the Kosi, also swelled to the very high intensity
of flood, causing spilt and inundation of vast area. In this year, the Kosi carried a
discharge of about 24,200 cumecs as observed at Barahkshetra on 24 .8.54, whereas
the nermal flood discharge in Kosi at this point is about 9918.5 Cumecs. Earlier,
anaother peak discharge of 19700 cumecs had been recorded in the Kosi at Barahkshetra
on 27.7.54. Earlier peak recordes at this site wers 19778 cumecs and 13546 cumecs
in the year 1927 and 1948 respectively.

in the year 1955, work on the Kosi project was started, embankment of subtantial
length were completed in 1857, which started accruing benefits from the same year.
The barrage was compieted in 1963 and eastern Kosi canal system was commissioned
in Julty 1964, In the 19868, highest flood discharge ever recorded in the Kosi was
observed, but damages were comparatively low and that too, because of four breaches
in the iower reaches of the embankment. Had the Kosi embankments not been
completed, in 1968, the story of 1954 ficod disaster would have been repeated.

Scarcity was declared due to flood and draught in the district of Saharsa.

The Kosi flood water came as early as 1st week of May. The total estimated damage
was approximatsly 5,00,000 maunds of flood grains. Approximately 373 villages in the
district within a radius of about 280 Sq milles, with a total population of about twe lakh
sculs were affected by the flood.

During this year an area of 302 Sq miles within the embankments were affected by
Kosi floods. A total population of 2,086,933 souls suffered.

Flood is an annual feature in Saharsa district and it is now restrictad to the areas lying
within the two Kosi embankments. There are 224 villages within the Kosi embankments
where floods are the normal feature. There are five anchals, namely, Supaul, Nirmall,
Marauna, Birpur & Kishanpur (Supaul subdivision} and two Anchals, namely Mahisi
and Dharhara (Sadar subdivision} where floods occur every year and some villages
are always affected.
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The river Kosi had started eroding the western embank ment from 6th August 1963.
Criginally the distance of the river from the embankment was 210 ft. The situation
took a serious turn and about half a mile embankment was touched.

This year the river started rising from the begining of July and crossed the D L for
the 1st time at Baltara on 17th July 85 and continued to flow above D L upto 9th Aug
85 18m length of the spur at 5.3 Km of the eastern embankment was eroded out on
5.9.85 and flocd fighting were continued on war footing to contro! further damage 80m
length of inner slope of western embankment in between 356 to 420 Km was also
eroded out, which was restored afterwards by flood fighting work on war footing.

The river first crossed its danager level at Kursela on 28th July 86 and continued to
flow above danger level up to 10.8. The river again flowed above danager leve! at
Kursela from 22.8 to 1.9 & 8.9 to 21.9. The Kosi also flowed above danger level at
Baltara from 1.8 to 10.8 & 27.8 to 23.9.86

The eastern afflux bund of Kosi was subjected to severe erosion between 25-26. In
spite of heavy flood fighting works the whole of the river side slope, top width and
some parts of country side slope of the embankment was eroded upto 6.8.86 in a
length of 100 metre between 26 & 27 Km. At 17 Km also only half of country side
slope of the embankment was remained in a length of 300 metre. Flood fighting works
were done by State Irrigation Deptt. The situation started improving from 7th August
1986,

In Kosi basin this year the flood situation reached alarming state due to heavy rain
fall. The river first'crossed the danger leve! on 30th June 1987 at Barahkshtra and
continued the flow above danger leve! at Barahkshetra from 7.7 to 8.7, 187, 21.7 1o
5.8 8.81to0 16.8, 27.8, 31.8 10 5.8 and so on upto 29.9 at Birpur on 2.7, 28.7, 2.8 to
13.8, at Basua from 11.8 to 14.8, at Baltara from 27.7 to 2.10 and at Kursela from
14.8 to 28.9.87

In this year the damage was very much on the higher side.

The river Kosi is formed by the confluence of three streams namely Sun Kosi, The
Arun Kosi and the Tamur Kosi, al! having their origin in the Himalayan region ¢f Nepal
and Tibet, The river joins the Ganga near Kursela in Katihar district of Bihar.

There is stil problem of flood in the lower reaches where the conbined discharge of
the Kamla, Kosi and Bagmati flows. In the first half of August there was widespread
rainfal! in the area as a result the river crossed the danger mark at various sites in
the first ha!f of August 1988.

The same situation continued upto middle of Sept, 88. None of the embankment
breached, however, erosion had taken place at many places of embankment. The
Kosi first crossed the danger leve! on 12th July 1988 at Baltara. The river also flowed
above danger leve! at Basua on 14.8, 16.8, 17.8, 17.8 and from 24.8 to 31.8, at
Baltara from 12.7 to 19.9 and at Kursela from 4.8 toc 12,9.88.

In this year badly effected district were Saharsa, Khagaria, Katihar & Purnia.
Spurs at 5.4, 5.8, 10.9 & 11.9 Km of Kosi Eastern affiux bund on the upstream of Kosi

barrage were in danger. Heavy erosion took place at 83.4, 117.5, 78.3 Km at Eastern
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Kosi Embankment.

Though the river exerted pressure on left afflux bundh and right Kosi embankment
spurs between 5 Km and 7 Km spurs, there was no breaching in embankment and
hence no damage was caused to protected areas.

There was heavy pressure on Eastern Kosi embankment between 82.0 and 84.0 Km.
The embankment was saved by excavating pilot channel at this point. Both the
embankments remaind safe in whole length.

The river flowed above danger level at barrage site from 29.7.91 to 21.9.91. The
western Kosi embankment breached in 30m (1000 ft) between 3 and 4 Km on 18.7.91,
but no area was inundated on the country side because of water level remaining
below NSL. Top officials as well as the Minister, WRD and Chief Minister Bihar visited
the site and flood fighting work was started on war footing with the help of Nepalese
Military,

The river flowed above danger level at Barahkshetra on 14.9.92, 17.9.92, 24.8.92,
26.8.92 to 28.8.92, at d/fs of Birpur from 24.8.92 to 26.8.92, at Basua from 25.8.92
10 27.8.92, at Baltara from 26.8.92 to 31.8.92 and at Kursela from 28.8.92 to 22.9.92
and exerted pressure on anti-erosion works but no damage was done to the two
embankments.

A discharge of 3,11,482 cusec flowed in the river on 15.8.93 due to which the spur
at 16.8 Km of Eastern Attlux Embankment was eroded in 260m length, The river
flowed over the spur, touching the toe of the embankment in 400 ft (90m) length,
posing serious threat to the embankment. A possible breach was saved by resorting
to heavy flood fighting work. The situation was so grave that there was imminent
danger of eastern afflux bundh at 16.8 Km being eroded and all the senior offices of
the department including commissioner had to camp there.
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Annex 7
LIST OF FLOOD CONTROL WORKS COMPLETED IN THE KOS! RIVER BASIN
Sl River/ Name of the Scheme Nature of Date of Date of Total Remarks
No ° tributrary/ the Scheme Start  completion  Length
sub- {eg embank- of
tributary ment, anti- embankment
erosion etc in km
1 2 3 4 5 i} 7 i}
1 Kosi Eastern Kosi Fiood Emb- April March 125
ankment 1954 1961
2 Western Kosi " . "
a  From Bharda to Nirmali 47
Qid embankment between 0 to 18 Km 7
From Ghoghardiha to Ghoghepur 54
3 Eastern Earth Dam 1.82
4 Western Earth Dam _ 4.00
5 Eastern afllux pund 32.00
6 Western ailiux bund 12.80
7 Mahuli Embankment 3.50
8 Dagmara Marginal Embankment 3.00
g Tiljuga Parallel Embankment 6.50
10 Tiljuga Marginal Embankment 3.50
11 Sikarhata Majhari Foerward Flood Embankment 17.88
12 Mahadeo Math Ring bund 3.00
13 Left Panchi Embankment 1.52
14 Right Panchi Embankment 2.73
15 Nirmali Ring Bund 4.30
18 Nirmali Marauna Flood embankment 25.76
17 Link Road/Flood Embankment Frem Nirmali o Ghoghardiha 8.50
18 Balan Marginal Embankment 4.25
19 Jamalpur Ring Bundh 4.30
20 Khapto! Paniakoch Embankment 1.82
21 Kania Bhitgaria Alapur Embankment 66.00
22 Jania-Kursela Embankment 31.00
23 Badiaghat Nagarpara Embankment 32.00
24 Tirmuhani Kursela Embankment 6.20

(Source : C E, W R D, Birpur, 1892 and Flood Report, WRD, 1992}
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Anngx 8
LIST OF DRAINAGE SCHEMES COMPLETED IN THE KOSI RIVER BASIN
{(UNDER DRAINAGE DiViSION SAHARSA) -

Sl Name of Dhar Name of Chaur District Block Year of Proposed Actual
No completion benefited benifited

: area area
1 Parwane {compl) Saharsa Pipara Saurbazar 83-84 5007.96  4047.00
2 Jarur (comp! Madhepura Madhepura §3-84 110483  470.10
3 Mastapar (compl) Madhepura Saurbazar 83-84 4275.85 3237.80

Sonebarsha
4 Sone (compl) Madhepura Madhepura 83-84 3838.58 2630.55
5 Basan (compl) Supaul Pipara Triveniganj 83-84 §934.85 934.85
6 Baradah (2) Supaul Raghopur 89-90 1861-62 1618.80
7 Kater {compi) Supaul Nirmali 80-81 121.41 10117
8 Palel Saharsa Saurbazar 82-83 178.07 121.41
9 Aranvishnapur  Saharsa Saharasa 82-83 190.21 121.41
10 Maheshpur Supaul Fipara 82-83 303.52 242.82
11 Tahuria Saharsa Saurbazar 82-83 10117 80.94
12 Hanuman Nagar Saharsa Saurbazar 83-84 161.88 121.41
13 Kawal Supaul Triveniganj 81-82 76.89 60.70
14 Haripur Supaul Raghopur 81-82 161.88 121.41
15 Piparahi Jhif Madhepura Singheshwar 81-62 182.11 141.64
16 Panhar Supau! Supau] 83-84 121.41 121.41
17 Bardah Saharsa Saurbazar 83-84 283.28 283.26
18 Ratanpura Madhepura Madhepura 83-84 242.80 182.11
19 Gosai Supaul Pipara 83.84 202.35 202.35
20 Parsa Madail Madhepura Murliganj 81-62 48.56 46.56
21 Emamgang Supau! Raghopur 81-82 248.60 203.35
22 Zarauli Supaul Supaul 81-82 203.05 203.05
23 Dinapatti Supaul Pipara 83-64 153.78 10117
24 Ghabaulichap jhil Saharsa Saurbazar 81-82 24.28 24.26
25 Ghabauli Saharsa Sourbazar 81-82 141.64 141.64
26 Dighara Saharsa do 83-64 60.70 40.47
27 Turkahi Madhepura Muriigan] 53-84 165.92 141.64
28 Rahua Saharsa Sourbazar 81-82 113.30 80.94
29 Gamharia Madhepura Singheshawar 83-84 80.94 72.84
30 Parsahi " Madhepura 83-84 40.47 40.47
31 Araha Bhinepur . 81-82 113.31 80.54
32 Aghari Bhansari Saharsa Sourbazar 8162 40.47 32.37
33 Beiar Mahhepura Madhepura 83-84 40.47 40.47
34 Maupur Narha Supaul Pipra 81-82 202.35 202.35
35 Kaingar Supaul Pipra 61-82 323.76 323.76
36 Ramnagar Madhepura Madhepura 83-84 60.94 72.84
37 Belkhari . . 83-84 129.50 121.41
38 Banchaula Saharsa Sourbazar 83-84 225.93 248.80
39 Parsa drainage Madhepura Madhepura 8182 40.47 3237
channei

40 Balam Chamrahi |, " 83-84 40.47 32.37
41 Pastadah . " 83-84 80.94 80.94
42 Dasin Saharsa Saharsa 81.82 295.43 263.29
43 Khamdaha . " 81-82 141.64 141.64
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Annex 8 Contd
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SI Name of dhar and District Block Year of Proposed Actual
No name of chaur related to dhar complition area benefitted
{ In ha} area (in ha)
1 Bhenga dhar
i  Bhenga dhar Supaul Basant nagar  From O to
40.69 km 3237.60 910.60
Saharsa Triveniganj 80.90 80.90
Roghopur
Singheshwar 1987
Saharsa
it Laharniya Supaul Pipra 1985 174.00 174.00
Chaur Sonbarsa 1985 101.20 101.20
2 Ghemara ghar
From 0 km to 78.49 km - Pipra
A from 35.05 km to 53.85 km | Supaul
B From 62.48 km to 78.33 km Saharsa Novhatta 1989-90 8308.10 3237.60
LINK CHAUR DRAIN
1 Hatabariya chaur Supaul Supoul 1982 485.60 404,70
2 Ram Nagar chaur wo Triveniganj 1982 101.20 101.20
3  Kusami Karjhel Saharsa Simri Baritiyarpur 1990 1335.50 1011.85
4  Chainpur Bhagawanpur Saharsa 1990 809.40 404.70
5 Narha-Saraha " Simri 1987 242.80 242.80
6 Khuri Chaur Supat! Supaul 1983 121.40 121.40
7 Markurea Chaur . B 1983 60.70 60.70
8 Gopalpur Musahariniya Saharsa Kahra 1989 465.40 242.80
9 Telbagha Chaur Novhatta 1980 161.90 141,60
10 Dengara Chichraha Chaur . 1988 202.40 121.40
11 Hansa Chaur 1990 4050 40.50
12 Uchhawa Chaur ' B 1990 121.40 101.20
13 Maila-1 " Saharsa 1990 40.50 40.50
14 Simrail Chaur i 1990 40.50 43.50
16 Ghimayani Chaur i 1988 202.40 202.40
16 Kasama Chaur , 1982 80.90 60.70
17 Newalakha Chaur . . 1983 485.60 364.20
Subsidiary drain of Dhemara dhar
3 Patti dhar Supau! Supaul frem 6.02
km to 18.812 km 1990-91 930.80 404.70
4  Thalaha dhar o o 1989-90 1092.70 809.40
Link Sonal Chaur ' o 1988 18210 161.90
Kamaldah Chaur . . 1988 161.90 161.80
5 Kohali dhar .
i Maricha Chaur-i " . 1988 1011.80 880.30
Saharsa Nauhatta 1988 60.70 40.50
it Maricha Chaur-ll Supau! Supaul 1988 161.90 121.40
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Annex & Conid
{DRAINAGE DIVISIDN, SUPAUL)

Si Name of dhar and District Block Year of Proposed Actual
No name of chaur reiated to dhar complition area benefitted

{ in ha) area (in ha)

6 Gajama dhar o ., From 0 Km to

13.72 km 1889 1497 .40 802.40
1 Phuikaha Chaur ' Kishnpur 1989-90 40.50 40.50
2 Ratanpura Chaur N ' i 1989-90 80.90 40.50
3 Ramchauri Chaur . ' 1989-90 60.70 60.70
4  Nemmuwa Chaur ' . 1989-30 40-50 40.50
5 Paralile| drain of Supaut
Eastern Embankment Kishanpur 1989-90 202.30 202.30
7 Turhi Chaubagoha Saharsa Supaul 1989-90 1618.80 1011.80
dhar iiuk dhar Nauhatia
1 Purain Chaur Supaul Supaul 1987 202.40 202.40
2 Dekuliya Chaur . . 1988 202.40 202.40
3  Parauri Chaur ' . . 1987 303.50 242 .80
4  Badiya Chaur . - 1988 121.40 . 121.40
8 Bora dhar Saharsa MNauhatta Mhaishi 1988-89 3035.30 2023.50
Bora iink drain . ' 1888-89 526.10 404.70
9  Pharahi dhar . . 1988-89 1618.80 121410
10 Gai dhar {Maindhar) . Saikhua 1990-91 607.10 283.30
from 0 km to
1.676 km

kN
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Annex 8 contd

Sl Name of Dhar Name of Chaur District Block Year of Proposed  Actual
No completion benefited benifited
area area
1 Binauiya dhar 1 Gokulpur Purnia Narpatganj 1983 369.1 389.1
{In compl) 2 Mirghaul (W) o " 1983 174.4 174.4
3 Mirghaul (E) " " 1983 360.2 360.2
4 Baisandi " . 1983 155.00 155.00
5 Kusmaul o ' 1983 180.10 180.10
8 Mohamadganj Gwalpara ,, . 1990 136.00 136.00
7 Gamhariya " ' 1990 384,50 384.50
8 Bhawanipur » . 1990 800.60 500.00
9 Giradharpatti o . 1980 194.30 194.30
10 Sirsiya Balan o " 1984 712.30 712.30
11 Ghoriyahi ' . 1990 89.00 83.00
12 Baijupatti . N 1980 129.50 129.50
13 Parthari o " 19390 392.80 392.60
14 Khajur - ' 1890 189.40 189.40
15 Chakala . . 1583-54 89.00 8%.00
16 Phatehpur Nathpur " . 1983-84 235.80 235.90
2 Khutaharidhar 17 Sonapur-Dhaneshari . Banmankhi 1983-84 1378.00 1375.00
{in compl) 18 Dhima Makhauia
Lakshmi pur-2 . - 1983-84 210.40 210.40
19 Baghawa chaur ,, o 1883-84 323.80 323.80
3 Hahanala 20 Janaki najar-Rikabganj ., o 1883-84 263060 263080
{compl) 21 Sitarampur . o 1984 20.20 20.20
22 Bhangtola Rupauli " Barhara 1977 930.80 930.80
23 Gauripur Gopinagar . . 1980 404.70 404 .70
24 Raghubhanshanagar - . 1983 323.80 323.80
25 Maldiha-Patraha-
Lakshmipur i . 1980 202.4 2024
26 Kadai Nala-1 . Rupauli 1987 26310 263.10
27 Gulela dhar {compl) . Barhara 1984 3817.90 3817.90
28 Gulela Pita o . 1988 152.20 152.20
29 Shukhia " Banmankhi 16871 202.40 202.40
30 Kadai Nala-2 " 1984 8737.50 873750
31 Nirpur o Dhamdaha 1990 4047.00  4047.00
Singharpatta Bhawanipur
32 Ghatawa . Rupuali 1975 2185.40 218540
33 Taiiha ' . y 1988 101.10 101.10
34 Dudhinagar dhar 1980 250910 2509.10
35 Dhamdaha Tekari Dhimahi,, Dhamdaha 1988 1285.00 1295.00
36 Mantaraun! Piranpur ' 1981 404.7Q 404 70
37 Haranur-Piranpur " 1984 607.10 607.10
38 Maeni chaprahi ' Rupauii 1987 283.30 283.80
39 Bardela " Dhamdaha  1883-84 121.40 121.40
40 Khaira-Lachchha dhar " 1987 2347.30 2347.30
41 Fariyani dhar " -Dhamdaha 1883 283.30 283.30
42  Pakilpar dhar BrahmaGyani . Rupauli 1976 526.10  526.10
43 Barhari . Banmankhi 1984 161.90 161.90
44 Ramjani . " 1981 242.80 242.80
45 Akabarpur . Bhawanipur 1881-82  526.10 5286.10
46 Chahabachcha o Barhara 1981-82  87.40 80.90
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Annex 8 contd

DRAINAGE DIVISION,UDAKISHANGANJ

Sl

Name of Dhar Name of Chaur District Block Year of Proposed  Aciual
No completion benefited benifited
area area
1 Hareli dhar 1 Ajamanagar Madhegpura Muriganj 1981-82 8080.60 743t1.90
2 Babhangama " " 1980-8t  969.70 969.70
3 Bisunpur Alamnagar  1979-80 356.10 242.80
4 Sinraharpur Kauwakol . . 1981-82 550.40 550.40
5 Molama . Udakisunganj 1981-82 t21.80 121.80
& Phanahan ., t975-76 99,20 99.20
7 Alamnagar Alamnagar  t1981-82 131.90 131.90
8 Kujari ' . 1963-84 146.50 145,50
9 Basanwara dhar Alamnagar  1984-85 1366.30 1366.30
Udakisungaj
10  Gordhuwa dhar o Murliganj 1987-88 2692.90 165.90
11 Goladhar . Alamnagar  1983-84 882.70 586.80
12  Beidaur dhar " Sonbarsa
13 Kumraiichaur . t9g81-82 1192.70 505.90
14 Harallichaur " t981-82 323.80 282.90
15 Gamaildhar . Kishangan] 1983-84  4203.2 34498.60
16 Hariaundha chaur . . 1983-84 1051.40 101050
17 Dumrail chaur . Chosa t981-82 79.30 79.30
18 Rauta chaur . " 1981-82 £9.80 £9.80
19 Bala Tola . . 1981-82 92.30 92 .30
20 Muracha chaur 1984-85 453.30 453.30
2t Musharia chaur ' " 1981-82 647.50 647.50
22 Dighi chaur . Udakisunganj 1973-74 70.80 70.80
23 Balatola(E) ' Chosa 1981-82 53.80 53.80
24  Chikanidhar o Kumarsand 1984-85 202.40 80.90
25 Nirmali chaur . ' 1978-79 293.40 293.40
26 Balukhadrainage Nala Supoul Basantpur 1083-84  283.30 283.30
27 Baluwakarjain . . 1983-84 404.70 404.70
28 Kewla chaur . . 1983-84 41.70 41.70
29 Jibachhpur " Chhatapur 1983-84 80.90 80.90
30 Rajabara Pratapgan] 1975-76 80.90 80.90
31 Lahariniya . Tribeniganj 198t-82 174.00 174.00
32 Mirchaibari v Banmankhi 1981-82 101.20 101.20
33 Baitare chaur Murliganj 1984-85 27110 202.40
34 Sisawa chaur " " 1984-85 319.70 319.70
35 Akabarpur chaur . . 1978-79  770.50 728.50
36 Tamaut Parsachaur ' ' 1982.83 275.20 267.10
37 Baghiniya . . 1983-84  590.90 404.70
38 Bailichamagarh " ' 1982-83 1376.00 858.00
Gamhariya chaur
39 Vishwanathpur chaur . Sonbarsa 1978-79 50.20 50.20
40 Kamaldah chaur Ve Supaui 1980-81 623.20 323.80
41 Harpur Bhada Supaul Sonbarsa 1981-82  376.40 255.00
42 Haraili chaur " i 1981-82 80.90 $0.90
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Annex 8 contd
DRA/NAGE DWISION,UDAKISHANGANJ

SI  Name of Dhar Name of Chaur District Biock Year of Proposed  Actual
No completion benefited benifited
area area
Scheme Under Phase-2
43 Chausa dhar 1989-90 566.60 566.60
From 0 Km to 18.288 Km
44 Bachhiya Tola chaur 1989-90  290.6C 290.60
45 Logachhiya chaur 1989-90  207.20 141,80
46 Gosai Tola chaur Pipra 1989-90  214.50 214.50
47  Gamailchaur 1989-90 704.60 80.70
From 4.389 Km to 8.870 Km _
48 Lakshmipur drain 1889-90 314,50 314 .50
49  Gudia dhar Kumarkhand 1983-30  §14.70 299.50
50 Chikani Bajar dhar Chhatapur 1989-90  204.80 87.10
51 Kasanajar dhar
52 Goradhua chaur 1989-80 107.20 107.20
53 Bajraha chaur (1) 1988-90 137.60 137.60
54 Baijraha chaur {2} 1989-90 129.90 129.90
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Annex 9

LIST OF PROPOSED DRAINAGE SCHEMES IN KDSI RIVER BASIN

Name of Scheme District Length

(Km)

Drainage Estimated
cost
in Lakh Hs

area
(in ha)

Submergence Area proposed to  Remarks
area (in ha) be drained (in ha)

Kharif HRabi  Kharif Rabi

WESTERN KOSi CANAL SYSTEM - Review of Existing Drainage System

Main natural drains

Phase-! NA NA NA
Ghardah 55 '
Arbisia 98.5
Panchi Nadi 10.5
Dharam Nadi 245 39000
Dhananjey 19.0
Bihu! 13.15
Total 161.15 38000 NA NA NA
Phase-il
Sone Nadi 40.00
Tugerue Nadi 74.00
Bhamti -
Balan Nadi 10.00 95000
Soni 27.00
Mamia -
Total 151.00 95000 NA NA NA
Phase-ili A
427.00 133000
Total 427.00 133000 NA NA NA
Phase-ili B
Bachharia
Thamane
Dhat
Darbhanga Bagmati 453.00 108000
Karch
Other samali Rivers
Totai 453.00 108000 NA NA NA
Abstract of Drainage System in Western Kosi Canal
Nos of Drains
I- 6 312.15 39000
-7 151.00 95000
I1-A9 427 .00 133000
ii-B6 453.00 108000
Totai 28 Nos 1343.15 375000 NA NA NA

(Source : CE, WRD. PP Ceil, Patna)
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Annex 9(contd)

DETAILS OF CHAUR LINK DRAIN UNDER DRAINAGE DIVISIDN, SUPAUL

{KDS! PHASE - 1}

Sl No Name of Dhar Name of Chaur Length in Km  Submergance area in ha

1 Bonga Dhar 1 Maheshpur Chaur 4.267 339.9
2 Jaipura Chaur 2.438 294.6
3 Latona Mathnus Chaur 3.048 116.4
4 Marakhap Chaur 2.743 310.8
5 Barhari Chaur 1.219 97.1
& Barbana Chaur 2.438 226.6
7 Hasanpura Sonbarsa Chaur 6.096 641.0
8 Lalpur Chaur 1.828 101.2
9 Jitba Chaur 4.572 373.9
10 Sekhpura Sadowa Chaur 6.096 315.7
11 Bharahi Chaur 2.438 155.4

37.185 32728 ha

2 Dhomra Dhar 12 Gopipur Chaur 6.096 202.4
13 Simrail Chaur 0.914 202.4
14 Telhar Chaur 1.524 121.4
15 Satarwar Chaur 1.524 404.7
16 Tirmuhara Chaur 1.828 i21.4
17 dumrahi Chaur 2.438 101.2
18 Jogin Chaur 3.048 i21.4
19  Bafipur Chaur 1.524 101.2
20 Baghmari Chaur 0.609 182.14
21 Ratauli 2.438 121.4
22 Jarauli {Jolahania) 1.066 60.7
23 Kataiya Ninmali Chaur 0.914 60.7
24  Lour Bishanpur Chaur 7.315 161.9
25 Bonaina Chaur 1.371 141.6
26  Bataram | 1.828 101.2
27 Bataram il 1.828 101.2
28 Bhalani 2.743 202.4
29 Ekma Kuchahia 1.219 60.7
30 Purikh 1.524 121.4
31  Barail 1.828 101.2
32 Pakara 1.219 50.6
33 Balairpattti 1.219 40.5
34 Bahwarth 0.609 40.5
35 Bhanar 1.828 60.7
36 Barasain 1.219 80.9
37  Uchhkhwa 1.219 60.7
38 Toibagha Chaur 9.144 40.5
39 Rahiya Chaur 0.609 38.4
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Annax 9(contd)

Sl No Name of Dhar Name of Chaur Length in Km  Submergance area in ha
40 NarainChaur 0.914 50.6
41 Hansa Chaur 1.066 40.5
42 Koria Chaur 06098 405
43 Lakhajha Dabar Chaur 0.814 60.7
44  Yoga Chaur 0.609 809
45 Dynia Chaur 0.914 40.5
46 Nagari Chaur 1.066 405
47  Baiywala Chaur 1.066 40.5
48  Kamauni Chaur 3.048 445
45  Belahi Chaur 1.524 40.5
50 Pathara ll 1.219 40.4
51 Tibra 1.624 60.7
52  Bileshpatti 1.219 60.7
53 Tohia 1.524 142.5
54  Lakhan Khanka Dabor 1.828 40.5
55 Barahmotar ) 1.371 40.5
56 Balwa 1.524 60.7
-57  Bahurbarwa 1.524 40.4
58 Nomua 0.314 807
58 Yoga Baidy 3.657 161.9
60 Chanpur Bhagwanpur 3.291 803%.4
61 Yaila Chaur 1.828 161.9
62 Punhar and Dhamina 1.828 809
63 Gopalpur Musharnia 6.644 583.3
64  Sadanandpur Kalyanpur 5.852 465.4
65 Pipra Chaur 4.450 445.2
66 Baidi Chaur 2133 101.2
67 Kusumi Karjhail Balana Chaur 5.791 133€.5
68 Gochahara Chaur 0.914 121.4
68 Gidha Chau 1.21% 141.6
70  Kaparfora Chaur 2.438 1821
71 Bhatwa Chaur 2.133 121.4
72 Goriyart Chaur 0.914 161.9

128.290 8932.9 ha

3 Bochaha Dhar 73 Bhagwanpur Chaur 1.829 681.2
74  Bahai Chaur 5.486 232.7
75 Chakla Chaur 2.438 388.5
76 Bhalukap Chaur 3.048 129.5
77  Hulash Chaur 2.438 362.6
78  Tintolia Chaur 2.438 194.3

4 Thalha Dhar 79  Thakurahi Malikana 1.219 40.5
80 Kuchnari Chaur 0.762 40.56
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Annex 9(contd)

81 No Name of Dhar Name of Chaur Length in Km  Submergance area in ha
81  Ninmali , 0.814 40.5
82 Barkurba Chaur 0.914 40.5
83 Kumhara Chaur 0.914 40.5
84 Bhutha Chaur 1.219 40.5
85 Nhonjaraha IlI 0.914 40.5
86 Water legged at Parsama 0.304 203
5 Kohli Bhar 87 Telwa Chaur 1.524 80.9
88 Bhelahi Chaur 1.524 60.7
& Patti Dhar 83 Maldahia Chaur 2.133 80.9
90 Pathara Chaur 1.219 60.7
91 Karha Chaur 3.048 80.9
32  Labaki Chaur 1.829 80.9
93 Purandani Chaur 1.219 101.2
94 Bina Chaur 0.914 607
95 Ekma Chaur 1.219 40.5
36 Chouri Chaur 1.829 121.4
97 Rampur Chaur 1.0686 80.9
98 Barail Il Chaur 1.219 80.9
88  Jagatpur Chaur 1.219 60.7
100 Garbaki Chaur 1.829 80.9
101 Waterlegged at Parsarma 1.524 40.5
7 Baluaha Dhar 102 Pora Chaur 1.127 50.6
103 Bhartha Chaur 2.438 121.4
104 Phapahi Chaur 2.286 157.8
105 Basana Chaur 1.524 40.5
108 Paharpur | 0.809 40.5
107 Paharpur [ 0.609 40.5
8 Matha Dhar 108 DPumrahi Manga Chaur 1.219 48.6
109 Naradaha Chaur 3.656 64.7
110 Batauna Chaur 1.524 52.6
111 Purani Chaur 1.524 52.6
112 Harowa Chaur 3.048 582.8
113 Barthanya Chaur 1.218 48.6
114 Dhap Chaur 0.914 52.6
9 Farhi Dhar 115 Karhada Rohwa Chaur 3.656 121.4
116 Bariahi Chaur 3.656 222.6
117 Singhwa Chaur 2134 45.3
118 Bharauli Chaur 1.829 121.4
119 Sarha Chaur 1.829 404.7
120 Barha Chaur 1.829 50.6
121 Gangia Chaur 2.438 141.6
248.686 18691 ha
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Annex 9 {contd)

DETAILS OF CHAUR LINK DRAINAGE(UNDER DRAINAGE DIVISION BANMANKHI)

(KOS| PHASE — il)

5l No Name of Dhar Name of Chaur Length in Km  Submergance area in ha
Link Drain
1 Binania Dhar 1 Bhawanipur Chaur 1.828 600.0
2 Girdharpatti Chaur 6.401 194.2
3 Mahammadganj Chaur 1.524 136.0
4 Gamharia Chaur 2.012 384.5
2 Pakilpar Dhar 5 Dhina Makhna Chaur 14.203 404.7
DudhiNagar Dhar 6 Mali Baraha ltahari Chaur 4.389 283.3
7 Bardola Chaur 1.451 121.4
8 Jarofir {romlar 1.524 6071
9 Bhonel Chaur 1.372 202.4
Gulella Dhar 10 Aurahi Laukahi Chaur 10.059 809.4
5 HahaNalaDhar 11 Kanalpur Chaur 2.743 121.4
12 Laoecraha Ladugarh Chaur 4.023 80.9
13 Uraha Jainagara Chaur 5.029 364.2
14 Jankinagar Ekraha Rikabganj 7.620 2630.5
15 Kajhwa Chaur 2.286 323.8
6 Sapha Dhar 16 Paragahi Chaur
17 Laxmipur 12.878 2711.5
18 Lalkuria
7 Mogla Dhar 19 Khutha Chaur 0.762 242.8
8 KadaiNala !l 20  Mainua Chaur 1.993 242.8
21 Katalmari 1.950 242.8
22  Laharauhi Chaur .1.829 202.4
23  Tiangawa Chaur 4.877 607.1
24  Askatia Chaur 7.620 1011.8
25 Bhurkunda Chaur 1.829 647.5
26  Phulbaria Chaur 2.499 40.5
27 Pobha Chaur 4.694 161.9
9 Khutha Dhar 28  Dhaneshwari Chaur 4.877 607.1
28  Maria Group of Chaur 25.908 3177.3
30  Other Chaurs 38.953 1167.6
Total 177.028 218481
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Annex 9 f{contd}

STATEMENT OF LINK CHAUR DRAIN UNDER UDAKISHUNGANJ

DRAINAGE DIVISION

Sl No Name of Dhar Name of Chaur Length in Km  Submergance area in ha
1 Kashuagar Dhar 1 Telhar Chaur 1.372 216.0
2 Godarma Chaur 1.372 172.0
3 Bagraha Chaur 1.524 212.5
4 Kashuagar Chaur 0.804 68.8
5 Chilrahi Chaur 1.219 109.3
6 Mahinath Chaur 0.832 117.4
7 Tindova Chaur 0.975 80.9
8 Pirnagar Chaur {East) 1.170 931
9 Pirnagar Chaur {West) 1.649 206.4
10  Jcobha Chaur 2.374 a3.1
) 11 Kainjari DovaChaur 4.724 523.8
2 Gela Dhar 12 Jhaghari Chaur 2.682 275.2
13 Saruni Chaur 1.524 102.4
14 Ladauna Chaur 1.067 103.2
15 Nimua Chaur 1.280 168.0
16 ramnaganj Chaur 6.706 113.3
17  Karauti Chaur 1.219 55.8
18  Chhrapti Chaur 1.524 32.4
19 Akoha Chaur 1.828
20 Jhagraba Chaur 1.372 384.4
21 Hancdumaria Chaur 1.219 98.3
22 Ladma Chaur 1.524 202.4
23 Pateria Chaur 0.914 00.9
3 Basanbara Dhar 24 Basah Chaur 1.524 121.4
25 Baguntela Chaur 5.486 89.0
26 Bagecra Chaur (East) 2.438 121.4
27 Bagora Chaur {(West) 0.609 105.2
28 Sahjadpur Chaur 0.914 40.5
29  Baijnathpur Purandeha Chaur 2.286 234.7
30 Bela Chaur 1.828 137.6
31 Khunhar Chaur (West) 1.219 40.5
32 Khunhar Chaur {East) 0.533 105.2
33  Agail Chaur 1.524 122.86
34 Chakmaniabasa South Chaur 2.012 24.3
35 Flodrahal Chaur 1.828 80.9
36 Parmanandpur Chaur 3.048 344.0
37 Chakla Chaur 1.524 121.4
38 Kaparfora Chaur 1.905 202.4
39 Ladma Badhauna Chaur 3.658 708.2
4 Beldaur Dhar 40  Siktiyahi BasaChaur 0.914 101.2
41 Kursela Chaur 0.533 161.9
42  Docharsi Chaur 1.219 101.2
43  Bela Chaur 3.505 60.7
44 Barbighi Chaur 3.505 121.4
45 Khairabasa Chaur 3.505 4056
46  Beldaur Chaur 3.505 80.9
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Chausa Dhar

Guria Dhar

Chikni Basar Dhar

Surdhua Dhar

Hareli Dhar

a7
48
49
50
51
52

54
55
56
57
58
59
60
61
62
63
64
65
66
67
68
69
70
71
72
73
74
75
76
77
78
79
80
81
82
83
84
85
86
87
88

80
g
92
83
94
85

Sohia Chaur
Pachaut Chaur
Golaganj Chaur
Cighour Chaur (West)
Dighour Chaur (East)
Sakrohar Chaur
Badia Chaur
Mahimudin Chaur
Karman Chaur
Baswanpur Chaur
Noga chhia toal Chaur
Ghosal Chaur
Ghosal Chaur

Guria Chaur-I

Guria Chaur-|
Tepra Chaur-

Topra Chaur-1
Jaduapatti Chaur
Dhungra Chaur
Chania Chaur
Mangan} Chaur-}
Manganj Chaur-II
Chikni Chaur
Raghunathpur Chaur
Raishree Chaur
Sarhadganj Chaur
Srinagar Chaur
Umlakhi Chaur
Cunga Chaur

Topra Chaur-|

Goria Chaur

Haripur Chaur

Cighi Chaur

Ramani Chaur
Gopali tota Chaur
Hanumanpatti Chaur
Baghaili Chaur
Morhanpur Chaur
Baghi Chaur
Baghanpatti Chaur
Bishunpur Chaur
Kewatgama Chaur
Bnbhangama Chaur
Bishunpur Chaur
Sinhar Koakol Chaur
Alannagar Chaur
Phanhan Chaur
Bhanaili Chaur Drai
Rangurai Ajgara Chaur
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3.505
1.828
1.828
1.676
1.828
3.444
4.572
1.219
0.609
1.219
2.133
2.438
1.219

0.457
3.657
0.914
1.219
1.067
2.743
1.097
1.036
0.609
3.048
1.624
0.914
1.219
1.524
1524
3.658
8.534
4.267
1.219
0.914
1.218
0.914
0.914
0.609
1.524
1.524
2.438
1.524
3.048
1.828
6.708
4.672
1.828
1.189
2.286

195.072KM
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80.9
101.2
101.2
121.4
i21.4
200.0
113.3
404.7

40.6
250.9
208.4
2145
279.2

80.9
398.6
131.5

32.4

40.5

80.9
147.7
153.8

70.8
384.5
297.5
128.5
176.0
303.5
176.9
202.4
404.7

54.6

93.1
2631
398.6

49.0

45.0

32.8

32.8

40.9

57.5

71.2

84.5

45.7
222.6
53.4
401
202.4
174.0

14,6384 ha
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Annex 9 contd

DETAILS DF DRAINAGE SCHEMES UNDER DRAINAGE INV. CIRCLE, PURNEA WHEN NET AREA
FREED FRDM WATER LOGGING

sl Name of Scheme Area to be freed from  Area freed in first Balance for 2nd

No water logging (in ha) phase {in ha) phase (in ha)

1 Saura drainage scheme 7770.2 3569.5 4200.8

2 Bhaisana dhar drainage sch 25478 1543.9 1003.7

3 Saura subsidiary drain sch 19142 398.6 1517.8

4 Sursuni dhar drain sch

5 Pemadhar drainage sch 1463.0 797.3 665.7

6 Old Kosi drainage sch 404.7 50.8 758.8

7 Darin dhar drainage sch 625.3 625.3 -

8 Tengraha dhar drainage sch 999.6 586.9 352.1

9 Karikosi drainage sch 28329 - 28329
18911.6 7590.0 11331.6

10 Tinpania dhar drainage sch 4751.2 ' 44517 299.5

11 Libri Branui dhar drainage sch 1230.3 186.2 10441

12 Bora dhar drainage sch 1032.6 847.8 2347

13 Larha dhar drainage sch 576.7 121.4 455.3

14 Kamla dhar drainage sch 16714.1 - 16714.1
43266.5 13187.1 30079.3

[Source : Chief Engineer, WRD, Purnia, 1993/]
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Annex 9 conid.

DETAILES OF CHOURS IN DIFFERENT TRUNK AND SUBSIDIARY DHARS
(UNDER DRAINAGE DIVISION, SAHARSA)

{KOS! PHASE-II)

Sl No Trunk Dhar & Name of Chaur Length in Km  Submergance area in ha
Subsidiary Dhar Link drain
1 Sone Dhar 1 Dighra Chaur 1.463 202.4
2 Sapha Chaur 1.829 80.9
3 Barsam Chaur 3.170 404.7
4 Hanuman Nagar Kothaila Chaur 5.547 404.7
5 Bancholha Chaur 1.767 202.4
6 RamMagar Chaur 1.524 202.4
2 Tilawe dhar No 2 7 Basaha Chaur 0.914 222.6
8 Chitti Chaur 1.219 3035
g Makana Chaur 0.457 64.8
10  Bhatrandha Chaur 0.609 60.7
11 Aran Bishanpur Chaur 0.822 182 .1
12 Baluaha Chaur 1.066 161.9
13 Samada Chaur 0.914 141.6
t4  Patuaha Chaur 1219 141.8
15 Markahi Chaur 0.914 2024
16 Dasin Chaur 1.676 404.7
18  Shirha Chaur 0.304 101.2
19  Rup Nagar Chaur 0.914 161.9
20 Sahuria Chaur 1.371 101.2
21 Narha Chaur 0814 64.8
22  Galharia Chaur 0.914 304
X 23 Pitha Chaur 1.524 24.3
24  Simri Chaur 1.676 141.6
25 Lav Chaur 4572 404.7
26  Taraba Chaur 2.743 3035
3 Jaroor Dhar 27  Tarhi Chaur 0.914 506
28 Jagbani Chaur 0.914 30.4
29 Larha Sonbarsa Chaur 0.914 101.2
3¢ Dori Chap 0.457 101.2
31  Barahi Jhee! Chaur 2.133 2185
32  Hasanpur Chaur 2.438 121.4
33 Narha Chaur 2.438 131.4
34 Bhaun Goriyahi Chaur 1.828 445.2
4 Chasan Dhar 35 Kabaiya Chaur 0.944 76.9
36  Songaria Bolha Chaur 0.670 80.9
37 Hamagara Chaur 3.962 105.2
38  Asthana Bovar 1.219 8.8
33 Dandari Chaur 0.548 36.4
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40 Pakari Kamargava Chaur 6.006 259.0
41 Gopalpur Chaur 3.362 1255
42 Malghwari Chaur 0.548 28.3
43  Tosion Chaur 0.335 20.2
44 Bahinga Chaur 0.335 20.2
45  Burahwa Chaur 2.438 101.2
46  Rampatti Chaur 0.853 48.6
Kamak Dhar 47 Kamak Chaur 0.743 259.0
48  Dhabaull Chaur 1.828 501.8
Parwana Dhar 49  Chakala Chaur 0.609 202.4
50 Imamganj Chaur 4.419 242.8
51 Haripur Chaur 1.828 161.9
52  Kaingar Chaur 1.402 323.76
53 Bhatani Chaur 0.518 44 5
54 Panhar Chaur 0.579 202.4
55 Raghopur Nayagaon Chaur - 202.4
56 Mokaria Chaur - 2226
57  Maheshpur Chaur 6.858 303.5
58 Kalari Chaur - 182.1
59 Dahla Chaur — 202.3
60 Parsa Chaur 1.524 2428
61 Dhar Near Village
Anandipatti (Gosaidhar) - 161.9
62 Narha Chaur - 182.1
63 Batran Chaur - 161.9
64 Satkadaria Chaur - 202.3
85 Othora Chaur 1.164 101.2
94 799 110139 ha
66 Link Drain betwean
10 Kmto 17 Kmof EF E 3.048
97.847 km

Total length of Chaur link drains = 98 km
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a
b
c

SALIENT FEATURES OF THE KQSI PROJECT

Catchment area upto barrage site
Maximum designed fiood flow
Maximum cbserved flood flow 1968

UNIT | — BARRAGE

a
b

b o

za—x—--:'u:)'“

T o

q
r

Total length abouiment faces
Crest level of barrage

i weir

i  Under sluice

Road lavel

Width or roadway

Gates

i Spillway

i Under sluice

Length of Eastern Earth dam

Length of Western earth dam
Length of Eastern Afflux bund
Length of Western Afflux bund
Present pond leveal

Future pond level

Top of pier

Top of gate over-bridge

Maximum design discharge through Eastern
(left) Kosi Head-reguiator

Gates of left Head-requiator
Maximum discharge through Weastern
(right) Kosi Head regulator

Gate ofright Head regulator

61,816
26 904
25,828

1,149

EL61.628
EL70.10
EL77.724
6.858
1.447

18.288x6.400
18.288x7.924
1,985.246
3,718.560
13,106.400
13,483.437
74.676
77.724
79.248
§0.830

488.52
12,192

240.72
12.192

Submerged area due to ponding encluding river bed 41,456

UNIT — It EMBANKMENTS

1]

b
c
d
e

f

Length of Eastern embankment

Length of Western embankment

Distance between embankment

Area protected from floods

No of spurs (impermeable)

constructed on Western side

No of (imprmeabie) spurs on Eastemn side

144.90
123.97

473 t0 6.10
265,078

52
232

UNIT-IIl EASTERN KOSI CANAL SYSTEM (including drainage)

a

o e o

Length of canal system

i Main canaf

i Murliganj Branch canal

i Jankinagar Branch canal

iv.  Pumea Branch canal

v Araria Branch canal

vi Distributaries & Minors

Gross Comangd area

Culturable command area

Annual irrtgation

Additicnal yield of crops expected annually
i Food crop

i  Non food crop

Monetary value of additional yield per year

4347
64.40
82.11
64.40
57.96
2727.34
742220
494948
668180

13,64,991

5,567,875
Rs 592.59
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8Sq Km
cumec
cumec

3

33333

3333333333

CUmeg

cumec

Sg Km

km
km

ha

Nos
Nos

km
km
km
km
km
km
ha
ha
ha

m Tohne
m Tonne
mitlion
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Annex 10

23,858 Sg miles
9,50,000 cusec
9,12,000 cusec

3,770 ft

EL (235.00 feet)

EL (230.00 feet)

EL (255.00 feet)

(22'-9") width

(4'-9") walk way on one side

48 No of (60°'x21’} size each
10 No of (B0'x26') size each
6,218 ft

12,200 ft

43,000 fi

44,237 ft

EL (245.00 ft)

EL (255.00 fi)

EL {260.00 Ft}

EL (298.00 fi)

17,250 cusec
No of (40 ft) size each

8500 cusec
3 no. of (40 ft} size each
16 Sq mile

90 miles

77 miles

3 to 10 miles
6,55,000 acres

27 miles

40 miles

51 miles

40 miles

36 miles

1694 miles
18,34,800 acres
12,23,000 acres
16.51,050 acres

13,43,495 Tons
5,49,000 Tons



EAST NEPAL CANAL (OFF-TAKE FROM
a Discharge

) Culturable area

c Culturable area

d Annual Irrigation

CHATRA)

UNIT - IV RAJPUR CANAL SYSTEM

a Length of canal system

i Rajpur Branch canal

ii Length of sub-branch Canals

Gross command area

Culturable command area

Annual Irrigation

Additional Yield crops expected annually
i Food crop

ii Non food crop

f Monetary value of additional yield per year

[ R = B

UNIT — V WESTERN KOSI CANAL SYSTEM

a Length of main canal
i Length of main canal (Lined) in Nepal
ii Length of main canal (lined) in India
i Length of main canal {unlined) in India

b Gross command area

i In Nepal

i In India

i Above contour 145 in India

Culturable command area in India

oo

i Food crop
e Monetary value of additional
yield per year (in India)

COST ESTIMATE

Unit | Barrage

Unit I Embankment

Unit Il Eastern Kosi Canals system
(inciuding drainage)

Unit IV Rajpur canal system

Unit V  Western Kosi Canal system
Total :
Say

ALLOCATION OF COST
Flood Conirot
trrigation

FINANCIAL FORECAST

1 Benefit cost ratio at 10 per cent
rate of interest for Unit I, 1, & Nl

2 Benefit cost ratio at 10 per cent
rate of interest for Unit IV

3 Benefit cost ratio at 1¢ per cent
rate for interest for Unif V

4 Over all Benefit cost ratio of the
project at 10 per cent rate of interest

5 Internal rate of return
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Annex 10 contd

Additional yield of cross expected annually (in India)

38.770 cumec 1,369 cusec
0.364 Lakh ha 3.37 lakh acre
0.619 Lakh ha 1.53 lakh acre
0.736 Lakh ha 1.82 lakh acre

L]
9.66 km 6 miles

326.83 km 203 miles

1,75,640 ha 4,34,000 acre
1,17,363 ha 2,90,000 acre
1,77,805 ha 4,39,350 acre
3,92,161 MT 3,85,985 Tons
34,899.60 MT 34,350 Tons
Rs 161.932 milion.
35,13 KM
56,50 KM
20.0 KM
25,496 ha 63,000 acre
3,75,570 ha 9,28,020 acre
2,44.439 ha 6,04,00Q acre
1.62,689 ha 4,02,000 acre
5,10,957.50 m tons 5,02,911 Tons
Rs 228.301 million
Rs 456.00 million
Rs 418.32 million
Rs 1042.48 million
Rs 251.70 millicn
Rs 1364.80 million
Rs 3533.30 million
Rs 3533 milion
Rs 646.32 million
Rs 2886.98 million
7.36
6.08
1.57
3.89
310 %
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KOSl HIGH DAM PROJECT SALIENT FEATURES

1

L.OCATION
a Dam

b Barrage

HYDROLOGY

i Catchment at the Dam site
ii  Mean annual rainfall

i Probabie maximum flood
DAM & APPURTMENT WORKS

i Type of Dam

i Maximum height above rock
i Top of dam

iv F.R.L

v o MWL

vi MD.DL.

vii Gross Storage
viii Live Storage
ix Dead Storage (storage upto

POWER HOUSE
[ Instaiied capacity of Dam

i Installed capacity of canai Power Houses

i Type of Dam Power House Turbine
v Type Canai Power House Turbine
v Length of the Power Canal
vi Drop available at each Power House
vii Annual Power Generation:

a Dam Power House

b Canal Power House

BARRAGE
Length "

iRRIGATION

{Command Areas)

i G.CA

i C.CA.

i Gross Command Area in Nepal

v Gross Command Area in india

CROPPING PATTERN AND INTENSITY OF IRRIGATION

Paddy

Wheat

Sugarcane

Jute

Hot Weather Paddy

Total
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Annex 10 contd

1.6 Km upstream of Barahkshetra on
Kosi River in Nepal

Near Chatra Village, 8 km downstream of
Barahkshetra Dam site.

58539 Sq Km (22888 Sq Miles)
1586 MM (62.44")
42475 Cumec (15 Lakh Cusec)

Straight Gravity concrete dam with
Power House in the body of the Dam.
269 M (883 f1) foundation

EL 342 M (1122 1)

EL 335.25 M {1100

EL 338.3 M {1110 ft)

EL 259.00 M {849.50 ft)

13.45 Millian MCM (10.908 maft)

9.37 Millian MCM (7.60 Maft)

4.087 Millian MCM the expected N.Z.E.
of {(3-3 Maft) 100 Years at 861 ft

3000 MW (B units of Power House

500 MW each)

300 MW (3 Power Houses each having
2 units of 50 MW) .

High Speed vertical shaft francis Turbine
Pulb Turbine

45 Km (28 Miles)

12.2 M {40 ft)

165,732 TWh
1.875 TWh

969.9 M (3182 fi)

15.22 Lakh Ha (37.59 Lakh Ac})
12.17 Lakh Ha (30.07 Lakh Ac}
5.46 Lakh Ha (13.49 Lakh Ac)
(including firming up to 0.¢ lLakh Ha
{2.24 lLakh Ac) under existing
in-undation irrigation

9.76 Lakh Ha (24.10 Lakh Ag)

75 %
30 %
25 %
12 %
5%

124.5 %



8 FINANCIAL ASPECTS

1

Estimated cost

Power Sector

irrigation Sector

Watershed Management

B.C. Ratio Power

Irrigation

Cost per KW installed

Cost per ha/Ac of Annual Irrigation

Appendix 6/d1

Annex 10 contd

Rs 4074 Crores

Rs 2677 Crores

Rs 1347 Crores

Rs 50 Crores

17.03 Paise per KWH {at bus bars)
1.54

Rs 8112

Rs 8887/ Rs 3598

[Source :

Comprehensive Plan of Flood Management of Kosi River Basin Prepared by GFCC in 1986]
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Annex 11

REPORT ON RECONNAISANCE OF FLOOD CONTROL PROBLEMS IN NORTH BIHAR BY
M/S LEOPOLD AND MADDOCKS JR OF U S TECHNICAL CO-OPERATION MISSION TO
INDIA, APRIL, 1955

“Our own observations on natural rivers and expertiments in the laboratory have led us to conclude
that the primary cause of river braiding is selective deposition. When the toad intreduced into the reach
is relatively small in quantity, bed particles tend to move in a band over the centre of the channel, the
width of the band increasing with increasing quantity of sediment introduced. When the load includes
particles slightly tog coarse to be kept in motion, these come to rest near the middle of the channel
and in doing so, trap or hide some of the finer particles by this process, a central bar is gradually build
up, which on the average is some what coarser than the mean of the introduced load, Despite the
decrease of depth immediately over the central bar, velocity actually remains the same or increases
some what at that place, as a resuit of decreasing roughness over the bar and the particles continue
to move over the bar instead of the deeper portions of the channel, which flank the central bar. The
building of the bar is also accompanied by increasing water surface slope. As the bar builds closer to
the water surface, the velocity then decreases bed sediment movement over the bar ceases, at which
time the band of moving sediment Is diverted into one of the deeper sediments flanking the bar. At such
a time, essentially two channeis exist separated by a bar, which becomes an island when the water
surface is low.

These central bars force the flanking channeis to erode the channe! boundaries with the resuit
that discrete channels saparated by islands are formed. The central bars grow by addition at their down
stream ends and are often cut across by new channels as the process of channeis shifting is continued.
The shifts often made separate channels regjoin, so the net resuit is a limited number of channels
continually dividing and rejoining.

That the siope of such a braided stream should be steeper than that for a single channel carrying
the same total water and the same size of panicies follows from the general consideration that channel
slop tends to vary inversely as a power function of discharge.

Thus a channel becomes braided because of progressive deposition of the coarse portion of the
debris load, and the slope of the braided channel generally is determined by the ioad and the flow
pattern rather than vice versa. A braided pattern characterizes portions of nearly all the rivers of North
Bihar. The kos! is braided from Chatra at least up to Supauf”,

“In the monsoon season, the Kosi at Barahkshetra averages a concentration of 50 percent by
voiume, and this concentration has decreased to 40 at Hanumannagar. These figures are certainly not
precise because of the short pericd of record and the limitations of the 6/10 depth sampling procedure.
Yet they do confirm what can be inferred from the river siopes that the coarse portion of the Kosi foad
is deposited on the upper portion of the debris fan. The siope of each portion of the debris fan or cone
depends on the coarse fraction of the load being brought to that portion of the fan, for a debris cone,
on which discharge does not appreciabiy increase downstream, the flattening of the slopes in the
downstream direction is a function of the progressive deposition of successively finer fractions of the
ioad. The coarsest is deposited near the head of the cone and the finer farther from the mountains. -
Each segment of the debris cone of the Kosi has a slope commensurate with the size of the material
being transported. In such a short distance as-the 130 miies from Chatra to Dhemraghat, abrasion or
breaking can have but minor infiuence on the size of the particles and can not be the cause of the
flattening of slopes downstream. Sorting or selective deposition must be the expianation. Thus on a
debris fan such as that of the Kosi. the greater the range of particle size in the sediment coming from
the gorge, the more concave is longitudinal profiie.
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In such a concave longitudinal profile, terminating in a real flat area such that near Dhemraghat,
there is no opportunity to carry away progressively the coarser fragment end,therefore, the debris cone
aggrades. As the river shifts laterally through geologic time from one portion of the cone to another,
it iays down a bianket of sediment, coarser near the mountain front and finer near the foot of the debris
cone”.

“The Kosi delivers to the Ganga at present only a portion of its load and only the finest size
fraction. Ali the rest is deposited on the fan or in the Tow area in the vicinity of Dhemraghat. This means
a much greater rate of net aggradation than if important portions of the load were progressively carried
away from base of the fan. On this basis it might be expected that when the Kosi flowed directly south
to the Ganges, it probably was less unstabie than now and shifted its course at a less rapid rate. This
appears 1o be verified by the known rate of westward movement of the river for in the period from 1807
to 1873, when such a course existed, the average rate of migration was much smalier than in the
period after 1883. in fact, Ghosh (p.138) cites reports that the river remained stationary for ail of that
seventy- years period.

A braided stream will tend to shift iaterally at a rate dependent on the rate of accumulation of
material being deposited. As one course becomes higher than possible adjacent paths, the river wili
shift. No other expianation for the observed shift of the Kosi is necessary, though the continuai
movement in one direction during the period of observation is somewhat surprising. Nevertheiess the
river must be expected over a fong period to occupy every part of its debris cone”.

“Nearly all channels, including many braided ones tend to develop relatively fiat flood plains from
the lateral movement of channels due to the process of point-bar deposition at bends. Our own studies
of the process of flood plain formation lead to the conclusions that overbank deposition is far less
important in flood plain formation than point bar deposition on bends. Much of the deposition which has
resulted in the near Gangetic plain probabiy was developed by this process. We have studied the
relation of the flood plain leve! to the river channel in terms of the frequency of over bank flow and
found that there is widely different size location and characteristics. Our data shows that the flood plain
is built at such a leve! that on the average the annual flood having a recurrence interval of about 2
years will just over-flow the flood plain. In other words even in a non-monsoonal climate flood plains
are over flowed by all flows greater than the mean annual flood (average of the largest flood event of
each year over a period of years)”.

“The considerations outlined above, imply that braided rivers may be expected to migrate over
their depositional surface more rapidly than meandering or other non-braided river types. Because
braided channels characteristically have steeper slopes than meandering ones for the same bankful
discharge, a braided river emerging from a mountain front to an alluvial plain wili tend to develop a cone
or fan sloping rapidly from the apex. The slope of each portion of the cone will be commensurate with
the discharge and the sediment size. The rate of aggradation of various portions of the cone will
depend upon the total amount of each size fraction carried out of the mountain gorge by the river. As
we see it, the various slopes of the Kosi at different distance from Chatra are dependent on the size
gistribution of the load and these slopes cannot be considered either over steepened or difficult. By
deposition, the Kosi will tend to build up the slopes in these reaches untill there exists a closer balance
between sediment inflow and outflow.”
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RECOMMENDATIONS OF THE TECHNICAL EXPERTS COMMITTEE 1965 ON THE PROBLEMS
OF DRAINAGE CONGESTION ON KOSt RIVER SYSTEM CAUSED BY THE INADEQUACY OQF
WATERWAYS IN THE RAILWAY AND ROAD BRIDGES

1 For drainage of low lying areas the base period may continue to be taken as 20 days, as
at present with the drainage channels being designed for double the average discharge to account for
the gradually decreasing flow depth.

2 Drains in agricultural lands should be designed for 3 days maximum rainfall of 15 years
return period which comes to 11" (27.94 CM). The infiftration rates may be taken as 0.1" (0.25 CM)
per hour for storm period of 3 days of rainfall, from which the applicable runoff factor works to 35%
of total rain-fall. Masonary structures on the drain should be designed for 3 days maximum rainfall of
50 years return period, which comes to 14" (35.56 CM) and the corresponding runoff factor may be
taken as 50%.

3  Cut sections of drains in agricuitural areas having entire catchment area in plains should be
designed for a discharge of 10 cusecs per sg mile {0.11cumec/sq km) Masonary structures on the
drains should be designed for a maximum discharge of 18 cfs/sg mile (0.190cumec/sg km). From
economic considerations, the construction may be phased, started with a discharge of 5 cfs/sq mile
(0.055 cumec/sg km)

4 Varjous types of river training and conservancy works either singly or in combination shouid
be implemented such as removal of obstructions by dredging, blocking of undesirable channels, providing
cut offs to eliminate meanders and deveiop easy curvatures. These should from an important part of
annual maintenance programme.

5  Growing of suitable plants should be taken up on a large scale in consultation with the Forest
Department for protecting embankment,

6  Suitable variations in agriculiural practices and cropping pattern should be adopted to make
the best of the cultivable land within the embankments based on intensive study of the problem.

7 The proposed embankment on the right bank of the Ghugri river from Badlaghat to Paharpur
by the Bihar State irrigation Department endorsed by the Kosi Technical Committee (headed by Sri
kanwar Sain) will be useful in protecting the area on the right bank, However its effects on the left bank
on account of reduction of valley storage and subsequent rise in the flood height should be examined
in detail before taking up construction of the above embankments.

8  The construction of embankment un the left bank of the Ghugri river (Kosi) is not desiraple
as it will lead to drainage congestion due to the existence of numbers of ‘ghars’ and also it is not
justified on economic considerations.

9 Continuous studies of sediment load, area of deposition of various sizes and relations
between load and channel characteristics should be carried out.

10 Investigations for Planning anti-waterlogging and drainage schemes as detailed out in the
report should continue.

11 Some ground water table recorders should be instalied at important locations with the

assistance of the Geological Survey of India, since the open weil observations do not sometimes
correctly reflect the ground water condition at the site.
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12 A phased programme of drainage of low lying areas as a Central work of reciamation should
be prepared. Existing numerous courses of the river should be resectioned and recorded where ever
necessaty so that these may function effectively as trunk drainage channels for carrying the surface
drainage of the irrigated sub-surface drainage may be taken up in the next stage and when found
necessary.

Detailed soil survey and systematic coliection of necessary data should be initiated now. Drainage
channels should be constructed where necessary on the basis of the recommendations contained in
para 5.3.2.2 Volume | of the report.

13 Only a rail-cum-road bridge with suitable quide boundary be constructed at Dagmara instead
of a Barrage-cum-rain and road bridge, recommended by the Kesi Technical Committee.

14  An extension of 1040 rft {317.07 meter) of water way is required on nine important roads
of the Kosi basin. This does not include the extension or construction of new bridges on the roads
which are yet to be improved and where the data of existing bridges is not available.

15 A total of 1870 rft (570,12 meter) of walerway is required on the roads, where the data of
existing bridges is not avaiiable.

16  An extension of 160 rft (48.78 meter) of water way under railway bridges is required in the
Kosi basin.

17 Discharging capacily of the CD works of the easternmain Kosi Canal will require to be
increased by 9,706 cft (273.40 cumecs)

18 Seif recording rain gauge stations should be set up at Tribenigan] and at Kishanganj in
addition io the two stations at Kuruleghat and Gumthong proposed by iMD.

19 Gauge sites at close intervals of 5 km (8.5 miles) upstream of the barrage and at 8 km (5
miies) down stream of the barrage with a view to determine the siltation of the river bed should be set
up early.

20 One more discharge site should be set up in the lower reaches of the Kosi river when it is
not confined within embankments, ie, near Koparia.

21  The discharge observation at the Railway bridges of Mansi Supau! Section lying between
Kesi and Bagmati embankment should continue for a further period of 5 years.

22 As recommended by the Commitiee for flood forecasting and warming technigues, two
additional discharge sites one each on the Sun Kosi and Tamur should be set up.

23 Silt cbservation sites on the Trijuga at Bisariaghat, on the Bhutani Balan at Chausi and on
the Kosi Just cownstream of the barrage and at Bhanti should be set up with a view to have an idea
of site contribution of the tributaries and depasition of sift in different reaches.

24 As far as possible aerial surveys shouid be done in years of very high floods or whenever
there is a violent change in the river regime affier a fiood with a view to save time and planning river
conservancy work in time.

25 Below Koparia the preblem of inundation is still there. The floocd damage data should be

collected on scientific lines as finally accepted by the Government based on recemmendations of the
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report of the National Councii of Applied Economic Research, 1966, in this connection.

26 An extensive effort should be made for collection of data in the form of land use surveys,
erosion surveys, of the areas which need soil conservation treatment. The Tamur catchment should
receive priority, as it contributes to 26 per cent of the coarse silt of the Kosi though its catchment is
only 10 per cent of the total Kosi catchment.

27 Model studies for evolving cheaper methods of protection of the affected reaches of the river
and for proper river training works should be taken up. The required data should be forwarded to the
CW & the PRS, Poona.

28 The work of preparation of basinwise report of the Kosi basin should be taken up by the
State Government without deiay”.
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APPENDIX 7

MAHANANDA BASIN
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HI

AT A GLANCE

PLAN FOR FLOOD MANAGEMENT IN THE
MAHANANDA RIVER BASIN (IN BIHAR)

Salient Features of the Basin

SN AW N -

Total Drainage Area

Drainage Area in Bihar
Population in Bihar

Water resources {Surface water)
Average Annual Rainfall{in Bihar)
Total fenghth of Main River
Cropped Area in Bihar

Flood Damage (Average for 26 years, 1966-91)

1

e I => N & | IR N £ S AV ]

Total Area Affected
Cropped Area Affected
Damage to Crops
Total Damage

Human lives lost
Cattle Heads lost

Average Popuiation Affected

Progress Of Flood Protection Measures (1954-92)

1
2

Length of Embankments

Area protected

Eighth Plan Proposals (1992 - 97)

1
2

Length of Embankments

Additionat area to be benefitted by flood control,
Drainage and Anti water-logging measures

Total Qutlay for Floed Control measures in the State

. (1992-97)

667

23,700
6,150
36.79

9880
1563

376
3.66

1.77
0.58

Rs 1651
Rs 2663
6

272
5.04

247.80

1.21

Total 98

Total 1.00

Rs 35230
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8q Km
8g Km
Lakh
MCM
mm
Km
Lha

Lha
Lha
Lakh
Lakh
MNos
Nos
Lakh

Km

Lha

Km in the State

LLha in the State

Lakh
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AN APPROACH TO PROBLEMS OF FLOOD AND DRAINAGE CONGESTION AND
REMEDIAL MEASURES IN THE MAHANANDA RIVER BASIN (IN BIHAR)

1 INTRODUCTION

1.1 The Ganga sub-basin which exiends over an area of 8.614 lakh Sg Km within India is the
largest river basin in the country and is a part of the main Brahmputra-Meghna-Ganga river basin. Flat
terrain, high intensity of rainfall and poor drainage condition combine to cause flooding and drainage
congestions almost every year in a large part of this sub-basin, particularly in the portions lying in the
Eastern Uttar Pradesh and Bihar. The {lood damage in this sub-basin accounts for a major part of the
total flood damage of the country.

1.2 The state of Bihar is situated in the central portion of the Ganga sub-basin. The portion lying
on the northern side on the left bank is known as North Bihar and the area lying on the southern side
on the right bank is known as South Bihar. The northern region has a very flat topography and is
subject to serious flooding almost every year. A number of major tributaries like the rivers Ghaghra,
Gandak, Bagmati, Kosi, Mahananda etc which originate from the Himalayas, join the river Ganga in
this region.

1.3 The major rivers like the Ghaghra, Gandak, Bagmati, Kosi, Mahananda etc flow through a
considerable length in Nepal and a large part of their catchment falls in the glacial regions of the great
Himalayas. These rivers are snowfed and hence perennial. The river Mahananda, is one of the important
tributaries of the river Ganga and has a total catchment area of 23,700 Sq Km.

1.4 Floods and droughts are regular features in the state of Bihar due to the vagaries of climate
and rainfall, While one part of the state is under the grip of severe fioods due to excessive rainfail, the
other part suffers from drought caused by poor rainfal.

1.5 Floods have caused devastation and intense human suffering too frequently since the dawn of
civilization and the man has had to live with floods since his existence. The impact of fioods was not
perhaps felt to the same extent in the past as is felt now.

This was due to the fact that in the past much smalier number of peopie were living as also
the pressure of industrial activities and other development works in the flood piains was far iess
compared to the present day activities. The flood problem has been accentuated by the ever increasing
encroachments on the fiood plains by the growing population to meet its requirements of food and fibre.
The destruction of forests for reclaiming areas for occupation and for obtaining fuei for domestic
requirements have also caused changes in the river regime. All these have resuited in an anomalous
situation where in spite of the protection measures carried out so far in the state with an investment
of Rs 611 crore (approx) and 28.34 lakh ha having been afforded reasonable degree of protection, the
flood damages have gone on increasing in stead of decreasing.

2 THE MAHANANDA BASIN

2.1 The river Mahananda is a major northern tributary of the river Ganga passing through Nepal,
india (Bihar and West Bengal) and Bangladesh. The Mahananda originates from Mzahalidram hilis of
the Himalayas at Chimali at an altitude of 2060 m at north latitude 26°53' and east longitude 88°19’
and about 6.4 km north east of Kurseong town in the Darjeeling district of West Bengal. it is aiso known
as Mahanadi river in its hilly catchment. After flowing 20 kms in the hills at Darjeeling the river enters
the plains near Siliguri and crosses the National Highway No 31 and the metre gauge railway line of
Narth-East Frontier Railway near Siliguri. River Balason joins this river below Siliguri on its right bank.
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It then flows in a south westerly direction forming more or less the boundary between India and
Bangladesh bstween Phansidewa and Titlya. The old Balason river joins Mahananda on its right bank
upstream of Sonapur hat. Another tributary the Chenga joins Mahananda on its right bank about 3.2
km upstream at Taiabpur Railway bridge.

Flowing further in south westerly direction this river is joined by Mechi river on its right bank
near Rupadhar. Another stream known as the Donk meets the river Mahananda on its left bank near
Belwa village.

The Eastern Kankai, a major tributary joins Mahananda on the right bank at about 1 km
downstream of its crossing with Kishanganj-Bahadurganj PWD road. ’

The Western Kankai, another major tributary carrying discharge higher than Mahananda, joins
the Mahananda river on its right bank about 3.2 km upstream of Dhengraghat road bridge on National
Highway No 31.

The river bifurcates into two branches near Bagdob in Bihar. The western course known as
phuthar {(Jhaua) carries about 75 per cent of the total discharge of Mahananda river and is joined
downstream of Bagdob on the right side by Parman, a major tributary. The sastern branch known as
Barsci branch carries the remaining 25 per cent discharge of the Mahananda.

The river Barsci after bifurcating from the Mahananda travels in south easterly direction through
Sudhani, Barsoi, Kachna and is joined by the river Nagar at Jugiamer and travsls up to Subarnapur.
The Barsol branch aiso bifurcates into two channels, down stream of Barsai, one is the active eastern
channel and the ather is the dying western channel. Both these channels again meet on the upstream
of Subarnapur. The Phulhar branch uitimatsly flows into the Ganga at Surmara. The Kalindri takes off
from the Phuthar at short distance upstream from its outfall into the Ganga. The Kalindri which has a
rather tortuous course ultimately falls into the Barsoi branch near Nimasarai R.S. The Barsoi branch
is joined by Mara Mahananda at Pirganj and then it is augmented by & major tributary, the Tangon at
Aiho, there after, the Mahananda flows into Bangladesh and joins Ganga (Padma) at Godagarighat.
River Pagia joins Mahananda on its right bank near Nawabganj. Seasona! tributaries like Kuillick,
Gamari, Chiramati meet Mahananda on its left bank. The total length of Mahananda from its origin to
outfall point in the river padma near Godagrighat is 376 kms.

2.2 TRIBUTARIES OF THE MAHANANDA

Details of different rivers of the Mahananda drainage basin in India are given below :

Si No  River Bank Left (L) Right (R) Qut fall river

1 New Balason R Mahananda

2 QOld Balason R do

3 Mechi R do

4 E. Kankai R do

5 W. Kankai R do

6 Nagar L Out fall into Mahananda (Barsoi Branch)
7 Kulik L Qut fall into Nagar

8 Gamari L Qut fali into Mahananda (Barsoi Branch)
9 Tangon L do

10 Parman R Qutfall into Mahananda (near Bagdob)
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2.2.1 The Balason River

The river Balason originates from Lapcha Jagat at Latitude 26°16' and Longitude 88°16 of
Ghumsimra ridge a few Kilometres south west of Darjeeling. It flows in southern course till it enters
the terrai, where soon after, it splits into two streams. Dne is called the New Balason and the other
old Balason. The new Balason Joins the Mahananda on its right bank about 4 km down stream of
Siliguri. The old Balason continues to flow south-wards tili it crosses the terrai, joining the Mahananda
at its right bank near Bamadangi upstream of Sonapur hat,

2.2.2 The Mechi River

The river Mechi is one of the major tributaries of Mahananda. It rises at Lat 26°54' and Long
88°7’ under the Rangbhanaspur in the Singalela ridge at an elevation of 3066 m. The river runs almost
south before it is jeined by its major tributary Siddikhola on its right bank. The river forms the border
of West Bengal and Nepal for a total length of 52.8 km after which it enters the state of Bihar and is
joined by another tributary known as the Burhi Kankai Khola down stream of Dubba.

After flowing for another 56 km it joins the river Mahananda near Rupdharghat on the right
bank. The tctal length of the river is about 108.8 km.

2.2.3 The Eastern Kankai River

The river Eastern Kankai known as the river Biring in Nepal is one of the major tributaries of
the Mahananda. !t originates from the cuter Himalayas in the district of ltam in Nepalese territory, The
river enters the Indian territory near village Doria in the district of Kishanganj and flows north to scuth
and crosses through the road bridge in Araria-Thakurganj road near Dubha. The river then crosses the
Kishanganj Bahadurgan; PWD road through a small wooden pile bridge near village Dhanpura, The
river uitimately falls into the river Mahananda, 1 km down stream of PWD road bridge. The total length
of the river is about 108.8 km out of which 59.2 km falls in Nepal and the rest 49.6 km in India.

2.2.4 The Western Kankai River

The river Western Kankai is another major tributary of the Mahananda. It originates from the
foot hills of Mahabharat Lake in the territory of Nepal at an elevation of 3630 m and is known as Kankai
Mai in Nepal. It emerges from the foot hills at a distance of about 4 km upstream of East West highway
{Mahendra Rajpath) in Nepal and crosses the highway at 61 kms east of Itahari. After crossing the East
West highway, the river bifurcates intc two channels at about 3.2 km down steam of the highway
crossing. The western course of the river is known as the Sikandra branch and enters the Indian
territory at about 6.4 km upstream of village Singhimari. The eastern branch known as the Haribitha
channel enters the Indian territory at about 2 km upstream of village Haribitha. The two channels again
merge intc one channel near village Birpur Chainpur. It ultimately falls into the river Mahananda about
3 km up stream of Dhengraghat rcad bridge on National Highways 31. The totai length of the river from
its origin to outfall is 211.2 km out of which 112 kms falls in Nepal and the rest 99.2 km falis in India.

2.2.5 The Parman River

The river Parman is also one of the major tributaries of the river Mahananda. The river
originates from Dankuita series of hills in the Nepalese territory at an altitude of 1982 m at latitude
26°48' and Longitude 87°22'. In the hilly region it has a number of branches. The preminent branches
are Burhi and Kesal. Burhi and Kesal join each other in the Indian territory above Bathnaha. After the
confluence, the river is known as Parman river. The river crosses the Jogbani-Purnia state high-way
near Bathnaha and again crosses the Basantpur-Bahadurganj lateral road near Araria.

670



Appendix 7/5

At about 52.8 km below the lateral road, it is joined by the river Bakra. The river bifurcates into
two channeis down stream of chainpur. The ieft channel is known as the Parman which finally meets
river Mahananda down stream of Bagdaob, The right branch of the river Parman is poputarly known as
Panar or Riga. It meets the Jhaua branch of Mahananda upstream of Jhaua railway bridge. The river
Rajai, Noona are the main tributaries of the river Parman.

2.2.6 The Kalindri River

The Kalindri river derives its fiow from jhaua or Phulhar course of the Mahananda which itseif
assumes the name of Kalindri from Bishnupur, shortly before its entry into Malda district in West
Bengai. The Kalindri is connected with the Ganga by a navigable channel taking off a few km above
Rajmahai. The flood water of the Ganga flows into this channel. Practically all the Mahananda water
flows down into the Ganga in the dry Season and the Kalindri becomes aimost a dead channel. When
the main channel of the Ganga fiows towards the Rajmahal bank, the channei to the east of Bhuttni
diara becomes shailow and iarge sandy shoais form on that side of the river consequentiy when the
ievei of the Ganga drops at the end of the rainy season direct access of the Ganga water into the
Kalindri is prevented by sand bars at its mouth.

2.2.7 The Pagla and Bhagirathi Rivers

Both the Pagia and Bhagirathi are spili channels of the Ganga. The Bhagirathi takes off from
the Ganga at about 3.2 km below Rajmahai. it is augmented by the fiow of the Pagia near Mahidipur.
The combined fiow falis into the Mahananda near Nawabganj in Bangiadesh. Both streams become
insignificant during the dry season and are rendered non-navigabie. in the rainy season these streams
receive back waters of the river Ganga,

2.2.8 The Nagar River

The Nagar river rises from the North of Madhupur and flows in a southern direction. it forms
the boundary between india and Bangiadesh up to about Haripur. it meets the Barsol branch of the
Mahananda on-ts ieft bank at Jugiamer.

229 The Tangon River

The Tangon river rises in Bangladesh, It falls into the Mahananda on its ieft bank at Aiho.
During the rainy seasocn the river overfiows its bank. The spiiling of the Tangon river further aggravates
due to back water effect of the Mahananda and flocds the iow areas lying along its bank.

2.2.10 The Punarbhaba River

The Punarbhaba is said to be a branch of the Tista river in past. At present after originating
in Bangiadesh it enters west Dinajpur district at Maliikpur, 32 km lower down the river bifurcates into
two, creating another branch on the south west. This branch known as Brahmani, flows for a distance
of 28.8 km before joining the parent channei in Maida district. A few kilometres below Gangarampur
the two channeis are connected by another channei. The river runs through a stretch of low iying iand
cailed Duba. Afterwards it enters Bangiadesh and joins Mahananda on its left bank at Makdumpur hat.
Due to back flow of the Ganga in Mahananda and high stage in the river itseif, the Punarbhaba
overfiows its bank and causes fiooding in low lying areas on its bank. The probiem is aggravated due
to high precipitation in the upper areas near by.

2.3 The river Mahananda drains a total catchment area of 23,700 Sq Km out of which 6,150 Sq
Km lies in Bihar, 5,560 Sq Km in Nepal and the rest in Bangladesh and West Bengai. The drainage
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basin consists of a hiily area of 4803 Sg Km with thick forest in upper reach, out of which about 523
Sg Km only fails in India.

Three-fourth of the upper part of the catchment area is more or less rectangular in shape up
to Minahat below Lava and the remaining one fourth part is more or less triangular converging at its
confluence with Ganga. The northern part of the river system.is hilly and the southern part is all plain
lands. The salient features of the Mahananda river basin is enclosed as Annex 1.

2.4 The Mahananda river basin is bounded by the Himalayas in the north, the ridges separating
it from Tista river system in the east, the Ganga on the scuth and the Kosi river system in the west.
The river bed slope in the terai region in the hills of Darjeeling is very steep and is flat in the plains
of Bihar and West Bengal. The average hed slope of the river Mahananda and its tributaries in different
reaches is enclosed at Annex 2.

25 The important places of Bihar falling in the drainage area of the river Mahananda are
Kishanganj,Araria,Purnia and Katihar. The important commercial centres are Purnia,Katihar and
Forbesgan;.

26 ECONOMICS
2.6.1 Populiation

The area cf the Mahananda river system in Bihar is 6,150 Sq Km falling in four districts of
Araria, Kishanganj, Purnia and Katihar. According to the 1991 census the population is 36.25 lakh in
the Mahananda river system in Bihar. The density of population in the river system (according tc 1991
census) is 590 persons per Sg Km as compared to 497 for Bihar and 267 for whole of the country.
The population is likely to cross 45 lakhs in 2001 AD.

2.6.2 Minerals

Since almost the entire catchment except the upper portion of Darjeeling district, is made up
of alluviai soil, no significant mineral is found in the basin. Only in the upper region of Darjeeling district
copper and iron ores and limestones are found which have not been expioited so far,

26.3 The Important Industries in the River System are Described Below
1 Large scale industies v WJute milis and Match factories

2 Medium and smali-scale industries  : Rice miils, oil mills, rerciling mills, steel fabrication
mills, Hume pipe mills, straw board and flour mills . .

In addition, there are a number of smaller units manufacturing, soaps, fountainpen, ink, candles
etc, but dispite this agriculture is the mainstay of iiving in the Mahananda river system.

2.6.4 Communication and Transport

The Mahananda river system is served by the network of North Eastern and North East
Frontier Raiiways. The Barauni-Katihar-Malda section of the railway passes through the lower reach
of the catchment. The Barsoi-Siliguri section of the railway together with a meter gauge line side by
side is the main railway communicaticn towards north east region of the Indian territory. The National
Highway No 31 runs across the catchment and NH 34 runs along the iower part of the catchment.
Generaliy, the lower and the north eastern-most part of the river system has better communication
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facilities. The existing rail and road communications in the basin are indicated below:

Sl No Communication

Discriptions

Remarks

1 Roads i

Vi

i

viii

2 Railways ¢

vi

Araria-Bahadurganj Thakurganj road

Taibpur-Galgalia road

Manihari-Katihar-Araria Jogbani road
Puria-Garbanaili Sontha-Kishanganj road
Purnia-Dhengraghat-Aluabari-Sonapurhat-
Siliguri-Kalimpong road NH -31
Kishanganj-Sonapurhat-Taibpur road NH -34
Chengraghat-Gazol-Malda road
Raiganj-Kaliaganj-Gazol road
Katihar-Labha-Nimasarai-Farakka section
(Broad gauge)

Nimsarai-Malda-Nawabgan| section

(Broad gauge)

Babupur-Barsoi-Siliguri section (Broad gauge)
Barsoi-Kishanganj-Taibpur-Gaigalia-Naksalbari-
Siliguri section (Metre gauge)
Katihar-Jhaua-Barsoi section (Metre gauge)

Barsoi-Raiganj-Radhikapur section (Metre gauge)

A part of Lateral
Road Project (LRP)

District road

2.6.5 Agricuiture and Irrigation

LY

Agriculture is the main cccupation of the people in the basin. Kharif and Rabi are the main

Crops grown in the Bihar portion of the catchment. Several tea gardens exist in the upper reach. The
existing cropping pattern is as under

Name of crops

Percentage of difterent
crops in upper region

Percentage of different
crops in lower region

Kharif

Rabi
Hotweather |
Jute

71.7
5.8
29

229

75
30

7
15

The basin is so well placed that practically the entire area of the river system lying in the plains
can be provided with irrigation facility if projects to use available water resourses are planned and
implemented. But there is no major independent irrigation scheme at present in this river system in
Bihar, except some irrigation under the command area of Kosi project in the western part of the
Mahananda river system. The distribution system of eastern Kosi canal provides irrigation to an area
of about 89,000 ha in the districts of Katihar and Purnia.

There is ample scope for the construction of diversion structrues at suitable location in the
basin with a network of canal systems for providing irrigation facility in the area enciosed between

Parman and Western Kankai, Western Kankai and eastern Kankai angd Mechi.
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The area between Mahananda and Katihar-Siliguri railway line having a command area of
about 36000 ha can be irrigated through a barrage on the river Manananda on the upstream of the
Taibpur railway bridge with a network of distribution system. Further downstream on Mahananda there
is a scope for construction of barrage at about 3 km, upstream of Bagdob. This is expected to provide
irrigation facility to the area up to Bihar-West Bengal border which has been protected from floods. This
scheme is likely to benefit a culturable area of more than one lakh ha.

2,6.6 Utilisabie ground water potential is available in plenty in the entire basin and specially in the
plains. But the present utilisation level is very low which leaves a very good scope for further utilisation
in the future. The utilisable ground water potential of this basin in Bihar is 755.07 MCM in Katihar
district and 2830.64 MCM in Purnia district,against this only 130.44 MCM in Katihar and 285.82 MCM
in Purnia are being utilised presently in shape of domestic, irrigation and industrial uses.

2.6.7 Land Use Pattern

Of the total area of 7,606 Sq Km of the Mahananda river system in India, 523 Sq Km is hilly
lying in the Darjeeling district of West Bengal, The rest of the river system is a part of Gangetic plain
eXcept in area like the Tal area. The river system is fairly intensively cultivated. Bumper crop of rice
and jute are obtained when weather is favourable.

Very little area and that too only in the hilly region is covered by forest. The land use pattern
of the Mahananda river system in Bihar is reported to be as follows :

St No Category Area in ha Percentage
1 Forest Land 1,978 0.32
2 Land under miscellaneous trees and grooves 17,347 2.82
3 a Current fallow 59,821 ha
b  Other fallow 15,968 ha 79,371 12.90
c Culturable waste 3,582 ha
4 Net area under cultivation 3,65,766 59.47
5 Barren land and permanent pastures 49,574 8.06
5] Area under non-agricultural use 1,00,970 16.43
Total 6,15,006 100.00

[Source : Directorate of Statistics and Evaluation, Government of Bihar],
3 GEOLOGY

31 The geoclegical formations of the Mahananda river system in the hilly area of Darjeeling district
consist of unaltered sedimentary rocks confined to the hills on the north consisting of different grades
of metamorphic rocks over the rest of the area. The outcrops of the various rocks form a series of
bonds more or less to the general line of the Himalayas, dipping one below the other into the hills.

The characteristic feature of the southern area is that the older formations rest on the younger
formations showing complete reversal of the original order of superposition.

The great range was elevated during the tertiary period above the site of an ancient sea that

had accumulated sediments of different geological ages. The mountains are made of folded rocks piled
one over another by a series of north-scuth horizontal compression movements and tangential thrusts
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which also folded the strata on the sea fioor and caused their up-heaval by stages. At many places,
the formations have been intruded by granites. Frequently, the strains within the range are invested
due to the overturning of the folds and their dislocation. Such upheavals bringing the older beds above
the younger constitute a feature which characterises the whole length of the outer Himalayas.

The present relief of high peaks and deep valleys has been carved by three principal agents
of denudation namely, Wind, Water and snow. The resuiting products of disintegration of mountains
are swept over the sub-mountainous tract as the rivers enter into the plains. The terai and the plains
at the foot of the Himalayas have assumed their present form after the final up-heavals of the range
and consist of almost the horizontal layers of unconsolidated sand, siit, pebbles and gravel, Igneous,
Metamorphic rocks are the varieties available all along the range, which are commonly known as
Darjeeling gneiss and are composed of mica, schists and gneiss. The sedimentary variety of Darjeeling
gneiss containg minerals, such as garnel, sillimanite kyanite etc, the presence of which indicates that
the rocks were subjected to higher temperature and pressure.

3.2 SOIL

in the river system falling in Darjeeling district, the terai is composed of alluvium, light sandy
loam being the most common. There are also considerable tracts of sandy or gravelly scils unsuitable
for cultivation. In the hills, cultivators recognise only three kinds of soil i.e. white, red & black, The black
soil is the richest, the white is the poorest., The red scil cccupies an intermediate position requiring
heavy manuring for as good an outturn as the black. The black soil is often found among large rocks
and is suitable for dry crops such as ‘Maize and Marua’ owing to the rich vegetable mound it contains.

The part of the river system lying in Jalpaiguri district in West Bengal is covered with altuvium
ranging from pure sand to clay, the secil in most part being sandy loam.

The scil in Purnia district is ail alluvial and mostly loamy. A different soil encounter mostly in
sbuth east is a clay soil known as “Karari”.

The soil of the north eastern portion of the river system in West Dinajpur district of West Bengal
is a light coloured sandy loam known as the "Paly’ changing gradually as one goes south, to a stiff clay
of similar colour known as ‘Khiyar'. The paly is very retentive of moisture and is capable of producing
two crops. The Khiyar oridinarily bears only a single crop. The southem portion of the river system in
Maida district in West Bengal receives the silt of the Ganga and is the most fertile part and next in
order comes the northern portiocn, both these areas being largely double cropped. The least fertile
portions are the higher portions of the basin which have only been recently cleared of jungie, the poor
soil of the duba in Bamangela and Habibpur thanas and tal common soils of the later alluvium are clay
with small mixture of sand called matival or matal, dorash or doaslea, a mixture of matiyal and sand.
The mixture of Ganga mud and fine sand known as Masina, Chama, sandy soil with a somewhat hard
crust, is only suitable for occassional cropping. Basta and rangamati are the names of the clay soils
of the basin which are blackish and red respectively.

4 HYDROLOGY

4.1 During the monscons, a low pressure area is normally observed in the weather map extending
from west to east in the upper half of the country.

Abnormally heavy rainfall spells are generally associated with depressions or cyclonic storms
moving across the various parts of India during the scuth-west monsoon period. In the Mahananda
river system the rainfall, though varying from region to region is dominated by south west monsocn
from June to September. Rainfall is more irregular in September than in other monsoon months.
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Comparatively a dry weather may aiternate with a very heavy dose of rainfall which at times gives rise
to floods.

4.2 According to the norms laid down by the Bureau of Indian standards (IS-4987) one raingauge
for a drainage area up to 520 Sq Km is sufficient for plains. However, if the catchment lies in the path
of low pressure systems which cause precipitation in the area during their movements, the network
should be denser particularly in the upstream. In the not-tco-elevated region with average elevation one
kilometer above sea level, the required network density is one raingauge station for every 260 to 330
Sq Km area. The Indian Meteorological Department have, however, prescribed atleast one raingauge
station for every 500 8q Km cf the drainage area. It also specifies that at least 10 % of such raingauge
stations should be self recerding. This has to be increased to 20 per cent as recommended by the
Rashtriva Barh Ayog (RBA).

4.3 According to the nerms laid dewn by the World Meteorological Organisation (WMQO), the foilowing
densities are required.

Sl No Type of terrain Density Ideal required (one staticn
for) Acceptable
1 Flat regions of temperate mediterranean
and tropical zones 600-900 Sq Km 2900-3000 Sq Km
2 Mountainous regions of temperate
mediterranean and tropical zones 100-250 Sq Km 250-1000 Sq Km
3 And and Polar zcnes 1500- 10000 Sq Km Depending on

the feasibility

10 per cent of the raingauge stations is required to be self recording in order that the intensities
of rainfall in the area could be known.

4.4 In the Mahananda river system there are 30 (19 in West Bengai and 11 in Bihar) ordinary
raingauge stations in India and 9 in Nepal ag observed from the IMD toposheets. In addition to these
there are five seli recording raingauge stations ail Tailyabpur, Dhengraghat, Jhaua, Charghara and
Galgalia established by the IMD in Bihar and cne ordinary rain gauge station at Barsoi i Purnia
maintained by Govt of Bihar and two self recerding rain gauge stations at Siliguri and English Bazar
in West Bengal. Out of these 36 raingauge stations in India, 7 stations are located in the hilly areas
of Darjeeling district of West Bengal and rest all 29 are in the plains of West Bengal and Sihar.

4.5 Out of the total catchment area of 15,910 Sq Km of the Mahananda river system in India only
523 Sq Km is hilly in West Bengal and the remaining 15,387 Sq Km falls in the plains of West Bengal
and Bihar.

It would, therefere, appear that the existing rain gauge stations in the hilly region are sufficient
as per standard norms. In the plains the density of raingauge stations works out to be 236 Sq Km for
one station. The Bureau of Indian Standards recommends 520 Sq Km for one station in the plains.
Thus, the number of raingauge stations in India are almost more than twice as per Bureau of Indian
Standards, both for erdinary as well as self recording stations. However, the number of self recording
raingauge stations has to be increased o 20 per cent in Bihar portion of the basin the number of
raingauge stations should be 12 as per norms against which 11 numbers are already existing and the
seff recording raingauge stations should be 3 as per RBA recommendations against which 5 numbers
are already existing which is sufficient 1o suit the recommendations of the RBA.
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4.6 RAINFALL
46.1 Average armnual rainfall cbserved at different raingauge stations is shown in Annex 3.
4.6.2 The average annuai rainfall in the Mahananda river system in India is about 1563 mm. About
80 per cent of this rainfail occurs during the monsoon months (June-September). The usual direction
of moisture laden current is generally north ward. The annual rainfall in the upper catchment of the river
system ranges from 1000 mm to 6000 mm. The normal annual rainfall recorded at Kurseong close to
the origin of the Mahananda river is 4052.3 mm and at Malda is 1453.1 mm.

Tha district average rainfall in the Mahananda river system is as follows:

Sl No State District Average annual Average monsocon
rain fall mm rainfall mm
1 Bihar i Purnia 1585 1293
2 West Bengal i Malda 1540 1210
fi Darjeeling 3092 2478
fii  West Dinajpur 1635 1283

The maximum value of 24 hours rainfall of 50 years frequency is 320 mm and it occurs near
the Indo-Nepal border. This value remains in the range of 280 mm to 200 mm also in the other portion
of the river basin.

4.7 GAUGE AND DISCHARGE

4.7.1 There are 17 gauge sites, 33 gauge and discharge sites and 11 gauge-discharge and silt sites,
maintained by the Central Water Commission, and the State Governments of Bihar and West Bengal,
in the Mahananda river system. The breakup of the sites maintained by the different organisations is
as follows:

1 CWC 13
2 Govt of Bihar 41
3 Govt of West Bengal 7

Total 61

4.7.2 According to the norms prescribed by the WMO, one gauge- discharge site is required for
every 300 Sq Km of the drainage area in the hilly portion and for every 1000 Sg Km in the plains.
Accordingly, the existing hydrometeorologica! stations in the Mahananda river system can be considered
adequate. On observation of data of 44 sites of the Mahananda river system till 1986 it was found that
the gauge and discharge data of most of the sites were of short duration and were also inconsistent
at places. Therefore, analysis of the data of nine sites as given below were made, out of which four
sites were maintained by the CWC and the remaining five by the Govt of Bihar.

Name of Sites

1 Mauzabari (Mahananda)
2 Dhengraghat (Mahananda)
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Bagdob (Mahananda-Jhawa Branch)
Barsoi (Manananda-Barsoi Branch)

Lava (Mahananda-Jhawa Branch)
English Bazar (Mahananda-Barsoi Branch)
Taibpur (Mahananda)

Gosainpur (Western Kankai)

o @ ~ o ; A~ W

Jogbani (Parman)

But the data from the following four CWC sites could only be available for analysis.

-k

English Bazar,
Dhengraghat,

Lava,

A W M

Taibpur.

It is thus apparent that although there are a number of hydrological chservation sites in the
catchment, availability of data from these sites for hydrological studies is far from desirable. One of
the reasons for such a situation may be that the data collection is not systematic and regular in most
cases. The data collected are not being properly recorded and maintained at the desired offices.
Therefore, it is considered extremely necessary to ensure systematic and regular collection of data
from a well-designed network of stations besides its scrutiny, analysis and proper recording.

Annual peak gauges and discharges of different sites for the Mahananda river are given at
Annex 4 & 5.

4,73 The maximum and minimum discharges observed by the CWG of eight existing sites on the
river Mahananda between 1956 to 1990 are as follows:

8! No  Location Discharge in cumecs

Maximum Year Minimum Year
1 Taibpur 2053.45 1988 602 1971
2 Matizabari 3190 1981 755 1880
3 Dhengraghat 2810 1978 920 1986
4 Bagdob 6427 1981 287 1973
5 Jhawa Rly Bridge 6426 1981 936 1971
6 Barsoighat 8312 1981 127 1970
7 Lava 7802.94 1989 1480 1971
8

English Bazar 4779 1971 905 1982

4.8 RUNOFF FACTOR
4.8.1 Finding out the runoff factor of catchment is essential to know the runoff likely to result from

short duration heavy rains. in order to find out the total rupoff during the monsoon period for planning
schemes for drainage of accumulated water, it is necessary to determine the runoff factor applicable
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for the monsoon period as a whole. In order to conduct such a study and analysis, rainfall data for the
stations spread over the entire drainage area of the basin and runoff data of suitable locations
on the river for a sufficiently longer period (at least 20 years or more) are considered a necessary
input.

48.2 The Ganga Flood Control Commission (GFCC) was able to get hold of the rainfall data at 16
raingauge stations situated in India. No data had been made available for raingauge staions in the
Nepalese territory of the Mahananda river basin. it is for this reason that rainfall-runoff relationship
could not precisely be established. It is, therefore, suggested that the Water Resources Department
of the State Government should make all out efforts to collect the rainfall and runoff data in the basin
for as many years as available and carry out further studies to establish precise rainfali-runoff relationships
at suitable locations on the river Mahananda for future use.

4.9 SEDIMENT CHARACTERISTICS

4.9.1 The past history of the river Mahananda indicates that the river is of a meandering nature. The
Mahananda being a Himalayan river is not stable and erosion in the steep hilly catchment, transportation
of sediment in the river and its subsequent progressive deposition lower down in the river having flatter
slopes is a centinuous process. The river emerging from mountaing into the plains carries heavy siit
load and a part of it is finally transported to the Ganga after the deposition of silt either in the bed or
in the flood plains through over bank spills. The bed slopes of the Mahananda river and its tributaries
are steeper in its upper reaches even in the plains, as compared o the lower reaches. The river has,
therefore, more carrying capacity for the silt load in the upper reaches in the plains as compared to
the lower reaches.

The river bed, just after it debouches into the plains, consists of shingles and sand where as
further down in the flatter plains it mainly contains of coarse and medium silt.

492 The silt observation stations on the Mahananda are Iocated at Siliguri, Sonapurhat and English
Bazar in West Bengal and Taibpur, Dhengraghat and Jhawa Railway bridge in Bihar. The sites at
Siliguri, Sonapurhat and English Bazar are maintained by the CWC and the sites Taibpur, Dhengraghat
and Jhawa railway bridge are maintained by the Water Resources Department of the Government of
Bihar. The sediment dala are available for the following sites for the period noted against each and
the sediment load analysis of the above data brings out the following facts:

Site Period Composition in % of total load

' Coarse Medium Fine
Taibpur 1962 to 1970 29.72 47.27 23.01
English Bazar 1963 to 1970 1.15 6.37 92.48

[These data are enclosed at Annex 6 and Annex 7]
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5 FLOOD FREQUENCY ANALYSIS

5.1 Frequency analysis is carried out to interpret the past records of the hydrologic events like the
precipitation, runoff, ficod ileveis etc to predict the probabilities of such occurences in the future. For
a guantitative assessment of the magnitude of fiood probiem, it is essential to evaluate or estimate the
frequencies of rainfall, floods, etc. Such studies are necessary inputs for proper design and location
of hydraulic structures as well as other related studies,

5.2 CRITERIA OF DESIGN FLOOD

5.21 The Ministers Committee on Floods and Flood Relief constituted by the Government of India
in 1970 had recommended that "As most of the embankments have been constructed on the inadequate
and meagre hydrological data which were available, it is necessary that the existing embankments are
reviewed to see that these are safe for a flood of 50 years frequency for major rivers and at least 25
years’ frequency for small tributaries. Similarly ali the future proposals of embankments should aiso. be
based cn the above criteria”.

5.2.2 The Rashtriya Barh Aycg gave the foliowing broad criteria to be adopted in the country:

i For predominantly agricultural areas, 25 years’ flood frequency (in special cases, where the
damage potential justifies a higher design fleod, maximum observed fiood may be adopted for the
embankment.

i For town protection work important industrial complexes assets and lines of communications,
100 years flood frequency (for larger cities, the maximum observed flood or even the maximum
probable flood) should be considered for adoption,

iii .Meanwhile, siudies should be undertaken to review the basis of these flocd frequencies and
attempts made 1o collect the data and appaint the necessary personnel, so as to enable the application
of the benefit-cost criterion in due course.

5.2.3 The relevent recommendations made by the Ministry of Irrigation , Government of India in the
guide lines and instructions for implementation of the recommendations of RBA are reproduced below:

“In the case of embankments, the design of a project should be determined for the time being
on flood frequencies suggested. Mean while necessary steps may be taken for the eventual application
of benefit cost criterion for fixing the design”.

The summary of recemmendations as accepted is as follows.

“In the case of embankment schemes the height of the embankment and the corresponding
cost to be worked out for various flood frequencies and also the benefit cost ratio taking into account
the damage likely to occur for the relative flood frequencies. However, till such times as the details of
all relevant parameters are available, embankment schemes might be prepared for a flood of 25 years
frequency in the case of pre- dominantly agriculiural areas and for flood of 100 years frequency for
works pertaining to town protection and protection of important industrial and other vital organisations™.

While endorsing the decisions of the Ministry of Irrigation Government of India on the
recommendations of the RBA, the Commission suggests that all embankments on important rivers
should be designed for a flood of 50 years frequency in genera! and for flood of 100 years frequency
for works pertaining to town protection of vital industrial establishments.
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53 ANALYSIS OF AVAILABLE DATA
5.3.1 For flood frequency analysis two types of data are generally selected :
(i) The partial duration series and (ii) the extreme values series.

The partial duration series is obtained from daily stage or flow values, by selecting values
greater than a certain base value. The extreme value of annual series is obtained by selecting maximum
value of the daily flow values of every year. The partial duration series contains a greater number of
values than does the annual series and as such, it can improve the reliability of the analysis of evenis
for longer return periods when the available data is limited. However, the main difficulty with the partial
duration series is regarding the debatable independence of events. This is more likely to be achieved
in an arid area. rather than in a humid area like the Mahananda basin. 1t is for this reason that the
maximum annuat gauge and discharge data, ie extreme value series have been used for the frequency
analysis in the present study.

The actual and theoretical treatments of extreme value distribution show that they are inherently
skewed rather than symmetrical. The comparision of the resulls by the two methods can be made. Ut
may be noted that the skewness in the gumbe! distribution is fixed at 1.14 while in the Log-Pearson
type Il, this is also a parameter besides mean and variance common to both the distributions.

For this reason, the Log Pearson Type Il distributions is generally adopted. Gumbel distribution
is generally used for the sites having reliable data for at least more than ten years in order 1o get fairly
accurate and reliable prediction.

5.3.2 The frequency analysis of the observed peak discharges have been carried out by the Log-
Pearson Type lll to estimate discharges for 25, 50 and 100 years return periods at selecled sites in
the river Mahananda are indicated below:-

Sl River Site Flood discharge of return period of Highest

No observed
25 years 50 years 100 years discharge

(in Cumecs)

1 Mahananda Mauzabari 3670 4150 4610 3190

2 Mahananda Dhengraghat 2665 3045 3115 2810

3 Mahananda Jhaua Br  Bagdob 6140 6510 6850 6427

4 Mahananda Barsci Br  Barsoi 4020 6360 9880 6912

5 Mahananda Jhaua Br  Lava 6160 7540 9180 7800

6 Mahananda Barsoi Br  English Bazar 3480 4015 4575 4780

7 W Kankai Gosaipur 860 860 860 1490

8 Parman Jogbani 1505 1920 2410 1678

9 Mahananda Taibpur 1990 2165 2205 2055

10 Mahananda Jhaua Br Jhaua Riy bridge 6280 7130 7960 6425

5.3.3 There is no alternative 1o the use of one of the emperical formulae for calculating the discharge
to be adopted for designing any flood control measure for rivers for which data availabiiity is not of
enough duration to carry the frequency analysis. The Technical Expert Committee on Drainage and
Water way (1967) had in its repott relating to the Mahananda river basin, recommended the following
values of 'C’ in Dicken's formula for calculating design flood:
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S5 Description of Zone Zone No Land slope Recommended value
No from the source of Dicken’s 'C’

1 Area above 61.0m contour i 9% 850

2 Area between 61.0m to 45.7m contour H 7% 700

3 Area between 45.7m to 38.1m contour jii 6% 600

4 Area between 38.1m to 30.5m contour iV 5% 500

5 Area below 30.5m contour v Below 5% 400

5.4 UTILITY OF FLODD FREQUENCY STUDIES

5.41 The result of flood frequency studies are useful in deifineating the flood-prone area on the
contour map in order to be aware of the situation in the unprotected area at defferent stages of the
river during floods. To make this study usefui, it is essential to have the contour map (with contour at
suitabie interval) of the area prone to floods preferably in a scale of 1:15000. These studies will be
further usefu! in formuiation and planning of the flood control projects in the basin in the future.

6.0 FLDOD AND DRAINAGE PROBLEM
6.1 FLODD PRDBLEM

6.1.1 The records available in the district Gazetieers of Purnia, Katihar and Kishangan) as well as
in the lrrigation and Revenue Departments of the State Government indicate that flood data are
available for the Mahananda river basin since the year 1886. The river Mahananda and is tributaries
pass through the two States, ie, Bihar and West Bengal. The Mahananda river flows thraugh Bihar in
the reach from Bihar-West Benga! border near Titalya to its outfall into the Ganga, through its Phuihar
branch. The tributaries of Mahananda namely Parman, Western-Kankai, Eastern-Kankai and Mechi join
the right bank of the Mahananda river and their catchments except the hilly catchments in Nepal, fall
in the Eastern most part of the Bihar State. During the monsoon season heavy precipitation oceurs in
the Himalayan catchment of the tributaries and brings floods down these rivers in Bihar with very high
velocities. Due to steep nature of the hills the rain waters cause landslips and landslides in the unstabie
Himalayan formation. As a result, the flood waters bring huge quantities of detritus consisting of
shingles and sand and depasit in the upper reaches of these tributaries in Bihar. The sediment is
carried down these tributaries further depending on the carrying capacity of their channeis. The river
has fiatter slopes in the plains. Deposition of the sediment load along the bed and banks of the rivers
in the plains has reduced their bankful capacities.

In the main Mahananda afso the flood waters come down from its hilly catchment in Darjeeling
district and in Nepal. The important tributary Mechi which forms the Indo-Nepal border joins the
Mahananda in Bihar about 18 km upstream of Kishanganj. In this river afso the flood waters bring
detritus from the hiliy catchments and the sediment load of specific grade passes down siream and
a part of rediment gets deposited on the bed and banks and also on the fiood piains.

6.1.2 The bankful capacity of the Mahananda is aiso not sufficient to carry the heavier fioods. As a
resuit the flood water spills over the banks in its middle reaches from Bihar West Bengal border upto
Bagdob. The Mahananda river breaks up into two main channeis, cailed the Phuihar branch and the
Barsoi branch below Bagdob. At present, the Phulhar branch carries about 75% of the total discharge
brought by the Mahananda. The Mahananda outfalls into the Ganga through these two branches with
their flatter siopes. The plains between Bagdob and the Ganga experiece heavier floods as compared
to the upstream courses. Their bankful capacities are also quite inadequate to carry the ficod water.
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Consequently, the flood water spills heavily over the banks causing submergence of low lying areas.
The magnitude of the floods in this reach is aisp considerable due to heavy coiiection of the materials
brought down from the hills slopes af its upstream catchment spread over a considerable area.

6.1.3 The river Mahananda brings enormpus amount of sili from the Himalayas. The major part of
silt load is deposited in the bed as the river {ravels in plains. This causes the river to spill its banks
and shift its course. Due to excessive deposition of silt the capacity of the river channel has peen
gradually reduced and lots of shoals and islands have been formed in the bed of the river. During the
_process of meandering in the aliuvial plains, the river course goes pn shifting with the change of
meandering pattern with consequent bank erosion at different places. The Mahananda river had been
subjected to vast changes in its courses from the past to the present. The erpsive tendency of the river
is also not confined to some fixed point but keeps on shifting from year to year.

6.1.4 With the construction of fiond embankments in Bihar and West Benga! along both banks of the
Phulhar branch & the right bank of the Barsci branch the areas on the countryside of the embankment
have been protected from flood spilling. But the areas falling on the left bank of the Barsoi branch in
Bihar and West Bengal are still facing extensive flonding.

6.1.5 The history of past floods as available from the records of the district Gazetteers of Purnia,
Katihar and Kishanganj as well as Irrigation and Revenue Department of the State Government has
been summarised in the statement at Annex - 8.

6.1.6 The flood problem in the Mahananda river system may be broadly categorised as under:

a) Overbank spilling during flonds resulting in the inundation of the low lying areas.
b) Risk of avulsion of the river and changes in its course leading to damage o developed areas.
c) Erosion of the river banks.

6.2 DRAINAGE PROBLEMS

6.2.1 Tiii the different river courses of the Mahananda and its tributaries were unembanked, there
was littie of drainage problem in this basin. But after the construction of embankments along both
banks of the Mahananda and the right bank of the Barsni branch, drainage congestion is being
experienced in certain pockets. The lower portion of Mahananda river system is experiencing serrious
water iogging in the Amdabad biock of Katihar district in Bihar. The whole area of this block is
surrunded by Katakosh Naurasia and Topra-Chaukia embankment in the south Lava chaukia-Paharpur
embankment in North East and Manihari to Walipur Nima road in the West. All these embankments
have aggravated drainage congestion in low-lying chaurs namely, Chama, Kamalpur, Narbanna,
Karuadhab, Naurasia, Jalyari, Charguha, Kalaktari, Digha and Naurasiab. The total water iogged area
of these chaurs measures 2880 ha (appmox). A few sluices aiready existing in the embankment for
draining put these areas are not functioning properly due {0 inadequate maintenance. Some of them
are even reported to have bincked due to negiect.

6.3 FLOOD DAMAGES

6.3.1 The damages caused by floods and drainage congestion are ciassified broadiy into the foliowing
two categpries :

a) Direct damages and
b) indirect damages.
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6.3.2 The direct damages are those which are caused due to the direct physical contact with flood
water. These include losses to '

a) Growing and preharvest crops
b) Houses and household assets
c) Public utility works

d) Pubiic buildings and

e) Human fives and livestock.

6.3.3 The indirect damages are not susceptible to quantification, therefore an approximate monetary
evaluation can only be done for such damages. These generally include :

a) Loss of earning in agrobased industry and trade.

b) Loss of revenue to the road and rail transport system due to disruption of services,
c) Less of eamings to smaii shopkeepers and other daily wage earners and

d) Loss of employment to the daily wage earners in the public and private sectors.

6.3.4 The flood damage data are collected by the Revenue {Reliet and Rehabilitation) Department
of the State Government and passed on to the various concerned organisations of the State and
Central Government. The Central Water Commissicn (CWC) is collecting and compiling such damage
data of all flood-prone States at the national level.

It is observed that the flood damage statstics, which is essentially required for the benefit-cost
studies for any proposed flood management measures are not being scientifically and rationally collected
and compiled. The RBA had made many useful recommendations in this regard which do not seem
to have been followed. The commission recommends that the recommendations of the RBA should be
followed strictly and realistic evaluation of flood damage river basin wise be carried out every year
under the following three separately identified categories :

{ Unprotected areas.
{ii) Protected areas due to failure of protection works,

{ii)) Areas between the embankments and the river.

The Water Resources Department dealfing with flood management should be associated with
collection and compilation of flood damage data in order to efiminate any inconsistancy,the fiood
damage data should be collectively reviewed by the concerned Departments at the end of each year.
Such reconciled long-term data of flood damage is to be used in economic viability study for any future
flood protection management scheme in the area.

The Central Flood Control Beard had decided that the Fleod Control Department of the States
should compile basinwise flood damage data with effect from 1960. This is not being followed in Bihar
and the flood damage data still continues to be collected districtwise {not basinwise) by the Revenue
Reliet and Rehabiliation Department.

6.3.5 Flood damage data are required every year during the flocd season for the purpose of immediate

requirements of relief operations that becomes necessary on account of current damage caused by
fioods. As such, the need for compiling the annual flood damage data according to the administrative
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jurisdiction in district and blockwise category in the State cannot be denied. On the other hand planning
of the flood control measures are to be on basin and sub-basinwise. It is, therefore, necessary that
such data are collected by the Revenue authorities with the active co-operation of the staff of the Water
Resources, Agricuiture and Roads and Building Construction Departments and the data are processed
and compiled both districtwise and basin/sub-basinwise by the Statistical Organisations at the district
and the State level for future use for planning of relie! measures and flood management respectively.

The available flood damage data for the Mahananda river basin are enclosed at Annex 9.

6.3.6 From the perusal of the data processed by the Revenue Department it is noticed that damages
to property of the Central Government, such as Railways, Post and Telegraphs, etc are not properly
accounted for. On the other hand the cost of relief and rehabilitation measures grant of lcan, remission
of land revenue, etc is added to tiood damage. This does not appear to be in proper order.

6.3.7 it would be evident from the available flood damage data of the basin (Annex 9) that average
annual area affected by flood is 1.77 lakh ha. The average annual damages to the crops, houses and
public utilities at the 1991 constant price level work out to be Rs 1650.98 and Rs 1012.00 lakh
respectively, totalling to Rs 2662.89 lakh. The same values at 1987 constant price level are Rs 1328.64
lakh and Rs 885.25 lakh respectively with a total of Rs 2214.98 lakh. It is seen from the data for the
period for which these are available that the maximum damages amounting to Rs 22126.57 lakh
occurred during the year 1887 and the minimum damage of Rs 15.98 lakh occurred during the year
1920 at the 1991 price level.

7.0 PAST APPROCACH AND ACHIEVEMENT

7.1 Efforts to mitigate damages from fioods originate from the basic human urge for self-preservation.
With the development of society and civilization, these efforts of a community, in a cumulative manner,
initiated the first human interprises on flood protection work. Almost all the civilizations which flourished
over the fertile river valleys in ancient times have left behind accounts and legends of progressive flood
protection works. These ancient flood protection works were mostly embankments with some instances
of channei improvements. Embankments, as a flood protection measure were the most obvious sojution
for preventing damages from river spilis and entirely suited to the technology and resource’ of those
days.

The suitability and effectiveness of embankments as measure of flood control has, however,
been a matter of controversy since long. in india, opinions have differed from State to State and from
time to time. Opinion in Bihar was against the embankments in the 1920s and 1830s of the present
century. .

tn recent years the Government have been in favour of construction of embankments atter
adequate investigation and planning and embankments in iarge lengths have been constructed particularly
after the devastating fioods of 1954. Fiood Protection measures on a iimited scal were undertaken in
this country from the early times by individuals. Government interest in the problem developed chietly
during the past century, when a number of well-planned embankments were constructed on some of
the rivers which were causing damages from the recurrent fiood. The severe and devastating floods
of 1954 attracted the attention of the public and Parliament and brough into sharp focus the inadequacy
of the measures taken against floods tili that time. A programme of tlood conirol was therefore,
taunched at the national level in the same year. It was considered essential to provide protection to
all the people in the flood affected areas. In order to achieve this objective methods had to be chosen
which while achieving the objectives could also be carried out expeditiously. Accordingly, it was decided
to undertake a countrywise programme of flood contol under three phases namely (i} Immediate,(ii}
Short-term and (iii) Long-term phase.
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7.2 Various Committees were set-up by the State and Central Governments from time to time in
the past to review and suggest appropriate flood protection measures to meet the requirements of flood
problems. Their recommendations concerning the Mahananda river system are briefly described below.

7.21 The Government of West Bengal had appointed a Landshides Enquiry Committee in 1950,
when severe landslides had occurred in the eastern Himalayas after abnormal rainfall of 865 mm in
two days on 11th and 12th, June,1850. In the opinion of this Committee, the foliowing factors were
considered as the possible causes of such {andslides:-

a The intense stresses are set-up by the folds and thrust movements igading to deformaticn of
original physical characteristics as seen in joining shearing and imprecating structures,

b Erosion and chemical weathering which ioosens up such strained rocks aiong the fracture and
joint planes and graduaily widen gaps between the wails.

c High rainfali and iack of proper drainage conditions, which reduce the frictionai resistances to
shiding of the loose and former rocks, thereby increasing the chamces of lfand sfides.

d in a metamerphic country, there is often an alternation of hard compact strata, such as
quanzite and marble with softer aggrilaceous rocks, such as slates and phyilites. When such strata
have steep dip they offer a suitable condition for rock siides, the harder strata siides over the softer
rocks iubricated by moisture,

7.2.2 High Level Committee on Floods (1957-58)

This Committee was appointed by the Government of West Bengal to study the probiems of
the rivers in North Bengal. This Committee had made the foilowing observations reiating to the Mahananda
river basin in iis repoit:

a Heavy silt-charge is observed due to denudation of forest and fauity iand management in the
upper reaches.

b Spilling is experienced in the centrai reaches.
c Bank ercsion is noticed in the iower reaches.

The Committee had sugygested that the foilowing measures be taken:
a The State’s (West Bengai) proposai to execute a few town protection schemes in addition to
the anti-erosion protection works in the towns of Siiiguri, Saktigarh, Engiish Bazar and Phensideva
already executed and also the proposai of flood detention dams in the hilly region may be taken up
if found technically and economically feasible after investigation.

b Soil conservation measures and proper iand management in the catchment,

c impiementation ¢f emergent schemes iike anti-erosion works on temporary basis wherever
necessary since the fiood detention dams and the sofl conservation measures are long-term.

d Channel improvement in the middle reaches of the river Mahananda and its tributaries in West

Bengai where there is considerable spilling over their banks. Embankment schemes wherever necessary
may also be taken up.
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e Waterways on the railway and road bridges on the river Mahanada and its tributaries need to
be checked and increased wherever necessary.

7.2.3 The following suggestions/observations were made in the Eighth Meetting of Ganga-Brahmputra
River Commission held at Dibrugari in November, 1958:

a Reactivation of the dormant Barsoi branch of the Mahananda river was not a practical solution. |
b Reconnaissance and investigation for fiood detention dams in the Mahananda basin may be
carried oud.

7.2.3.1 After a joint reconnaissance survey of the Mahananda catchment by the Bihar and West
Bengal engineers on 7th February, 1959, the following dam sites for flood control were suggested:

i Mahananda 4575 m high dam

i Balason 137.25 m  high dam at site no Il {at Bunkufang suspension
bridge and Manama), 122 m high dam at site no ill
(near longview); 61 m high dam at site iV (0.8 km
down stream of the suspension bridge near Longview

Teagarden.
iii Mechi 106.75 m high dam
v Kankai 76.25 m to 91.5 m high dam

7.2.3.2 Based on the following catchment areas and the percentage distribution of the run-off in the
Mahananda and its tributaries, the flood detention dam on the Kankai and the Balason which together
contribute 70 per cent of the total flood flow for controliing floods in the plains were suggested:

S| No Name of river : Catchment area in Sq km Percentage of discharge
1 Panar and other smali tributaries 233 h 10
2 Kankai 1243 50
3 Mechi 130 ' 13
4 Balason 222 20
5 Mahanadi 70 7
Total 1898 100

Detailed investigations of these two dam sites on the Kankai and Balason were suggested in
the first instance. However the Karkai dam site with the dam height of 76 to 92 m (approx) was
considered more promising.

7.2.4 Report of the Technical Experts Committee on drainage and Waterways of Railways and Road
bridges in North Bihar (1967).

The following road and railway embankments of the Mahananda river system which run across
the catchment were examined by the Committee:
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S! No Roads/Railways _ Total lenght{km) Remarks
Roads
1 Araria-Bahadurganj-Thakurganj-Galgalia Road 90 A part of Lateral Road
2 Purnia-Garhbanaili-Sonta-Kishanganj road 60 District Board Road
3 Purnia-Dhengraghat-Darjeeling read 32
4 Purnia-Senali-Azamnagar Balrampur road 80
5 Taibpur-Galgalia road 19
6 Katihar-Amadabad road 39
Railways
1 Katihar-Jhawa-Barsoi section . 418 Meter gauge
2 Katihar-Lava-Malda section up to Lava crossing 27.3 Meter gauge
3 Aluabari-Taibpur-Thakurganj-Galgalia section 32 Meter gauge

The following important border roads and railways run aiong the country slopes:

S! No. Name of Road/Railway Length in km
Roads

1 Araria-Sikta road 29

2 Jokehat-Palasi-Dahibhat  road 34
Raiiways

1 Kishanganj-Taibpur section 36

2 Aluabari-Dalkola-Barsoi section 87

The Committee had made the following recommendations in its report:

1 No extension of the waterways of the road bridges is required in case of the latera! road and
NH 31 {Ganga-Darjeeling pertion) in the basin. Additional waterway of 41.78 m is necessary on the
spills of the Dauk Nala between mile 6 & 7 of Katihar-Taibpur-Thakurganj-Galgalia road. Besides, a
bridge of 129 m is already under construction on the Dauk. The total waterways required for the road
bridges Is 2708.4 m, less already existing, as the details of the existing waterways are not available.

2 No extension of waterways on railway bridges is required. However, when embankments on the
Mahananda are spaced at 183 m apart, the clearance on Lava railway bridge remains only 0.579 m
which is considered permissible by the Chief Engineer, NEF railway.

3 Setting up of three more raingauge stations in Nepal and five stations in Bihar,

4 Implementation of the proposal formulated by the IMD for installation of two self-recording
raingauge stations at Farbesganj and Purnia in North Bihar as early as possible.

5 Setting up of gauge and discharge sites on the tributaries at points slightly upstream of their
confluence with the Mahananda for assessment of their runoff, In addition, setting up of the gauge cum
discharge sites at the bridge sites across the important live channels along the Galgalia-Darjeeling
road. Three more discharge sites on the ten bridges iocated on the Panar, and its spill channels
crossing the Purnia-Darieeling road.

6 One more silt observation site was suggested on the main river at Dhengraghat in addition to
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the existing three silt observation stations at Siliguri, Taibpur and Jhaua. One silt observation site was
suggested on each tributaries ie the Panar, the Mechi and the Kankai at Araria, Rupadharghat and
Gaurihar respectively.

7 A hydraulic survey such as L-Section and cross-section of the main river and for important
tributaries every third year suggested.

8 Necessity of soil conservation was not felt due to lack of silt content of Mahananda in its reach
lying in Bihar. Silt data for the tributaries should be collected. Based on the study of the silt data, the
necessary erosion survey of the apparently eroded catchment should be started. Investigations for
ascentaining necessity of soil conservation measures in the Kankai catchment should receive priority.

9 Collection of flood damage data in the Mahananda basin on uniform and rational basis should
be carried out on the lines suggested in the draft report on the * Scientific procedures for assessment
of flood damages in North Bihar prepared by National counci! of Applied Economic Research.”

10 Model experiment may be carried out quickly to devise suitable measures to counteract
the possibility of any imbalance being created in the distribution of discharges by the river Mahananda
between its two branches below the Bagdob.

11 The Mahananda basin report with the data up to 1955 prepared by the Central Water and
Power Commission may be updated to enhance its usefulness at an interval of 5 years .

7.2.5 The outline plan of flood contro!l in the Ganga basin prepared by the Ganga Ficod Control
Commission in 1973,

The outline plan for the portion of the Mahananda river system identified the flood problem for
different reaches of the Mahananda and its tributaries and the following measures were suggested:-

i Construction of the following embankments on the Mahananda {Upper reach) and its
tributaries namely the Mechi, the Ratua, the Bakra and the Panar with their approximate costs and benefits.

Sl Name of the River Right bank {R) Length in Approx esti- Approx area
No embankment or Km mated cost in protected in
) Left bank {L) (Lakh Rs) Lha

1 Sonapurghat to Rupadhar Mahananda R 44 66.00

2 Rupadhar to Barmasia  -do- R 30 45.00 - 0.50
3 ' Sonapurghat to Bagdob  -do- L 96 144.00

4 Thakurganj Bahadurganj

road to Chakia

{near Rupadhar) Mechi R 20 30.00 0.20
5 Galgalia to Chakia

{near Rupadhar) Mechi L 40 60.00 0.20
6 Araria to Jhaua Panar L 64 95.00 0.24
7 Taragachi to Surajpur Ratua L 50 75.00
8 Taragachi 1o Surajpur -do- R 48 72.00 0.20
9 Madanpura to Purnia-

Bahadurgan] road Bakra R 30 45.00
10 Patna-Purnia ' 0.18

Bahadurgan] road -do- L 48 72.00
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ii Proposal of a barrage to irrigate an area of 0.6 lakh ha on the Western Kankai which
wili also check the shifting tencency of the river,

if) Propasal to construct a barrage on the Mechi to act as a control structure and to utilise
it for irrigation purpose. :

v To improve the drainage congestion existing in the Ramjan Naia outfaifing into the
Mahananda which will protect the Kishanganj Tewn from ficoding at an estimated cost of Rs 25.00
lakh.

v The probable dam sites on the Mahananda and its tributaries with their probable
reservoir capacities etc, for flood control based on the reconnalssance report on water resources
development of the Mahananda river system prepared by the lrrigation Department of Bihar in
collaboration with West Bengal and Central Water and Power Caommission are iisted as under-

Si River Site at Reservoir capacities Height
No - in mililon cum {r)

1 Mahananda Confluence of Sirakhola with Mahanadi 3.08 45.72
2 Baiason Near Marha tea estate ¢r at confluence of Torykhola 45.7 76.20
3  Balasen Near Long view tea Estate . 123.3 121.92
4  Mechi Caonfiuence of Scdakhoia or Loharghat hilis 85.4 106.68
5 Kankai Mainachuie 1005.0 91 .44

Cut of the above sites, two dam sites one each on the river Kankai and the river Baiason,
which contribute 70 per cent of the total discharge for controiiing fioods in the plains down stream were
suggested.

These proposais were subseguently discussed in the meeting of the State Technicai Committee
of the Bihar State Ficod Controi Beard held in 1980 and it was felt that the reservoir schemes couid
not be pursued further on the ground that a mederate flood is good for jute cuitivation and as such
a moderate fiooding of the catchment is not harmful. Further, the cost of such high dams may be
prohibitive from the floed contro! point of view only and it may take many decades before these dams
are investigated for other benelits such as power which may justify that cost. However, it was suggested
that the data shouid be collected for construction of embankment, improving drainage &nd .aising of
villages so that these measures couid be taken up. Since the proposed dam on the Wuistern Kankai
is fgcated in Nepai co-operation of that country will be essential.

Vi Soil conservation measures may be implemented in an area of about 560 Sg Km in
Nepal to check the meandering and shifting tendencies of the channels in the Mahananda river system
and to stabiiise their couses.

vil Waterways of rail and road bridges may be provided in accordance with the
recommendation of the Technical Experts Committee, 1967.

7.2.6 Master Plan of Flood Contro! in Bihar {Prepared by the Irrigation Department Government
of Bihar in 1974)

it is indicated in the above Master Plan that the river Mahananda and its tributaries inundate
an area of about 3.54 iakh ha in the Purnia district aimost every year and the damage due to flood
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caused by these rivers is to the tune of Rs. 1446.35 lakh annually. This huge annual loss cails for the
solution of the probiem on an urgent basis.

The main flood problem of the river system is attributed 1o the low bankiul capacities of the
tributaries of this river system, siitation of their beds, changes of river courses, heavy spilling and bank
erosion at several places.

The following fiood control and protection measures were suggested in the above master

plan,
i Construction of embankments on the Mahananda and its tributaries as indicated below:
S MName of scheme Approx cost  Approx arez Remarks
No. in lakh Rs to be protected
in lakh ha
1 Mahananda flood control scheme
(continuing Sch.) 211.5 km embankments Total cost
on both banks of the river Mahananda 404.00 1.00 Rs 670 lakh
2  Kankai embankment scheme (95.5 km) 332.00 0.48
3 Eastern Kankai embankment scheme
(95.5 km) 138.00 3.56
4 Upper Mahananda flood embankment sch.
(170 km) 255.00 0.50
5 Mechi embankment scheme (60 km) 80.00 | 0.20
6  Ratua embankment scheme (98 km) 47.00 0.20
7  Bakra embankment scheme (78 km) 96.00 0.24
8  Panar embankment scheme 96.00 0.24
9  Panighata dam on river Balason and The cost of dam
eastern Kankai 600.00 - on the Balason
proposed to be
shared between
the Govt of West
Bengal and Bihar
10 Village raising scheme 20.00 150 to 200
11 Soil conservation measures in Nepal 280.00
12  Extension of Waterways in road and
rail bridges 25.00
13 Araria town protection sch 50.00
14 Chaur drainage scheme 25.00 0.12

[ Setting up of atleast five more raingauge stations in Bihar located at Dehibhat, Digha bank,
Galgalia, Dhantola and Deoragawa.

iti Setting up of two self-recording raingauge stations at Farbesganj and Purnia as proposed by
IMD.

v Setting up of discharge observation sites at points slightly upstream of the confluence of
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various tributaries with the river Mahananda in order to make a realistic assessment of runoff contribution
and flood drainge of the tributaries. Establishment of ten gauge and discharge sites at road bridges
on all important live channels on Galgalia-Darjeeling road was also suggested.

v Setting up of cne more silt observation site on the Mahananda at Dhengraghat and three more
sites at Gardankatta, Gosainpur LRP bridge and Araria on the rivers Mechi, Kankai and Panar respectively.

The Central Water Commission is maintaining the flood forecasting station at Dhengraghat on
the river Mahananda since May, 1973.

vi To establish another flood forecasting centre on the river Mahananda at Taibpur { where gauge
and discharge site already existed) to augment existing flood forecasting station at Dhengraghat on the
river Mahananda.

7.2.7 Preparation of Comprehensive Master Plan for North Bihar Rivers Jointly with Nepal

in order to tackie the problem of floods in the common rivers, Government of India and HMG,
Nepal have agreed to jointly prepare comprehensive plans, for flood management of North Bihar rivers
originating in Nepal outlining both shortterm and long-term measures. An Indo-Nepal joint group has
been set up in pursuance of the above decisions. The Nepalese side will be headed by the Director,
Central Region Irrigation Directorate, while Chairman, GFCC will be the leader of the Indian side. The
master Plan of the Mahananda river system amongst others, is likely to be prepared by this group very
soon. The finalisation of such a plan will pave the way for co-ordinated execution of fiood management
measures including extension of embankment into Nepalese territory for tying them to higher grounds
in order to prevent flooding of the protected area in the Indian territory from the over bank spills coming
from the Nepalese territory.

7.3 The mahananda river system in north estern vicinity of the river Ganga experiences intensive
and extensive flooding frequently. Some flood protective measures have aiready been taken by the
State Government in this basin. These are described briefly in the following paragraphs:

7.3.1  After the devastating floods in the year 1971, the Government of Bihar framed the Mahananrda
Embankment Scheme at an estimated cost of Rs. 530 lakhs (approximate). This scheme envisaged
construction of 240.47 km length of embankments with adequate number of drainage sluices. The
embankment on the Phulhar branch was planned starting from Mahendrapur (near Belagachhi) along
the right bank of the tributary Riga up to the outfall of the Riga into the Phuthar branch at Jhaua railway
bridge (length 22.4 km) and then continued along the right bank of Phulhar branch. Below Manihari-
Bhaluka PWD road the Phuihar branch gets closer to the Ganga and this embankment is tied with the
railway embankment at Chaukia-Paharpur over the left bank of the Ganga. From Jhaua Rly Bridge upto
Chaukia-Paharpur, length of the embankment is 86.6 km. The railway embankment between Chaukia-
Paharpur and Manihari provides protection from the flood spills of the river Ganga between these
places. A 26.85 km long embankment has been constructed on the right bank of the Kosi Dhar.

Further, the entire right bank of the Phulhar branch in Bihar from Bagdob up to Bihar-West
Bengal border at Babupur and the entire left bank of the Barsoi branch from Bagdob to the Bihar-West
Bengal border near Kushida were embarked in a length of 40.6 km and 47.09 km respectively. The
major portion of this scheme was completed in 1982 which benefits an area of 1.2 lakh ha approximately.

The salient details of the existing embankments on the Mahananda river system are given below:-
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S1  Name of
Mo Scheme

Copmponents
of the Scheme

District Length Estimated
in km original
cost in

lakh Rs

Area
benefited
(Lakh ha)

Remarks

1 2

3

4 5 6

7

1 Mahananda
embankment
Scheme in
Bihar

vi

vii

Embankment on the
right bank of Jhaua
branch from village
Mahendrapur to Jhaua
railway crossing

Embankment on the
right bank of Jhaua
branch from Jhaua
railway crossing to
Chaukia Paharpur

Embankment on the
left bank of Ganga
from Chaukia Paharpur
to Topra.

Embankment on the
left bank of Ganga
from Topra to
Maniharighat railway
station.

Embankment on the
left bank of Kosi
Dhar from Manihari
ratlway station to
Katihar town.

Embankment along
the left bank of Jhaua
branch from Bagdob
to West Bengal
border opposite Lava.

Embankment along
the right bank of
Barsoi branch from
Bagdob to West
Bengal-Bihar border
near Kusidha.

Purnia 22.4

Katihar 86.6 53013

Katihar 156

Katihar 1.33

Katihar 26.85

Purnia
and

Katihar 47.09

Purnia 40.6

1.21

Scheme
was
almost
completed
by 1982.

Total 240.47 km

7.4

ON-GOING SCHEMES

There is no embankment scheme on-going in Bihar at the moment except, of course, the small
remaining portions of the Mahananda embankment scheme and works for protection of the existing
embankments which are carried out almost every year.
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8 FUTURE APPROACH

8.1 Management of flocds should be considered in the context of the overall plan for management
of the water resources of a given river basin. The approach to the flood problem has to take into
account the state of our socic-economic conditions and the resources position. The approach, therefore,
cannot be static but should be dynamic and flexible, so as to accommodate phasewise implementation
as well as future technological innovations in the reviews from time to time.

The measures to be adopted in any particular situation for affording the maximum relief from
the flood problem should depend on factors like the techno-economic conditions, the social needs and
local aspects, etc. Each measure has also its own merits and demerits. It is, therefore, obvicus that
any particular measure may not necessarily be the most suitable solution under all possible combinations
of situations. The Rashtriya Barh Ayog has extensively dealt with the relative merits and demerits of
the measures in Chapter (Il of its report indicating the circumstances under which a measure or a set
of the measures would be most suitable as compared to the others and the specific points which
require to be particularly gone into when a specific measure is being considered for adoption.

The flocd management schemes of the Mahananda basin in Bihar have been planned in
accordance with the general guidiines of the Rashtriya Barh Ayog for this purpose.

8.2 in Pursuance of the 1954 National Flood Policy, vigorous action was initiated by the Centrai
and the State Governments to undertake intensive programmes of coilection of basic data, surveys and
investigation and execution of urgent filood control measures to protect areas in nead of immediate
relief. But before the devastating flood of 1971 nothing substantial was done in the shape of flood
protection measures in the Mahananda basin,

After 1971 fiood, the Mahananda embankment scheme envisaging construction of about 240
km long embankment with adequate number of antifiood sluices was framed at an estimated cost of
Rs. 530 lakhs. This was expected to provide a reasonable degree of protection to an area of about
1.21 iakh ha from flooding. Major pertion of the scheme was completed in 1982, But even after
construction of this embankment, the basin is still confronted with fiood and drainage problems which
are identified as follows:

i Spiliing of banks due to substantial discharge and silt ioad as compared to the carrying capacities
of the river sections and fiooding of low lying areas close to the river banks.

i Bank and bhed erssion of natural ¢channais.

iii Risk of avuisicn of the river and coi.sequent changes in its course resuiting in opening of new
branches or spili channels causing damage to developed areas.

iv Inadequacy of the existing drainage system.
v inadequacy of waterways under roads and railways.
vi Flooding of towns, cities, etc, located on the river banks.

8.3 Mitigation of damage caused by ficod and damage congestion has been identified as the main
goal of the future planning.
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8.4 POSSIBLE FUTURE MEASURES

The Rashtriya Barh Ayog has identified 25 defferent measures of flood management, out of
which 11 are structural measures {engineering methods), and the rest are nonstructura!l measures
{administrative measures). Out of the 11 structural measures the following measures have been
considered suitable for the Mahananda river system and are being dealt with in subsequent paragraphs.

8.5 RESERVOIR

8.5.1 According to numerous expents, a properly operated flood contro! reservoir, combined with
efficient flood forecasting, offers the most dependable flood control. Reservoirs, in general, even
without specific flood cushion have a beneficia! effect on the flood problem of a basin. The effectiveness
of reservoirs in moderating flood would depend upon the capacity available for absorbing the flood run
off. Because of their high cost, the reservoirs are not economically viable or justified exclusively for
ilood contro! purpose but a multipurpose reservoir to provide irrigation, power, domestic water supply,
recreation and other benefits along with flood moderation wou!d be economically viable.

8.5.2 The construction of multipurpose reservoirs on the Mahananda and its tributaries would not
only reduce flood and sediment charge, but also offer immense possibilities for economic regeneration
of the areas in the Mahananda river system through intensive and extenswe irrigation facilities and
impetus to industrial development.

8.5.3 5Some sites have been identified by a team of Engineers of Bihar and West Bengal after
reconnoitoring the hilly areas in India and Nepal in February 1859. The team had selected four storage
sites, one each on the Mahananda, the Balason, the Mechi and the Kankal.

8.5.4 The site across the western Kankai considered {¢ be more promising than the other sites by
the said team. The team had also worked out roughly, the approximate height and storage capacities
which are as follows:

River Reservoir sites  Bed leve! Height of dam Catchment area Storage
{m) _ {m) in {5q Km) {M.ham)
Mahananda  Gayabari 305 4575 69.93 0.003
Balason Site no.l! 333.5 122.00 22274 0.012
Mechi Site no ! 335.5 122.00 129.50 0.012
W, Kankai Site no ! 137.25 167.75 1108.52 0.088

It is evident from the above that the dam site on the Western Kankai just above the Mahendra
Rajpath in Nepa! has large catchment and considerable storage capacity, as compared t¢ the other
three storage sites.

8.5.5 There is no record to show as to what happened after these details were available to the State
Governments of Bihar and West Benga!. The Commission suggests that the detailed investigation may
be carried out, in co-operation with the HMG, Nepa! for techno-economic feasibility of the aforesaid
reservoir sites for multipurpose uses {(including flood contro! to the extent possibie).

8.5.6 It appears from the comprehensive plan of flood management in the Mahananda river system
prepared by the GFCC that the Government of Nepa! have taken up execution of a barrage across
the Westen, Kankai and is alse contemplating of constructing a storage reservoir on the upstream. it
is, therefore, considered necessary that the Government of India be requested to obtain the necessary
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details of the above proposal from the Government of Nepal to find out its impact on the existing
schemes in India and also to come to an understanding with the Government of Nepal for a joint project
for mutual benefits of the two counties.

8.6 EMBANKMENTS

8.6.1 Construction of embankments is the foremost and quickest measure which is generally adopted
for flood protection. Although embankments suffer from a number of drawbacks yet this measure has
been adopted for flood management in this river basin also. The main drawbacks are as follows:

a Prevention of silt laden water from spilling over the land resulting in reduced moisture and
fertility.
b Embankments are considered a satisfactory measure of protection only when the river is non-

aggrading and the embankments are properly designed, executed and maintained.

c It is also apprehended that the embankments may shift the problems of flood from one area
to another,

d Reduction of the cross-sectional area of the flow of the channel in the post-embanked condition.
e Cutting off the valley storage, previously available for flood moderation during the pre-embanked
condition.

f Interference in country-side drainage.

g Drainage congestion at tributary junctions.

h Vulnerability of embankment due to bank erosion, breaches, etc.

8.6.2 The north-eastern part of the Mahananda river system in Bihar consisting of the Parman, the
eastern Kankai, the western Kankai and the Mechi river systems is covered by a vast sheet of water
on a number of days during the monsoon season every year. To check spilling over the banks and to
give a reasonable degree of protection to this area from floods, it is considered necessary to construct
embankments on both banks in the spilling reaches of these rivers. This would cover their entire length
in Bihar and also a few kms within the Nepalese territory in some of the tributaries. The length of such
embankments in Bihar would be around 340 km approximately. On both banks of the Parman and its
tributaries 200 km on both banks of the western Kankai and its tributaries, 80 km on both banks of
the eastern Kankai and 60 km on the Machi. The breakup of these embankments in different reaches
is indicated in the statement at Annex -10. These embankment schemes on ¢completion, are likely to
provide a reasonable degree of protection to an additiona! area of 2.79 lakh ha (approx) at an estimated
cost of Rs 13800 lakh (approx). It is seen from Annex-10 that almost al! the proposed embankments
start from the indo-Nepal border. In order to rovide protection from the flood spills coming from the
Nepalese territory, these embankments will have to be tied up to a high ground in the Nepalese
territory. Ht is, therefore, felt necessary to move the Government of India for taking up this issue with
the Government of Nepaf with necessary details for extending the embankments up to a high ground
in the Nepalese territory for mutual benefits to both the countries.

8.6.3 !n the upper reach of the main Mahananda river the embankments have been proposed on its
both banks in Bihar. In the lower reaches, the Phulhar branch, although already fully embanked is
having a gap in a small stretch on the right bank, An embankment from Bagdob to Jhaua measuring
19 km on the right bank of the Phuthar branch is proposed in order to close this gap. In addition an
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embankment from Barsoi to Subarnpur measuring 24 km on the left bank of the Barsoi branch in Bihar
has also been proposed. It may, However, be pointed out that while working out the detailed schemes
for construction of embankments on both banks in the unembanked reaches of the river Mahananda
and its tributaries, special care has to be taken to provide suitable sluice structure having adequate
waterways at the junction of the two rivers in order to remove drainage congestion from the jacketted
portion on the countryside of the embankments as soon as the river stage permits. Alternatively, gaps
may have to be ieft at the junction points with ends of embankments fuily armoured with stone pitching
s0 as to provide quick drainage of the area to be protected. The better of the two aiternatives may be
adopted.

8.6.4 The Government of Bihar has identified approximate lengths of the embankments required to
be constructed on various rivers in the Nepaiese territory which will reduce fiooding in both Nepal and
Indian territories.

The details of proposed extension of embankments in Nepal for the Mahananda river system
are given below:

8! No Name of the river Length of embankment required in Nepal (km)
Left bank Right bank
1 Ratua : 9.00 10.00
2 Western Kankai - 12.00
3 Parman 4.00 4.00
4 Bakra 6.00 13.00
5 Mechi ' - 4.00
6 E.Kankai - 5.00

These are the proposals in the Mahananda basin given to the standing Committee on Inundation
problems between india and Nepal and are only rough indications at this stage. Precise details can be
worked out only after detailed srveys and investigations are carried out in the Nepalies territory.

It has also been observed that even in the embanked portion, there remains danger of breaches
due to bank erosion which cause much more damage in the affected area than what would have
happened in the unembanked condition primarily due to the occupation of flood plains and subsequent
development activities. The embanked portion is threatened with breaches at certain vulnerable location
due to river bank erosion. The Commission recommends reassessment of design flood and checking
of the adequacy of waterways between the embankments on both banks as per prevalent practice to
be carried out in detail and to utilise the results of such detailed analysis suitably to tackle the problem
of river bank erosion. The “ Nag Committee” in its report on the breaches in flood embankments during
the floods of 1874 and 1875 in North Bihar had given its view on the breaches on the following lines:

a The causes of these breaches have been different at different points, though faifure through
piping action had predominated.

b From the manner in which the breach occurred it was apparent that the weakness was not in
the body of the embankment but in its foundation. The foundation materiai was more pervious than the
consolidated material in the embankment and required a cover over the flatter hydraulic gradient that
was provided.

8.6.5 The embankments are being frequently threatened due to bank erosion at various points/
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reaches and sometimes embankments have breached due to this reason in the past. Although, from
time to time, various anti-erosion measures had been taken and are still being taken at specific
vulnerable locations, 1he river starts attacking at another locations. It is, therefore, felt that anti-erosion/
river training works should not be executed an an adhoc basis as are being done from year to year
at present but they should be planned and executed on the basis of results of mode! studies carried
out in totality so as to avert possible disaster at a location other than these protected by such waorks.
The shortcut method approach in such situations is likely to be cost-prohibitive and may not soive the
problem permanentiy.

8.6.6 It is observed that the flood embankments on the river Mahananda have been sited rather too
close to the banks in this regard. Normally, spacing between the flood embankments should not be less
than about three times the Lacey's width worked out for the maximum design discharge and the
distance between the toe of the embankment and the river edge should also be not less than the
Lacey’'s width. Contrary to this, the embankments have been constructed quite close 1o the river at
many places. This might be one of the possible causes of bank erosion at different locations. Erosive
action of the river has resulted in breaches in the embankments in the past, leading to is retirement
ultimately.

8.6.7 In the existing situation, the Commission feels that a physical inodel of the entire river reach
including un-embanked portions in the upper reach be laid out and studies be carried out for evolving,

i Suitable flood management measures to be undertaken in the unembanked reach of the river.

i Efficacy and appropriateness of the alignment of the existing flood embankments and, if
necessary, the need to retire the embankments suitably at some cardinal points in order to economise
expenditure being incurred annually on costly anti-erasion works.

fif Raising and Strengthening of embankments in vulnerable reaches.

iv Diversion of a pan of the peak flood discharge through abandoned spill channels 1o relieve
pressure on the embankments. The spill channels may be resectioned to carry the desired descharge
within their bankful capacities to prevent inundation in the protected areas.

8.6.8 There are a number of sluices constructed in embankments 1o prevent entry of flood spills into
the protected area through the existing drains and also to relieve pressure on the embankments during
high ficods by releasing regulated discharge through them. Several anti-flood sluices have also been
provided for draining out accumulated water on the contryside as soon as the river level permits in
order to remove drainage congestion from the protected area.

The conditions of most of these existing sluices have seriously deteriorated making them
completely ineffective. This is due to choking of their vents, intentional close blocking of vents,
malfunctioning of gates or silting of the channels on the river side or river edge having been moved
far-away from the embankments. The rise in the river side bed level has funther aggravated the probiem
as the countryside ground level has become lower than the river side.

The Commission suggests that detailed studies be undertaken to find out the effectiveness and
adequacy or otherwise of the existing sluices in the embankments and remedial measures be taken
on priority basis to make them function properly as and when necessary. If found necessary, more
siuices may be provided for proper and efficient drainage of the countryside and also for providing
irrigation to the areas on the countryside in the case of drought.
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8.7 INTERBASIN TRANSFER

8.7.1 Almost all the rivers of North Bihar rise from the foothills of Himalayas or adjoining areas.
Owing to heavy precipitations in hilly areas, floods mostly occur simultaneously in all the basins.
However, sometimes the fiood of a greater magnitude occurs in one basin while the adjoining basin
faces a fiood of a iesser magnitude. In such cases, there is always a possibility of diverting part of the
flood of the severely aliected basin to the lesser flood affected basin. Premilinary studies for such a
possibiity of inter-basin transier of water has been made on the basis of available maps of the
Mahananda basin. The western boundary of this basin is the Kosi river basin. There appears to exist
a possibility of diverting the flood discharge in part from the Mahananda basin to the Kosi basin through
an existing channel as discribed below:

The Parman, a right bank tributary of the Mahananda having a catchment area of 3840 Sq Km,
joins the Mahananda near Bagdob. A channel, named Bhaisama, offtakes from a place near Chainpur,
which is very ciose to the Parman and joins an oid Kosi dhar on the upstream of Katihar town. This
oid Kosi dhar meets the river Ganga on the upstream of Manihari between Azampur Bundh. it appears
possibie to divert some flood discharge from the Parman river to the Ganga through the Bhaisama river
and the old Kosi dhar. It is, however, necessary 1o carry out detailed investigation for ascertaining this
possibility and also to find out its techno-economic vidbility befare taking final decison in the matter.
The quantum of such diversion shouid also be as- certained keeping in view carrying capacity of the
channel after suitable resectioning.

8.7.2 In case, alter detailed and thorough investigations, this turns out io be technically feasible and
economically viable, then the existing flood and drainage problem in the Mahananda river system is
likely to ease considerably. The diversion channel has to be planned and executed so as to carry the
diverted quantity of flood discharge within its bankiul capacity to prevent any flooding of the area
protected by the Mahananda embankment scheme.

8.8 TRANSFER WITHIN BASIN

8.8.1 Normally, the embankments on both the banks of the Phuthar branch of the Mahananda river
have been designed for 50 years flood frequency but flood of a larger magnitude may come any time.
In such evenlualities there is always a danger of breaches in these embankments which may occur
at vulnerable places, causing greater damages 1o life and property. The Commission, therefare, suggests
that either breaching sections or controiled escape structures may be provided at suitable locations 1o
be dicided after proper investigation and study of the contour map of the area, along the embankments
so that the pressure on embankments is reduced considerably by release of part of the flood discharge
through such structures. Such excess flood discharge may be dropped in the same river further
downstream. This is likely to reduce the pressure on the vulnerable secticns of the existing embankment
to ensure greater safety and reduce the damages to lile and property. Suitable sites for such diversion
and surplussing works have to be selected after detailed surveys and investigations. The old dhars in
the basin should be made use of in such warks by suitable resectioning and regrading for obvious
reasons.

8.8.2 There are large number of chaurs and swamps in this basin, which, though small in capacity
individually but taken together, constitute a significant capacity. The Commission, therefore, suggests
that detailed surveys and investigations be carried out 10 use such chaurs and swamps as detention
basins during the period of high stages in the river. The flood waters accumulated into these chaurs
and swamps may be drained into the river during its lower stages at suitable lacations where autfall
conditions permit so that these are drained off well before the Rabi season. This arrangement is likely
to fill the depressions in due course with siit and will be helpfui in raising a bumper Rabi crop besides
ensuring safety to the embankments which protect valuable lives and properties.
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8.8.3 On a preliminary study of the basin map of the river Mahananda, prima facie, the following
proposals for transfer of flood waters of the river during high stages to reduce pressure on the
embankments appear feasible:

i The North Bihar Technical Experts Committee (1967) had roughly estimated the percentage
distribution of the Mahananda flood discharges beiow the Bagdob as 75 percent and 25 percent in the
Phulhar and the Barsoi branches respectively based on the data available for the period from 1960 to
1966. However, during recent years, viz in the last three years the Barsci branch has been receiving
a lesser share of the total discharge than what was anticipated. A barrage on the Mahananda just
below the bifurcation peint at the Bagdob contemplated for the purpose of irrigation should aiso be
designed to ensure an equitable distribution of discharge between the Phulhar and the Barsoi branch.
This will ensure a better flood management in the Barsoi branch of the Mahananda river system.

if The offtake point of the river Jalai is very near the river Phulhar and it joins the same river
Phulhar lower down near Babupur. Some floed spill of the Phulhar could he diverted through the Jalal
during emergency to reduce pressure on the embankments on the downstream.

if The offtake point of the river Kamia is very near the river Parman, a major tributary of the
Mahananda, above the confluence of the Parman and Mahananda,and joins the river Phulhar in the
lower reach. There appears to be a possibility of diverting some flood discharge of the river Parman
into the lower reach of the river Phulhar through the river Kamla by providing suitable structure in the
proposed embankment.

v In addition to the above, there is also a possibility of diverting flood water inte smal! detention
hasins like chaurs and swamps in the plains between the tributaries, such as the Parman, the Western
Kankai and the Eastern Kankai in the upper plains. The doab between the Phulhar branch and the
Barsoi branch below Bagdob consists of several ‘Beels' and low lying lands. The capacity of chaurs
and swamps could be increased by providing embankments along their peripheries. However, these
proposals should be formulated in a proper form and their usefulness should be ascertained only after
proper and detailed surveys, investigation and planning.

8.8.4 The above are a few examples cited for embanking upen studies and investigations in the first
stage on a priority basis. Detailed investigations for further such possibilities may also be carried out
and their technica! feasibility and economic viability be ascertained before taking up execution. If found
feasible, these are likely to ensure safety of the existing embankments on the river.

8.9 DRAINAGE IMPROVEMENT

An acute drainage problem exists in the Mahananda basin due to the low bankful capacity of
the river Mahananda and its tributaries, siltation of the river bed and inadequacy of waterways in road
and rail bridges. The smaller rivers and natural drainage channels need to be resectioned in order to
carry their peak discharges at levels lower than the prevailing high fiocod ievei to prevent overtopping
of banks while carrying high flood discharge. Possible measures in this regard which are reievant o
the Mahananda river system are being discussed below:

8.9.1 Channelisation of the River and Control Points

The rivers carry varying discharges. A single combined channel can be designed for a particular
discarge to transport the sediment load. It does not, however, appear possible to design a regime
channel section with varying slopes of the river to cater for the sediment locad carried at different
discharges since the sediment transporting capacity of the channe! is dependent upen the floed discharge
and the siope of the river.
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it would theretore, be desirable to train the river to form a singie channel with sufficient
waterways to pass the maximum ficod discharge with safety. This can be achieved by the closure of
soeme of the existing spill channels, construction of marginal embankments, provision of spurs or other
protective measures at appropriate locations, desilting of new channels to fit in with the suitable
alignment of the river course.

Training of the entire lengths of the river Mahananda and its tributaries into one single channel
is an ideal that is not possible to be achieved even in the distant future. It may be possible to train
the rivers into suitable alignments at suitable focations along their course by the utilisation of structures
required for other purposes, such as weirs, barrages, roads and railway bridges. Such structures can
be sited and provided with waterways consistent with the reguirement of a suitable centralised channel
for the river. Such structures will serve as control points if these can be located at suitable intervals
S0 as to achieve the objective of stahilising the river course in the central channeis. It is learnt that
the State Government is contempiating construction of barrages on the tributaries of the Mahananda
near the Indo-Nepai border. Ancther proposal to construct a barrage at Bagdeb with the mutual
consent of Bihar and West Bengal Governments for the Purpose of irrigation is also in the offing. This
Is likely to further serve the purpose of dividing the Mahananda discharge equitably between the
Phulhar and the Barsoi branches as a flood control measure. It will be relevant to mention here that
the efficacy of the control point in checking the meandering tendency of the other rivers was studied
by the Centrai Water and Power Research Station, Pune, which has expressed the view that the
control points may not be effective for the purpose intended due to the possibility of the river being
aggrading in nature. However, it needs to be pointed out here that the Mahananda is a more stable
river than the Kosi throughout its couse. The establishment of control points merely as training works
is not considered economically viable. Public utility structures like road and railway bridges and barrages
could be utilised as control points to control and direct the river channel. Two barrages have been
preposed on two branches of the Western Kankai to serve as control points to guide the river. The
usefulness of these control points would depend upon the additional component work guiding the river
and their subsquent proper maintenance.

8.9.2 Dredging

Dredging at best can be employed at the bifurcation point {(Bagdob) of the Mahananda into two
channels, viz. the Phulhar branch and the Barsoi branch. Further, the Barsoi channel itself splits into
two channeis, eastern and western, which again joins back. Out of the two channels, the eastern
channel is active and the western channel is practicaily dead. Dredging can be resorted to activate the
dead channel. Dredging of the Barsoi channel will enable it to carry more discharge.

8.9.3 Inadequacy of Waterway under Rail and Road Bridges

Inadequate waterways under rail and road bridges are the major causes leading to drainage
congestion, besides heavy damages to the roads and raiiways themselves. The Commission suggests
that such inadequacies be identified after taking up detailed surveys and investigations and further
action to remove these bottlenecks may be taken on the basis of their technicai feasibility and economic
viability.

The Mahananda basin area in Bihar and West Bengal has been covered by & network of roads
and railway lines. Because of inadequate waterways under the bridges in some of these roads and
railways running across the basin, the period of flooding gets prolonged. Recommendations made by
various Committees in the past to increase the waterways in rail and road bridges in the Mahananda
basin are reproduced below:

The High-ievel Committee on floods {1958) suggested that waterways on the railway and road
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bridges on the river Mahananda and its tributaries need to be checked up and increased wherever
neccessary.

The Technical Expert Commitiee on Drainage and Waterways on Railway and Road Bridges
in North Bihar (1967) examined the adequacy of waterways under the bridges of road and railways
which were likely to interfere with natural drainage and gave specific and exhaustive recommendations,
which are placed at Annex 11.

8.9.4 The lower portion of Mahananda river system is experiencing an acute water logging problem
in Amdabad block of Katihar district in Bihar. The area of this block is surrounded by the Kata Kosh-
Naurasia and Topra-Chaukia embankment in the south, Lava-Chaukia embankment in the south east,
Lava-Chaukia Paharpur embankment in the north east and Manihari to walipur-Nima road in the west,
making the area “U” shaped. These embankments have increased drainage congestion in low-lying
chaurs namely, Chama, Kamalpur, Narbanna, Karuadhab, Naurasia, Jalyari, Charguha, Kalaktari, Digha
and Naurasia B. The total water-logged area of these chaurs measure 290 ha and average water depth
observed is about 2 metres and Maximum depth of water is 3.3 metres. Although many sluices have
been constructed to drain out water from these chaurs, yet the desired results have not been achieved.
Details of existing sluices are indicated below:

Lava-Chaukia Embankment

Chainage  Discharge in cumec Sill level in M Waterway Remarks

401 1.8 23.3 1x1m (dia) In working condition

508 11.4 23.7 4x1.65x1.2m -do-

569 11.4 - - Proposed

715 NA NA NA Washed away
Gobindpur retire line {ch 690 to 780 of Lava Chaukia embankment)

55 14.3 - - Proposed

808 5.7 234 2x1.85x1.2m Due to high sill level

sluice is not working

No siuice has been provided in the Topra Chaukia embankment at present. The result is that
this embankment is being frequently cut by the villagers almost every year at defferent locations 1o
drain out the water accumulated in the countryside of the embankment. The details of such culs are
reported as follows: *

Year Embankment Chainage Remarks
1985 Topra Chaukia 496.6 to 503.8

1987 -gdo- 490 to 504

1987 Kata Kosh retire line of Topra Chaukia Embankment 0 to 6

1987 -do- 35 to 40

1987 -do- 56 to 81

1987 K.K.N. retire line 150 to 162

1988 Topra Chaukia 401 to 404

1989 -do- 471.3 10 47375

1991 -do- 478 to 479
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Keeping the aforesaid unauthorised cuts almost every year in mind, the Chief Engineer, W.R,
Purnia has formulated a scheme which envisages construction of a sluice at ¢h 508.5 on Lava-Chaukia
embankment to drain ocut the water from the chaurs, namely Karwadhab, Naurasia, Jalyar, Charguha,
Kealaktari and Digha by constructing the trunk and link channels, linking these chaurs.

Another proposal for construction of a sluice at c¢h. 473 of Topra-Chankia embankment to drain
out the water from the chaurs nemely, Chama, Kamalpur and Narbanna by constructing the trunk and
link channeis iinking these chaurs has aiso been formutated.

8.9.5 There is an existing sluice with its sili at 23.7 m at ¢h 508 of Lava-Chaukia embankment and
a new proposal o construct a siuice at ch 508.5 with its sill at 22.8 is not considered desirable as it
would be too close 1o the existing sluice and may not serve the desired purpose. The present drainage
scheme needs improvement after due consideration of the problems of the area. it is suggested that
the scheme may be reviewed meticuiously and modified and sanctioned as early as possible so that
this area is relieved of the drainage congestion as soon as the river stage permits and the villagers
are no tempted to cut the embankments for drainage of the area.

8.10 WATERSHED MANAGEMENT

8.10.1 The importance of watershed management in reducing the entry of silt into the river and
moderating the run-off from the catchment to some extent is generally recognised. This measure
particularly in the Mahananda assumes special significance, because of the high silt discharge of the
river and fis meandering tendency in the lower reach. As such, an extensive programme of watershed
management is required to be chalked out for this system after properly evaluating the beneficial
aspects.

8.10.2 Afforestation/Soil conservation measures needed for reducing the siit charge in a river are to
be undertaken for providing forest coverage in the hilly portions of the catchment which reduces the
impact of heavy rains over the ground so that the surface rainfall does not carry away the soil-cover
from the surface into the river and ultimately flow down into the plains. The hilly catchments of the
Himaiayas contribute a huge amount of detritus during the rainy season and these rivers after debouching
into the plains shed heavy material in the submountainous reach (Teral) and the course, medium and
fine silt travel further lower down in the plains. Due to the flatness of the river slope much of the
sediment load gets depesited on the river bed, thereby decreasing its carrying capacity further, During
this process the river tries to carve itself on into new channels after abandoning its old course. This
is the basic problem associated with alt the alluvia! rivers in the Gangetic plain which originate from
the Himalayas.

8.10.3 An extensive programme of watershed management in the hilly catchment area of the river
Mahananda which lies in the Nepalese territory, is considered necessary for the effective management
of the river. Land treatment through afforestation and gross land development should also be
supplemented by structural works in the upper catchment for retarding the velocity of water and
detaining silt effectively. Such works would aiso increase the life of the reservoirs proposed to be
constructed in the future. ’

8.10.4 The following points, however, need special attention:

a Watershed treatment works are to be carried out in the Nepalese territary, for which the co-
operation of the HMG, Nepal will be necessary.

b The works proposed will be small in size and scattered over a large area without suitable and
praper approach to the sites. Under such conditions, the transport of materials, effective supervision
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and quality centrol are likely to be a tough preposition.

c The maintenance of these waorks is likely to be difficult and costly due 1o the reasecns indicated
at (b) above.

d Adequate co-operation and proper response from the local population is essential for the
success of such a programme. Special efforts will be necessary 1o secure public co-cperation, in a
foreign country (Nepal).

8.10.5 The difficulties mentioned above, however, shoutd not cutweigh the benefits expected from the
watershed management programme. The major proportion of the benefits like afforestation and prevention
of scil erosion will accrue 10 Nepal. These benefits in the Indian territory would be limited 1o less flow
of silt inte the river and consequent improvement in river behaviour leading 1o less expenditure on the
maintenance of the embankments. The cost and benefits of such works would, therefore, have to be
weighed critically alongwith constraints and difficulties mentioned in the above paragraphs.

8.11 Maintenance of Existing Works

8.11.1 While new structural measures as suggested above are necessary for solving the residual flood
and drainage problem in the basin, it is equally important to properly and adequately maintain the
assels already created so that they can withstand the pressure exerted due to excessive discharge
being carried through the river and consequent rise in flood levels. Besides regular supervision and
necessary repair of embankments well before the onset of the monsoon seasaon, the following points
deserve special attention.

8.11.2 During past few years the highest flood stages in the river at different locations have been
noticed te have gone up resulting in encroachment in the free board of the existing embankments. A
systematic survey and investigation of the existing embankments on both banks of the river is required
to be carried out every year after the flood season, and encrcachment, if any, in the free board in any
portion should be made good by raising the height of embankments correspondingly. Suitable protection
works should be provided in the poertion where the active river channel is flowing very close to the toe
of the embankment and river training works may be carried out on the basis of hydraulic mede! studies,
to keep the flowing channel away from the embankment. In the portion where the embankments have
been eroded or are likely to be eroded, suitable retired embankment should be constructed to prevent
flooding of the area already protected by the embankments. it is also necessary that the top of the
embankment should have a water bound macadam read or atleast be provided with brick soling so that
the embankments could be conveniently patrolled during the high fiood condition in the rainy season
and floed fighting materials could be transperted conveniently during emergent situations.

8.12 CONSTRUCTION OF RAISED PLATFORMS

8.12.1 During the flood season, breaches occur sometimes in the embankments, as a result of which
protected areas get floeded. Submergence of the protected areas is also caused due to heavy precipitation
on the country side coinciding with high stages in the outfall channels. The aftected persons take
shelter on the embankments alongwith their livestock and properties in such situations. As a result, not
only the embankments get damaged but the works like flood fighting and rehabilitation get hampered.
Generally, peeple do not go back to their criginal living place even after the flood subsides and continue
to live on the embankments endangering its safety and hampering regular maintenance.

8.12.2 In view of the above situation, it is felt that:

i Occupation of embankments and the lands acquired should be got vacated effectively to avert
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any danger or risk to the flood management embankments and to the people living in the protected
areas.

fi Raised Platforms above the highest flood level may be constructed in areas liable to inundation
near villages on Government or acquired lands. These could also be constructed on the country side
of the embankments abutting the same. Such platforms should preferably be connected with all-
weather roads and should aiso be provided with necessary facilities for warehousing, community living,
sanitary and potable water supply instailations, space for keeping cattie and storing fodder,
telecommunication facilities etc, in order to obviate likely inconveniences to the people residing on such
platiorms during floods. These should be handed over to the locai bodies/Panchayats for being utilised
as community property and kept iree from encroachment.

813 NON-STRUCTURAL MEASURES
8.13.1 Flood Plain Zoning

The question of introducing flood plain zoning measures has been under consideration for a
long time. In view of the increasing pressure of population and consequent greater encroachment of
flood plain, zoning has assumed added significance. The flood damage in recent years is primarily due
to greater encroachment into flood plains. The zoning measures will be uselul in bath protected as well
as unprotected areas as they prevent indiscriminate growth in unprotected areas and help in regulating
the development aclivities in the protecled areas so that undue heavy damage is not caused in the
event of failure of flood protection measures. As a considerable portion of flood prone area in the
Mahananda river basin is protected from Hlood such zoning regulations should be intrcduced in the
unprotected areas first and for development in the protected areas henceforth. This is all the more
necessary in the present state of affairs in the basin where a long-term solution of the problem appears
to be a distant goal because of the involvement of a foreign country.

it would be neesary to procure contour maps of the fiood prone area of the basin to a scale
of 1:15,000 with contour interval of 0.3 m far implementation of this measure. Flood risk maps will have
to be prepared by carrying out necessary hydrmological analysis of the historical data and further
hydroulic computation to identify areas prone to flood for defferent frequencies of floods, such as 100
yeas, 50 years and 25 years. Similar risk maps for the submersion caused due to drainage congestion
as a resuit of water level likeiy to altain, corresponding t0 a 50 years and 25 years rainfail, will also
have to be prepared.

8.13.2 Flood Forecasting and Flood Warning

Flood forecasting and warning has proved to be a great help in issuing warning to the people
in flood-prone areas, organising fiood fighting and safety measures for the engineering works, timely
evacuation of people from affected areas and salvation of mavable properties besides mobiiising relief
operations.

There are only two flood forecasting sites at present both on the river Mahananda in this river
system. These sites are Dhengraghat and Jhaua. The flood farecasts of river stages at Dhengraghat
and Jhaua are issued daily by the Central Water Cormmission and communicated to all concerned by
wireless, telephones, radio and Doordarshan news buitetins.

Forecast for Dhengraghat is done using gauge to gauge correlation of Taibpur on the Mahananda
and Chargharia on the Western Kankai, and that of Jhaua by use of change in stage of Dhengraghat
on the Mghananda and of Araria on the Parman, Parman oins the Jhaua branch of the Mahananda
beiow Dhengraghat, upstream of Jhaua.
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It is, however, felt necessary to install a few more flood forecasting sites in the Mahananda
river system with base stations in the upper catchment in Nepal so that adequate lead time is available
for the flocd forecasts in the Indian territory 1o take required safety measures against likely floods. The
State Government may request the Govemnment of India for installation of more sites in Nepal as well
as India in order that the flood damages are reduced appreciably.

On receipt of the forecast, its dissemination to the local population in terms of likely depth of
inundation and its duration in the area by the Administrative Authorities is very important so that
affected population, cattie, movable properties etc., are evacuated before the area gets submerged by
flood waters thus causing much damage. For this a network of wireless stations and a telephone
system are necessary in the basin near critical/vuinerabte reaches of the embankments, towns, etc.
specially where other means of communication are not dependable or adequate. Floocd waming to
smaller areas in villages may be conveyed through public address system or in its absence by beat
of drums. Specific advice should be given to the people regarding evacuating the areas likely to be
affected and aiso about the locations which could be considered safe for the level indicated in the flood
forecasts. Necessary training in this regard should be imparted to the concerned officials on a reguiar
basis so that they are well-versed in the interpretation of the forecast and taking precautionary measures
in the event of an imminent threat to fife and property. This fraining programme should become a
reqular feature before the {lood season every year.

8.13.3 Disaster Mitigation System and Preparedness

This is an impowant measure which directly influences the damage prevention, if managed
effeciently, at ail levels according to the prescribed procedures and guidelines. Improper management
could also resuit directly in an increased damage. The Government should, therefore, ensure that all
routine exercises and necessary drills are carried out systematically before every flood season and
departmental instructions, manuals and rules in this regard should be widely circulated so as to make
these available to all concerned. it is observed that the disaster mitigation system and the preparedness
programme usually get activated only just before and during the flood season and no attention is paid
during the rest of the year. Experience has shown that the activity has to be maintained continuously
and there is a need for increased flood awareness in the officers and staff of the concened departments,
as also in the public and voluntary organisations to deal with flood emergenries.

it is essential that the training programme and exercises are regularly held to improve the
preparedness of officials and the public. This will develop confidence amongst alf concerned to manage
any emergency situation . The training programe, including education and publicity, should be got
arranged by the Civil Authorities with active participation of the Officers incharge of Flood Management
and voluntary crganisations.

The interpretation of distress codes and signals and flood warmning messages being broadcast
over the Ali-india Radio (Akashvani), Doordarshan or transmitted through other channels and the
effective follow up of such messages into appropriate actions should be taught to all people in the
flood-prone areas.

9 SUMMARY OF RECDMMENDATION

9.1 it is observed that hydro-meteorological data of the basin is not being observed, collected,
analysed and documented in a systematic manner. The existing number of raingauge stations in India
and Nepal portion is found to be sufficient as per standards faid down by the Bureau of indian
Standards both for ordinary as well as self-recording. But the number of self recording raingauge
stations has to be increased to 20 percent both in the India and Nepal portion to be in line with the
recommendations of the RBA. It presupposes an understanding between the HMG Nepal and Government
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of India for observation as well as regular exchange of such available data. In case of gauge and
discharge sites it is felt very necessary that a system of systematic and regular collection of data from
a well-designed network of stations as per standards laid down by the WMO/Bureau of Indian Standards
be established in the catchment and the data be ohserved accurately in the prescribed manner processed,
analysed and recorded properly for use in the planning of water conservation and water utilisation
schemes in the basin, Government of India may be requested to take up the issue of establishment
of adequate number of sites in the upper catchment in Nepal and exchange of hydrometeorological
data of the basin hetween the two countries for their mutual henefits and use in future.

[Para 4.5, 47.2 ]

9.2 In order to find out the tota! run-off during the monsoon period for planning schemes for
drainage of accumulated water, it is necessary to determine the run-off factor applicable for the
monsgoon period as a whole. In order to conduct such study and analysis rainfall data for the stations
spread over the entire drainage area of the basin and run-off data at suitable locations on the river for
a sufficiently longer period are necessary. Rainfall data for the raingauge stations in Nepal could not
be made available due to which rainfall-runoff relationship could not be established. The commission,
therefore, suggests that the State Government should make all out efforts to coliect the rainfall and
run-off data in the basin for as many years as available and carry out further studies to stablish precise
rainfall-runoff relationship at suitable locations on the Mahananda river basin for future use.

[Para 4.8.1 ,4.8.2 ]

9.3 The relevant recommendations made by the Ministry of Irrigation, Government of India in the
guidelines and instructions for implementation of the recommendations of RBA are reproduced below-
“In the case of embankmient, the design of a praject should be determined for the time being on flood
frequencies suggested. Meanwhile necessary step may be taken for eventual application of benefit cost
criterion for fixing the design.”

The summary of recommendations as accepted is as follows-

“In the case of embankment schemes, the height of the embankment and corresponding cost
be worked out for various flood frequencies and also the benefit-cost ratio, taking into account the
damage likely to occur for the relative flood frequencies. However, till such time as the details of all
relevant parameters are available, embankment schemes might be prepared for a flood of 25 year
frequency in the case of predominantly agrivultural areas and for flood of 100 year frequency for works
pertaining to down protection and protecticn of industrial and other vital organisations.”

While endorsing the decisions of the Ministry of lrrigation, Government of India on the
recommendations of the RBA, the Commission suggests that all embankments on important rivers
should be designed for a flood of 50 years frequency in general and for flood of 100 years frequency
for work pertaining to town protection of vital industrial establishments.

[Para 5.2.3]

9.4 FLOOD DAMAGE ASSESSMENT

It is observed that the flood damage statistics, which are essentially required for the benefit-
cost studies for the proposed flood management measures, are not being scientifically and rationally
collected and compiled. The RBA had made many usefu! recommendations in this regard which do not
seem to have been followed. The Commission suggests that the recommendations of the RBA should
be followed strictly and a realistic evaluation of flood damage, river basin-wise, should be carried out
every year under the following three separately identified categories:

707



Appendix 7/42

i Unprotected areas
ii Protected areas due to failure of protection works

i Areas between the embankment and the river {on the river side).

The Water Resources Department dealing with flood management shouid be associated with
collection and compilation of the flood damage data. in order to eliminate any inconsistency, the flood
damage data should be collectively reviewed by the concerned departments at the end of each year.
This reconciled long-term data of flood damage is to be used in economic viability study of any future
flood protection management scheme in the area.

[Para 6.3.4]

9.5 FUTURE APPROACH

The flood moderation effect of the contemplated reservoirs in the Mahananda river system
having provision for flood storage specially across the Western Kankai river in the Nepalese territory
is required o be studied in detail after proper field survey and investigation and analysis of the
hydrometeorological data. As the work would be located in Nepalese territory, co-operation of the HMG
Nepal would be necessary for joint expioitation of the prospective reservoir sites for mutual benefits
of both the countries. it shouid be ensured that possible ficod control and sediment contro!l benefits
are taken care of, besides power, irfigation and other benefits in the finalised projects, as mutualiy
agreed upon.

[Para 8.5.3, 8.5.4 and 8.5.5]

9.6 The Government of Nepal has taken up the execution of the barrage across the western Kankai
and is also contemplating 1o construct a storage reservoir on the upstream. It is, therefore, suggested
that the Government of india be requested to obtain the necessary details of the above proposals from
the Government of Nepal so that an integrated basin pian of flood management is prepared which
might culminate into an understanding for a joint multipurpose project for mutual benefits of the two
countries.

[Para 8.5.8]

9.7 Embankments on both banks of the main river and its tributaries with complementary sluices
and regulators may be completed on a priority basis in the portions which are prone to floc? spill at
present. In order to provide protection against the flood spills coming from the Nepalese territory the
embankments will have to be tied up to a high ground in the area (Nepaiese territory). It is, therefore,
necessary to move the Government of India for taking up this issue with the HM.G. of Nepal for
tagging the embankment to a high ground in Nepalese territory for mutual benifits of bott. the countries.

The embanked portion is threatened with breaches at certain vulnerable locations due to river
bank erosion. The Commission recommends reassessment of design flood and checking of the adequacy
of waterway between the embankments on both banks as per prevalent practices to be carried out in
detail and to utilise the results of such detaiied analysis suitably to tackle the probiem of river bank
erosion.

[Para 8.6.2, B.6.4]

9.8 it has been observed that the flood embankments on the river Mahananda appear to have been
sited too ciose to the banks in violation of the standard norms, causing river attack at various points
and breaches in the embankments. !t is, therefore, recommended that a physica! model of the entire
river reach, including unembanked portions in upper reach, be laid out in the irrigation Research
tnstitute, Khagaui and the river behaviour be studied every year after floods to evolve flood management
measures to be undertaken in the unembanked reach, where as study of the efficacy and appropriateness
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of the alignment of existing flood embankments and type, design and locations of antierosion works
is to be taken up before the next flood. If necessary, embankment should be retired suitably at some
cardinal points in order to economise annual expenditure on antierosion works, etc.

[Para B.6.8, 8.6.7]

9.9 it is necessary to undertake detailed study to find out the effectivness and adequacy or
otherwise of the existing sluices in the embankments in the basin and remedial measures be taken on
priority basis to make them function properly as and when necessary. if found necessary, more sluices
may be provided for proper and efficient drainage of the countryside and also for providing irrigation
to the areas on the countryside in case of drought.

[Para 8.6.3, 8.6.8)

910 The Mahananda basin has been bounded by the Kosi basin on the west. There exists a
channel through which it is possible to divert part of the flood discharge from the Mahananda basin
into the Kosi basin. The Parman is the right bank tributary of the Mahanada which jpins the Mahananda
near Bagdob. The Bhaisana river offtaking from a place near chainpur which is very close to Parman,
joins the old Kosi dhar which meets the river Ganga on the upstream of Manihari. Prima facie, there
appears a possibility of diverting some fiood discharge from the Parman river to the Ganga through
Bhaisama and the old Kosi dhar. It is, therefore, recommended that detailed investigation shouid be
carried out to ascertain the possibility of diverting pan of the flood water of the Parman river into the
river Ganga. The guantum of such diversion shouid also be ascertained, keeping in view the carrying
capacity of the channel after suitable resectioning and its technical feasibility and economic viability
shouid be examined before taking final decision in the matter. if this scheme works out to be technically
feasible and economically viable, the diversion channel has to be planned and executed so as to carry
the diverted quantity of flood discharge within its bankful capacity to prevent any flooding of the area
protected by the Mahananda embankment scheme.

[Para 8.7.1, 8.7.2]

9.11  Normally, the embankments of Mahananda have been designed for a 50 years flood frequency
but floods of larger magnitude may come any time and cause breach at vulnerabie locations causing
greater damages to life and property. It is, therefore, suggested that either breaching sections or
controlled escape structures should be provided at suitable locations to be decided after proper
investigations and study of the contour map of the area along the embankment to reduce the pressure
on the embankment by releasing part of flood discharge through such structures. Such excess flood
discharge may be dropped in the same river further downstream. it is further suggested that detailed
survey and investigations should be carried out for diversion of part of the flood discharge into Chaurs
and Swamps which may function as detention basins during the period of high stages in the river such.
Such waters accumulated during floods will have to be drained back to the river during the lower stage
of the river so as o raise bumper Rabi crops as well as to reduce pressure on the embankments,

[Para 8.8.2, 8.8.3]

9.12 The Mahananda river basin is experiencing an acute drainage problem due to low bankful
capacities of the river Mahananda and its tributaries, siltation of the river bed and inadequacy of
waterways under the railway and road bridges.

For tackling the drainage problem in the Mahananda river basin, it is suggested that the river
shouid be trained to form a single channel with sufficient waterways to pass the maximum flood
discharge with safety by closing some of the existing spill channels, construction of marginal
embankments providing spurs or other protective measures at appropriate locations making of new
channeis to fit in with the suitable alignment of the river course. The proposals of construction of
barrages on the tributaries of the river and another proposal of a barrage near Bagdob on the river
mahananda itself should be surveyed and investigated in detail and its technical feasibility and economic
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viability should be studied before taking tinat decision in the matter. The barrage near Bagdob is likely
to serve the purpose of irrigation as well as divide the Mahananda discharge equitably between the
Phuthar and Barsoi branches for the management of floods. it is further suggested that dredging can
be employed at the bifurcation point near Bagdoh which will improve the carrying capacity of the Barso
branch.

[Para 8.9.1, 8.9.2]

913 Further studies, in continuation of the studies made by the GFCC, may be carried out to find
out the inadequacy or otherwise of the waterways under the railway and road bridges in the basin
which are responsible for drainage congestion in the area and further action of extending such inadequate
waterways 1o the required size should be taken up and completed as quickly as possible for removal
of drainage congestion caused by such structures.

[Para 8.9.3]

9.14 It has been observed that the Topra-Chaukia embankment is cut almost every year by the
villagers due to the acute water logging problem in the lower reach of the Mahananda river basin in
the Amdabad block of the Katihar district. [t is reported that a drainage scheme envisaging construction
of two sluices at ch 508.5 of Lava-Chaukia embankment and ch 473 of Topra-Chaukia embankment
and link and trunk drains has been proposed by the Chief Engineer WRD Purnia. The Commission
suggests that the scheme may be scrutinised and further action taken on it quickly for its implementation
s0 that the problem of drainage congestion in the area is remedied.

[Para 8.9.4, 8.9.5]

9.15 Soil conservation and watershed treatment measures are likely to have a beneficial impact by
way of reduction in the gquantities of siit flowing into the river Mahananda and checking its meandering
tendency. As such, an extensive programme of watershed management in the hilly catchment area in
the Nepalese territory is considered necessary. Land treatment through afforestation and grass land
development should also be supplemented by structural works in the upper catchment for retarding the
velocity of water and detaining siit effectively. Such works would also increase the life of the proposed
reservoirs. The cost and benefits of such works should be weighed critically alongwith constraints and
difficulties mentioned in paragraph 8.10 above.

[Para 8.10]

9.16 A systematic survey and investigation of the existing embankments on both banks of the river
is required to be carried out every year after the flood season and encroachment, if any, in the free-
board in any portion should be made good by raising the height of the embankment correspondingly.
Suitable protection works should be provided in the portion where the active river channel is flowing
very close to the toe of the embankment and rivar training works may be carried out on the basis of
the results of the model studies to keep the flowing channel away from the embankment without
causing any harm to other locations.

A suitable retired embankment should be constructed in the portion where embankment are
eroded or lkely to be eroded so that flooding of the protected area is arrested. The top of the
embankments shoutd have a water bound macadam road or at {east be provided with brick soling so
that the embankmenis could be conveniently patrolled during the high flood condition in the ratny
season and flood fighting materials could be transported conveniently during emergent situation.

[Para 8.11.2]

9.17 Qccupation of embankments and land acquired should be got vacated effectively to avert any
danger or risk to the people living in the protected area. Raised platforms above the highest flood level
may be constructed in areas liable to inundation, near villages on Government or acquired lands. These
could also be constructed on the countryside of the embankment abutting the same. Such platforms
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should preferably be connected with all-weather roads and should be provided with facilities to make
fiving on them easy during floods. Such raised paltforms should be handed over t¢ the Local Bodies/
Panchayats for being utilised as community property and kept free from encrcachment.

[Para 8.12]

9.18 Flood plain zoning measures will be useful in both protected and unprotected areas as they
prevent indiscriminate growth in unprotected areas and help in reguiating the development activities in
the protected areas so that unduly heavy damage is not caused in the event of failure of flood
protection measures. Such zoning regulations should be introduced in the unprotected areas first and
for development in the protected areas henceforth. This is all the more mecessary in the present state
of affairs in the basin where long term solution of the problem appears to be a distant goal because
of the involvement of a foreign country. it would be necessary to procure contour maps of the flood
prone area of the basin to a scale of 1:15000 with contour interval of 0.3 m for implementation of this
rmeasure.

Fiood risk maps of the basin may be prepared showing the areas likely to be fiooded for
different frequencies of ficeds, such as 100 years, 50 years and 25 years. Similar risk maps for
submersion caused due to drainage congestion corresponding to a 50 years and 25 years rainfall may
also be prepared.

[Para 8.13.1]

9.19 At present there are only two flood forecasting sites, namely, Dhengraghat and Jhaua in the
Mahananda river system to cater for the forecasting needs of the embankment of the Mahananda river,
It is however, felt necessary to install a few more flood forecasting sites in the basin with base station
in upper catchments in Nepai so that adequate lead time is available for the flood forecasts in Indian
territory to require adequate safety measures against that flood. The State Government may request
the Government of India for installation of mare sites, in Nepal as well as in India in order that the flood
damages are reduced appreciably.

On receipt of the flood forecasts, its dissemination te the local papulation in terms of the likely
depth of inundation and its duration in the area, by the administrative authorities is very important so
that necessary action is taken before the area gets floocded causing damage. For this a network of
wireless stations and telephone system are necessary in the basin near critical vulnerable reaches of
embankments, towns, etc, specially where other means of communpications are not dependable or
adequate. Flood warning to smaller areas in villages may be conveyed through public address systems
or in its absence by beat of drums.

Specific advice shouid be given to the people regarding evacuating the areas likely to be
affected and also about the locations which could be considered safe for the levels indicated in the
flood forecasts. Necessary training in this regard shouid be imparted to the officials concerned con a
regular and continuous basis before the fiood season every year.

[Para 8.13.2]

9.20 H is essential that the training pregramme and exercises are heid reguiarly to improve the
disaster preparedness of officials and the public. This will deveiop confidence amongst all concerned
to manage any emergency situation. Such training programmes shouid be got arranged by the civil
authorities with the active participation of the officers incharge of flood management and voluntary
organisations. The interpretation of distress codes and signals and fiood warning messages being
broadcast over the All-india Radio (Akashvani), Doordarshan or transmitted through cther channels and
the effective follow-up of such messages into appropriate action shoutd be taught to all people in the
flood prone areas.

[Para 8.13.3]
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Annex 1
[ Para 2.3 ]
Salient Features of the Mahananda River System
Si River Reach from L/R bank Name of Length Catchment Remarks
No origin up to District Km area {Sq Km)
1 2 3 4 5 & 7 8
1 Mahananda i At the confluence Darjeeling 376 997
of Batason W Dinajpur
(W.B)
ii Taibpur Ratway Bridge Kishanganj 1386
iii At the confluence of
river Mechi Kishanganj 2507
iv Dhengraghat Purnia 7150
v Up to Katihar-Barsoi
raitway section Katihar 12114
vi At the junction of Kalindr Maida (WB) 19158
vii  Hts outfall into the
Ganga {Padma) Bangladesh 23700
2 New Balason Dutfali into Mahananda R/bank Darjeeling 41.8 264
3 Qid Balason Cutfalt into Mahananda R/bank Darjeeling 44.4 456
4 Mechi Cutfait into Mahananda R/bank Darjeeling/
Purnia 108.8 1054
5 Dauk Outfall into Mahananda L/bank W Dinajpur/
Purnig 97.2 717
8 W Kankai Qutfali into Mahananda R/bank Purnia 211.2 3924
7 E Kankai Qutfall into Mahananda R/bank Purnia 108.8 3584
8 Nagar Qutfall into Mahananda W Dinajpur/
{Barsoi branch} L/bank Katihar 151.3 1580
9 Kuiik Outlall into Nagar L/bank -do- 54.1 1091
10  Gamari Outlall into Mahananda L/bank W Dinajpur/
Maida 431 1081
11 Tangon Dutfail into Mahananda L/bank W Dinajpur/
Malda 142.3 2427
12 Parman Qutfali into Mahananda Purnia/
{Near Bagdob) L/bank Katihar 163.5 3840
13 Rajai Outfall into Parman
{Near Sorigaon) L/bank Purnia 341 707
14  Bakra Outfall into Parman
{Near Rasilighat) L/bank Purnia 119.7 1603
15 Noona Qutfall into Bakra
{Near Dehatighat) L/hank Purnia 42.5 779

|Source: Comprehensive Plan of Fiood Management for the Mahananda river system prepared by the GFCC

in June 1992.]
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Annex 2
[ Para 2.4 |

Bed slope of the River Mahananda and its iributaries in different reaches

Si no Narne of the Reach

Lengin {km)

Bed/Slope (m/km)  Remarks

Mahananda

Origin o Stiguri

Siligun to Spnapuihat

Sonapurhat to Taibpur Raiway bilage

Taibpur raiiway bridge (o 7.5 km upstream of
confiuence with Dauk

7.5 km uis of canflugnce with Dauk upio

5.7 km dis at Kutiighat

5.7 km d/s at Kutfighat o Dhengragnat
Dhengraghat io bagdob

Bagdob to Sobemaral {in Phuihatr brancn?
Bagdob io ManarajpurJin Barsa kranch}
Chenga

Mechi

Galgaiia to ch 216

ch 216 to ch 432

ch 432 to ¢n 648

cit 643 to ch 864

ch 864 io ch 1080

ch 1080 tc ch 1256

ch 1296 (o ch 1512

¢h 1512 to ¢ch 1556

Eastern Kankai

indo-Nepal border nsar Garpanoanga to ch 580
ch 580 tn ¢h 1360 near Dhanpura road brdge
ch 1360 to ch 1890 at outiall intlo Mahananda
Western Kankaij

From Indo-Nepai border {o the meeting piace of
the two orancres of Wesrern Kansal samely
Sikandra branch and Hariphitha Dranch ot Birpur
From indo-Nepal bordsr ngsr Khunisbad tw

hwn =

&)

S MW DO A WA =IO 0O

M

1g
37
13.7

[

2

}

255
23.3
16.00
928

i17.7

278 th
216 ¢h
216 ch
216 ch
218 ¢n
215 ¢h
216 ch
216 th

580 ch
30 ¢h
530 ¢h

0.70

confluence with river western Kankat of Ralua inputary G44d

3 Birpur to confiuence wiih Mahananca

F Parman

i Naon tributary

1 Indo-Nepal border near Barmamia o Madangur

ii Bakra tributary

1 indo-Nepal torger near Majrakh W comidence
with Ferman at Rasailignat

it Rajai tributary

1 ind-Nepal border to near Sonamani godown
to confivence with Parman at Soirgean

iv Parman

i indo-Nepal torger near Jogbani to LRP roa
tridge near Araria

2 From LRP road bridge at Araria to canfivence
with Mahananda near Baodot

3 Rasailighat to confluence with Phulhar brapch of

Mahananda (Belagachi branch of Parman)

J.21

040

G540 ¢ch

450 ch

2400 c¢h

3160 ciy

275G ¢h

79.95

1.57
0.72

0.54

0.15
0.44
012
012
0.14

0.50
0.80
0.50
0.76
0.47
0.53
0.70
0.40

0.74

0.4
0.38

0.28

0.454

.22
0.16

0.1

[Source: Comprehensive plan of Flood Marangemeni for thi Mahananda river system prepared by the GFCC

in June, 1952.]
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Annex 3
[ Para 4.6.1 ]
Normal Annual Rainfall at varicus Stations in Bihar in Mahananda River System
Sl No Site Period of data analysis Normal annual rainfall {rmm)
1 Purnia 1891-1873 14826
2 Farbesganj 1882-1973 16358
3 Bahadurganj 1930-1973 1826.6
4 Barsoi 1891-1973 13311
5 Araria 1891-1873 1692.2
6 Kishangan; 1891-1973 2177.4
7 Manihari 1933-1973 1309.4

[Source: Comprehensive plan of Flood Management for the Mahananda river system prepared by the GFCC
in 1987.]
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Annex 4
[Para 4.7.2]
Yearly peak Gauge Data of the River Mahananda (Gauge in Metre) at different sites
Year Taibpur Mazabari Dhengra- Bagdob Jhaua Rly Barsoi Lava English Jhaua
ghat  {Jhaua) Br Br Rly Br Bazar

1951 66.19 NA NA NA NA NA NA NA NA
1952 66.34 i i “ * “ " “ “
1953 65.82 " * “ ¢ " * "
1954 66.75 " " " “ " . . “
1955 66.57 “ ¢ i “ ¢ # " “
1956 65.67 " ¢ * 31.19 31.92 “ “ “
1957 &67.01 “ 36.22 * 31.73 31.86 i i
1958 6G.24 i 37.33 i 31.67 31.90 i ¢ “
1959 65.57 i 35.95 * 31.11 30.75 * “ “
1960 NA * 36.50 * 32.25 31.91 “ 22.02 *
1961 65.15 * 35.77 “ 31.83 30.89 ¥ 22.48 “
1962 66.35 “ 35.83 B 32.03 31.41 * 22.63 N
1963 66.06 * 36.37 N 32.15 31.47 27.95 22.69 *
1964 66.43 " 37 52 31.95 31.78 28.20 21.94 ¢
1985 65.76 * 38.11 " 31.87 31.47 27.78 21.26 "
1966 66.93 * 36.96 “ 32.38 31.01 28.50 21.30 *
1967 66.34 N 36.35 * 31.64 31.31 27.81 21.43 "
1968 67.25 o 36.29 * 32.07 31.98 27.66 21.81 “
1969 65.73 * 36.12 * 31.34 NA, 27.74 22.42 “
1970 65.75 # 36.35 * 32.21 * 27.95 2218 *
1971 65.82 " 36.28 " 31.93 " 2865 24.47 “
1972 66.25 41.04 T 38.53 33.30 32.03 30.77 27.71 20.11 *
1973 66.22 47.03 36.51 31.22 NA 30.60 28.53 21.90 *
1974 66.61 47.27 36.54 34.55 “ 32.00 29.31 22.82 “
1975 66.38 48.62 36.26 34.05 " 30.84 28.92 20.68 “
1976 66.45 46.79 35.97 34.29 34.29 35.70 29.13 22.41 N
1977 66.Y6 46.80 36.38 35.51 34.51 31.75 29.46 21.39 33.40
1978 65.91 46.05 35.84 34.22 34.22 31.64 28.01 21.73 31.50
1979 66.11 46.87 N.A 35.08 35.00 31.35 28.95 20.94 32.42
1980 65.99 46.75 35.92 34.84 34.76 NA 29.28 22.90 31.83
1981 65.59 47.55 35.96 35.25 35.25 31.60 29.56 21.42 32.55
1982 65.89 46.25 35.79 33.50 33.50 NA 27.99 21.09 31.25
1983 66.61 46.48 35.60 33.85 33.70 NA 29.05 22.33 31.77
1984 66.50 46.72 36.30 34.10 34.10 31.04 30.24 22.26 32.51
1985 66.215 NA 36.252 NA 34.45 31.08 29.68 21.573 32.156
1986 65.99 “ 35.695 " NA NA 28.775 21573 31.496
1987 866.57 * 3717 " “ “ 30.53 2111 33.510
1988 66.875 * 36.43 * “ B 29955 2357 32.080
1989 66.42 * 36.44 * * " 21.25 29.445 32.300
1990 66.3 * 36.13 * * oo 29.08 21.20 32.020
1991 66.97 * 36.87 “ * “ NA NA 33.40
1992 65.50 . 35.16 “ “ “ “ “ 30.62

{Source: Comprehensive plan of Fiood Management for the Mahananda river system, prepared by the GFCC
in June 1992 and Flood Report 1991 & 1992 by Water Resources Department Government of Bihar.}
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Annex b
[Para 4.7.2]
Yearly peak Discharge Data of the River Mahananda Discharge in Cumecs at different sites
Year Taibpur Mazabari Dhengra- Bagdob Jhaua Riy Barsoi Lava English Jhaua
ghat  ({Jhaua) Br Br Rly Br Bazar
1956 11564 - - - 1607 394 -
1957 1293 - - - 1966 538 -
1958 1135 - - . 2293 605
1959 795 - - - 1149 391 - -
1960 - - - - 2409 1330 - 2501
1961 - - - - 1450 350 - 2251
1962 1220 - - - 24556 403 - 2246
1963 1365 - - - 1187 713 2061 2606
1964 1692 - - - 2247 1278 3185 1762
1965 821 - - - 2264 753 2108 1428
1966 1722 - - - 2246 1201 2125 1804
1967 1284 - - - 0414 161 2270 1634
1968 1697 - - - 4173 338 2769 1927
1969 927 - - - 2504 - 1736 2552
1970 706 - - - 2863 127 2976 2021
1971 602 - - - 936 600 1480 4779
1972 910 3061 2527 3720 2216 246 21856 948
1973 1662 1888 2606 287 - 454 2413 1332
1974 1570 1813 2437 2794 - 453 2534 2236
1975 1181 1300 2217 4461 - 327 1892 1098
1976 - 25675 1955 4500 4500 1664 2920 1882
1977 - 1924 2461 4136 4736 183 3570 13563
1978 - 1457 2810 4061 4062 281 2934 1143
1979 - 2737 - 4627 4627 207 3300 1198
1980 - 755 2748 4249 3840 - 2211 2318
1981 - 3150 2710 8427 6426 8912 2430 1538
1982 - 809 - 2858 2898 - 26562 9056
1983 - 1128 2698 4380 40563 - 4099 1451
1984 - 1338 2683 5316 5012 1213 4436 1780
1985 1542.3 - - 2470 - - 4720 1438.14
1986 1314.8 - 920 - - - 199992 145055
1987 1322.04 - 1930 - - . 2590 2852.74
1988 2053.45 - 1960 - - - 8320 2346.88
1989 1779.67 - 2320 - - - 7802.84 129466
1980 1479.00 - 1920 - - - 5421.99 982.18

[Source: Comprehensive plan of Flood Management for the Mahananda river system prepared by the GFCC
in June, 1992 ]
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Anngx 6
[Para 4.9.2]
Yearly Suspended Sediment Load Passing Through the River Mahananda at Taibpur from 1962 to 1870
Year Suspended sediment Load in ha m
1962 249.152
1963 324.463
1964 318.351
1965 200.186
1966 255929
1967 187 275
1968 185.253
1969 371.827
1870 289.355
Total 2381.630
Average 264 .62

Average Monthly Total Suspended Sediment Load of the River Mahananda Taibpur in Average Year
for the period from 1962 to 1970

Months Total suspended sediment load in ha m
January 0.704
February 0.432
March 0.405
April 0.409
May 0.790
June 20.125
July 88.283
August 76.302
September 48 836
Qctober 24.862
November 2.384
December 0.979

Annual Average Percentage Distribution of Graded Sediment Load for River Mahananda at Taibpur

Year Percentage Graded Sediment to total sediment Load (per cent)
Coarse Medium Fine .~ Remarks
1962 34.384 54.394 11.221
1963 34702 653.798 1.498
1964 30.698 67.035 2.268
1966 26.725 49.553 23.92
1966 36.519 45.146 18.334
1967 38.626 42.084 19.288
1968 37.540 52.192 10,267
1969 20.121 35.219 44 658
1870 8207 16.203 75.589
Average 2972 47.27 23.01
[Source: Comprehensive plan of flood Management for the Mahananda river system, prepared by the GFCC
in June 1992 ]
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Annex 7
iPara 4.9.2]
Yearly Monsoon (July to October) surface Average Surface Runoff and Suspended Sediment Load
Passing Through the River from 1963 to 1970 at English Bazar

Year Runoff thousand ha m CCllitre Total Sediment

thousand ha m

1963 1487.972 12.77 18.85
1964 1074.087 15.735 16.91
1965 564.665 11.554 6.51
1966 593,173 12.429 7.36
1967 589.160 27.933 16.41
1968 1022.202 16.49 16.88
1969 1026.675 18.725 19.21
1970 933.563 10.296 10.20
Total 7351.497 Total 112.33
Average 918.937 Average 14.041

Average Monthly tetal Suspended Sediment Load of the River Mahananda at English Bazar during
the Monsoon Period (July to October) from 1963 to 1970

Year Runcff thousand ha m CCilLitre Suspended Sediment Ioad

thousand ha m

Juty 178.843 13.4984 2.41
August 348.722 ’ 21.7139 7.56
September 295057 17.0445 5.03
October 152.225 8.5028 1.29

Annual average percentage distribution of graded sediment load for river Mahananda during the
Monsoon period of 1963 to 1970 at English Bazar

Year  Graded Sediment to total Sediment Load {Per cent}
Course Medium Fine HRemarks
1963 1.38 4.54 941
1964 0.18 0.69 99.23
1965 0.80 3.85 95.45
1966 0.75 1.92 97.33
1967 0.39 8.94 90.77
1968 1.29 10.21 88.50
1969 1.23 8.74 90.03
1970 3.19 12.05 84.76
Average 1.15 6.37 92.48

{Source: Comprehensive plan of Flood Management for the Mahananda River System, prepared by the GFCC
in June, 1992 ]
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Annex 8
[FPara 6.1.5]

HISTORY OF PAST FLOODS IN THE RIVER MAHANANDA IN BIHAR
The History of Past Floods is being presented here on the basis of flood records available

since 1886. The flooding in the river system during years of heavy ficods is briefly
described as under

Year

Summary

1886

1892

1906

1909

1910

1917 & 18

1922

1929 & 30

1931 & 32

1933 & 34

1935 & 36

1937 & 38

1938 & 39

1949

Heavy rains and floods had ali but destroyed both cattle and man crops in Purnia district.
Between Barsol and Kishangan] there were 19 breaches in Riy track.

There was more sericus inundation in Bihar when both Kosi and Ganga were in High
floods and Mahananda also rose high

The Kishanganj sub-division of Purnia suffered severely from floods in June, some damage
to crops was caused at the end of August by excessive rains and ficods in Parts of
Purnia.

There was a high flocd in July in the Panar in Purnia district but no damage was caused.
There was some erosion on the right bank of the Panar which slightly damaged the spurs.
Floods occurred in North Bihar which were mainly locai.

Floods damaged the crops of low-lying lands in certain areas of Pumia and Bhagalpur
There were to some extent, heavy rains and finods in Purnia.

There were excessive rains and floods in Purniad district.

There was heavy rain in North Bihar in the second half of September (rainfall from 16th
to 23rd September), nearly in the whaole of the sub-mountaineous tract starting from
Purnia in east to Saran in the west, ranging between 38.1 and 63.5 cm. it was more
unusual to have such heavy rains so late in the seascn. Part of Purnia had severe

tlooding.

There were floods in Bihar between June and September which affected the standing
crops in Purnia district.

The fioods caused much distress to the people in Purnia district. The Jute crop was
affected by excessive rains and floods in the district.

The floods were reported this year in the Parman in Purnia district from the middle of June
to the end of August. The depth of inundation was above 1.5 m, on an

average. The whole area between the Parman and the Mahananda was tlooded upto
Bagdob.
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Annex & (Conid)

There were threas tlcods in the river Parman in Purnia district between the Second week
of July and the last wsek of August. The ar - & south of Basantpur were flooded. The
depth of inundation was 0.61 10 0.91 m. in the higher reaches. The water rose to the Peak
gauge in 2 to 3 days and receded in about 10 davs. Areas of about 166.40 Sa Km and
215.04 Sg Km alang the eastarn and western banks were flooded. The intensity was
shghtiy severer than in 1849, But comparing with Kosi, this floed was minor. A survey
report of Western bank of Mahapanda in Purnia district showad that areas from Nepal
border upto Bangora were flonded.

The Parman river had three flonds in Purnia district in middle of July and August. The
floods were generally 0.305 m lowar thanp the ficod in 1950. Batween Basantpur and
Bangora, the flaed water an tha east mingled with thnse of Mahananda. An area of 26
Sg Km had 0.6t 1.22 m cf water for about 2 months. Further south an area of 26 Sq
Km. North of Jhaua railway station was flocdad, the greater part of the flood being on the
eastern side. The duratian vered from aboud 1 1o 3 months. The Mahananda had twg
floods in Purnia district in July and August. The fioading in the area began just north of
Kishanganj and extended atmost unto Bangera.

The Parman had two floods in Pornia district in July and Sentember. Lower dawn the
watars of Parman and the Mahananda mingled causing greater damage on the eastern
bank. An area of about 204 81 Sa Km experienced flooding of 0.61 ta 0.91 m. Maximum
duration of fiooding was 3 months. The westem bank had cemparatively lower flooding.
Both sides of the Ganga-Darieeling road were under water. The Mahananda overflowed
its banks threa times in Purmia district. The fiood was severe about 0.61 m higher than
in 1851 and that was highest in the last 5 years. In the north, a stiip of 3.22 to 6.44 km
on the western bank was under 0.681 to 0.91 m of water for shout 2 months and on
eastern banks fiood extended to about 1.6 km in width below Kishangan].

There was moderate flood in the Mahananda river system.

In Purnia district the Mahananda and the other rivers were in spate recording the highest
level.

The floods in the river system caused less damage thatin 1954 thaugh the peak gauge
recorded was higher than in 1854 due to non-cynchronisation of the ficod in the
tributaries and main Mahananda rver.

In June a flood of mild intensity was caussd in the Pumia district by the ovar-flooding of
the river and also by accumulation of rain water the western Kankai flowing via Birpur
shifted its caurse and came nearBahadurganj P.S. A completely new channel was carved
out through village Plasmani, as a result of which about ane fourth of the village Palasmani
went into the river bect.

The rivers were in fioads, thus bringing about inundation in the districts of Purnia and
Katihar. The total area inundated in Binar was 2243 Sg Km.

All the nivers were in high soate and fioodad vast areas along the banks of the river. About
38 blocks of Purmnia and Katihar were inundated. About 5745 Sg Km areas was affected
by floods in Bihar.
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Annex 8 {Contd)

About 883 Sg Km area was inundated in Bihar.
The rivers were in spate and about 1655 8q Km area was inundated.

Large areas of the river system were heavily inundated. The inundated area was 7002 Sq
Km. :

Districts of Purnia and Katihar were flooded to the extent of 9974 Sg Km.

Heavy floods were experienced in the rivers in Bihar and the total area innundated in the
districts of Purnia and Katihar was 12,391 Sq Km.

The area in the upper reaches of the river system experienced moderate flooding due to
the spili of the tributaries. But lower reaches could be saved due to the timely closure of
gaps in Mahananda embankment. The Belgachi-Jhaua embankment was cut by villagers
near National Highway no 31 and thus flooded about 32 Sq Km of lowlying area in Pumia
district.

Due to breach between ch 80 to 82 in the left embankme< 1 of Phuthar branch below
Jhaua on 2ist morning, an area of 22 Sq Km in Bihar was flooded. 27 villages in
Azamnagar block and 6 villages in Kadwa block with a Population of 18,500 were affected.
Due to prolonged and heavy fiood in the month of August, 1976 in the nagar, Kullick,
seven Panchayats and 33 villages were affected in Barsoi biock in Bihar along right bank
of river Barsot.

Severe flooding occurred this year. The year experienced three waves of floods, At
Dhengrghat, 153.4 mm of rainfall was recorded on 16.7.1978. The danger level was
crossed at this site on 21.7.1978 and thereatter the river remained in high flood for the
full month of July 1978,

The year was particularly not affected by floods. However, severe erosion at dhabaul and
breaching of embankment, were reported. A retired line was constructed and this prevented
flooding of the countryside. The river is reported to have caused erosion of its embankment
at numerous points.

Fairly good amount of monsoon rain had occurred this year throughout the catchment. At
Taibpur total monsoon rainfall of 1968 mm had been recorded. A flash flood at the
begining of the monsoon season (mid June 84) came in the river and damaged the
second retired line in left Mahananda embankment near Dhabaul on 17.6.84. At Jaki the
level was above danger level for a number of days in the second half of July & third week
of September. Left bank of Mahananda breached at Dhabaul on 17.6.84 making ultimately
884 m long gap in the embankment and submerged an area of 1200 ha in Katihar district.
There was cut in the embankment in the right bank of the Parman also. The river
mahananda aiso caused persistent erosion problems at Azamnagar, Sikatia etc.

The left embankment was under severe attack at Govindpur-Sikatia and at Kursela.
Heavy flood fighting works were carried out at these places o save the situation. The left
Mahananda embankment was also attacked at Dhabaul, Ajamnagar and Baharkhal washing
away the nose of spurs constructed at these places. Mahananda crossed waming level
in the first week of July at Dhengraghat and in the second week of July at Jhawa and
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remained above warning tevel for 54 days and 50 days respectively at different intervals.
It maintained water level above danger fevel for 15 days at Dhengraghat and 14 days at
Jhawa and tlowed above the red mark by 0.632 & 0.871 m respectively at these sites.

In Jhawa Dilli-Diwangan] portion of the ieft Mahananda embankment, the existing anti-
erosion works at ch 614 of the main embankment, at Azamnagar and at Baharkhal was
damaged. in Jhawa-Beiagachi portion of the right Mahananda embankment, anti-erosion
works were damaged at ch 1007 at Kharsel and at ch 1004-1004.5. A major portion of
the embankment at Govindpur over the right Mahananda embankment (Lava-Topra-
Chaukia-Paharpur embankment) was eroded away.

The river Mahananda crossed the danger levei on 10th July 87 at Taibpur and Dhengraghat.
The river flowed above danper level at Taibpur on 10.7.87, 28.87, & 4887, 7.887 &
14.8.87 at Dhengraghat 10.7.87 to 11.7.87, 2.8.87 t0 6.8.87, 11.8.87 to 18.8.87 and on
9.9.87 and at Jhawa from 11.7.87 to 12.7.87, 2.8.87 to 20.8.87, 9.9.87 to 10.9.87 and
13.9.87. The Mahananda crossed the previcus highest flood (30.40 m in 1977) at Jhawa
on 14.8.1987 at 07 hrs attaining 33.57 m level.

The river first crossed the danger level on 9th Juiy,88 at Dhengraghat, it also flowed
above danger levei at Dhengraghat on 22.7.88, 23.7.88, from 13.8.88 to 16.8.88, 23.8.88
to 1.8.88 and 7.9.88 at Jhawa from 248,88 to 2.9.88. Mahananda embankment was
eroded at Chaukia-FPaharpur, Kari Kosi and Jaunia.

The Mahananda crossed the danger level at Dhengraghat and Jhawa on 16th June and
remained above the danger leve! up to 20th June at Jhawa. it also flowed above danger
level at Dhengraghat on 17.6.88, 19.6.88, 15.7.88 to 20.7.88, 5.9.88 tp 8.9.88, 18.9.88 ¢
24.9.88, 28.9.88 to 2.10.88. The Lava-Chaukia-Paharpur embankment on right bank of
Mahananda was damaged at Gobindpur slope of the Belagachi Jhawa embankment
betwaen 992 km to 998 km was afso damaged. Ring bund at Ajamnagar also got affected.

The Mahananda first crossed the danger fevel at Dhengraghat on 8th July and ramained
above the danger level up to 9th July. The river again flowed above the danger leve!
(35.6om) at the same place from 19.7.88 t0 21.7.88, 11.8.88t0 15.8.88 & on 27.8.83. The
river afso flowed above the danger level at the same place from 19.7.88 to 21.7.88,
11.8.88 to 15.8.88 & 27.8.88. The river also flowed above the danger I'vel at Jhawa
(31.40m) from 20.7.88 to 22.7.88 & 12.8.88 to 16.8.88. Thus, the Mahananda flowed
above the danger level at Dhengraghat for 11 days and at Jhawa for 8 days. Spurs of
the embankment at Zerc chain near Baharkhal had been damaged in the first week of
August '90 also, damage was caused to stud near Kharsel.

There was moderate fiood in this river. However, bank erosion took place below ch 715
near Govindpur and near Baharkhai site in Mahananda right and ieft embankment
respectviely, Pressure was seen on the fourth retired embankment in Jaunia-Kursela
embankment, which was protected by flood fighting measures. Right embankment of
Mahananda was cut by the villagers near ch 655 Topara-Chaukia-Paharpur embankment
was also cut by the villagers to drain out countryside water into the river Ganga.
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Annex-10
[ Para B.8.2 ]
PROPOSED EMBANKMENT IN THE MAHANANDA RIVER SYSTEM
2] River Name of Scheme Length km
Parman River system
1 Parman Parman right embankment from indo-Nepal border to Bagdob 90
2 Parman Parman left embankment from Jogbani road bridge to Bagdob 83
3 Parman/Rajai Rajai right embankment from Indo-Mepal border to Socirgaon 10
4 Parman/Rajai Rajai left embankment from Indo-Nepal border to Seirgaon 10
5 Parman/Bakra Bakra right embankment from Indo-Nepal »order to Barbatta 51
6 Parman/Bakra Bakra left embankment from (ndo-Nepai border Barbatta 51
7 Parman/Noona Noona right embankment from indo-Nepai border to Dehtighat 21
8 Parman/Noona Noona left embankment from Indo-Nepai border to Dehtighat 22
38
Western Kankai river system ’
9 W Kankai W Kankai right embankment from Indo-Nepal border to Bagdob 77
10 W Kankai W Kankai left embankment from Indo-Nepal border to Gauihar 67
11 W Kankai/Ratua  Ratua right embankment from indo-Nepal border to Gosainpur 27
12 W Kankai/Ratua  Ratua left embankment from Indo-Mepal border to Gosainpur 26
197
Eastern Kankai river system
13 E Kankai E Kankai right embankment from Indo-Nepal border to Kuttighat 48
14 E Kankai E Kankai ieft embankment from indo-Nepal border to Kuttighat 45
a3
Mechi river system
15 Mechi Mechi right embankment from indo-Nepal border to Rupadharghat 23
16 Mechi Mechi [eft embankment from Galgaiia to Rupadharghat (Bihar) 36
59
Main Mahananda river
17 Mahananda Mahananda right embankment from Bihar-West Bengal border
. {Sonapurhat to Gaurihar} Bihar 78
18 Mahananda Mahananda left embankment fr~m Bihar-West Bengal border
(Sonapurhat to Lalbari and from Jalkola to Telta) Bihar 86
18 Mahananda/ Phuthar right embankment from 3agdob to Jhawa 19
Phuihar Br
20 Mahananda/ Barsoi left embankment from Barsoi to Subarnpur (Bihar) 24
Barsoi Br
21 Barsoi Br/ Magar right embankment from Bairampur-Raiganj road to
Nagar Subarnpur (Bihar) 26
233
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Annex-11
[Para-8.9.3]

SUMMARY OF RECOMMENDATIONS OF THE TECHNICAL EXPERT COMMITTEE ON DRAINAGE AND
WATERWAYS OF RAILWAY AND ROAD BRIDGES [N NORTH BIHAR (1967)

S Name of Road and Extension of waterway Constn of New bridges Remarks
No  Railway
Exisiting Extra Milage Exisitig Total Milage
proposed w way required
1 2 3 4 5 8 7 8 g
Road
1 Araria-Bahadurganj Nil The water way provided
-Galgalia Road is adeguate
2 Purnea-Garbanaili N.A 220 0-6 Milage measured from
Sontha-Kishangan) Road " 760 B-10 Purnea. Net waterway
* 680 10-14 recommended is total
* 600 14-17 required as at Col 6
530 17-20 waterway existibg in a
180  20-28 particuiar reach..
! 750 28-31
" 140  31-34 Paralied and close to the
890 34-36.5 proposed embankment
* 320 2-8 {Milage measured for
" 8-18 Furnea).
3 Purnea-sonaly 190  18-30
Bazar Azamgarh * 1050 30-31
Barsoi-Bairampur " 180  31-39
Road. B 410  39-40 Net waterway recommen-
ded is total required as at
170 40-50 Col 6. Waterway exisiting
in a particuiar road.
4 Purnea/Dhengraghat — Wi - The waterwy provided
-Darjeeling Road (NH 31) iz adequate
5 Kishanganj-Taibpur 423 137 6-7 25 27 - On Donk nala {in 1966
Thakurganj-Galgalia there has been over
Road topping spills in millage 13,
18, 19, 20, 21, 24, 25,
27 & 31) and on the
Mahananda at Taibpur.
6 Katihar-Amadabad Road NA 280 0.9 Ghasla crosses at mile
5th in 1866 there has
been damaged to wooden
bridge at mile 5th & 6th
7 Araria Sikti Road NA 270 g-18 Local catchment
450 5-6 Danaskila Crossing spilis
260 g-10 of Danaskhila
8 Jokihat Palasi Dahibhat Road NA 450 16-17 Rahia Nala crossing
Total 8880
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Annex-11 Contd

1 2 3 4 5 6 7 8 9
Railways

1 Katihar-Jhaua Baroi 800 Nil 1105 NA 210 102-99 Between the proposed
Saction to 109.5 650 embankment

The milage staris from
Siliguri. An extension al
180' is required on the
basis at lacey PW.But by
area velocity method
existing w/iw is adequate
with affiur of about 1.25'

2 Katihar-Lava-Malda

Section Q00 Nil 16-17 The milage starts from
Katihar. Between the
proposed embankment.
Extension of 180" is
required on the basis of
jacey PW, but by area
velocity method existing
w/w is adequate with afflur
of about 0.3".

[Source: Comprehensive pl!an of flood Management for the Mahananda river system Prepared
by the GFCC in June, 1992]
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SONE BASIN
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Appendix 8/1
AT A GLANCE
PLAN FOR FLOOD MANAGEMENT IN THE
SONE RIVER BASIN (IN BIHAR)

Salient Features of the Basin

1 Total Drainage Area 70,228 sq km

2 Drainage Area in Bihar 15,820 sq km

3 Population in Bihar 40.50 lakh (approx)

4 Water Resources (Surface) 17,935 MCM

5  Average Annual Rainfall _ 1,350 ‘'mm

6  Total Length of Main River 881 km (226 km in Bihar)
7 Cropped Area in Bihar 652857 ha

Flood Damage (Average for 24 years (69-93)

1 Total Area Affected 0.52 Lha

2 Cropped Area Affected 0.206 Lha

3 Damage to Crops Rs 450.88 Lakh

4  Total Damage Rs 687.93 Lakh

5 Human lives lost 23 Nos

6 Cattle Heads Lost 12 Nos

7 Average Population Affected (1984-92) 2.09 Lakh
Progress of Flood Protection Measures (1954-92)

1 Length of Embankments 52 km

2  Length of Drainage Channels NIL

3  Towns/Villages Protected 2 (one town + one village)
4 Areas Protected 0.21 Lha

5  Total Expenditure (1954-92) Rs 398.45 lakh

Eighth Plan Proposals (1992-97)

1 Length of Embankment 98 km in the State
2 Additional Area to be Benefited by Flood Contrel,

Drainage and Anti Water Logging Measures 1.00 Lha in the State
3 Total Quilay for Flood Control Measures in the State Rs 35.230 Lakh.
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AN APPRCACH TO THE PROBLEMS OF FLOCD AND DRAINAGE CONGESTION
AND REMEDIAL MEASURES IN THE SONE RIVER BASIN{IN BIHAR)

1 INTRODUCTION

1.1 The Ganga sub-basin which extends over an area of 8.614 Lakhs Sq Km within india is the
largest river basin in the country and is a part of the main Brahmaputra-Meghna-Ganga river basin,
Flat terrain, high intensity of rainfall and poor drainage conditions combine to cause flooding and
drainage congestions almost every year in a large part of this sub-basin, particularly in the portions
lying in the Eastern Uttar Pradesh and Bihar. The flood damage in this sub-basin accounts for a major
part of the total flood damage of the country.

1.2 The State of Bihar is situated in the central portion of the Ganga sub-basin. The portion lying
on the northern side on the left bank is known as North Bihar and that lying on the southern side on
the right bank is known as South Bihar. The northern region has a very flat topography and is subject
to serious flooding almost every year. A number of major tributaries like the rivers Ghaghra, Gandak,
Bagmati, Kosi, Mahananda etc which originate from the Himalayas. join the river Ganga in this region.
The southern region has a steeper slope in upper region while the slope is llatter in lower portion
causing flood in that portion. A number of tributaries like the rivers Karamnasa, Sone, Punpun, Kiul-
Harohar, Badua-Chandan efc join the river Ganga in this region.

1.3 The major rivers joining the Ganga on left bank such as the Gandak, Ghaghra, Bagmati, Kosi,
Mahananda etc flow through a considerable length in Nepal. Large part of their catchment areas fall
in the glacial regions of the great Himalayas. As such they are showlfed and hence perennial.The
important rivers joining Ganga on right bank are the Karamnasa, Sone, Punpun and Kiul-Harohar.
These rivers, originate from non-glacial hills and are non-perennial in nature. The river Sone, which
flows through the states of Madhya Pradesh, Uttar Pradesh and Bihar, joins the river Ganga at Maner
32 Km upstream of Patna. It is one of the most important right bank tributaries of the river Ganga and
has a total catchment area of 15818 Sg Km in Bihar.

1.4 Floods and droughts are regular features in the State of Bihar due to vagaries of climate and
rainfall. While one part of the State is under the grip of severe {loods due to excessive rainfall, the other
part suffers from drought due to poor and unevenly distributed rainfall.

1.5 Floods have caused devastations and acute human sufferings toc frequently since the dawn
of civilization and the man has had to live with floods since his existence. The impact of floods was
not perhaps felt to the same exient in the past as is felt now. This was due to the fact that much
smaller number of pecple were living and pressure of industrial activities and other development works
in the flocd plains was far less compared to the present day activities. The flood problem has been
accentuated due to over increasing encroachments on the flood plains by the growing popuiation to
meetl its requirements of food and fibre. The destruction of forests for reclaiming areas for occupation
and for obtaining fue! for domestic requirements have also caused changes in river regime. All these
have resulted in an anomalous situation where, inspite of the protection measures carried out so far
in the state with an investment of Rs 611 crores (approx) and 28.34 Lakh ha having been afforded
reasonable degree of protection, the flood damages have gone on increasing instead of decreasing.

2 THE SONE BASIN

2.1 The river Sone originates from Amarkantak high lands in the Maikala range of hills in the
Bilashpur district of Madhya Pradesh at an elevation of 840 metres (above MSL) at Lat 20° 44'N and
Longitude 82°04'E. The location of the origin is known as Sonebhadra. The river Sone bears its name
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Appendix 8/3

from the golden coiour of sand which it carries. The total length of the river is 881 Km, out of which
574 Km falls in the State of Madhya Pradesh, 81 Km in UP and 226 Km in Blhar. At origin, the river
flows in northern direction for a short length, then north-west direction and passes through the district
of Shahdol (MP) where many streams join it on either sides. An important left bank tributary, the
Johilla, meets it near village Borawali. Up to the confluence of Johilla, the river Sone is known as Upper
Sone. Then the river flows in meandering condition upto Sarai where the river Mahanadi joins it. At this
point, the river takes an acute angle turn and flows in the north-east direction forming boundaries
between Satna and Shahdol districts of Madhya Pradesh. Then the river Banas forming boundaries
between Shahdoi and Sidhi districts meets it just upstream of Demba. Flowing through the Sidhi district
it receives the river Gopad at Burdi which is on the upstream of the Kuldah bridge. The river then runs
west to east and enters Uttar Pradesh. Here the river Rihand meets # just upsiream of Chopan. The
river Ghaghar joins it on its left bank on the downstream of Chopan. Ancther important tributary of the
Sone is the river Kanhar which flows south to north in its upper reach and in the middie reach almost
forms the boundary of Bihar and MP, after which it enters UP and outfalls in the Sone, 8 Km east of
Chopan. Beiow its confluence with the Kanhar, the river Sone enters the State of Bihar and after
traveling about 46 Km in Bihar, the river North Koel joins on its right bank near Haidar Nagar. The river
thereafter takes a sharp north-east turn and finally joins the river Ganga 16 Km upstream of Danapur
at iatitude 25°44' N and longitude 84°42' E.

2.1.1  The river North Koel which is the second largest tributary of Sone originates in Ranchi district
at an elevation of 900 m, Latitude 23° 04'N and Longitude 84° 28°'E, 48 Km above Netarhat town. In
the beginning, the river flows in northern direction through the narrow valley of Bishunpur in Palamu
district and thereafter turns towards west and Hlows for about 32 Km. it then takes an almost right angle
turn through a gorge at Kutku and flows in north-east direction upto its confluence with Auranga. 1t then
flows towards north-west and is met by the Amanat river downstream of Daltengan]. After tiowing for
another 30 to 40 Km in this direction, it turns towards north and meets the river Sone at an elevation
of 140 m in Palamu district, a few Kms north-west of Haidar-Nagar, opposite the famous fort of
Rohtasgarh (Latitude 24°30°'N, Longitude 83°55°'E). The total length of the river is 235 Km and it drains
an area of 10574.36 Sq Km. It has three important tributaries, namely the Auranga, the Amanat and
the Tahle. )

2.2 The Sone river system drains a total catchment area of 70228 Sq Km which spreads over the
states of MP, UP and Bihar having catchment areas as 48,831 Sg Km, 4911 Sg Km and 15820 Sq
Km respectively. The Sone catchment in Bihar including Noerth Koel is spread over the districts of
Palamu, Gumia, Lohardaga, Hazaribagh, Aurangabad, Jehanabad, Bhojpur, Rohtas and Patna. The
upper catchment of this river lies in hilly region while lower portion falls in aliuvial fertile lands. Though
eight major tributaries join the river Sone on either banks, North Koel is the only river the entire
catchment area of which is located in Bihar. The Kanhar is the other tributary having a tota! catchment
area of 5904 Sq Km, out of which about 1097 Sg Km lies in Bihar State.

2.3 The Sone basin in Bihar is bounded by the Ganga in the north, Sankh-South Koel-Karo river
system and Maghya Pradesh state boundary in the south, Punpun, Kiul-Harohar, South Koei-Karc and
Damaodar river basin in the east and UP Bihar border and the Karmnasa river basin in the west. The
upper portion of the North Koe! catchment lies in hilly region and the rest portion of the Sone river
system in Bihar lies in fiat terrain. The slope of this river near its confluence with the Ganga is of the
order of 0.5 metre per kilometre.

24 The important places of Bihar falling in the drainage area of the river Sone are Daltenganj,
Garhwa, Japla, Banjari, Rohtas, indrapuri, Dehri-on-sone (Daimianagar), Aurangabad, Barun, Nasriganj,
Bihta, Koelwar, Maner etc Garhwa, Daltengani, Dalmianagar, Nasriganj etc are some of the important
commercial centres in the Sone basin in Bihar.
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2.5 Different rivers of the Sone-drainage basin are described below:-

Tabie No 1
Si No  River Bank {Left/Right} Origin Quifail River Condition
1. Johilla Left Maikai range in MP Borawali Drainage
(242.5 Km) Altitude-1080m (MP} channei
Lat. 22°42°'N
tong. 82°16°E
2. Mahanadi Left Mandala Dist in MP Sarai Drainage
{246 Km) Altitude-670m (MP) channel
tat. 28°07'N
Long. 81°59°E
3. Banas Right Vindhyan mountain in MP Demba —do-
(165 Km) Ait. 800m (MP)
Lat. 23°32°'N
Long. B1°54°E
4, Gopad Right Surguja in MP Burdi Village -do-
(252 Km) Alt. 200m (MP)
Lat. 23°32°'N
Long, 32°32°E
5. Rihand Right Surguja in MP Chopan —do-
(322 Km) Alt, 900m (UP)
Lat, 22°38'N
Long. 83°00°E
6. Ghaghar Left Mirzapur in UP D/S of confluence -do-
Alt.560m of Rihand with
Lat. 24°33'N Sone (UP)
Long. 83°23'E
7. Kanhar Right Surguja in MP 6 Km east of -do-
(252 Km) Alt. 960m Chopan (UP)
Lat. 23°03'N
Long. 83°55'E
8. North Koei  Right Ranchi Dist in Bihar Palamu Dist N-W  -do-
(235 Km) Alt. 900m of Haidar Nagar,
Lat.23°04'N opposite Rohtasgarh
Long.84°28'E fort (Bihar)

26 The Sone river system is a significant pant of the Ganga Sub-basin and aiso an inter state river
system. The upper reaches of the river Sone traverses through hilly tracts and steep slopes whereas
the lower reaches runs through the alluvial fertile lands of the Gangetic plain.

2.6.1 The Sone river basin falls in the semi-humid region with considerable variation in temperature,
humidity and other metecrclogical parametres. North-westerly winds of Arabian sea affect the rain
greatly. The average temperature in the catchment is 26.4°C the lowest being 0.9°C in Janyary at
Hazaribagh and the highest being 44.8°C in June at Gaya. The average annual relative humidity is
65.08 per ¢ent, The annual maximum and minimum mean daily sunshine duration in the caichment is
8.2 and 7.7 hrs respectively. The annual average wind speed varies from 4.5 Km/hr to 7.7 Km/hr. The
highest chserved is 10.2 Km/hr in the month of May and the lowest is 2.5 Km/hr in the month of
December. The Maximum and Minimum annual evaporation in the basin in Bihar are 1533 mm and
1358 mm respectively, of which, about 28 per cent takes place between March to May.
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2.7 ECONOMICS

2.7.1 The total population of the basin in Bihar as per 1991 census report is about 40.50 Lakhs which
is expected to cross 50 Lakhs mark by the end of the year 2000 AD with a growth rate of 23.49 per
cent per decade. The density of population of the basin in Bihar is about 256 persons per Sq Km
against State average of 497. About 91 per cent population lives in rural areas and about 8 per cent
of the population live in urban areas.

2.7.2 The important industrial places in the Sone catchment in Bihar are Dalmianagar, Dehri-on-
Sone, Japla (Cement Factory) and Banjari (Kalyanpur Cement Works) etc. The Dalmianagar industrial
complex had got great importance in the previous years due to being a production centre of sugar,
cement, vanaspati,paper and ashestos etc, The catchment is rich in minerals and basic raw materials
needed for industrial developmant. In view of the availability of thesa raw materials, there is good scope
of setting up of industries based on cement, ceramics, pig-iron and refractories in the catchment of this
basin. The basin has a bright future for industrial development due to likely availability of good power
potential (both hydel and thermal). '

2.7.3 The important highways and railways lying in the basin in Bihar are indicated below :-

Highways:
1 Grand Trunk Road (G T Road) NH 2
Dehri-on-Sone-Indrapuri-Banjari-Rohtas fort-Kadwan-Belauri (on UP border) — Chopan
Ara-Mohania Road
Patna-Bihta-Bikram-Aurangabad-Daltenganj Road
Patna-Ara-Bikramganj-Sasaram Road

o) 4, BN N 7= N \M

Bikramganj-Nasriganj-Dehri Road

Railways: (Eastern Railway)

—_

Howrah-Moghalsarai Grand Chord Section {part)
2  Dehri-on-Sone-Barawadih Section

93]

Danapur-Moghalsarai Section (part)

2.7.4 The entire Sone basin has got tremendous capacity of generating hydro and thermal power due
to favourable topography, abundance of coal and ready and cheap source of water. Apart from Rihand
and Obra reservoir projects in Uttar Pradesh which have existing generating capacity of 105 MW, and
33 MW respectively, the Bansagar reservoir (in MP) and the North Koel reservoir in Bihar having hydel
power capacity of 227 MW and 24 MW respectively are under advance stage of constructions. Lots
of thermal power stations have also come up around the basin in MP and UP. The Sone Canal systems
in Bihar is likely to generate about 30 MW of power from different falls depending upon the availability
of the desired full supply discharge in the canals. Hydel Power to the extent of about 3.82 MW are
already being generated in the Sone Main Canals. The total hydro power potential of the existing,
ongoing and proposed hydel projects in the entire basin is around 610 MW, The tota! thermal power
potential in the Sone basin has been estimated as 25,000 MW.

2.7.5 in Bihar the irrigation system in Sone basin was developed after construction of an Anicut at

Dehri on the river Sone with a network of Canals in 1874. Subsequently the old and outlived ‘Anicut
was replaced by construction of a barrage at Indrapuri in 1967-68. This system provides annual
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irrigation to about 7.679 Lakh ha of land. The culturable command of the system is 6.242 Lakh ha.

North Koel and Auranga reservoir schemes are under execution and Kanhar, Amanat, Tahle
and Kadhwan reservoir projects are proposed for early execution for providing irrigation benefits to the
drought prone areas of the Aurangabad and Palamu districts besides enabling the use of Bihar's share
of water in the Sone Basin in accordance with the Bansagar agreement for its use for stabilising
irrigation in the existing Sone Command area.

The scheme for Modernisation of the Sone canal system at an estimated cost of Rs 1425.43
crores (1985-86 price level} is in the pipeline for securing external aid for its execution. Chausa Pump
Canal scheme (already completed) and Zaman.a Pump Canal scheme (under execution) are meant for
utitisation of the Ganga waters in the tail ends of the existing Sone Command.

2,7.6 Ground water potential is an important factor to be considered while planning for optimum
utilisation/management of the available water resources of a river basin. It is an important source of
irngation in india especially in the alluvial plains where there is paucity of suitable surface water storage
sites. Its mode of occcurrence mainly depends on the type of formation ie geology of the area.

The total ground water potential of the basin is 1,72,482 Ha m out of which 23,058 Ha m is
reserved for domestic and industrial uses and 53,917 Ha m is available for irrigation purpose. So for
only 16,142 Ha m have been tapped for irrigation uses and the balance 1,18,575 Ha m is still available
far future such use.

2.8 The tollowing is the land use pattern in the Sone river basin in Bihar:

Tabie No 2

Land Use Pattern {Sone basin) in Bihar

S No  Category Area in ha % of total area
1 Geographical area 15,82,830 -
2 Forest land 5.76,638 36.45
3 Land under miscetlanecus trees and grooves 6,961 0.44
4 (a) Current fallows 221,570 }
(by Qther faliows 1,40,957 } 3,94,339 24.93
{c) Cutturable waste 31812 }
5 Net area under cultivation _ 4 31,287 27.26
G Barren lands & Permanent pastures ' 80.086 5.06
Area under non-agricuitural use : 92,709 5.86

Paddy and Rabi (Wheat, Gram etc) are the principal crops in the area.
3 GEOLOGY
31 The upper portion of the Sone river basin is full of hilly tracts while lower portion is of alluvial
soils. The geological study of the river system reveals existence of ali variety of rocks from igneous

and metamorphic to sedimentary and semi-consolidated to uncensoiidated ailuvium and of all ages
from the oldest Archaean to the most recent,

3.2 The hill features of the river system is unigue in character. A long arcuade bel of quartzitic
to schistose rocks of Bijawar aftinity extends from the NE corner of Jabalpur district, broadening ENE
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and estwards through the Sone basin as far as the wesiern edge of Palamu district of Bihar. To the
south, it is bounded in the middle by Archaean gneissic granile, overlain at both ends by Gondwana
group of rocks. To the nerth, it is overlain by lower Vindhyan racks intervened by gneissic belt in the
ceniral parl. The lower elevations of the Scne basin are occupied by granite, gneiss, quartzites, siates,
chiorite schists, porcellanite, sand stones. shales and limestone mainly. The higher elevations are
occupied by up-Vindhyan-sandstones, Deccan Trap rocks, laierite elc. Gondwana rocks are present on
both ends.

3.3 The Sone river system in its catchment has huge guantity of rich minerals of which the two
most important ores ,coal and limestone are avaiiablg in abundance. The other minerals like Dolomite,
Bauxite, Asbestos, Fireclay and China clay, Pyrite, Graphite, Zinc etc are aiso found in small guantities
in Bihar portion of the basin.

3.4 SOIL CLASSIFICATION

The catchment of this river sysiem in Bihar consists of red loam sol! followed by alluvial, forest
and hill seils. The characteristics of these soils are given helow -

3.4.1 BRed Loam Soils

The red loam solil is derived from metamorphic rocks and from acidic rocks like Biotite gneiss.
The p, value ranges from 5.0 tc 8.0. The red colour of the soil is due to iron and other compounds.
The red soil has low water holding capacity. This is profitabie for different types of crops such as
wheat, cotton, bajra, pulses and vegetabtles.

3.4.2 Alluvial Soils

Alluvial soil is fertile soif and its colour varies from pale brown on the surface to dark brown
undermeath.The soil is very deep, well drained slightly acidic {p,, = 7.0 to 9.0) and low to medium
inorganic matter. This soil has fairly good water holding capacity. Alluvial soil is fertile and responds
well to irrigation and fertilizers.

3.4.3 Forest and Hill Soils

The colour of the forest and hili soil are brickish red to brown. These soils are ferlile containing
more of nitrogen and organic compounds. These are found in neutral to slightly acidic conditions but
contain bases in abundance. These spils are suitable for vegetable and fruit growth.

4 HYDROLOGY

4.1 The Sone river basin is the major sub-basin of the river Ganga. On account of the location of
the catchment being situated in the low pressure zeone, the basin receives 85 to 90 per cent of the
annual rainfall during monsoon period. Contribution of rainfall during post monscon period such as hot
weather (March to May) is negligible. However, due to late movement of depressions across the
catchment, the monscon ends late, s¢ pest monsoon rains in the months of October to May are
sometimes significant. Some rainfall also occurs during winter months, but it is very small in quantity.

4.2 According to the norms laid down by Bureau of indian Standards (IS 4987), one raingauge for
a drainage area upto 520 Sq Km is sufficient for plains. However, if the catchment lies in the path of
low pressure systems which cause precipitation in the area during their movements, the network should
be denser, particularly in the up stream. in not too elevated region with average elevation cne kilometre
above sea level, the required network density is one raingauge station for every 260-390 Sq Km area.
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India Meteorological Department have, however, prescribed at least one raingauge station for every
500 Sq Km of the drainage area. !t also specifies that at least 10 per cent of such raingauge stations
should be self recarding. This has to be increased to 20 per cent as recommended by the Rashtriya
Barh Ayog (RBA).

4.3 According to the norms laid down by the World Meteorological Organisation(W M Q) the
following densities are required:

Table No 3

St no  Type of terrain Density required (one station for)
ideat Acceptable

1 Fiat regions of temperate mediterranean and tropical zones £600-900 900-3000
5q Km Sq Km

2 Mountainous regicns of temperate, mediterranean 100-250 250-100C

and tropical zones Sg Km 5q Km

3 Arid and Polar zones 1500-10000 depending upon

Sq Km the feasibiiity

10 per cent of the raingauge stations are required to be self recording to know the intensities
of the rainfall in the area.

4.4 According to the norms of the IMD, 141 raingauge stations are considered necessary in the
drainage area ot the river Sone, of which 33 such stations are required in Bihar portion only including
the catchment of North Koel! basin. If North Koel basin is excluded the number required will be 11 only.
Against this requirement, there are 168 raingauge stations in the entire Sone catchment. Out of these
122 stations are located inside the catchment and the rest 46 are outside the catchment but are mostly
situated on its fringes. Out of these 168 stations, 85 are maintained by IMD, 82 by MP Govt, 7 by
UP Govt, 1 by Bihar Govt, 8 by CWC and 5 by unknown agency, the list of which is enclosed at
Annex 1.

4.41 The number ot stations existing and the same required as per above norms are indicated below
for comparison:-

Table No 4
Si Catchment Existing rain Adopted norms Requirement as per norms Remarks
no area in Sq Km gauge stations
ldeai Acceptable ideal Acceptable
1 Plain area 114 @800KmZ  @1500Km? 59 32 *
(47,596)
2 Hilly area 50 @200Km? @500Km2 113 45 **
(22,632)

“ The plain area has got more than adequate number of raingauge stations.
“* The hifly area has inadequate number of raingauge stations for ideal condition but is within acceptabte norms,

In addition to above, ideal requirement of self recording raingauge stations is six in the whole
of the plain area and 11 in the whole of the hilly area while three such stations in the plain and four
stations in hilly area may aiso be acceptable. There are eleven self recording raingauge stations in the
entire Sone river system.
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4.4.2 The erstwhile Sone River Commission while attempting to design network of raingauge stations
had observed that though there are several methods for finding optimum number of raingauge stations,
the most commonly used method is that based on special variability of the historic rainfall data in which
the number of raingauge stations are decided on the hasis of standard deviation and co-efficient of
variation of rainfall data. The optimum number of raingauge station for whoie river system on the basis
of above computation works out to 93.

4.5 From facts mentioned in 4.4.1, it is ciear that the number of raingauge stations in hilly area is
less than required which may be increased to conform to the prescribed norms. The number of self
recording raingauge stations is also less which may also be increased in order to get reliable rainfall
data including intensity of rainfal! for sufficiently long period for detailed hydrologica! studies of the
basin in future.

46 . RAINFALL

4.6.1 Rainfall data of the aforesaid raingauge stations, maintained by the IMD or other agencies, for
the period upto 1970 were collected and analysed by the Ganga Flood Control Commission while
preparing a comprehensive plan of flooed control for the Sone River system in 1989. Data beyond 1970
were not computerised then and hence not made available. We have also net been able to get any
further rainfali data from IMD. Districtwise annua! rainfall data are available with the Director of Statistics,
Govt of Bihar from the year 1974. The rainfall data made available are enclosed at Annex 2.

4.6.2 The annua! rainfall in the catchment varies between 954.0 mm at Paligan] and 1817 mm at
Netarhat. The lower catchment receives less rainfalt than that of the upper catchment. The monthly
mean rainfall during four monsoon months is 280.7 mm. The maximum rainfal! recorded in the month
of August is about 725 mm and minimum in months of June or September is around 25 mm only. The
southern part of the Sone basin is more wet than the northern part and there is a gradual decrease
of rainfall from south o north. The western and eastern sectors also receive more rainfall than central
part. Thus the centrai-northern part and northern lower most reach of the basin are the zones of
comparatively low rainfall.

4.6.3 Based on the meteoroiogica! features of the basin, the climate of the basin can be divided into
four groups. The average percentage of rainfall during each period are mentioned below:-

(a} South-west monsoon period (June to Sept) B7.0 %
{b}) Post-monsoon period (Oct to Dec) 55 %
{c) Winter {(Jan to Feb) 4.0 %
(d) Hot weather (March to May) _ 35 %

The average monthly contribution to the average annua! rainfall for the entire Sone basin is as
folows: June-11.9 per cent, July-29.5 per cent, August-29.8 per cent, September-16.1 per cent, October-
4.1 per cent, November-0.9 per cent, December-0.5 per cent, January-2.0 per cent, February-2.1 per
cent, March-1.3 per cent, April-0.8 per cent, May-1.0 per cent. The co-efficient of variation ranges from
102 per cent to 138 per cent and is maximum in the month of March. In the southern part, there are
pockets which receive more rainfall than the average but as the total rainfall is quite low, its effect is
insignificant. Sone basin receives 85 to 90 per cent precipitation during the four months of monsoon
period. The maximum monthly rainfall is either in July or August and minimum monthly rainfall is either
in April, May or December. About 60 per cent of the total average rainfa!l accurs in the months of July
and August only,
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4.7 GAUGE AND DISCHARGE

4.7.1 According to the norms prescribed by the WMO one gauge discharge site is required for every
300 Sg Km of the drainage area in hilly portion and for every 1000 Sg Km in the plains. Accordingly
121 gauge-discharge sites are necessary in the whole basin {74 nos. for hilly & 47 for plain). Against
this only 70 sites are available, details of which are given below :-

Table No 5

Sl No  Catagory of sites Number of sites maintained by Total

CWC Earstwhile MP up Bihar
SRC Govt Govt Govt

1 Gauge site - 1 13 — 8 22
2 Gauge and Discharge site 3 8 7 2 13 33
3 Gauge, Discharge and silt site - 2 5 — - 7
4 Gauge, Discharge, silt and water guality site 8 - - - - 8
Total 11 11 25 2 21 70

[Source:- Comprehensive Plan of Fiood Management for Sone River system, prepared by GFCC in 1989}

Qut of the above 11 sites maintained by CWC, 5 are situated in Bihar. Some of the hydrological
sites menticned in the above table either do not exist now or are not being maintained properly as per
I S specifications. The location of these sites, their danger level, maximum abserved gauge and
discharges etc are shown in the statement at Annex 3. The number of existing sites in plains is 57
whereas that in hilly area is 13 in the entire catchment.

4.7.2 From the above statement, it is quite clear that the Sone river system as a whole has adequate
number of gauge and discharge sites in plains but very inadeguate in hilly area which needs t¢ be
strengthened further.

The earstwhile Sone River Commission had attempted to design a network of hydrological
observation sites in consultation with the CWC and finally framed its recommendations which are as
follows:-

Table No 8

Recommended Network of Hydrological observation site in Sone River System

Sl Name of tributary Recommended number  Number of existing Number of Additional
No of sites {According sites to be upgraded existing sites sites
to | 5 standard) as per 15 Norms required
1 Mahanadi 5 2 1 2
2 Johilia 1 1 - —
3 Main Sone 6 2 1 3
4 Banas 2 1 1 —
5 Gopad 4 2 - 2
6 Rihand 9 2 3 4
7 Kanhar 5 - 3 2
8 North Koel 7 4 -
8 Intervening catchment 12 5 5 2
Total 51 18 18 15

[Source:- Comprehensive Plan of Flood Management for Sone River System prepared by GFCC in 1989]
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4.7.3 The maximum and minimum discharges observed upte 1988 of the sites falling in Bihar are
given in the table beiow :-

Table No 7
sl Name of site Name of Maximum Year Minimum Year Average
No tributary discharge discharge
in cumecs in cumecs

1 Japla Sone 26130 1975 740 1972 8320
(65-88)

2 Nasriganj Sone 30745 1987 4110 1981 11090
(70-88)

3 Daltengan] North Koel 3165 1987 400 1973 940
{70-88)

4 Mohammedganj North Koel 8730 1987 600 1983 1875
(60-88)

5 Koelwar Sane 36820 1971 3610 1966 10865
{60-88)

6 Indrapuri Sone 20430 1978 4150 1981 12000
(78-91)

[Source:- Comprehensive Plan of Fiood Management of Sone River system, prepared by GFCC in 1989 and
state Hydrology Cell of WRD Govt of Bihar ]

4.8 RUN OFF FACTOR

4.8.1 Finding out run-off factor of the catchment is essential to know the run-off likely to result from
short duration heavy rains. In erder te findout the total run-off during the monscen period for planning
schemes for drainage of accumuiated water, it is necessary to determine the run-off factor applicable
for the mensoon period as @ whole. In order to conduct such study and analysis, rainfali data for the
stations spread over the entire drainage area of the basin and run-cff data at suitabie locations on the
river for a sufficiently longer period (at least 20 years or more) are considered necessary inputs.

4.8.2 The Ganga Flood Centrol Commission (GFCC) were able to get hold of the rainfall data of 69
raingauge stations situated in this river basin as a whole. The period of availability of rainfall data varies
from 1901 to 1970 for different raingauge stations in the entire catchment spread over Bihar, UP and
MP. The availability of data is not continuous for ail the raingauge stations in the basin for a reasenably
long period. It is for this reason that rainfall-runoff relationship could not be precisely established, it is
therefore, suggested that the State Government should make all out efforts to collect the raintali and
run-off data in the basin for as many years as available and carry out further studies to estabilish
precise rainfall runeff relationship at suitable locatiens on the river Sone for future use.

4.9 SEDIMENT CHARACTERISTIC

4.9.1 The basic source of stream sediment are erasion of the deforested and denuded soil cover of
upper catchment. The land in this catchment has generally steep slope, the average being more than
2 per cent. A slope ¢f 5 per cent or more is also not very uncommon, This steep slope is instrumental
in accelerating the scil erosien process and formation of gullies etc. Another cause of soil erosion is
the prevalent practice of unterraced cuitivation. The problem of erosion does not remain confined to
the catchment area alene but extends to the river reaches, where the excessive silt charge puts the
river regime in disarray creating problems like floods, drainage cengestion, rise in bed level, meandering
of river course resulting in loop fermatien and bank eresion etc.
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4.9.2 There are seven existing silt observation sites in the Sone River system where chservations
are taken regularly. These sites are located at Chopan, Kuldah-bridge, Kota, Jhukoo, Japla,
Mohammedganj and Koefwar and are maintained by the CWC. Out of these sites Japfa, Mohammedganj
and Koelwar falls in Bihar portion of the basin,

The availability of sediment data are indicated below:

Table No 8
Sl Ne Name of cbservation site River Maintained by Data available Remark
1 Chapan Sone Cwc 1963-88
2 Kuldah Bridge Sone CWC 1981-88
3 Kota Kanhar CWC 1980-88
4 Jhukoo Gopad cwcC 1983-88
5 Japla Sone CWC 1978-86
6 Mochammadganj North koel CWC 1981-86
7 Koelwar Sone CwWcC 1962-86

The available sift data of sites in Bihar are enclosed at Anpexure 4.

4.9.3 The maximum silt load ot each site {(mentioned above) are given below:

Table No 9
Sl Nc  Site Year Maximum silt load (Lakh tonnes) Remarks
1 Chopan 1974 582.71
2 Kanhar 1982 7.87
3 Kuldah Bridge 1984 78.12
4 Koelwar 1971 3380.67
5 Jhukoo 1987 27.27
6 Japla 1984 376.81
7 Mohammedganj 1984 95 40

It would appear from the above table that maximum silt load occurred at Koelwar site in the
year 1971,

A perusal of the sift data enclosed at Annex 4 indicates that the increase or decrease in annual
silt load does not follow a regular pattern.

2. FLOOD FREQUENCY ANALYSIS.

51 Frequency analysis is carried out to interpret the past records of the hydrologic events such
as precipitation, run-off, flood levels etc to predict the probabilities of such occurrences in future. For
quantitative assessment of the magnitude of flood problem it is essential 1o evaluate and estimate the
frequencies of rainfall, floods etc. Such studies are necessary inputs for proper planning, design and
location of hydraulic structures as well as other related studies.
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5.2 CRITERICN OF DESIGN FLOOD

5.2.1 Ministers Committee on Ficods and Flood Relief constituted by the Government of India in
1970 had recommended as follows:

“As most of the embankments have been constructed on the inadequate and meager hydrological
data which are available, it is necessary that the existing embankments are reviewed to see that these
are safe for a flood of 50 years frequency for major rivers and at last 25 years frequency for small
tributaries, Similarly al! future proposals of embankments should also be based on the above criteria.”

5.2.2 The recommendations of the Rashtriya Barh Ayog (RBA) constituted by the Government of
India in 1976 (which submitted its report in March 1980} regarding the degree of protection by
embankments are as follows:

“The use of benelit cost criterion would require ({} damage data with respect to different flood
frequencies (i} data on damages due to probable failure of embankments, and (iii) expertise to carry
-out alternative benefit cost and trade ot exercises. These are not available at present, Hence for the
fime being we recommend, as a genera! guide, adoption of the lollowing criteria based on flood
frequencies:-

(i For predominantly agricultural areas 25 years flood frequency (in special cases where the
damages potential justifies, a higher design flcod/maximum observed flood may be adopted).

(i) For town protection works, important industrial complexes etc 100 year flood frequency
(for larger cities fke Delhi, the maximum cbserved flood, or even the maximum prebable flood should
be considered for adoption).

Meanwhile studies should be undertaken to review the basis of these flood frequencies and
attempts magde to collect the data and appoint the necessary personne!, so as to enable the application
of Benefit-cost crilerion in due course.”

{(para 13.5 of RBA report)

5.2.3 The relevant recommendations made by the Ministry of Irrigation, Government of india in the
guide lines and instructions for implementation of the recommendations of RBA are reproduced below:

“In the case of embankment the design of a project should be determined for the time being
on the flood frequency suggested. Meanwhile necessary step may be taken for eventua! application of
Benefit-cost criterion for fixing the design.”

The summary of recommendaticns as accepted is as follows:

“In the case of embankment schemes the height of the embankment and the corresponding
cost can be worked out for various flood frequencies and also the benefit cost ratio, taking into account
the damage likely to occur for the relative flood frequencies. However, till such times as the details of
all relevant parameters are available, embankment schemes might be prepared for a flood of 25 year
frequency in the case of predominantly agricu'tura! areas and for flood of 100 year frequency for works
pertaining to town protection and protection of industrial and other vital organisations.”

While endorsing the decisions of the Ministry of Irrigation, Government of India on the
recommendations of the RBA, the commission suggests that all embankments on important rivers
should be designed for a flood of 50 years frequency in general and for flood of 100 years frequency
for works pertaining to protection of towns and vita! industrial, defence establishments etc.
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5.3 ANALYSIS OF AVAILABLE DATA.

53.1 At present, gauge, discharge and silt data are heing observed by the CWC at seven (7) sites
in the Sone river system. These are Chopan, Kuldah bridge, Kota, Jhukoo, Japla, Mohammedgan] and
Koelwar. Besides these ihere are four sites where oniy gauge and discharge are observed by CWC.
These are Phaphund, Nawria, Nasriganj and Daltenganj. At these sites, gauge data are observed thrice
a day including the gauge at the time of discharge observation. Dunng monsoon period hourly gauges
are observed. tn addition to the above hydrological sites there are three more sites in the lower reaches
of the catchment on the main river Sone, cne maintained by Government of Bihar, Water Resources
Department is situated at Indrapuri Barrage wnere inflow. outflow and canal releases are being chserved.
Two other gauge sites are situated at Maner and Dighaghat and maintained by CWC. These two sites
are affected by the flow in the Ganga also and cbservalions are made conly during the monsoon season
for recording hourly gauges only for the purpase of flecod forecasting. Out of the aforesaid hydrological
sites only 8 namely Japia, Mohammedygan]. Koelwar, Nasriganj, Dalterigan], Indrapuri, Maner and
Dighaghat are situated in Bihar. The yearly peak gauge and corresponding computed discharge as well
as observed peak discharge of the sites located in Binar portion only are enciosed at Annex 5.

5.3.2 The frequency analysis of the ahove avaiiable data carried out hy GFCC using Log Pearson
Type Ni and Gumble’s distribution method for discharge of return period of 25, 50 and 100 years gave
the flowing resulis:

Table No 10

Flood Discharges in the River Sone

5t No  Site Period Flood discharge in cumecs corrosponding to
of data e
availability Leg Person Type 11l method
25 yrs 50 yrs 100 yrs
1 Japia 1965-88 18822.10 21242.87 23482.90
2 Nasriganj 1970-88 3119560 37879 .40 45308.10
3 Daltenganj 1870-88 2597.05 3081.53 3601.86
4 Mahammedgan;j 1961-88 7306.37 9566.53 12248.80
5 Koelwar 1960-88 31218.50 38655.00 49744 50
Table No 11
51 No Site Period Flood discharge in cumecs Absolute peak
of data corresponding to discharge
avaitahifity corresponding
Gumblie distribution method to observed
25 yrs 50 yrs 100 yrs peak gauge
1 Japia 1965-88 20924.80 24348.70 27747 50 20385.00
2 Nasriganj 1970-88 31833.30 37006.70 42142.80 25496.00
3 Daltenganj 1970-88 2768.31 3189.95 3638.36 2258.00
4 Mohammedgan] 1961-88 9770.39 11751.30 13717.60 16358.00
b Koelwar 1860-88 3184790 37150.20 42413.70 32363.00

[Source Comprehensive plan of Flood management for Sone River System { prepared by GFCC in 1989))
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5.3.3 it is observed from the available annual peak discharges of chopan and Koelwar sites that the
discharges at upper sites are more than lower in most of the years. One of the possible cause might
be spilling of the river during floods above the koelwar site. However, this needs to be investigated in |
details in order to pin piont the exact reason in order to establish the reliability of the recorded observed
data.

5.3.4 The flood discharges of the river Sone at Koelwar of 50 years frequency and 100 years
frequency are 26.77 per cent and 59 per cent more than the flood discharge of 25 years flood
respectively. Similarly, it is found that the flood discharge of 100 years frequency is 25 per cent more
than the that of 50 years frequency.

For Nasriganj site, the flood discharge of 50 Years frequency and 100 years frequency are
21.42 per cent and 45.24 per cent more than that of 25 years respectively. Flood discharge of 100
years frequency is about 20 per cent more than the 50 years frequency.

5.4 UTILITY OF FLOOD FREQUENCY STUDIES

The results of flood frequency studies are useful in delineating the flood prone area on the
contour map in order to be aware of the situation in the unprotected area at different stages of the river
during floods. To make this study useful, it is essential to have the contour map (with contour at
suitable interval) of the area prone to floods preferably in a scale of 1:15000.

The next utility of these studies will be in formulation and planning of future flood protection
and management schemes in the basin,

6.0 Flood And Draingage Problem:
6.1 Flood Problem:

6.1.1 The flood is an annual feature causing extensive damage to crops, lives and other properties
in Bihar. The rivers of north Bihar spill over their banks in several reaches causing considerable
damage. In recent years, some rivers of south Bihar such as the Sone, the Punpun, the Falgy, the
Harohar-kiul etc have also been causing floods. These rivers have negligible discharge during the non-
monsoon period. The ratio of discharge of monsoon to non-monsoon period is quite large. On account
of heavy precipitation in their catchments combined with their inadequate bankful capacities, the rivers
spill over their banks frequently. These rivers are aggrading in severai reaches and are flowing almost
on the ridges in lower reaches. At places, these are contained within Embankments constructed by
local Zamindars to protect corresponding localised areas. Their design is structurally weak and even
flood of medium nature cause breaches and consequential inundation of the adjoining protected areas.

The Ganga remains in high stages for considerable periods during monscon months which
resuits in flood locking in its tributaries. During this period, even smal! rise in flood levels of tributaries
resuft in spiliing of their banks and flooding of the nearby areas. Heavy outbrust of the storm during
monsoon in the catchments of various rivers of Bihar is not uncommon. Such heavy rainfall causes
flooding in south Bihar plains also, particularly in the lower reaches.

6.1.2  All major floods in the catchment of the Sone basin have been caused due to heavy rainfall
in the upper catchment of the river and its tributaries. These heavy rainfalis occur due to monsoon
depressions and cyclonic storms originating from the Bay of Bengal moving in North and North-westerly
direction crossing Orissa and West Bengal coast. Depending upon their intensity and track of movement,
they cause heavy to very heavy widespread rainfali over the Sone catchment. This river system
experienced extremely severe fioods in the years 1900, 1911, 1913, 1917, 1919, 1921, 1925, 1931,

747



Appendix 8/16
1934, 1946, 1950, 1956, 1971 and 1975 which affected the Sone catchment and aiso adjoining areas.

6.1.3 The areas of the Sone catchment Iying in Madhya Pradesh and Uttar Pradesh are aimost free
from floods. The fiood problem in the Sone fiver system is mainly contined to lower reaches of the river,
after it comes out of the hilly region and flows down through the Gangetic plain. The Sone river
generally spills in Bihar below Danwar on left bank. The spilling problem is more acute further down
below the koelwar bridge which affects the low lying areas of Ara town and Maner. The main reasons
of overbank spill are the heavy rainfall in the upper catchment and congestion at the outfall due to high
stages in the river Ganga. The problem becomes more acute whenever the flood in the river Sone
synchronises with that in the Ganga causing serious drainage congestion which prolongs the duration
of floading in the lower catchment. The flood slope in the river Sone is 0.5 m per Kilometre below
Koelwar while the flood slope in the Ganga near its confluence with Sane and downstream is 0.1 melre
per Kilometre. This difference in flood slopes creates heading up of water of the Ganga near their
confluence particularly in the reach from Maner to Digha. This results in higher flood level of the river
Ganga at Digha during high stages in the river Sone. It is found that flood levels in Maner-Digha reach
of the river Ganga are influenced more by the stages and discharges of the river Sone. As a result
of the extremely high flood leve! at Digha in the year 1975 the combined water of Ganga and Sone
overtopped the entire road from Digha to Maner, excepting highlands near villages to the extent of
about 30-80 cm, and there was a sheet flow from Sone and Ganga towards the low lying areas in the
countryside of Patna and Digha. There were seven breaches on the road during this flood. The river
Sone also spilied over the right bank between Koelwar and Maner, thereby causing 11 breaches in the
Maner distributary. This water also entered the Patna-Danapur areas. The combined water entered
Patna township in the night of 24th August, 1975 causing large scale damages to lives and properties
in Patna and its suburban areas,

6.1.4 The river Sone brings considerable amount of silt resufting from erosion of the deforested and
denuded soil cover in the upper catchment. The surface slope in the catchment is generally steep. It
accelerates the soil erosion resulting in heavy silt charge. The excessive sitt charge puts the river
regime in disarray creating problems like floods ete. The capacity of the river channel is gradually
reduced due to such excessive deposition of silt in the river bed which leads to spilling of the banks
whenever there is heavy precipitation in the basin. The problem of over bank spill causing flooding of
the area is limited to the lower most reach of the basin below Danwar.

6.1.5 Although no serious problem of bank erosion occurs in this basin even in lower reaches, some
erosion does take place at some locations for which schemes have been formulated such as (i) Dehri
Town Protection Scheme and (i) Anti-efosion Scheme near village Kharawn between Ch 215 to 240
of Sone Left Embankment (iii}Anti-erasion Scheme near village Sahar between Ch 407 to 457 of Scne
Left Bank Embankment {iv) Fuha Anti-erosion Scheme between Keelwar and its confiuence with Ganga
(v) Mahadeva Anti- erosion Scheme near Nasriganj and (vi)Nauhatta Anti-erosion Scheme opposite the
confluecne of North Koe! river with Sone. The Dehri Town Protection Scheme includes protection of
valuable lands of Water Resources Department of the state government, industrial state and Bihar
Military Police establishments etc. The erosive tendency is reported to have developed after construction
of a number of important structures located upstream and downstream of old Dehri Anicut such as
Indrapuri Barrage,old GT Road causeway, new GT Road bridge and railway bridge on Eastern Railway
etc. The portion of town situated downstream of the Anicut has been protected to some extent by
executing anti-erosion works in past years but the area lying upstream of the Anicut had faced erosion
problem a few years back during which it is reported that about 20 ha of land belonging to Water
Resources Department had been eroded by the river action.

6.1.6 History of past flood shows that the flood problem in the Sone river basin is mainly confined

ta lower reach. There is hardly any problem of this nature in upper reaches. The flood problem of the
river received greater attention after the floods of 1971, A brief history of past floods have been
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indicated in the statement at Annex 6.
6.2 DRAINAGE PROBLEM

6.2.1  The Sene river basin does not suffer from serious drainage congestion. Seme drainage preblems
are reported to exist in the lower most reach near the confluence with the Ganga. Drainage congestion
is created only when its upper catchment experiences heavy precipitation and is followed by blockage
at outfall into the river Ganga during the high stage pericd of the river Ganga. The problem becomes
acute whenever the fliood of the river Sone synchronises with that of the Ganga causing drainage
cengestion due to which the depth as well as duration of flooding in the tafl end of the basin considerably
increases. This basin inspite of intensive irrigation facility from Sone canal system does not record any
rise in ground water table. The record of ground water table taken from year 1886, a few vear after
inception of irrigation fram Scne canal system, to 1992 supports the above statements. No other
surface or underground drainage preobiem has been reported from anywhere else in this basin in Bihar.

6.3 FLOOD DAMAGES

6.3.1 Generally the damages caused by fioods and drainage congestions are broadiy classified into
the following categories:- '

(a) direct damages and (b) indirect damages.
6.3.2 The direct damages are those which are caused due te direct physical contact with flood water.
These includes losses to (a) growing and preharvest crops (D) houses and househeld assets, {¢) public

utility works, (d) public buildings and (e) loss of human lives and livestocks.

6.3.3 The indirect damages are not susceptible to quantification. Therefare, approximate monetary
evajuation can enly be done for such damages. These generally inciude :-

(a) loss of éaming in Agro-based industry and trade,

(p) loss of revenue to the road and rail transport system due to disruption of services,

{c} loss of earnings to small shopkeepers and other daily wage eamers and

(d) loss of employment to the daily wage earners in the public and private sectors.
6.3.4 The floocd damage data are collected by the Revenue (Relief & Rehabilitation) Department of
State Government and passed on te the various concerned organisations of the State and Central
Government. Central Water Commission (CWC) is collecting and compiling such damage data of all
flood prone areas of States at natfional ievel. It is observed that the flood damage statistics, which is
essentially required for the benefit-cost studies for any propose! flood management measures, are not
being scientifically and rationally collected and compiled. The BBA had made many useful
recommendations in this regard which do not seem to have been followed. The Commission recommends
that the recommenations of the RBA should be followed strictly and realistic evaluation of flood damage
river basin wise be carried out every year under the following three separately identified categories:-

! Unprotected areas;

1] Protected areas due to failure of protection works;

I Areas between the embankments and the river.
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The Water Resources Department dealing with flood management should be associated with
collection and compilation of flood damage data in order to eliminate any inconsistency, the flood
damage data should be collectively reviewed by the concerned Departments at the end of each year.
Such reconciled long-term data of flood damage is to be used in economic viability study for any future
flood protection management scheme in the area.

The Central Flood Control Board had decided that the Flood Control Departments of the States
should compile basinwise fiood damage data with effect from 1960. This is not being followed in Bihar
and the Hlood damage data still continue to be collected districtwise {not basinwise) by the Revenue
{Reliet & Rehabilitation) Department.

6.3.5 Flood damage data are required every year during the flood season for the purpose of immediate
requirement of relief operations that become necessary on account of current damage caused by
floods. As such, the need for compiling the annual flood damage data, according to administrative
jurisdiction in district and blockwise category in the state can not be denied. On the other hand,
planning of the flood control measures are to be on a basin and sub-basinwise manner. It is, therefore,
necessary that such data are collected by the Revenue authorities with active co-operation of the staft
of Water Resources, Agriculture, and Road & Building construction Departments and the data are
processed and compiled both districtwise as well as basin/sub-basinwise by the Statistical Organisations
at district and State tevel for future use, for planning of reliet measures and flood management works
respectively.

6.3.6 The annual flood damage data for the Sone River basin converted from available districtwise
figures are enclosed at Annex 7. Proportionate damage in accordance with area has been accounted
for in case of the districts which partially lie in the basin.

6.3.7 From the perusal of the data processed by the Revenue Department it is noticed that damages
to property of Central Government such as railways, posts and telegraphs etc are not properly accounted
for. On the other hand, the cost of relief and rehabilitation measures, grant of loans, remission of land
revenue eic is added to flood damages. This does not appear {o be in order and needs 1o be looked
into.

6.3.8 COMPARATIVE STUDY OF ANNUAL DAMAGE FIGURES

The figures of average annual fiood damage from 1969 to 1988 in the Sone river system have
been compared with those of Ganga sub-basin and the country as a whole by the GFCC as indicated
in the table given below. This comparative study shows that the average annual damage in the Sone
river system is about 0.755 per cent and 1.424 per cent of the total average annuai damages of the
country {as a whole) and Ganga sub-basin respectively whereas the geographical area of the Sone
river system is 2,166 per cent and 8.272 per cent of the country and Ganga sub-basin respectively.
This reflects that the {lood problem in this river system is comparatively less than that in the Ganga
sub-basin and the country as a whaole.

Comparative study of average annual flood damage figures {at then current price level) with
that of the country as a whole and the Ganga sub-basin.
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Table No 12

Si No  [tem All India Ganga basin  Sone River system
1 Total area affected {in Lakh hactares) 92.33 47.82 0.4054
2 Total pupuiation affected {in Lakh nosj 249853 169.24 2.3701
3 (a) Total crop area affected {in Lakh ha) 39.86 22.72 0.1591

{b} Damage to crops (in Rs Lakh) 26132.30 16230.27 206.47
4 {a) Number of house damaged 1105705 638432 6351

(b} Damage to houses {in Rs Lakh) 7067.68 3965.37 132.108
5 Damage to pubfic Utilitles (in Rs Lakh) 13633.35 4646.17 16,232
& Human lives lost (Number) 1434 401 26
7 Cattle lives lost {(Number) 105490 11061 11
8 Total damages (in Rs Lakh) 48833.33 24851.15 353.810
9 Total Geographical Area { in Sq Km) 3290000 861400 71258

[Source: Comprehensive Plan of Flood Management for Sone River Basin, prepared by GFCGC in 1989]
6.3.9 TREND OF DAMAGES

The flood damage distribution over various time periods has been computed frem annual
damage data furnished at Annex 7 for block years 1969-73, 1874-78, 1979-83, 1984-88, and 1989-93.
The trend of damage distribution of various componénts such as crop damage, damage to houses and
damage te public utilities during different block years are given below in the table.

Table No 13
S Type of Trend of damage during the Periods
No damages
1969-73 1974-78 1979-83 1984-88 1888-93
1 2 3 4 5 G 7
1 Damage to crops 78.9% 66.05% 96.53% 48.08% 39.11%
(516.0353) (1271.2223)  (341.77) (2003 .52) {(1088.37)
2 Damage to houseas 18.75% 33.94% 3.44% 44.7% 5.05%
(121.1064)  (653.1003)  (12.1567} {1855 7925) (61.69)
3 Damage to Public utilities 1.35% 0.01% 0.03% 7.12% 5.83%
(8.6825) (0.2268) {0.1127)  {295.6168) (71.31)
Total damages 100% 100% 100% 100% 100%
645.8269 1924, 550 354.049 4151.7613 1221.37
Note: The figures under bracket indicate the value of damages in Lakh Rupees.
[Source : Comprehensive Plan of Flood Management for Sone River Basin prepared by GFCC in 1982 upto

column No & and Relief and Rehabilitation Department of Government of Bihar for Column No 7]

From the above table, it is seen that the damages to crops, to houses and to public ulilities

are roughly 76 per cent, 21 per cent and 3 per cent respectively. Rashtriva Barh Ayog (RBA) had
reported that more than 60 per cent of total damages used to be on account of damages to crops. This
assessment holds good in the case of this river system as is evident from the above table except in
the block year 1984-88. It is also seen from the above table that damages t0 crops is maximum in block
year 1979-83 while damage to houses and public utilites are maximum in block year 1984-88.
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6.3.10 It is obvious from the available flood damage data of the basin that average annual area
affected by flood is 0.582 Lakh hactare. The average annual damages to crops, houses and public
utilites at the 1991 price level work out to be Rs 450.88 Lakh, Rs 213.56 Lakhs and Rs 23,49 Lakhs
respectively totalling to Rs 687.93 Lakhs. During the period 1963-93 for which the data are available,
the maximum damages amounting to Rs 4193.890 Lakhs occurred during the year 1976 and the
minimum damages of Rs 6.36 Lakhs occurred during the year 1969 (at 1991 price lavel).

7.0 PAST APPROACH AND ACHIEVEMENTS:

7.1 in early days embankments were constructed to prevent damage to the agricultural lands,
properties and inhabited area from the over bank spills of the rivers. Such embankments were generally
constructed by the focal Zamindars in localised reaches in scattered manner to protect their lands and
properties from inundation. No clear cut flood control policy was laid down in earlier years but Committee
of Experts were appointed to examine the problems and to suggest remedial measures when ever flood
of severe intensily causing large scale damages occurred. Most of the suggestions made by such
commitiees could not be implemented either tor want of funds or for other reasons. One of the worst
and devastating floods occured in the country in the year 1954 and Bihar was no exception, The Gowt
of India announced a national poficy on flood control and launched a national programme of flood
control in the year 1954, This policy stressed the need for collection of data and formulation of plans,
implementation of short term measures like embankments and channe! improvements and long term
Mmeasures like construction of storage reservoirs on tributaries in conjunction with embankments, all
under an outline of time-bound programmes. No long range plan could, however, be immediately
formulated for want of survey and investigation as weli as historical data but emergent schemes were
prepared and executed to provide a reasonable degree of protection from the ravages of floods to the
areas concerned. These schemes have served their desired purpose,

7.2 Before 1971, only a small bund about 4.85 Km long, was constructed on the river Sone. The
banks of canals and distributaries of the Sone canal system also worked as embankments, These
existing embankments were hardly able to provide protection 1o the flood prone areas of the basin. The
1975 floods in the lower reaches of the river Sone combined with high stages in the river Ganga at
its outfall point caused severe damages to Patna township,Danapur cantonment and suburban areas.
The State Government formulated a scheme for protection of the areas, lying in the lower reach of the
Sane basin including Patna and Danapur towns, fram floods. Some of these schemes have already
been executed, a few are under execution and the remaining are still in proposal stage. Such schemes
are broadly classified under various categories like Embankment schemes, Reservoir schemes and
Town/ village protection schemes. A list of such schemas is enclosed at Annex 8

7.3 EXPERTS COMMITTEES AND THEIR RECOMMENDATION

As already described earlier the flood problem of the Sone basin is not acute. No committee
on flood control in the Sone river basin was constituted prior to devastating floods of 1975. Tripathy
committee under the Chairmanship of Shri J. Tripathy, Member {Floods & Drainge), CWC was constituted
by the State Government after 1975 floods in Patna. The Committee was required to suggest measures
to be undertaken for the protection of Patna town, which was severely affected in 1975 by the flood
of the river Sone. The Commitiee gave its recommendations under two priorities. It was recommended
that the works under Priority | should be completed before 1976 monsoon, while those under Priority-
I might spill aver beyond 1976 monsoon. Following are the contents of the Priority | & II proposals:

Priority-|

(1) (a) Construction of an embankment -cum-masonry wall on the south bank of the river Ganga
from Digha to Maner along with bank revetments at vulnerable places.
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(b) Construction of sluices in the proposed embankment at the crassing of the drainage
channels.

(ii) Construction of an embankment-cum-masonry dowel on the south bank of the Ganga from
Digha to the tail end of left embankment on the river punpun wherever necessary.

(i) Construction of a new embankment from Maner to Saidabad along right bank of the river Sane.

(iv) Closure of the lock gate on the Patna canal and provision of a gate with proper seals at the
junction of Patna cana! with the Ganga.

(A Construction of an escape channe! from Patna canal upstream of Naubatpur through Khajuri
distributary and Panchahua Nala with ancillary works.

(vi) Restoration to original sections of Patna canal and Maner distributary. To ensure provision of
a free board of 0.9 metre above 1975 HFL in the left bank embankment of the Maner distributary.

(vii)  Raising and strengthening of Danapur distributary and construction of new embankment in its
tail reach to prevent the entry of drainage waters from rural areas lying on the west towards Patna.

(viii)  River training works for preventing erosion of existing Patna protection works at vuinerable
places against erosion from the river Ganga.

(ix) Improving and remodelling the existing urban drainage in Patna and construction of sluices with
gates on the drainage channels proposed for augmenting the capacities of the existing ones as per new
proposals.

Priority- Il

(i) Remodelling the drainage system in the rural areas by excavaling new channels, remodelling
of the existing channeis and raising of the roads/ distributaries wherever and to the extent necessary
for segregating drainages of different sectors.

(i) Raising and strengthening of the left embankment of the Punpun as well as construction of new
embankment in its upstream reaches upto the escape channel

Out of the above recommendations, the schemes Nos {i} a & b, vi & vii under priority-1 relate
to Sone/ Ganga basin and scheme No. iii of Pricrity-i relates to Sane basin and other recommendations
are not relavent to Sone river basin.

The recommendations of the Tripathy Committee relating to construction of embankments an
Sone river have been completed,

The total length of embankments on river Sone to be constructed is 67.87 Km 1o provide
protection io an area of 30.77 thousand ha out of this, as per Administrative report of 1991-92 of Water
Resources Department of Government of Bihar, 51.84 Km iength has been compieted and 21.27
thousand ha area have been provided with reasonable degree of protection from fload so far. The total
amount spent upto 1991-92 is Rs 398.45 Lakhs on Sone Embankments.

7.4 EMBANKMENT SCHEMES:

There are three important embankment schemes in this river system which are (i)Buxar-
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Koelwar Embankment scheme (sectar A) (i) Sone left embankment scheme (From Koelwar to Harpur
lock (iil) Sone right embankment scheme.

7.4.1 Buxar Koelwar Embankment Scheme :- It has been planned into three sectors, namely ‘A’'B’
and ‘C’. Sector ‘A’ of this scheme envisages construction of the following works.

(i) Scne embankment (from Koelwar upto confluence with Ganga) 14.66 Km
(i Koelwar ring bundh 2.38 Km
(iii) Ganga Embankmenti{from Samaria Pararia 10 Bishunpur) 9.08 Km
(iv) East Gangi Right Embankment (Jamira to Samaria Pararia) 19.05 Km
(v) East Ganhgi Left Embankment (Jamira to Gyanpur) 579 Km
{vi) Ara Town Protection scheme 7.68 Km

Qut of the above works, the Sone Embankment and Koelwar Ring Bundh relates to Sone river
basin.This scheme was started in the year 1973-74 to provide protection from flood to approximately
10,000 hectares of land lying between the rivers Sone on the east, the Ganga on the north, the Gangi
in the west and Patna- Mughalsarai section of Eastern Railway line in the south. The construction of
all the above embankments have almosi been completed except some minor works in the other
pertions.

Sector ‘B” and ‘C’ relates to Ganga main stem basin and provides protection from the floods
of the river Ganga and Waest Gangi elc.

7.4.2 Sone Left Embankment Scheme (from Koelwar to Harpur Lock):

This scheme envisages construction of three embankments as given below :

(i) New embankment from Koelwar to Nansagar.
(ii) Raising an strengthening of existing Triko! bundh from Nansagar to Sandesh having a length
of 4.88 Km.

(iii) Raising and strengthening of right bank of koelwar distributary from Sandesh to Harpur lock
having a length of 36.30 Km.

This scheme was proposed to provide protection from flood to the area lying on the left of the
river Sone from Nansagar to Harpur lock. Upstream of saidabad, flooding of vast tracts of irrigated land
was also being caused due to breaches in canal banks on both banks of the river sone. As such, the
high level Expert’s Committee suggested that the canal banks may be raised and strengthened to act
as flood embankment. The present status of these schemes are indicated below -

7.4.2.1 Nansagar-Koelwar Embankment
The Nansagar-Koelwar embankment is a part of Sone left embankment scheme. This
embankment has been constructed in a length of 14.95 Km to protect the area lying on the west side

of the river Sone between Nansagar and Koelwar. Aimost entire length of embankments have already
been constructed. The total cost of the scheme was Rs 324 .28 Lakhs,
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7.4.3 Sone Right Embankment Scheme
7.4.3.1 (From Mair to Ranitalab)
This scheme envisages construction of flood protection works on right bank of the river Sone
from Maner to Ranitalab. The scheme forms a part of the comprehensive “Patna Flood Protection

Scheme”. The estimated cost of the scheme was Rs 431.62 Lakhs. This scheme is providing protection
to 16,187 hectares of lands and comprises of the following components :

(i) Raising and strengthening of left bank of Amra distributary from Maner to Amra in a jength of
21.05 Km.
(i) Construction of new embankment from Amra to Baidrabad connecting Patna canal and Amra

distributary in a length of 9.15 Km.

(iif) Raising and strengthening of left bank of Patna Canal from Baidrabad to Ranitalab in a length
of 16.78 Km. Such work in a length of 8.2 Km of Patna canal has been taken up separately under the
name of “ Arwal Protection Scheme “.

7.4.3.2 (From Ranitalab to Maner)

This scheme envisages construction of flood embankment on right bank of the river Sone from
Ranitaiab to Maner. This embankment also forms a part of “Patna Flood Protection Scheme”.The
scheme comprises the following components ;

(i) Construction of new embankment from Saidabad to Maner.
(i) Raising and strengthening of left bank of Maner distributary from Ranitalab to Saidabad.

Both the components have been completed under Patna Flood Protection Scheme.

7.5 RESERVOIR SCHEMES

in the past the following reservoir schemes have been executed on this river system.

A Existing Schemes
{1) Rihand Multipurpose Project {UP)
(2) Obra Reservair Scheme (UP)
(3) Dhandhraul Reservoir Scheme (UP)
B angoing Schemes
(1) Bansagar Multipurpose Project (MP)
(2) North Koel Project{Kutku dam) {Bihar)
(3) Kanhar !rngation Project (UP)

Out of the above mentioned Projects, only North Koel (Kutku dam) Project lies in Bihar which
is almost complete. None of the other completed projects are located in Bihar, but they certainly have
impact on flood moderation in this basin on areas lying in the tail end reach in Bihar.
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7.5.1 North Koel Project (Kutku Dam)

This project envisages construction of a 68m (approx) high concrete-cum-masonry dam across
the river North-Koel near village kutku and a pick-up-barrage at Mohammedganj 96 Km downstream
of the dam site. The dam and the barrage are in advance stage of construction and are likely to be
completed within a couple of years. A 108 Km long canal with head discharge of 85 cumecs takes off
from the right side of the barrage. it envisages release of water from the reservoir in a regulated
manner so as to be picked up at Mohammedgan] Barrage to feed the proposed North Koel canal and
to release water excess over its requirements through the barrage to be picked up at Indrapuri barrage
on the river Sone for supply of water to the existing Sone canal system. it is also proposed to take
advantage of the regulated water discharge and the artificial head available to generate about 24 MW
of hydroelectricity. The salient features of the scheme is enclosed at Annex 9.

7.6 TOWN/VILLAGE PROTECTION SCHEME

Apart from some village protection schemes which have been formuiated in this basin, some
Town Protection Schemes have also been taken up. Important town protection schemes are Dehri
Town Protection Scheme and the Patna Town Protection Scheme. While only a portion of work in Dehr
Town Protection Scheme has been completed so far, the Patna Town Protection Scheme has almost
been completed. Although the Patna Town Protection Scheme does not fall in the Sone river basin,
it envisages construction of embankments on right bank of the river Sone. It has, therefore, been
discussed in thig report in the following paragraph.

7.6.1 PATNA TOWN PROTECTION SCHEME

The Patna township had been threatened many times in the past by floods of the rivers Sone,
the Ganga and the Punpun but fortunately the peak floods of these rivers had never synchronised
simultaneously with each other earlier. Patna was threatened with flood in the year 1971 and the
situation was very serious. It was due to great effort that the Patna town could be saved from the
ravages of floods that year. But shortly again, after a lapse of four years Patna township and the
adjoining areas experienced unprecedentated flood in the year 1975 resulting in the inundation of large
areas of township complex on the western sector {0 a depth varying from two to four metres.

Considering the seriousness of the situation, the State Government constituted a coimmittee to
prepare an outline plan for flood protection scheme for Patna to prevent recurrence of such flood in
future. A series of measures were recommended by the commitlee and acordingly varicus schemes
were formulated and executed:

The following portions of the above scheme related to protection from flooding caused by the
river Sone -

(a) Construction of embankment cum masonry wall/ Dowel along with sluices along the south bank
of Ganga from Digha to Maner (estimated cost Rs 514.30 Lakhs;).

(b) Construction of earthen embankment from Maner to Saidabad along right bank of the river
Sone and raising & strengthening of left bank of Maner distributary from Saldabad to Ranitalab (Estimated
cost Rs 486.24 Lakhs). :

{c) Rural drainage schemes for the areas to the south of embankments from Digha to Maner
(Estimated cost Rs 432.93 Lakhs)

The schemes described in (a) and (b) above have been completed.
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7.7 OTHER MEASURES
7.7.1  [(rrigation Schemes
7.7.1.1 Sone Cana} System

Sone basin and surrounding area were used to face frequent drought, in order to provide relief
to the people the British Government took up execution of Sone irrigation scheme which inctuded
Dehri- Anicut ( a weir), and network of canal system known as Sone canal system and completed it
in 1874. This project consisted of an Anicut (weir) across the river Sone at Debri and two canals
namely western and eastern main canals taking off on either side of the Anicut. With the passage of
time the headwork at Dehri had outlived its life and hence during the second plan period, the State
Govermment constructed a barrage at Indrapuri across the river Sone about 8 Km up stream of the
Anicut at Dehri to meet the increasing demand for water in the command area of the Sone canal and
o improve the existing irrigation system. The construction of barrage was also considered necessary
as a replacement to the existing Anicut which had outlived its life, so that the existing irrigation in the
command of Sone canals did not suffer on account of the failure of the Anicut.

The existing canals were connected to the barrage by means of western and eastern link
canals of 10.45 Km and 10.86 Km lengths respectively. The scheme also included remodeliing of the
old Sone canals. The work on the project was completed in the year 1967. Subsequently two high level
canals (eastern & western) taking off on both sides of the Sone Barrage for making use of the
regulated discharge released from the Rihand dam in U P to provide additional irrigation of 1.62 Lakh
ha were also constructed. The total culturable area commanded by the existing Sone canal system is
6.24 Lakh ha. In order to make optimum use of the available scarce water resources in the basin, a
scheme for modernisation of existing Sone canal system has been finalised and is being executed in
accordance with the availability of funds. ’

in addition 10 Sone canal system, there are 8 medium irrigation schemes existing in Bihar
portion of the basin providing irrigation to about 27000 ha. In addition there are fifteen minor irrigation
schemes in this basin in Bihar,

7.7.1.2 Among the ongoing projects, only one major scheme i.e. North Koel (Kutku dam) Project is
under construction in Bihar. This is expected to provide irrigation to an area of 0.46 Lakh ha lying in
drought prone Palamu and Aurangabad districts of Bihar.

7.7.2 Anti Erosion Schemes

There are a few anti-erosion schemes on the left bank of the river Scne. Only one of such
schemes namely Fuha Anti Erosion scheme is reported to have been completed.

7.7.2.1 Fuha Anti-Erosion Scheme

The Sone embankment {from Koelwar to its outfall point intc the Ganga) on the left bank is
subiected to erosion near village Fuha during the floods as the river Sone is flowing very close to the
embankment, at that place. Hence Fuha anti-erosion scheme had been taken up to protect the flood
embankment from erosion in this zone. This scheme was cleared by the Scheme Review Commiltee

formed by the State Flood Control Board for execution before the flood of 1990 at a cost of Rs 2.0
Lakhs only.

7.7.3 Soil Conservation
The Sone catchment fails under the eastern red soil region. Deforestation and overgrazing
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resulting in heavy sheet erosion is the main problem of this region. Hensive gullying and stream bank
cutting are other two special problems of this region.

The erstwhile Sone River Commission has indicated the following in its comprehensive basin
plan of the Sone River basin.

“The Govemnment of India have recommended treatment for soil conservation to only very high
and high priority areas spread over 28.57 Lakh ha. As per information made available from the Ministry
of Agriculture, Department of Co-operation, Government of India, 23400 ha, 6807 ha and 20544 ha of
areas have been covered under centrafly sponsored schemes of integrated watershed management in
the catchments of this river system in Madhya Pradesh, UP and Bihar respectively. The total estimated
cost on soil conservation measures of the treatabie area is about Rs 42,800 Lakh out of which Rs
28,800 Lakh, Rs 3200 Lakh and Rs 10,800 Lakh is required in MP, UP and Bihar respectively. The
left over works need to be implemented on priority.”

8.0 FUTURE APPROACH
8.1 On the policy objective of flood control, the Rastriya Barh Ayog {RBA) has observed that :-

"Flood control should not be considered as an end in itself, rather it is the means to an end.
Flood control has to be viewed within the broad context of the economic and soicial development in
the country. Comprehensive approach to the problem of floods must form part of the overall
comprehensive approach for obtaining the best possible utilisation of our land and water resources for
optimum production of food, fibre, fodder and fue! to meet the needs of the growing popuiation.
Management of fiood should be considered in the context of the overall plan for management of water
resources of a river basin. The approach to the flood probiem has also to take into account the state
of our economy, our social conditions and the availability of rescurces. The approach, therefore, can
not be static, but should remain dynamic and flexible so as to accommodate future improvements in
policy, if called for in subsequent reviews.”

The above commendable policy objective would however, need a multi-facet, multi-disciplinary,
overall development plan of a river basin, in which comprehensive plan for finad control would be
integrated.

8.2 While planning for a flood management scheme the following processes are to be followed :-

i Assessment of problem

i identification of the goals

i Alternalive measures possible

iv  Consideration of the criterion tc be adopted

v Evaluation of the ailternatives

vi  Decision of a single or combination of alternatives

vii  Fixing priorities of the schemes.
8.2.1 The losses from the fury of flood year after year are quite alarming for a developing country
ke India. Where, out of the meagre resources so badly needed for development works, large amounts
have to be spent every year for flood relief and restoration of damage 1o pubiic properties. As such,

the goal is to minimise the flood damage in the flood prone areas of the river through structural and
non-structural measures,
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8.2.2 Flood in any river basin is a natural phenomenon and although it nas a predominantly destructive
capability, it exerts a favourable influsnce in the post flood period in certain circumstances. With thess
perspectives, Planning for flood management does not involve absolute control of flogds but impliss
management of flood in the most beneficial manner for given situation.

The structurat measures which are widely used for moditying the floods may involve construction
of smbankments, reservairs, natural dstension basins, channel improvements, emergency flood ways,
river diversion warks, inter basin transfer,bank stablization, anti-erosion measures, ring bundhs and
under ground storages. The non structural measures meant to modify susceptibility of flood damags
includes (i) Flood plain zening,{ii) Flood forecasting and warning and {iii) Disaster mitigation system and
preparedness.

8.2.3 The problem of floads in this river system is not very significant and whatever is existing, is
mainly due to spilling over the banks in the lower reachses of the river through the gaps left in the
embankments due to one reason or the cther. These gaps should be closed at the earliest to prevent
any flooding through them during high floods. The main reasen of flooding is heavy rainfall in the upper
catchment and drainage lockage at its outfall in the Ganga river when the river Ganga is in high stages.

8.3 in order to find suitable sclution to the flood problem the following measures could be considerad:
8.3.1 Reservoirs

According to numerous experts, properly operated flood control reservoir/ reservairs combined
with efficlent flood forecasting, offers the most dependable flood contrel. The national policy on flocd
of 1954 also recommended dams an tributaries as a long term measures of flood control. Reservairs,
in general, even without specific flood cushion have & bensficial effect on the fiood problem ot a basin.
The effectiveness of reserveoirs in moderating flood would depend upon the capacity available for
absorbing flood run-off. Because of their high cost, the reservoirs are not econcmically viable or
justified exclusively for flood control purpose but a muiti-purpose reservoir to provide irrigation, power,
domestic water supply, recreation and other benefits along with flood moderation could be economically
viable.

Salient dstails of possible reservoir sites in the basin with their storage capacity are indicated
in the following table :
Tabie No 14
LIST OF PROPOSED SCHEME

53] Name of schemes State Live storage River/Tributary
No capacity in MCM v
1. Kanhar Reservoir Scheme Bihar 524 Kanhar
2 Kadhwan Reservoir Scheme do 2420 Sone
3 Simdih Hydroelectric Project MP 330 Sone
4. Churhat Hydroelectric project do 1075 Sone
5. Nagunra Hydroelectric Project do 360 Gopad
6 Gurdah Hydroelectric Project up 2050 Sone
7 Pasal Hydroelectric Project MP 422 Rihand
8. Duniadih Hydroelectric Project do 4384 Rihand
9. Joka Hydroelectric Project - _ do 215 Joka
10. Karni Hydroelectric Project do 11 Rihand
11. Kharanii Hydroelectric Project do 587 Mahan
12. Diadoi Hydroelectric project do 52 Gopad
13. Other Reservoirs on the tributaries Mahan

Amanat, Auranga, Tahiey etc. Bihar 93 ...
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Reservoirs at Bansagar on the main Sone (in MP}, Kutku on the Northkoel {in Bihar}, Auranga
on the Auranga (in Bihar) and Amwar on the Kanhar (in UP} are under construction at present and
lingering since long. All out efforts are required to be made to ensure their early completion within
shortest possible time from now to avoid any further time and cost overrun besides accrual of the
desired benefits which are not being availed inspite of huge investments already made.Reservoirs on
the tributaries of North Koel namely the Amanat and Tahle and on Kanhar, upstream of Amwar site
are also proposed in Bihar . Construction of these reservairs should be taken up as early as possible
as these are awaiting fina! sanction since tast two decades.

8.3.1.1 The erstwhile Sone River Commission had also idendified nineteen additional feasible reservoirs
sites for various purposes. Eleven out of them have been investipated and their prefeasibility reports
had been prepared. These reservoirs are expected to be constructed in near future depending upon
the availability of funds.

8.3.1.2 Total storage provided or likely to be provided in the above menticned reservoirs will be of the
order of 2511 MCM. This magnitude of starage on creation may be capable of absorbing all medium
floods and would considerably reduce the major flood peaks by carefully integrated operation of the
reservoirs for irrigation and flood control and hydroelectric power generation. Systematic study on these
ines needs to be planped and carried out.

8.3.1.3 The salient features of seme of the proposed reservoir schemes in this basin are enclosed at
Annex 10

8.3.2 Embankments

The embankments so far constructed or planned to be constructed have already been discussed
earlier in paragraph 7. It is apparent from the same that the State Government has already constructed
embankments on both banks of the river Scne to prevent over-bank spilling of the river during high
stages. However, it has been reported that the following gaps are existing in the embankments due
1o some reason of the other, which are not technical but mafnly administrative :-

! 244 m of masonary dowe! wall in Koelwar Ring Bundh

| Sone Left Embankment between
Km 5.02 to 5.85
Km 6.95 to 7.13
Km 8.36 o 8.47
Km 10.06 to 10.61
Km 10.91 to 12.31
Km 13.67 to 13.87
Km 22.07 to 22.25

These gaps need to be plugged at the eadiest in order t¢ ensure the eifectiveness of the
embankments in serving their desired purpose. In the existing situation construction of any further
embankment on the river Sone is not considered necessary.

8.3.3 Drainage Improvement
The river sone flows almost on a ridge in the lower reach as a result no tributary joins the river
sone in this portion. !t is however, reported that some drainage congestion takes place in the lower

most reach near its confluence with Ganga. Tripathi Cammitiee constituted by State Government after
1975 Patna floods, to suggest measures for protection of Paina which is affected by the Sone, the
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Ganga and the Punpun, had recommended some drainage schemes out of which one, namely Channel
No 1 of sector, Il of Patna Town Protection Scheme under Rural drainage scheme relales to the Sone
basin. The scheme was included in the approved Patna Town Protection Scheme but this work has
not yet been executed. From the reports recelved from the concerned Chief Engineers the necessity
of either this or any new drainage scheme in this basin is not prima tacie established. It is, therefore,
suggested that the drainage problem of the basin in its tail reach near its confluence with the Ganga
be investigated in detail and appropriate technically feasible and economically viable remedial measures
be planned and executed at an early date, if found necessary in the existing situations.

8.3.4 Soil Conservation

Prior to advent of civilisation, the hilly terrain of the river system and the Gangetic plains were
originally covered with the jungles and forests. Due to increase in densily of poputation the needs of
food, fue! and fibre have increased considerably which has resulted in large scale deforesation and
removal of planfations for conversion into agricultural fields and human habitation. This has resulted
in large scale denudation in the entire catchment of the river system and precious top soil cover is
being eroded easily leading to higher sediment load being carried down the river. Resloration of the
vegetative cover to check soii erosion is required for jong term management of the problem of sediment
in the river system. Soil conservation work may be taken up by land treatment through afforesation and
crop land development supplemented by structural work for retarding the velocity of water over land
and detaining silt. This may alsc include general afforesation, grazing control, terraced cultivation, gully
plugging and contour bunding as feasible in particular area. These measures will be helpfu! in modifying
minar and medium floods over smal! area. For this, priority areas have to be identified through preparation
of pricrity delineation maps on the basis of reconaissance survey and taking help of aerial photographs
and sattelite imagery. |

In Bihar, 15 head water dams, 62 detention dams and 262 farm ponds have been proposed
in this river system. In addition, cther works, such as bench terracing of agriculiural lands, horticuiture
development, grass land development, protective afforestation, gully stream banks, land slide contro!
etc have also been proposed. The area likely 10 be benefitted by these schemes in Bihar is about 13.21
Lakh ha.

8.3.5 Maintenance of Existing Works

» While new structural measures as suggested above are necessary for solution to the residual
flood and drainage problem in the basin, it is equally impaortant fo properly and adequately maintain the
assets already created so that they can withstand the pressure exerted during floods. Besides regular
supervision and necessary repair of embankments well belore the onset of monsocon season, the
following points deserve special attention.

A systematic survey and investigations of the existing embankments is required to be carried
out every year after the flood season and encreachment, if any, in the free board in any portion should
be made good by raising the height of the embankments correspondingly. Suitable protection works
should be provided in the portion where the active river channe! is flowing very close to the toe of the
embankment and river training works may be carried out on the basis of the results of hydraulic model-
studies to keep the flowing channe! away from the embankment. in the portion where the embankments
have been eroded or are likely to be eroded, suitable retired embankment should be constructed 1o
prevent flooding of the area already protected by the embankments. It is also necessary that the top
of the embankment should have a water bound macadam road or at least provided with brick soling
50 that the embankments could be conveniently patrolled during the high fload condition in the rainy
season and flood fighting materials could be transported conveniently under emergent situations.
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8.3.6 Non-5tructural Measures
8.3.6.1 Flood Plain Zoning

The guestion of introducing flood plain zoning measures has been under consideration for a
ong time. in view of the increasing pressure of population and consequent greater encroachment of
flood plain, zoning has assumed added significance. The fiood damage in recent years is primarily due
to greater encroachment into fiood plains. The zoning measures will be useful in both protected as well
as unprotected areas as they prevent indiscriminate growth in unprotected areas and help in reguiating
the development activities in the protected areas so that unduly heavy damage is not caused in the
event of failure of flood protection measures. As major portion of Hlood prone area in the Sone basin
is protected by embankments, such zoning regulations should be intreduced in the unprotected areas
first and thereafter for the protected areas.

it would be necessary to procure contour maps of the flood prone area of the basin to a scale
of 1:15000 with contour interval of 0.3 metre for implementation of this measure. Flood risk maps will
have to be prepared by carrying out necessary hydroiogical analysis of the historical data and further
hydraulic computations to identify areas prone to flood for different frequencies of floods such as 100
years, 50 years and 25 years. Similar risk maps for the submersion caused due to drainage congestion
as a resuit of water level likely to attain, corresponding to a 50 years and 25 years rainfall will aiso
have to be prepared.

8.3.6.2 Fiood Forecasting and Fiood Warning

Flood forecasting and warning has proved 1o be a great help in issuing warning to the people
in flood prone areas, organising flood fighting and safety measures for the engineering works, timely
evacuation of people trom affected areas and salvation of movable properties besides mobilising relief
operations.

At present there are two flocd forecasting sites on the Sone river in Bihar namely Koelwar and
Maner where daily torecasts are issued by the Central Water Commission during monsoon season
when the river stage is at or above the warning leve! which is generally about one metre below the
danger level. It is considered desirable to have arrangements for inflow forecasting at, and making
available the quantum of actual outflows from, the reservoirs like Bansagar, Rihand, Kutku and other
proposed ones like Kadhwan etc in the Sone river system This would increase the lead time of the
flood forecast tor Koelwar and Maner sites considerably.

It is necessary to progressively refine and upzate the techniques ol collection and processing
of data and forecasting arrangements by way of improving communication systems and using telemetering
devices so as 10 obtain increased warning time and reliable forecasts. Methods of observation of
rainfall & runoft and their communication to the contre! rooms should be improved with the use of latest
available technology.

Although there is wide application of the llood forecasting system and warnings issued by
CWC, there is very little feed back on the procedure specified or evelved by the Civil Administration
and the Engineering Organisation for undertaking refiel/rescue/ precautionary action on the basis of the
forecast. it is also not known as 1o how elfectively the necessary advice is being given to the people.

On receipt of the forecast its disseminaticn to the local population in terms of likely depth of
inundation and its duration in the area, by the Administrative authorities is very important so that
atfected population, cattle, movable properties etc are evacuated before the area gets submerged by
flood waters which would cause damage. For this, a network of wireless stations and telephone system
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are necessary in the basin near criticat vuinerable reaches of embankments and towns etc, specially
where other means of communication are not dependable or adequate. Ficod warning to smaller areas
in villages may be conveyed through public address system or in its absence by beat of drums. Specific
advice should be given to the people regarding evacuating the areas likely to be affected and also
about the location which could be considered safe for the level indicated in the fiood forecast. Necessary
training in this regard shouid be imparted to the concerned officials on a regular basis so that they are
well versed in the interpretation of the forecast and taking precautionary measures in the event of an
imminent threat to the life and property. This fraining programme should become a reguiar tfeature
before the flood season every year.

8.3.6.3 Disaster Mitigation System and Preparedness

This is an important measure which directly influences the damage prevention, if managed
efficiently, at all levels according to the prescribed procedure and guidelines. improper management
couid also result directly in increased damage. The State Government shouid, therefore, ensure that
all routine exercises and necessary drilis are carried out systematically before every fiood season.
Departmental instructions, manuals, and rules in this regard should be widely circulated so as to make
these available to all concerned. !t is ohserved that disaster mitigation system and the preparedness
programme usuaily get activated only just before and during the flood season and no attention is paid
during the rest of the year. Experience has shown that the activity has to be maintained continuously
and there is a need for increased flood awareness in the officers and staff of the concerned departments
as aiso in the public and voluntary organisations to deal with flood emergency.

It is essential that training programme and exercises are regularly held to improve the
preparedness of officials and the public. This will develope confidence amongst alf concerned to
manage any emergency situation. The training programmes, including education and publicity should
be got arranged by Civil Authorities with active participation of the officers-in-charge of flood management
and Voluntary Organisations. The interpretation of distress codes and signals and flood warning messages
being broadcast over Al India Radio (Akashwani), Doordarshan or transmitted through other channels
and the effective follow up of such messages into appropriate actions should be taught to all people
in the flood prone areas.

8.4 The maps of the Sone River Basin showing the completed, under execution and propoesed ficod
management and drainage schemes are enclosed as Drawing No 8/01, 8/02.

9.0 SUMMARY DF RECOMMENDATIONS

9.1 it is observed that the hydrometeorological data of this basin are not being observed, coliected,
analysed and documented in a systematic manner. India Meteorological Department have suggested
at least one raingauge station for every 500 Sq Km of the drainage area of the basin. it also specifies
that at least 10 per cent of such raingauge stations should be seif recerding. This has to be increased
to 20 per cent as recommended by Rashiriya Barh Ayog (RBA). The number of raingauge staticns in
hilly area is less than required which may be increased to conform to the prescribed norms. The
number of seif recording raingauge stations is also less which may aiso be increased in order to get
reliable rainfall data including intensity of rainfail for sufficiently iong period for detailed hydrologicai
studies of the basin in future.

[Para 4.2, 4.4.1, 4.5]

9.2 According te the norms suggested by WMO, 121 gauge-discharge sites are necessary in the
whole basin (74 nos. for hilly & 47 for plain). Against this, only 70 sites are available out of which 13
nos. are in hilly areas and 57 nos. are in piains. From this, it is quite clear that the Sone river system
as a whole has adequate number of gauge and discharge sites in ptains but very inadequate in hilly
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area which needs to be strengthened further.
[Para 4.7.1, 4.7.2]

9.3 The availability of data is not continuous for all the raingauge stations in the basin for a
reasonably long period. It is for this reason that rainfall run off relationship could not be precisely
established. 1t is, therefore, suggested that the State Government should make all out efforts to coflect
the rainfall and run-off data in the basin for as many years as available and carry out further studies
to establish precise rainiall-run-off relationship at suitable locatiocns on the river Sone for future use.

[Para 4.8.1, 4.8.2]

9.4 The relevant recommendations made by the Ministry of Irrigation, Government of India in the
quidelines and instructions for implementation of the recommendations of RBA are reproduced below:

“In the case of embankment, the design of a project should be determined for the time being
on fleod frequencies suggested. Meanwhile necessary step may be taken for eventuat application of
benefit cost criterion for fixing the design.”

The summary of recommendations as accepted is as follows:

“In the case of embankment schemes, the height of the embankment and corresponding cost
be worked out for various flood frequencies and also the benefit-cost ratiotaking into account the
damage likely to occur for the relative flood frequencies. However, till such time as the details of all
relevant parameters are available, embankment schemes might be prepared for a flood of 25 year
frequency in the case of predominantly agricultural areas and for flood of 100 year frequency for works
pertaining to town protection and protection of industrial and other vital organisations™

White endorsing the decisions of the Ministry of {rrigation, Govt. of India on the recommendations
of the ABA, the Commission suggests that all embankments ¢n important rivers should be designed
for a flood of 50 years frequency in general and for flood of 100 years frequency for works pertaining
ta protection of towns and wvital industrial, defence establishments etc.

[Para 5.2.2, 5.2.3]
Al
9.5 It is observed from the available annual peak discharges of Chopan and Koelwar sites that the
discharges at upper site are more than lower in most of the years. One of the possible cause might
be spiling of the river during floods above the Koelwar site. However, this needs to be investigated
in detail in order to pinpoint the exact reason in order to establish the reliability of the recorded
observed data.

[Para 5.3.3]

9.6 The results of the flood frequency studies are useful in detineating the flood prone area on the
contour map in order to be aware of the situation in the unprotected area at different stages of the river
during floods. To make this study useful, it is essential to obtain the contour map (with contour at
suitable interval} of the area prone to floods preferably in a scalte of 1:15000. These studies can also
be made in formulation and pianning of future flood protection and management schemes in the basin.

[Para 5.4]
9.7 it is observed that the flood damage statisticss, which is essentially required for the benefit-
cost studies for any proposed flood management measures, are not being scientifically and rationally

collected and compiled. The BBA had made many useful recommendations in this regard which do not
seem to have been followed. The Commission recommends that the recommendations of the RBA
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shouid be followed strictiy and realistic evaluation of flood damage river basin wise be carried out every
year under the following three separately identified categories:

i Unprotected areas;
ii Protected areas due to failure of protection works,

it Areas between the embankments and the river.

The Water Resources Department dealing with flood management should be associated with
collection and compilation of flood damage data in order o eliminate any inconsistency. The flood
damage data should be collectively reviewed by the concermned Departments at the end of each year.
Such reconciled fong-term data of flood damage is to be used in economic viability study for any future
flood protection management scheme in the area.

As such the flood damage data should be collected by the Revenue authorities with active co-
operation of the staft of Water Resources, Agricuiture and Road & Building Canstruction Departments
and the data should be processed and cempiled both districtwise as well as basin/sub-basinwise by
the Statistical Organisations at district and State level for future use, for planning of relief measures
and flood management work respectively.

[Para 6.3.4, 6.3.5)

9.8 From the perusal of the data processed by the Revenue Department it is noticed that damages
to property of Central Government such as Railways, Posts & Telegraphs etc are not properly accounted
for. Cn the ather hand, the cost of relief and rehabilitation measures, grant of loans, remission of land
revenue etc is added to fiood damages. This goes not appear to be in order and needs 10 be looked
into.

[Para 6.3.7]

9.9 Reservoirs at Bansagar on the main Sone {in MP), Kutku on the North Koel (in Bihar), Auranga
on the Auranga (in Bihary and Amwar on the Kanhar {in UP} are under construction at present and
lingering since long. Ali out efforts are required to be made to ensure their early completion within
shortest possible time from now to avoid any further time and cost overrun besides accrual of the
desired benefits which is not being available inspite of huge investments already made. Reservoirs on
the tributaries of North Koel namely the Amanat and Tahle and on Kanhar upstream of Amwar site are
also proposed in Bihar. Construction of these reservoirs should be taken up as early as possible as
these are awaiting final sanction since last two decades.

[Para 8.3.1]

910 Total storage provided or likely to be provided in the existing or proposed reservoirs in the Sone
basin is expected to be of the order of 2511 MCM. On creation, this magnitude of storage may be
capable of absorbing ali medium floods and would considerably reduce the major flood peaks by
carefully integrated operation of the reservoirs for irrigation, flood control and hydroelectric power
generation. Systematic study on these lines needs to be planned and carried out.[Para 8.3.2]

9.11 it has been reported that the following gaps are existing in the embankments due to some
reason or the other which are not technical but mainiy administrative.

i 244 m of masonry dowel wall in Koelwar Ring Bundh.

i Sone Left Emabnkménts between Km 5.02 to 5.95, Km 6.85 to 7.13, Km 8.36 to 8.47, Km
10.06 to 10.61, Km 10.91 to 12.31, Km 13.67 to 13.87 and Km 22.07 to 22.25.
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These gaps need o be plugged at the earliest in order to ensure the effectiveness of the
embankments in serving their desired purpose. In the existing situation construction of any further
embankment an the river Sone is not considered necessary.

[Fara 8.3.2]

9.12  The Tripathi Commitiee constituted by State Government after 1975 Patna fioods to suggest
measure for protection of Patna, had recommended some drainage schemes out of which one namely
Channei No 1 of sector il of Patna Town Protection Scheme under Rural Drainage Scheme relates to
the Sone. This scheme was included in the approved Patna Town Protection Scheme but construction
work has not yet been taken up. From the reports received from the concerned Chief Engineer, the
necessity of either this or any new drainage scheme in this basin is not primafacie established. It is,
therefore, suggested that the drainage problem of the basin in its tail reach near its confluence with
the Ganga be investigated in detail and appropriate technically feasible and economically viabie remedial
measures be planned and executed at an early date it found necessary in the existing situation.

[Para 8.3.3]

9.13  Restoration of the vegetative cover to check soil erosion is required for long term management
of the problem of sediment in the river system. Soil conservation work may be taken up by iand
treatment through afforestation and cropland development supplemented by structural work for retarding
the velocity of water over land and detaining silt. This may also inciude general atforestation, grazing
control, terraced cuftivation, gully plugging and contour bunding as found feasible in particular areas.
These measures will be helpful in modifying minor and medium floods over smali area. Priority areas
for this have to be identified through preparation of priority delineation maps on the basis of reconaissance
survey and taking help of aerial photographs and sattelite imagery.

[Para 8.3.4}

9.14  3ystematic survey and investigation of the existing embankments on both banks of the river
is required to be carried out every year after the flood season and encroachment, if any, in the free
board in any portion should be made good by raising the height of the embankments correspondingly.
Suitabie protection works shouid be provided in the portion where the active river channel is flowing
very ciose to the toe of the embankment and river training works may be carried out, on the basis of
the results of hydraulic model studies, to keep the flowing channel away from the embankment.

[Fara 8.3.5]

8.15  in the portion where the embankments have been eroded or are likely to be eroded, suitable
retired embankment should be constructed to prevent flooding of the area already protected by the
embankments. !t is also necessary that the top of the embankment shouid have a water bound
macadam road or at least provided with brick soling so that the embankments could be conveniently
patroiled during the high flood condition in the rainy season and flood fighting materiais could be
transported conveniently under emergent situations.

[Para 8.3.5]

9.16  The zoning measures wili be useful in both protected as well as unprotected areas as they
prevent indiscriminate growth in unprotected areas and help in reguiating the development activities in
the protected areas so that unduly heavy damage is not caused in the event of failure of flood
protection measures. As major portion of flood prone area in the Sone basin is Protected by
embankments, such zoning regulations should be introduced in the unprotected areas first and thereatter
for the protected areas.

{Para 8.3.6.1]
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9.17 It would be necessary to procure contour maps of the flood prone area of the basin to a scale
of 1:15000 with contour interval of 0.3 meter for implementation of Flood Plain Zoning measure. Flood
risk maps will have to be prepared by carrying out necessary hydrelogical analysis of the historical data
and further hydraulic computations to identify areas prone to flood far different frequencies of floods
such as 100 vears, 50 years and 25 years. Similar risk maps for the submersion caused due to
drainage congestion as a result of water level! likely to attain corresponding to a 50 years and 25 years
rainfall will also have to be prepared.

[Para 8.3.6.1]

9.18 At present there are two fload forecasting sites on the Sone river in Bihar namely Koelwar and
Maner where daily forecasts are issued by the Central Water Commissiaon during monsoon seasons,
when the river stage is at or abave the warning level which is generally about one metre below the
danger level. It is considered desirable to have arrangements for inflow forecasting at, and making
available the quantum of actual cutflows from, the reservoirs like Bansagar, Rihand, Kutku and other
proposed ones like-Kadhwan etc in the Sane river system. This would increase the lead time of the
flood forecast for Koelwar and Maner sites considerably.

It is necessary to progressively refine and update the techniques of collection and processing
of data and forecasting arrangements by way of improving communication systems and using telemetering
devices according to the latest technology available so as to obtain increased warning time and reliable
forecasts. Metheds of cbservation of rainfall and runoff and their communication to the Control rooms
should be improved with the use of latest available technology.

{Para 8.3.6.2]

9.19  On receipt of the forecast its dissemination to the local population in terms of likely depth of
inundation and its duration in the area, by the Administrative authorities, is very important so that
affected population, Cattle, movable properties etc are evacuated before the area gets submerged by
flood waters which would cause damage. For this, a net-work of wireless stations and telephone
system are necessary in the basin near critical/ vulnerable reaches of embankments and towns elc
speciéﬂy where other means of communication are not dependable or adequate. Flood warning to
smaller areas in villages may be conveyed through public address system or in its absence by beat
of drums. Specific advice should be given to the people regarding evacuating the areas likely to be
affected and alsc about the location which could be considered safe for the level indicated in the flood
forecast. Necessary training in this regard should be imparted to the concerned officials on a regufar
basis s that they are well versed in the interpretation of the forecast and taking precautionary measures
in the event of an imminent threat to the life and property. This training programme should become
a regular feature- before the flood season every year.

[Para 8.3.6.2]

9.20 The Slate Government should ensure that all routine exercises and necessary drills are carried
out systematically before every fload season. Departmental instructions, manuals and rules in this
regard should be widely circulated so as to make these available to all concerned. It is observed that
disaster mitigation system and the preparedness programme usually get activated only just befare and
during the flood season and no attention is paid during the rest of the year, Experience has shown that
the activity has to be maintained continuously and there is a need for increased flood awareness in
the Officers and Staff of the Cancermed Departments as alse in the public and voluntary organisations
to deal with flood emergency.

[Para 8.3.6.3].

a.21 it is essential that training programme and exercises are reguiarly held to improve the

preparedness of officials and the public. This will develop confidence amongst all concerned {0 manage
any emergency situation. The training programmes including education and publicity should be got
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arranged by Civil Authorities with active participation of the Officers-in charge of flood management and
voluntary organisations. The interpretation of distress codes and signals and fload warning messages
being broadcast over All India Radio {Akashwani), Doordarshan or transmitted through other channels
and the effective follow up of such messages into appropriate actions should be taught 1o ali people
in the flood prone areas.

{Para-8.3.8.3]

768



Appendix 8/36

Annis
TOTAL NUMBER OF RAINGAUGE STATIONS IN AND ARCUND SONE CATCHMENT
REPDRTED/MAINTAINED BY DIFFERENT AGENCIES

St Name of NUMBER OF STATIONS MAINTAINED BY Tatal of
No  Tributary Bain

IMD MP uprP BIHAR CWC Agency Gaunge

Gowt Govt Govt GB WRD  Unknown  stations
1 MAHANADI 17 3 245
2 JOHILLA 3 5 &
3 UPPER SONE 2 i4 1 17
4 BANAS 1 6 7

5 GOPAD 1 7

6 RIHAND 6 12 G 1 25
7 KANHAR 6 4 1 3 14
8 GHAGHAR 1 1 2
9 MORTH KOEL 26 1 2 29
10 INTERVENING CATCHMENT 22 5 1 4 3z
TOTAL 85 62 7 1 5 168

[SOURCE: COMPREHENSIVE PLAN OF FLOOD MANAGEMENT FOR THE SONE RIVER SYSTEM PREPARED
BY GFCC IN 1989
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NORMAL RAINFALL AND RAINY DAYS AT VARIOUS SITES IN
A YEAR IN BIHAR PORTION OF THE SONE BASIN

Appendix 8/37

Annex 2

{RAINFALL IN mm}

SL RAINGAUGE LOCATION NORMAL NORMAL
NO STATIONS ANNUAL RAINYDAY
LAT LONG RAINFALL IN A YEAR

1 BHANDARIA 23°43' 83°50' 1471.9' 69.1

2 RANKA 24°00 8350’ 1337.7 66.8

3 NAGARUNTARE 2417 83°30° 1166.4° 62.7

4 BALUMATH 23°50 84747 1384.4' 68.7

5 BARWADIH 23761 84707 1334.3' 67.1

6 BISRAMPUR 24°15' 83°58' 1269.5' 59.8

7 BISHUNPUR 2323 84°20" 1447.6° 87.5

8 DALTONGANJ{OBSY) 24°03 84°04' 1242.4 63.9

9 GARU 23°40' 8414 1603.1° 739
10 GARHWA 24210 83748 1206.4' 62.2
113 LATEHAR 23745 84" 30 1322.7 67.0
12 LESLIGANJ 24°03' 84713 1220.6' 50.8
13 MAHUADAUR 23724 84708 1412.8' 72.6
14 MANATU 24°14' 84°24' 1490.2 65.3
15 NETARHAT 23°29' 8416 18174 847
15 PANKI 24°03 a84-2g' 1203.2 62.4
17 CHATTARPUR 2422 g84v12' 1242 .4 62.0
18 CHATRA 24712 84752 1344.2° 66.8
19 CHANDWA({CHANWA) 23"4% 84744 1470.7 72.3
20 GUMLA 23°02' 84233 1471.0 g2.3
21 HUSAINABAD 24°32' 8401 1079.1 51.3
22 BHAUNATHPUR 24223 83°356' 1173.8' 52.2
23 ARWAL 25°14 84°41° 1065.9° 53.2
24 DAUDNAGAR 25"03 8424 13110 55.9
25 DEHRI{OBSY) 24°55' 8411 1122.8' 55.1
26 - AGEAON 25723 84736 1189.6' 51.5
27 PALIGANJ 25720 84750 954.0 44.2

[SOURCE: COMPREHENSIVE PLAN OF FLOOD MANAGEMENT
PREPARED BY GFCC IN 1989]
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Annex 3
THE YEARLY MAXIMUM OBSERVED GAUGE, DISCHARGE
AND DANGER LEVEL AT VARIOUS SITES DF
THE SONE RIVER SYSTEM IN BIHAR
NAME OF SITE: JAPLA DANGER LEVEL {in m}: 125.09
YEAR PEAK GAUGE DATE PEAK DISCHARGE DATE
{in m) {in cumec)

1965 126.560 9.9.85 321206 8.9.65
1966 125.720 31.7.66 2884 25 10.8.66
1967 127.080 24867 5353.55 23.8.67
1968 126.850 14.8.68 53993.59 14.8.68
19689 126.950 16.8.69 38861.59 7.8.69
1970 127.340 12.9.70 9020.14 2.9.70
1971 127.870 20.7.71 9297.80 31.971
1972 126.730 9.8.72 3341.09 14.8.72
1973 126.400 30.8.73 3871.20 10.9.73
1874 126.774 19.8.74 22602.45 17.8.74
1975 127.940 23.8.75 2613163 207.75
1976 127.640 17.9.76 10730.08 17.9.76
1977 126.920 30.7.77 2202.21 207.77
1978 127.260 25.90.78 4530.19 7.9.78
1979 125985 10.8.79 3127.16 10.8.79
1980 126.860 17.7.80 11691.61 21.9.80
1981 125.585 25.8.81 3404 12 258 .81
1982 126.290 1.9.82 7027 .81 1.8.82
1983 126.980 89.9.83 11273.97 9.9.83
1984 127.210 5.9.84 9980.72 1.9.84
1985 126.140 28.8.85 7003.96 25.8.85
1986 125670 22.8.86 4398.00 72.8.86
1987 127.840 11.9.87 20011.36 11.9.87
1988 126.420 13.8.88 8650.46 13.8.88
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Annex 3 (contd)
NAME OF SITE: NASRIGANJ Danger level (in m}

YEAR PEAK GAUGE DATE PEAK DISCHARGE DATE
(in m} {in cumec)

1970 97.920 127.70 334540 16.7.70
1971 98.620 20.7.71 84029 18.8.71
1972 88.620 9.8.72 £5616.08 1972
1973 80.700 .87 2778.41 3.10.73
1974 82.050 18.8.74 B8645.52 20.8.74
1975 19.550 23875 14172.47 19.7.75
19786 92.350 17.9.78 10835.36 16.8.76
1977 91.6840 31.7.77 9040.99 98.77
1978 92.315 25978 25495 .90 259.78
1979 92.085 11.8.79 527569 11.8.79
1980 89.750 17.7.80 16994 .06 17.7.80
1981 91.330 25.8.81 4660.24 25.8.81
1982 92205 1.9.82 11636.42 1.8.82
1983 81.850 10.9.83 20366.82 10.9.83
1984 80.340 5.8.84 14241 .22 5.9.84
1985 89.690 22.8.85 7150.59 22.8.85
1986 93.230 23.8.86 4488.78 23.8.86
1987 93230 11.9.87 30745.30 11.9.587
1988 90.930 13.8.88 7819.78 13.8.88

NAME OF SITE :DALTENGANJ DANGER LEVEL {in m}209.00

YEAR PEAK GAUGE DATE PEAK DISCHARGE DATE
{in m} {in cumec)
1970 N.A B857.32 12970
1971 208.848 30.8.71 959,41 7.9.71
1972 208.58 7872 729.58 8.872
1973 208.8 29973 657.78 20873
1974 208 87 16.874 719.46 29874
1975 208 82 18.7.75 84946 16.7.75
1976 210.81 17.9.76 51596 14876
1977 208.0 10.9.77 558.88 8977
1878 209.39 4.8.78 620.59 7.8.78
1979 207.84 18.8.79 308.48 17.8.79
1980 208.85 13.7.80 277.34 28.7.80
1981 208.33 14.7.81 1057.20 14.7.81
1982 208.28 5.9.82 1286.24 5.8.82
1983 207.75 7.9.83 397.47 27.7.83
1984 208.75 3.8.84 2013.31 3984
1885 20822 29.8.85 860.35 29.8.85
1986 206 .67 13.7.86 956.08 13.7.88
1987 209.25 12.9.87 ' 3165.59 13.987
1988 208.44 13.6.88 74014 13.6.88
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Annex 3 contd
NAME OF SITE : MOHAMADGANJ DANGER LEVEL : NA

YEAR PEAK GAUGE DATE PEAK DISCHARGE DATE
{in m}) {(in cumec)
1956 144100 NA
1957 143.850 NA
1958 143.630 NA,
1959 142,930 NA
1960 144.210 1178.80
1961 144,527 25.8.61 1430.30 8.8 .61
1962 144.350 - 23.9.62 1044.30 3.8.62
1963 143.828 24.10.63 a02.87 4.9.63
1964 143,720 9.9.64 1405.97 9.9.64
1965 144.813 29.7.65 4831.84 24.9.85
1966 143.803 5.8.66 1050.28 6.8.66
1967 144,778 24.8.67 1804.12 24.8.67
1968 143.958 13.8.68 1169.36 14.8.68
1969 144,038 8.8.69 15652 .61 14.8.69
1870 145.378 11970 2145.84 26.8.70
1871 144.678 9.8.71 2173.90 31.8.71
1972 144.428 14.7.72 1581.33 19.8.72
1973 143.598 20.8.73 1618.12 20.8.73
1974 143,928 17.8.74 2218.72 17.8.74
1975 144 578 18.7.75 3738.42 17.7.75
1976 146.658 17.9.76 938.52 30.7.76
1977 145.668 30.7.77 1370.51 5877
1978 144,928 26.9.78 3188.88 28.9.78
1979 142.978 18.8.79 500.37 28.8.79
1980 143.178 8.9.80 894.50 #H.9.80
1981 142.928 23.8.81 556.06 15.7.81
1882 143.878 3t1.8.82 1831.26 31.8.82
1983 142.648 29.7.83 6650.43 $.3.83
1984 143.738 19.8.84 1410.52 3.8.84
1985 143.473 7.8.85 1394.40 7.8.856
1986 143,285 28.7.86 1218.03 4.8 .86
1987 145578 11.9.87 3727.00 11.8.87
1988 142.548 12.8.88 1873.97 14.6.88
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Annex 3 {contd)
NAME OF SITE :KOELWAR DANGER LEVEL {in m): §5.52

YEAR PEAK GAUGE DATE PEAK DISCHARGE DATE
{in m) {in cumec)

1956 57.060 NA

1957 56.570 NA

1958 _ 55.060 NA

1959 54.490 NA

1960 57.558 18.8.60 11551.00 18.8.60
1961 57.375 11.7.61 4258.00 7.8.61
1962 55.968 8.8.62 7050.42 8.8.62
1963 55.649 5.9.63 4316.00 6.9.63
1964 57.584 27.8.64 16333.04 27.8.64
1965 57.184 9.9865 842311 -10.9.65
1966 55474 1866 388904 3.866
1967 57.034 25.8.67 7085.18 21.9.67
1968 57.474 15.8.68 4250.81 18.8.68
1969 57.374 17.8.69 524572 16.8.69
1870 57.369 12.8.70 14844 .86 12.2.70
1971 58.674 20.7.71 3e818.64 20.7.71
1972 56.840 10.8.72 10560.45 10.8.72
1873 56.404 21873 - 5203.96 4.9.73
1974 57.084 19.8.74 10614.40 19.8.74
1975 58.789 23.8.75 26441.93 22875
1976 57.954 18.9.76 20595.30 18.9.76
1977 57.414 X Wi 10317.03 89.8.77
1878 57.939 25978 17856.01 25978
1979 56.064 11.8.79 6452.25 11.879
1980 57.074 18.7.80 10808.06 22.9.80
1981 £5.369 28.8.81 4323.40 26.8.81
1982 56.622 1.9.82 10699.75 2.9.82
1983 58.014 10.9.83 20450.05 10,983
1984 58.094 6984 8737.70 31.8.84
1985 55.729 . 23.8.85 5795.38 23885
15986 55104 9.8.86 4280.13 89.8.86
1987 58,590 11/12.9.87 13260.58 16.9.87
1988 56.524 14.8.88 4512.77 6.8.88

EVER MAXIMUM OBSERVED GAUGE AND DISCHARGE IN RESPECT OF
THE ABOVE MENTIDNED SITES OF THE RIVER SYSTEM ARE TABULATED BELOW

Si Name of Sites Name of River Maximum Date of Maximum Data of
No ) Dbserved Ocecurance Observed Occurance
Gauge Discharge
in metre {(Cumec)
1 JAPLA SONE 127.940 23.8.75 26131.63 20.7.75
2 NASRIGANY SONE 98.620 20.7.71 30745.30 11.9.87
3 DALTENGANJ NORTHKOEL 210.910 17.9.76 3165.59 13.9.87
4 MOHAMADGANJ NORTHKOEL 146.658 17.9.76 B727.00 11.9.87
5 KOELWER SONE 58.789 23.8.75 36818.64 20.7.71

[SOURCE: COMPREHENSIVE PLAN OF FLOOD MANAGEMENT FDR THE SONE RIVER SYSTEM
PREPARED BY GFCC IN 1989]
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Annex 4

AVERAGE ANNUAL SILT DATA OF THE SONE RIVER SYSTEM AT DIFFERENT SITES IN BiHAR

RIVER SONE SITE-JAPLA UNIT- LAKH TONNES
SLNO YEAR ANNUAL SILT LOAD REMARKS
1 1978 241.67

2 1979 284.82

3 1980 199.53

4 1981 164.02

5 1982 475.97

6 1983 159.16

7 1984 376.81

8 1985 150.22

9 1986 91.3

RIVER-NORTH KOEL

SITE-MCHAMADGANJ

UNIT-LAKH TONNES

SL.NO YEAR ANNUAL SILT LOAD REMARKS
1 1981 7.93
2 1982 555
3 1983 15.31
4 1984 95.40
5 1985 56.33
6 1986 33.00
RIVER-SONE SITE-KOELWAR UNIT-LAKH TONNES
SL.NO YEAR ANNUAL SILT LOAD REMARKS
i 1962 223.42
2 1963 20460
3 1964 611.56
4 1965 187.43
5 1966 182.21
6 1967 501.89
7 1968 100.39
8 1969 242,93
9 1970 301.30
10 1971 3380.67
11 1972 119.07
12 1973 265.89
13 1974 147.24
14 1975 1018.57
15 1976 420.62
16 1977 598.96
17 1978 605.50
18 1979 108.38
19 1981 54.42
20 1982 - 475.89
21 1983 181.11
22 1984 789.93
23 1985 269.72
24 1986 173.48

[SOURCE: COMPREHENSIVE PLAN OF FLOOD MANAGEMENT FOR THE SONE RIVER SYSTEM

PREPARED BY GFCC. IN 1989}



OBSERVED ANNUAL PEAK GAUGE AND CORRESPONDING
COMPUTED DISCHARGE AND OBSERVED DISCHARGE

Appendix 8/45

Annex 5

SITE- JAPLA RIVER-SONE

S Year " Observed Annual Corresponding Annual Peak Observed Peak
No Peak Gauge {m) Discharge {Cumecs) Discharge {Cumecs)
1 1365 126.560 3291.58 3212.06
2 1966 125.750 2860.00 2884.25
3 1967 127.090 12276.57 5353.55
4 1968 126.850 5993.59
5 1969 126.980 5875.00 3861.59
B 1970 127.340 4180.00 3020.14
7 1971 127.870 15G57.20 8297.80
g 18372 126.730 739.46 3341.09
3 1973 126.400 5215.00 3871.20
10 1974 126.740 14374.31 22602.45
11 1975 127.940 20385.12 26131.63
12 1976 127.640 10730.08
13 1977 126.920 4072.07 2202.21
14 1978 127.260 8200.00 453019
15 1979 125.985 312716
16 1980 126.860 7200.00 11691.61
17 1981 125.585 340412
13 1982 126.280 7027 81
19 1983 126.930 11223.97
20 1984 127.210 16835.60 98980.70
21 1985 126.140 7003.96
22 1986 125.670 4398.00
23 1987 127.840 N A 20011.36
24 1983 126.420 N A 8650.46
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Annex 5 {(contd)
OBSERVED ANNUAL PEAK GAUGE AND CORRESPONDING
COMPUTED DISCHARGE AND OBSERVED DISCHARGE

Site — Nasriganj River Sone

sl Year Observed Annual Corresponding Annual Peak Observed Peak
No Peak Gauge {m) Discharge (Cumecs) Discharge
1 1870 97.820 8480.00 3345 40
2 1971 98.820 B402.90
3 1972 98.620 9490.00 6618.08
4 1973 a0.700 4260.00 2778.41
5 18974 20.050 13629.32 6645.52
6 1975 83.550 2850.87 14172.47
7 18976 §82.350 16299.94 10835.36
8 1977 91.640 4117.76 8040.98
g 18978 82.315 25485.80
10 18978 80.185 5275.69
11 1980 82.085 16884.06
12 1881 8Y9.750 4112.22 4660.24
13 1882 91.330 11636.42
14 1983 92.205 20368.82
15 1984 91.850 14241.22
16 1985 90.340 7158.59
17 1986 BS.880 4488.78
18 1987 93.230 NA 30745.30
18 1888 80.530 NA 7819.78
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Annex 5 (contd)
OBSERVED ANNUAL PEAK GAUGE AND CORRESPONDING
COMPUTED DISCHARGE AND OBSERVED DISCHARGE

Site Daltenganj River North Koel

=1 Year Chserved Annual Corresponding Annual Peak Obhserved Peak
No Peak Gauge {m) Discharge {Cumecs) ~ Discharge
1 1970 NA NA 857.32
2 1971 20B8.8B48 968.00 959.41
3 1972 208.580 836.27 729.58
4 1973 208.800 853.32 657.78
5 1974 208.670 400,73 719.48
6 1975 - 209.020 1322.29 849 46
7 1976 210.810 618.00 515.96
8 1977 209.000 2258.27 858.98
9 1978 209.390 1330.00 620.59
10 1979 209.840 ' 439.08 308.48
11 1980 208.850 426.00 277.34
12 1981 208.330 1057.20

13 1982 208.280 1296.24

14 1983 207.750 288.33 397.47
15 1984 208.750 2013.31 2013.31
16 1985 208.220 860.35

17 1986 208.670 958.08

18 1987 208.250 - 3165.59
19 1988 208.440 - 740.14
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Site Mohammedganj

River North Koel

OBSERVED ANNUAL PEAK GAUGE AND CORRESPONDING
COMPUTED DISCHARGE AND OBSERVED DISCHARGE

Appendix 8/48

Annex 5 {contd)

S Year Observed Annual Corresponding Annual Peak Observed Peak
Nao Peak Gauge {m) Discharge {Cumecs) Discharge
1 1961 144,527 846.20 1430.30
2 1962 144.350 1086.25 104430
3 1963 143.828 195.76 902.87
4 1964 143.720 1405.97
5 1965 144.813 2949.70 4831.34
6 1966 143.803 736.79 1050.28
7 1967 144.778 1804.12
8 1968 143.958 1540.00 1159.36
9 1969 144.038 1137.31 1552.61
10 1970 145.378 2987.93 2149.84
11 1971 144.678 3975.00 2173.90
12 1972 144,428 168.42 1581.33
13 1973 143.598 1618.12
14 1974 143.928 2219.72
15 19756 144.578 3739.42
16 1976 146.658 16358.94 939.52
i7 1977 145.668 278359 1370.51
18 1978 144.928 4760.00 3188.88
19 1978 142,978 870.00 500.37
20 1980 143.178 894.50 894.50
21 1981 142.928 641.41 556.06
22 1982 143.878 1831.26
23 1983 142.648 602.28 650.43
24 1984 143.738 2030.00 1410.52
25 1985 143.473 1394.40
26 1986 143.283 1198.07 1218.03
27 1987 145,578 - 8727.00
28 1988 142.548 - 1873.97
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Site Koelwar

River Sone

DBSERVED ANNUAL PEAK GAUGE AND CORRESPONDING
CDMPUTED DISCHARGE AND DBSERVED DISCHARGE

Appendix 8/48

Annax 5 (contd)

Sl Year Observed Annual Corresponding Annual Peak Observed Peak
No Peak Gauge (m) Discharge (Cumacs) Discharge
1 1960 57.558 11551.00

2 1961 57.375 6900.00 4258.00
3 1962 55.968 7050.42

4 1963 55.649 4316.09

5 1964 57.584 16333.04

8 1965 57.184 5860.69 8423.11
7 19686 56.474 3606.99 3888.04
8 1967 57.340 7185.47 7085.18
g 1868 57.474 4324.15 4250.81
10 1969 57.374 9841.87 5245.72
11 1970 57.368 14844 .86

12 1971 58.674 36818.84

13 1972 56.840 10560.45

14 1973 56.404 6488.95 5203.96
15 1974 57.084 10614.40 10614.40
18 1975 58.789 32363.68 26441 93
17 1976 57.954 20585.30

18 1977 57.414 16582.12 10317.03
19 1978 57.939 17859.00

20 1979 56.064 6452.25

21 1880 57.074 8499.11 10808.06
22 1881 55.368 4323.40

23 1982 56.622 10698.75

24 1883 58.014 20450.05

25 1984 58.094 12660.11 8737.70
26 1985 55.729 57985.38

27 1986 55.104 4280.13

28 1987 58.590 NA 13260.58
29 1988 56.524 NA 451277
30 1289 54.880 - -

N 1380 58.594 - -

[Source: Comprehensive Plan of Flood Management for the SONE RIVER SYSTEM prepared by GFCC in 1988]
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Annex 5 {contd)
MAXIMUM DISCHARGE DATA AT INDRAPUR]

Year Total river discharge at barrage site at Indrapuri (in cumec)
259.78 20432.60
10.8.79 B666.17
30.8.80 13658.43
16.7.81% 4151.61
31.8.82 15262.76
9.9.83 18030.21
5964 19569.68
29.8.85 7452.24
10.7.86 5998.75
12.9.87 19718.31
13.8.88 10541.47
16.8.89 4890.52
19.9.90 6259.20
1.9.91 13396.20

[SOURCE : State Hydrology cell of the Water Resource Department ]
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Annex B
HISTORY OF FLOODS

Records of floods in the Sone River System are available for different years since 1201.
However, the major floods occuring in Bihar portion in different years are described below:-

1901 - In 1901, due to heavy rainfall in the Sone and adjoining areas and simultaneous rise of water
level in the rivers Sone and Ganga, a vast area was inundated.

1923 — In 1923 also the flood in the river Sone was very high and inundated a vast areas near its
confluence with the Ganga as a result the city of Palna was also inundated. This was due to heavy
rainfall over the catchment during August.

1971 — In 1971 peak flood occured in the third week of July. The Ganga was already fiowing above
danger level and as a result of high flood in the river Sone, the flood situation in tower reaches became
extremely critical.

1975 — In 1975, the upper Sone caichment experienced very heavy rainfall due to the passage of a
deep depression in the 3rd week of August. The capital city "Patna” was innundated and 2 to 3 metres
depth of water flowed through the city roads and streets. The Sone catchment experienced very heavy
rains on 22nd August. The Patna Fiood Enquiry committee constituted by the Govt. of Bihar,has
described the 1975 fiood as below:-

“Following heavy rainfall in the catchment of sone started rising from 19.8.75. At indrapuri,it
reached a level of 108.85m against the warmning stage of 108.24m on 23.8.75 at 05.00 Hrs, The
maximum level reached at koelwar was 58.81m on the same day between 10 to 14 Hrs. and this level
was less than the level attained in 1971 ie 58.884m which is the maximum on record. However, at
Japla it exceeded the level recorded in the year 1971 which was 127.89m. Simultaneously, the main
trunck drain, Ganga was above warning stage of 48.6m at Patna since 22.8.75. It continued to rise
further and reached a level of 49.988m at 18 Hrs. of 24.8.75 at Gandhighat. This level was 0.35m
higher than the level recorded in 1971 and the highest on record so far. lts leve! at Digha surpassed
the ievel of 52.15m at recorded in 1971 and reached the level of 52.52 m at 8 Hrs. on 24.8.75.
However, this has not exceeded the level of 52.585m recorded in the year 1923. It would thus be seen
that in 1975,there was syncronisation of flood peaks both in the Ganga and the Sone from 23rd to 24th
August 1975.

As areas of the extremely high flood level at Digha the combined waters of Ganga and Sone
overtopped the entire road from Digha to Maner, excepting high lands near villages to the extent of
about 30 to B0 cm, and there was a sheet flow from Sone & Ganga towards the low lying areas in
the countryside Patna and Digha. There were seven breaches on the road during this flood. The river
Sone also spilled over the right bank between Koelwar and Maner, thereby causing 11 breaches in the
Maner distributary. This water also entered the Patna-Danapur area. This combined waters entered
Patna in the night of 24.8.75 resuiting in the deluge of 1975.

199C — The Sone was above danger level for 9 days in July, 7 days in August, 17 days in September
at Japla gauge site. No flooding was reported.

1991 — The Sone flowed above danger leve! for 4 days in August oniy.

1992 — The water level was above danger level at Maner from 15.9.92 to 20.9.92 and at Koelwar from
14.9.92 to 15.9.92, No flood was reported.

1993 — The river did not witness any significant flood during this year.
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Annex 8

LIST OF FLOOD CONTROL SCHEMES IN THE CATCHMENT OF SONE RIVER SYSTEM
{EMBANKMENTS RESERVOIRS TOWN/NILLAGE PROTECTION AND OTHER MEASURES ETC,
(EXISTING ONGOING & PROPQOSED)

Name of scheme Name of Estimated Area Present Remarks
State cost protected/  status
Rs.in Lakh benefited
in ha
1 2 3 4 5 6
FLOOD PROTECTION SCHEME -
A. Embankment scheme
1. Buxar Koelwar Embankment
scheme (sector A) Bihar 13580.50 10000.00  Under Total for whole
Exscution  B.K. Embkt 9935Cha
is benefited area
() Sone embankment (14.66 Km)
(i Ganga Embankment (2.08 Km)
(i) East Gangi Right
Embankment {19.05 Km)
East Gangi Left
Embankment {5.97 Km)
{v) Koelwar Ring Bund (2.38 Km)
(viy Arrah Town Protecion Bundh (7.68 Km)
2.  Sone Left Embankment Scheme
(i) MNon-sagar Koelwar Embankment  Bihar 769.00 30770.00  Under
scheme (14.95 Km) Exscution
(il Raising & strengthning of )
existing Trikol Bundh from
Nan Sagar to Sandesh (4.88 Km)
(i) Raising & strengthning of
Koetwar distributary from sandesh
to Harpur lock (36.30 Km)
3. Sone Right Embankment Scheme Bihar 43169 16187.00
()  Raising & stengthning of
Amra distributary from Mair
to amra (21.05 Km)
{il  Construction of new
Embankment from Amra to
Baidmabad (9.15 Km)
(i} Raising & strengthning
ot left bank of Patna
Canal from Baidrabad to .
Rani Talab (16.78 Km)
B  RESERVOIR SCHEMES Live storage
Capacity Mcum
{1} Rihand Multipurpose Project Uttar 8986.00 Completed
Pradesh
{2) Obra Reservoir Scheme —do- 211.00 ~do-
{3) Dhandhraul Reservoir —do- 42.73 t142.00 —do-

Scheme (Ghaghar)
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Annex 8 (Contd)

1 2 3 4 5 6
In crores
{4) Bansagar Multipurpose Project Madhya 740.03 5419.00 Under
Pradesh (Only ot Execution
Unit |, Dam
portion)
(6} North Koel Project (Kutku Dam) Bihar 439.03 758.00 —~do-
(6) Kanhar Irrigation Project Uttar 107.44 128.00 —do-
Pradesh
(7) Kanhar Reservoir Schm. Bihar 350.00 524.00 Proposed
(8) Kadhwan Reservoir Scm. -do- 373.00 2420.00 —do-
(9} Simdih Hydroelectric Project Madhya 67.07 330.00 —do-
Pradesh
{10) Churhat Hydroelectric Project —do- 123.84 1075.00 —do-
(11} Nagunra Hydroelectric Project —do- 8.25 360.00 —do-
(12) Gurdah Hydroelectric Project Uttar 164.70 2050.00 —do-
Pradesh
(13) Paral Hydroelectric Project Madhya 89.97 422.00 —do-
Pradesh
14} Duniadih Hydroelectric Project —do- 98.72 482.00 —do-
15) Joka Hydroelectric Project —do- 104.34 215.00 —do-
{16) Karmi Hydroelectric Project Madhya 94.94 11.00 —do-
Pradesh
(17) Kharauli Hydroelectric Project —do- 81.40 587.00 ~do-
{18) Diadol Hydroelectric Project -do- 19.52 52.00 ~do-
(19} Other Reservoir ke Mahan,
Amanet, Auranga etc. -do- 936.00 -do-
C. TOWNNILLAGE PROTECTION SCHEME In Lakh Area protected
(1} Patna Town Protection Scheme Bihar 4850.00 0.753 Completed Total protected
area from Sone
{2) Arrah Town Protection Scheme —do- Proposed Ganga &
Punpun
(3) Dehri Town Protection Scheme —-do- —do-
(4) Dhandiha Ring Bund Scheme
{Village Protection scheme} —do- 83.90 10.00 —do-
D. OTHER MEASURES
{1} Anti Erosion Scheme )
(i) Fuha Anti Erosion Scheme Bihar 121.601 Under
Execution
{i} Mahadeva Anti erosion scheme Bihar Proposed
(i) Nauhatta Anti Erosion Scheme —do- —do-
2.  Soi! Conservation Area Tackled
(i) 7 Nos head water dams Uttar 2001.85 35500.00 Proposed
32 Nos detention dams Pradesh
88 Nos farm Ponds efc.
(i) 15 Nos head water dams Bihar 4767.29 132.10 —do-

62 Nos detention dams
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Annex 8 (Contd)

Bansagar Project

Bansagar Project
Kanhar !rrigation Project

Sone Pump Canal
North Koe! (Kutku Dam)
Gopad list scheme

Barchar Nata Tank

Madhya
Pradesh
Uttar
Pradesh

Uttar
Pradesh

_do_
Bihar

Madhya
Pradesh

—do-

172.44
(1974)
85.00

107.44
(1984)

0.65
439.03

787

as mentioned
under 3(a) (i)
above} In crores

8.49 Under
Execution
1.34 Under
Execution
0.33 —do-
—do- —~do-
1.05 —~do-
7800.00
3139.00 ~do-

1 2 3 4 5 B
262 Nos Farm Ponds etc
3. {rrigation Schemes
(a) Existing Schemes
() Sone Barrage Project Bihar 14.43 7.68 Completed Major Scheme
{1967} Crores
{iii  Ghaghar trrigation Project Uttar 42.73 0.27 ~do- —go-
Pradesh {(1917)
(#) Umrar Irrigation Scheme Madhya 2029.00 —do- Medium Scheme
Pradesh
(iv) Simar hrigation scheme —do- 3119.00 —do- —do-
(v) Budwa !rrigation Scheme —do- 2200.00 —do- —-do-
{viy Kunwarpur lrrigation Scheme —do- 4251.00 —do ~do-
{vil) Kanchan Irrigation Scheme —do- 3845.00 —do- —do-
{vii} Chirka Reservoir Scheme Bihar 1416.00 —do- —do-
{ix) Panderwa {rrigation Scheme —do- £668.00 ~do- —~do-
(x) Chace lrrigation Scheme -do- 2307.00 —do- ~do-
{xi) Jinjoy !rrigation Scheme —do- 2428.00 —do- —do-
(xii) Butandup lrrigation Scheme —do- 810.00 —do- ~do-
' (xiii) Chausan fist trrigation Scheme —do- 376.00 6400.00 —do- —do-
{xiv) Anaraj !rrgation Scheme ' —do- 4978.00 —~do- —do-
(xv) Left Banki lrrigation Scheme -do- 6070.00 —do- —-do-
{xvi) Maley lrrigation scheme —do- 8264.00 —do- —do-
{xvii) 144 Nos Minor irrigation scheme Madhya ~ 33658.00 —~do- Minor Schemes
Pradesh
{xviil) 27 Nos Minor lrrigation Scheme Uttar 3849.00 —do- ~do-
Pradesh
{xix) 15 Nos Minor irrigation Scheme Bihar 2335.00 —do- -do-
(a) ON GOQING SCHEMES
(i Sone Canal Modernisation scheme Bihar 1194.72  (Inclusive
of annual
irrigation
7.68Lakh ha

Major scheme

—to-

—do-

_._do_
Medium scheme
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Annex 8 (Contd)

1 2 3 4 5 6

(ix) Banku Irrigation Scheme ~do- 3441.00 ~do-

(x) Barnoi Irrigation Scheme -do- 2388.00 ~do-

{xi) Chunghutta ~do- 10960.00 ~do-

(xf) Kanjar —-do- 3036.00 ~do-

(xiii) 236 Nos Minor Irrigation Scheme Madhya 0.51 —do-
Pradesh

(xiv} 16 Nos Minor Irrigation Project Uttar 2548.00 Minor Scheme
Pradesh

B.  Proposed/identified Schemes

(i Mahan Madhya 38.94 19040.00 Proposed  Major Scheme
Pradesh (1983)

iy Joka —do- 26721.00 ~do- ~do-

(i) Rehar Madhya 32750.00 ~do- —do-
Pradesh

(iv) Baradih(DBC) —do- 14280.00 —do- ~do-

{v) Amanat Bihar 55.51 —do- ~dec-

{vi) Kodhwan —do- 373.00 —do ~do-

(vily Baradih(Kanhan —do- 250.00 53960.00 —do- —do-

{viii) Auranga —do- 198.72 61950.00 uc ~go-

{ix} Zamania Pump Canal Scheme —do- 240.00 Proposed -do-

'n Lakh

{x) Tahiay ~do- 388.00 16657.00 ~do- —do-

(xi) 33 Nos Medium Project Madhya 1.877 ~do- Medium Scheme
Pradesh

(xil) 3 Medium Project Bihar 0.1096 ~do- ~do-

{xii} 134 Nos Minor Projects Madhya 0.6115 —do- Minor scheme
Pradesh

[Source - Comprehensive Plan of Flood Management for the Sone River system prepared by GFCC in 1989]
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Annex 9
SALIENT FEATURES OF NORTH KOEL RESERVOIR PROJECT
A, DAM AND APPURTENANTS
Location Latitude 23°40'30"N
Longitude 83°59°00"E
Name cf river North Koel
Catchment area 2885 Sq Km.
Average rainfall {annual) 147 cm.
Design flood discharge {Bouted) 0.19 Lac Mcum/sec.
Routed flood discharge over spillway 0.16 Lac Mcum/sec.
Mean annual runoff 1.30 Lac. ham.
Maximum Reservcir level EL 368.50m.
Full Reservoir level EL 367.28m.
Dead storage level EL 330.1 m.
Dead storage 0.21 Lakh ham.
live storage 0.96 Lakh ham.
Gross storage at F R L 1.17 lac ham.
Reservoir area F W L 7120 Hectare.
No. of spillways 9 Nos. of 15m. gach
Type of spillway buckets Ski-Jump
Top level of dam EL 372.0 m.
Height of dam from lowest river bed 67.86 m.
Top width of dam 8.75 m.
Total length 343 m.
Instruments 190 Nos.
B MOHAMMADGANJ BARRAGE AND APPURTENANTS
Location Latitude 24° 24'20"N
Longitude 83° 21'0"E
Catchment area 10640 Sq Km.
Average annual rainfall 122 cm.

" Maximum dishcharge observed 0.198 lac cum per second.
Design discharge 0.24 lac Mcum/second.
Length of barrage 8196 m.

No. of weir bays 836
No. of undersluice bays 4
Span of gach bay 18.3m.
Pond level on U/S of Barrage 148.17m.
Maximum Flood Level 151.12m.
Average River bed level 144.00m.
Crest level of Barrage 144.32m.
Crest level of undersluices 143.71m.
Power Generation
Installed capacity 2 Units of 12 M W each
No. and type of turbines 2 Nos. of vertical Francis turbines

[Source: Comorehensive glan of flood management for the Sone River System prepared by GFCC in 1989]
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Annex 9 (contd}
SALIENT FEATURE OF SONE BARRAGE PROJECT

State Bihar

District Rchtas

Cost of the Project Rs. 14.43 Crores.
Catchment area 69.000 Sg Km.
Avarage annual rainfall 139.8 cm.
Obsarved Maximum discharge 0.341 Lakh cumecs.
Design discharge 0.413 Lakh cumecs.
Length of barrage 1410 m.

Crest level of weir sluice 104.0 m.

Crest 1evel under sluice 103.4 m.

Average bed level 103.8 m.

Pond level 108.3 m.

Design HFL 110.0 m.

Observed HFL 111.3 m.

[Source: Comprehensive Plan of Flood Management for the Sone River system preparad by GFCC in 1989]
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SALIENT FEATURES OF SONE, PROPOSED RESERVOIR PROJECT

KANHAR RESERVOIR PROJECT
State

District

Latitude

Longitude

Hiver

Situation

Catchment area upto Dam site
Maximum annua! rainfall {1943-44)
Maximum Annual rainfall (1966-67)
Mean Annual Rainfali

Design fiood descharge

Avaiiable 75 PC Dependable Runoff {Annuat)
Available 75 PC Dependabie Runoff (Monsoon)

Mean Annua! Runoff
Mean Monsoon Runoft
Maximum Water Level(Top of gate)
Full Reservoir Level
Dead Storage Level
Gross storage at MWL
Storage at FRL

Dead storage Capacity
Live Storage Capacity
Reservoir areas at FRL
Reservoir areas at MWL
Type of Dam

Lowest bed level of river
Type of spillway

Length of spillway
Spans

Total Cost of the Project

Bihar
Palamau
23°53'20"N
83°35°2"E
Kanhar

Appendix 8/59

Annex 10

Near Baradih village, P S Ranka Sub-Division, Garhwa.

3028.5 Sq Km.
218.80 cm.
70.80 cm.
133.17 cm.
15,9227 Gumecs.
1.23 Lakh ham.
1.15 Lakh ham.
1.37 Lakh ham.
1.275 Lakh ham.
414.33 m.
413.41 m.
396.34 m.
60108 ham.
576.04 ham.
5205 ham.
52390 ham.
6342 ha

7011 ha.

Holled earth filed dam Non-homogeneous material

combined with Masonry spillway.
374.69 m.

Ogee type

377.74 m.

16 Nos.

206.13 Crores.

Bihar's Share of Cost
M P;s Share of Cost
Incidance of Cost

184.80 Crores.
21.33 Crores

Cost per Acre of GCA Rs. 4750.00
Cost per Acres of CCA As.11268.00
Benefit Cost Ratio

On 5% interest 3.27

On 10% Interest 1.89

[Source: Comprehensive Pian of Flood management for the Sone River System prepared by GFCC in 1989]
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Annex-10 {conid}

KADWAN RESERVOIR SCHEME SALIENT FEATURES

Location of head works:
Latitude

Longitude

River

Purpose

Total catchment area

Free catchment area

Mean annual funoff at dam site
Average rainfalf

Designed flood discharge {Routed)
maximum water level

Full reservoir level

Dead storage levetl

Minimum Draw dawn level
Average bed leve! of River
Crest level of dam

Capacity at DSL

Capacity at FRL

Submergence area at FRL
Type

Height of dam

Length of dam

Type of spillway

Length of spinway

Maximum discharge capacity of spillway
Power Plant

Near village Kadwan Dist. Palamau & Rohtas(Bihar)

24°30'15"N

83°37'50"E

Sone

Irrigation & Hydro Power
55636 Sq Km

13150 S8q Km.

11.8 MAF (1.456 Mham)
1284.60 mm.

37.997 Cumecs.
175.00m

173.00m.

142 .50m.

152.00m

136.00m

178.00m.

0.616 MAF (0.076Mham)
4.05 MAF (0.5 Mham)
28.800Hect.

Earth dam (Zoned typed)
45.0 m.

2730 m,

Ogee shaped with ski jump bucket
420 m.

37,997 Cumecs.

Instaned capacity
Gengrating Unit
Discharge of Penstock
Abstract of Cost

126 M W
Axd42 MW
110 Cumecs, when Reservoir Level 173.00 m.

Earth dam & spillway
Hydel power

B C Ratio

Rs 216.48 Crores,
Rs 156.32 Crores.

Rs 372.80 Crores

At 10 per cent interest
At 5 per cent interest

2.299
5.65

[Source: Comprehensive Plan & Flood Management for the Sone Hiver system prepared by GFCC in 1989)
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Annex 10 contd

SALIENT FEATURES OF THE AURANGA RESERVOIR PROJECT

A DAM & RESERVOIR (UNIT 1)

State

District

Latitude
Longitude

River

Loecation
Catchment area
Rainfall (1921-72}

Water yield at Dam site

Storage level

Storage capacity

Submergence area

Type of Dam

Particulars of spillway

Estimated cost

Bihar
Palamu
23° 57 N
84° 15' E
Auranga

Near Palamu fort in Betla National Park

1462 Sq Km

[+1]

Fuli reservoir ievei FRL

Dead storage capacity

Live sforage capacity -
Gross storage at MWL
Gross storage at FBL

Reservoir area at DSL
Reserveir area at FRL
Reservoir area at MWL

0D o OO0 oTDpD 0 o Qoo 0O

Dead storage ievel DSL

Max annual rainfall (1930-31} 1818.0 mm
Min annual rainfall (1955-56) 792.5 mm
Mean annual rainfali{1921-72) 1326.0 mm
52200 ham at 90% dependibility
64000 ham at 75% dependibility
72400 ham at 50% dependibiity
Max water level at MWL

31230 m
311.30 m
29410 m
9200 ham
46000 ham
60720 ham
55200 ham
1194.33 ham
4536.00 ha
4738.50 ha

Rolled earth fili dam in the river section and
chute spiliway on the left flank

Type

Length

Crest level
Design bed
Design discharge
No of spans
Type of gate

i Cost of unit |
{(Dam & appurtenants)

i Cost of unit Il
Total cost of project

793

chute spiitway

128.70 m

298.80 m

12.80 m

8495 Cumecs

8 spans of 15 m each
Radial gate

Rs 99.22 Crore

Rs 183.96 Crore
Rs 293.18 Crora



BIHARSHARIF

SNERIHAND [

AT )

. CHOPAN HURRAKADIWA

.

15 MAANHAR DA

DA i

%
‘-
X
DHARRAUL

| MOHAMMADGANJ

AURANGABAD

BARRAGE
)

A R

NAWADA

|GA¥A

HAZARIBAGH

&

5
JAUNPUR
MIRZAPUR _
25
o’ UTTAR PRADESH
REWA :
24
e .
{
BHITRIG
JABALPUR }\
23- = —— o e e
T REFERENCE
1 RIVER BASIN BOUNDARY =, S S,
2 STATE BOUNDARY .  —w—.. —
3 DISTRICT HEADQUARTERS ®
4 TOWN . )
EER/UE%E & DISCHARGE SITE ©
}-—
7 DAMS/RES. 1 ExISTING,
2 IN PROGRESS WP
3 PROPOSED . 1>
8 BARRAGE =t
80‘0, . ‘ ) 81'09 81 O

82°0°

RANCHI @

P 0

SECOND BIHAR STATE

IRRIGATION

24
o

COMMISSION

84°0' ; 85°0’




FIG:8/02

84°N1

=N

510);

L g4:30°

INDEX MAP FOR

FLOOB-CONTROE WORKS OF

SONE- RIVER BASIN

GABGI RIGHT EMBANKMENT

'
L KOBLWAR
DHANDIHA f R
~RING _BUNDH Nt

o]

i

~

&
N
ey
i

o

E

25

= e U
REFERENCE i
1. RIVER 3 :

2. RIVER BASIN BOUNDARY _ 7~

3. RAILWAY Lxa I:‘l“f‘f'l"*‘f‘

4. EMBANKMENT —SAw<r

5. ROAD e

6. ANTI EROSION SCH. @ i
7. CANAL o : I

-/

RAISING AND
STRENGTHENING

LEFT BANK OF
* MANER DISTY.

/

/ ALIGANJ
RAISING AND

_ STRENGTHENING OF

# LEFT BANK OF

PATNA GANAL

e
58
AR i e
“RUSINGZEND STRENGIMENING OF
MMRA” DISFRIBUIARY
l84'4-5' 850’
SECOND BIHAR STATE IRRIGATION

' COMMISSION :

797



APPENDIX 9

PUNPUN BASIN

799



AT A GLANCE

PLAN FOR FLOOD MANAGEMENT IN THE
PUNPUN RIVER BASIN (N BIHAR)

Salient Features of the Basin.

-~ T N o W N~

Total Drainage Area

Drainage Area in Bihar
Population in Bihar

Water Resources (Surlace Waler)
Average Annual Rainfall (in Bihar)
Total Length of Main River
Cropped Area in Bihar

Flood Damage (Average for 26 years 1968-83)

VR« T S A A A

Total Area Affected
Cropped Area Affected
Damage to Crops
Total Damage

Human lives lost
Cattle Heads Lost

Average population Affected
(average for @ years 1984-32)

Progress of Flood Protection Measures (1954-92)

1

B WM

Length of Embankments
Length of Drainage Channels
Towns/Villages protected
Areas Protected

Total Expenditure (1954-92)

Eighth Plan Proposals (1992-97)

1
2

Length of Embankment

Additional Area to be benefited by ficod
Contro! Drainage and Anti Water iogging measures

Total outlay for fiood control measures in the state
{1992-97)

=103

9026
9026
49.94
22563
969
235
5775

0.570
0.280

Rs 810.00
Rs 2109.19
11

79

4.00

40.80

2

0.26

Rs 398.45
Totai 98

Total 1.00

Rs 35230

Appendix 8/1

Sq Km
Sg Km
lakh
MCM
mm
Km

Sq Km

Lha
Lha
lakh
takh
Nos
Nos

Lakh

Km

Partial work done
(PTP and Sherghati)
Lha

Lakh

Km in the State

iakh ha in the

iakh.
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AN APPROACH TO THE PROBLEMS OF FLOOD AND DRAINAGE CONGESTION
& REMEDIAL MEASURES IN THE PUNPUN RIVER BASIN (IN BIHAR)

1.0 INTRODUCTION

1.1 The Ganga sub-basin is an impertant portion of the main Brahmputra-Meghna-Ganga river
basin and is the largest river system extending over an area of 8.614 Lakh Sq Km within India. Flat
terrain, high intensity of rainfall and poor drainage conditions combine to cause flooding and drainage
congestions almost every year in a large part of this sub-basin, paricularly in the portions {ying in the
Eastern Uttar Pradesh and Bihar. The flood damage in this sub-basin accounts for a major part of the
total flood damage of this country.

1.2 Bihar is situated in the central part of the Ganga sub-basin. The paortion lying on the northermn
side of the left bank is known as North Bihar and that Iying on the southern side of the right bank is
known as South Bihar. The lower part of narthern region of this State is affected by serious fioeding
aimost every year. A number of major rivers like the Mahananda, the Kosi, the Kamla-Balan, the
Bagmati, the Burhi Gandak, the Gandak and the Ghaghra etc which criginate from the Himalayas join
the river Ganga on its left bank in this region. The Scuthern region is characterised by low hills and
slopes in some parts and Gangetic plain in a narrow strip along the Ganges. Many rivers like the
Karmnasa, the Sone, the Punpun, the Kiul-Harchar, the Badua-chandan the Gumani et¢ which originate
from hilly region of South Bihar join the river Ganga on its right bank.

1.3 The major rivers of North Bihar ke the Ghaghara, the Gandak, the Bagmali, the Kosi, the
Mahananda etc flow through a censiderable length in Nepal and a substantial part of their catchment
falis in the glacial region of the great Himalayas. As these rivers are snowfed, they arte perennial in
nature. The major rivers of South Bihar like the Karmnasa, the Sone, the Punpun, the Kiul-Harchar etc
are rainfed and carry little discharge in non-moensoon months. The Punpun, one of the important right
bank tributaries of the river Ganga, originates from Chotanagpur hills of Palamu district and joins the
Ganga near Fatuha,about 25 Km down stream of Patna. it has a total catchment area of 9025.75 Sq
Km. This river is considerad important with respect to flood management because it forms the scuthern
boundary of the State Capital (Patna) and often poses a threat to the safety of Patna town during
heavy precipitation in its catchment.

1.4 Floods and droughts are regular features in the State of Bihar due to vagaries of climate and
rainfall. While one part of the State is under the grip of severe floods due to excessive rainfall the other
part suffers from drought due to scanty and untimely rainfall.

1.5 Floods have caused devastation and acute human suffering toe frequently since the down of
civilisation and the man has had to live with the flood since his existence. The impact of flood was not
perhaps felt to the same extent in the past as is felt now. This was due to the fact that much smaller
number of people were living and pressure of industrial activities and other development works in the
flood plains was far iess compared to the present day activities.

The flood problem has been accentuated due to ever increasing encroachments on the flood
plains by the growing population to meet its requirements of food and fibre. The destruction of forests
for reclaiming areas for occupation and for obtaining fuel for domestic requirements have also aggravated
the ficod situation. Ali these have resulted in an anomalous situation where, in spite of protection
measures carried out so far in the state with an investment of Rs 611 crores (approx.) which has
provided reasonabie degree of protection to an area of about 28.25 lakh ha, the flood damages have
gone on increasing instead of decreasing.
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2.0 THE PUNPUN RIVER BASIN

2.1 The river basin consists of number of small tributaries like the Morhar, the Dardha, the Batane,
the Madar, the Ramrekha, the Bakri, the Adri, the Neera, the Senane, the Begi, the Khudwa, the
Mawaria, the Siroka and the Panchanawa etc which join the main river Punpun. The river Punpun
originates from Chotanagpur hills in Harihargan] block of Palamu district in Bihar at an elevation of
442m and at latitude 24°11°N and fongitude 84°3'E. The river system is bounded by the Sone river on
the West, the Kiul-Harohar-Falgu on the east, the Ganga on the north and North Koel on the south.
It flows for most of its portion in a north, north-eastern direction and falls into the Ganga near Fatuha,
about 25 Km down stream of Patna. Its total length is about 235 Kms. The river receives a substantial
portion of discharge from its right bank tributaries. As is the case with the main river, the tributaries
are also rainfed and majority of them originate from the same range of hills in Palamu, Aurangabad
and Gaya districts of Bihar.

2.2 The Punpun river system drains an area of about 9025.75 Sq Km which is approximately one
percent of the total area of the Ganga sub-basin in the Country. The entire catchment lies within the
State of Bihar and is spread over the districts of Patna,Gaya, Aurangabad, Hazaribagh, Palamu,
Jahanabad and Nalanda. Four major tributaries namely, the Morhar having catchment area of 2585 Sq
Km, the Dardha with 1001 Sq Km, the Madar with 1255 Sq Km and the Batane with 634 Sq Km join
the river on its right bank. The Khudawa, the Bedi, the Siroka, the Mawaria and the Panchanwa rivers
having lengths of 16.44 Km, 10.12 Km, 30.36 Km, 24.08 Km and 6.32 Km respectively join the main
river on its left bank. The catchment areas of these left bank tributaries are too small and their
contribution to the fiood flow in the basin is insignificant.

2.3 The Grand Trunk Road (NH-2), divides the catchment into two parts in such a way that almost
all the hilly part of the catchment {alls on its south and plain areas on its north. The upper catchment
which lies in the districts of Palamu and Hazaribagh is characterised by low hills mostly covered under
forest and siopes with depression and valleys. The lower par of the catchment are in the districts of
Aurangabad, Gaya, Nalanda, Jahanabad and Patna is mostly plain or having some uniform mild slope
and are being used for cuitivation. The elevation of the Punpun river basin varies from 442 m near the
origin of the river to about 50m near its outfall into the Ganga.

2.4 The Punpun river system is traversed by a number of small tributaries, some of which bifurcate
and rejoin meeting each other a number of times during their course of flow. A statement showing
length/catchment area of tributaries in the Punpun river basin is enclosed at Annex 1. The salient
details of the main tributaries of the Punpun river basin are given below :

2.41 The Morhar

The river Morhar originates in the hilis of Palamu district. At a place {Latitude 24°32" and
Longitude 84°45') near Rashanganj, the river Marhar bifurcates in two channeis. One of the channels
is known as the Budh River and other as the Morbar. Further down, these two channels bifurcate and
rejoin with each other a number of times to meet again near village Men (Latitude 25°1'N and Longitude
84°54'E)and finally separate into two channels in the name of the Morhar and the Dardha till both ot
them join the Punpun near Ramganj and Jamalpur respectively. The Morhar has another channed
known as the Ghaghar. Owing to steep gradient and shallow depth the river keeps on changing
courses. According to recent developments, the main river flow is concentrated along the Ghaghar
which falls into the Punpun at about 145 Kms upstream of the confluence of the Punpun with the
Ganga. It crosses the Patna-Gaya railway line between Nadwan and Pothahi railway stations. The river
Maorhar, along with the Dardha cause flood in the lower reaches of the river system. The catchment
area of Morhar-Dardha is 2585 Sq Km and iength 185 Kms. There is one possible reservoir site an
the river Morhar which is in the district of Gaya near Chatra.
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2.4.2 The Dardha

As stated earlier the river Morhar bifurcales near village Men (Latitude 25°2’N, Longitude
84°54’E) and the bifurcating channel is known as the Dardha. The Jamuna Nadi, which originates from
a place south of G T Road (N H 2} near Sherghati, runs almost paralle! to the Marhar and the Dardha
and Joins the Dardha near Jahanabad. Subsequently the river flows in the name of the Dardha and
outfalls into the Punpun near village Jamalpur near the confluence of the Punpun with the Ganga.

2.4.3 The Batane

This river also criginates from the hilts of Palamu district near Dalpatpur village at an elevation
of about 225m. It joins the river Punpun at village Jamadra near crossing of the Punpun with Grand
Chord Railway line of Eastern Railway. its catchment area is 634 Sg Km and length is 78 Kms. A dam
known as Batane dam has been constructed on this river for providing irrigation benefits in the area.

2.4.4 The Madar

Like the Morhar and the Dardha, this river has alsc got a big catchment. But shape of the
catchment is fan shaped and not an elongated one like the Morhar and the Dardha . The river
originates in the hills of Aurangabad districts, near viillage Barki and joins the Punpun near viilage
Gagarh. Its length is about 56 Kms and catchment area 1255 sq Km. its tributaries are the Tekari
Nalla, the Jharahi Nalla, the Keshar Nalla, the Satnadia Nalla and the Dhawa Nalia etc. There s one
reservoir site, namely, Jagnath dam on this river,

25 The Punpun river catchment lies within the State of Bihar and is spread over the districts of
Patna, Gaya, Aurangabad, Hazaribagh, Jahanabad, Nalanda and Palamu. The districtwise break-up of
the catchment area is given below in Table 1 and distribution of the catchment area in each of the
above districts is in Table 2.

Table-1

Districtwise Break-up of catchment area

Sl Name of digtrict Catchment area in Sqg Km Percentage of tota! Remarks
No lying in the district catchment in the district
1 Patna 1046.27 11.69
2 Gaya 2598.17 28.78
3 Aurangabad 2721.76 30.16
4 Hazaribagh 67795 7.51
5 Patarmu 780.41 8.65
] Jahanabad 1180.31 13.08
7 Nalanda 20.90 0.23
Total 9025.75 100%
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Table-2

Distribution of catchment area in different districts

Appendix 9/5

St Name of District Total Geographical area_ Catchment area lying in Percentage of district
No of the district in Sgq ¥m each district in 5g Km in the catchment
1 Patna 3219.07 1046.27 32.51
2 Gaya 4940.85 259817 52.60
3 Aurangabad 3302.90 2721.76 B82.41
4 Hazaribagh 11095.11 677.95 6.11
5 Palamau 12470.18 780.41 6.26
8 Jahanabad 1569.40 1180.31 75.20
7 MNalanda’ 2367.71 20.90 0.88
The important places falling in the drainage basin of the river Punpun are Patna, Gaya,

Jahanabad and Aurangabad.

2.6 Details of different tributaries of the Punpun river are given beiow:-
Table-3
SI No  River Bank Origin Outfall River condition
1 Batane Right Hills of Palamu district In River Punpun at Functions as
near village Dalpatpur at village Jamadra drainage
an elevation of about 225 m channet
2 Ramrekha - Right  Near village Kotila In river Punpun —do-
near village Bairia
3 Barki Right  Near village Badhadra in river Punpun ~do-
at village Nakain
4 Adri Right Near village Malgaria In river Punpun —do-
near village Obra
5 Madar Right Hill of Aurangabad In river Punpun —do-
district near village Barki near village Gagerh
6 Neera Right Near village Dewakali In river Punpun —do-
near village Kurika
7 Senane Right In village Jalaipur In river Punpun —do-
near Kurtha
8 Morhar/Budh Right Hills of Palamu district in river Punpun —do-
near village Alamgan;
9 Dardha Right Morhar bifurcate In river Punpun —do-
near vilage Men near village Jamalpur
10 Begi Lett - -
11 Khudawa Left - -
12 Mawaria Left - -
13 Sircka Letft Near village In upper Morhar
Chaukwa chatan near imamganj.
14 Panchanwg Nalla Left - -
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2.7 Southern or upstream areas of the Punpun river basin lies in Hazaribagh plateau West of
Koderma plateau and characterised by Granite Country rock and represents a typical rocky topography
in which a number of isolated mounds can be seen. The hilly and mountaineous region ranges between
200m to 600m in height above MSL. Lower down gently undulating uplands are dissected by narrow
valleys and depressions and interrupted by few scarred and isolated hillocks or mondrocks which
represent the major part of the tract. The general elevation varies from RL 140m to Rl 200m.

Most of the valleys are confined along the main streams and their tributaries, The general
elevation of the valley portion varies from RL 90m to RL 140m. Alluvial plains are recent and old types
and situated below the plateau regions. These are situated along the main stream and their tributaries.
The elevation varies from RL 60m to RL 90m.

The general direction of the drainage is from south west to north-east.
2.8 ECONOMICS

2.8.1 The tota! population of the basin as per 1991 census is 49.94 Jakh, the densfty being 544
persons per Sq Km against the State average of 497 persons per Sq Km (1991 census). The total
population is Fkely to cross 53.0 lakh mark by the end of 2000 AD, About 85% of the population live
in rural areas and only 15% in the urban areas. Nearly 85% of the population constitute the work force
engaged in Agriculture.

[Source — Directorate of Statistics and Evaluation, Govt of Bihar, Patna)

2.8.2 There are a good number of smal scale industries located in thig river basin. Small scale
industries like Jute mil!, flour mills, electrical goods, seed crushing, biscuit, leather, soft drinks factories
are located at Patna and Fatuha and other few medium/small industries at Gaya.

2.8.3 The following important highways and railways run through this basin :-

High ways :-

1 Grand Trunk road (NH 2)-(Dobhi-Aurangabad)
NH 30 (Patna-Bhaktiyarpur)

Gaya- Panchananpur-Dighi-Daudnagar
Rafiganj-Obra-Jamhore
Aurangabad-Amba-Hariharganj-Daltenganj
Amba-Nabinagar-Dehri
Aurangabad-Obra-Arwal-Bikram-Maner-Patna

Rafiganj-Deo

O o~ o A~ LM

Gaya-Makhadumpur-Masaurhi-Punpun-Patna
Gaya-Dobhi

[ S —
- 3

Gaya-Sherghatti

Masaurhi-Dumra-Mandi-Patna

—
W M

Jahanabad-Arwal
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Railways :-

1 Patna-Jahanabad-Gaya

2 Gaya-Rafigan} {Grand Chord line) Eastern Railway
3 Bakhtiarpur to Patna (Main line)

2.8.4 Two major and eighteen medium irrigation projecis besides many open wells, State/ Private
tube wells exist in the basin which provide irrigation facilities to approximately 3.27 lakh ha of culturable
land. There are altogether 376 State tube-wells, 40969 open wells, many private tubewells and 7 minor
reservoirs and diversion schemes in the basin.

2.8.5 Towns in the lower reaches of the catchment like Jahanabad, Gaya etc have water supply for
domestic use from ground water and towns in the upper region of the catchment like Aurangabad,
Hariharganj, Nabinagar etc have mixed drinking water supply both from surface water as well as from
ground water.

2.9 The land use pattern in the Punpun river basin is indicated below in Table 4.

Table 4
Sl No  Category Area in 5q Km % of total
1 Forest Land 1214.22 13.45
2 Land under miscellaneous trees and groves 31.06 0.24
3 Current fallow 1105.75 12.25
4 Other Fallow 318.07 3.53
5 Culturable waste 66.10 073
6 Net area under cultivation 4668.94 51.73
7 Barren land and Permanent Pastures 506.41 5.61
8 Area under non agricuttural use 1115.20 12.36
Total 9025.75 100

It may be seen from the above Table that the net area under cultivation is 51.73 per cent of
the total geographical area and if the current fallow is added to it, the total culturable area comes to
about 63.98 per cent.

3.0 GEOLOGY

a Broadly, the geology of the area varies from granite, gniess, charnokites in the hills to the
recent alluvium in the plains. The broad soil groups are calcium and non-calcium, recent and old alluvial
and brown forest soils, red soils, podzowe, lateritic soils with cover being very deep in piains and deep
to shallow in hills. The colour of the soil is yellow to gray. The texture is medium heavy in uplands and
medium to heavy in iow lands. Clay content is high {30%-50%) which is responsible for medium to high
water holding capacity. Low land soils are poorly drained which resuits in water logging specially in Tal
areas having saucer shaped configuration. The permeability of the soil is medium to low. Surface soil
on drying is hard and forms cracks (5 to 8 cm wide and 80 to 120 ¢cm deep). Hard Pans are some
times found below the plaugh layer. The soif swells on wetting and is very plastic causing poor aeration
to plant roots.
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Table 5

Soils type in the Punpun basin

Si No  District Type of soll

1 Patna Alluvial

2 Gaya Red, Yellow & Alluvial soil
3 Aurangabad Red, Yellow & Alluvial soil
4 Hazaribagh Red. Yellow & Aliuvial

5 Palamu Red, Yellow & Alluvial

6 Jehanabad Red, Yeliow & Alluvial

7 Nalanda ) Alluvial

The geohydrological map of the Punpun River basin is enclosed at Annex 2.
4.0 HYDROLOGY

4.1 The Punpun river basin forms a part of the Gangetic plain and it is situated in the direct path
of the tropical depression which forms in the Bay of Bengal during the mensoon season and travels
in north-westerly direction. As such, most of the precipitation, about 85 per cent of the annual rainfall
occurs during the manscon months of June to October. The yearwise monscon rainfall in mm from
1963 to 1990 inside the Punpun river basin and adjacent to it are given at Annex 3.0 and 3.1.
Blockwise rainfall pattern of this Punpun river basin is enclesed at Annex 3.3

4.2 According to norms laid down by the Bureau of Indian Standards {15:4987), one raingauge for
a drainage area up to 520 Sq Km is adequate for plains. However, if the catchment lies in the path
of low pressure systems which cause precipitation in the area during their mavements, the network
should be denser, paricutarly In upstream region of the catchment. In not too elevated region with
average elevation one Km above mean sea level, the required network density is one raingauge station
for every 260 to 390 Sq Km area. The india Meteoralogical Department (IMD) have, however, prescribed
at feast one raingauge for every 500 Sq Km of the drainage area. It also specifies that at least 10%
of such raingauge stations should be self recording [SRRG] . Rashtriva Barh Ayog {RBA] has
recammended that 20% of the required raingauge stations should be self recording.

4.3 Density of Raingauge Station as per the norms laid down by WMO

Table 6
Si Type of Terrain Density Required (One station for)
No
Ideal Acceptable

1 Fiat region of temperate 600-800 Sq.Km 90C-3000 Sq Km

mediterrangan and tropical zone
2 Mountaneous region of 10C-250 Sg.Km 250-1000 Sg Km

temperate mediterranean and tropical zone
3 Arid and polar zone 1500-10000 Sq.Km  Depending upon the feasibility

10 per cent of the raingauge stations are required to be self recording to know the spatial and
temporat distribution of rainfall in the area, which, however, has to be increased to 20 per cent in
accordance with the recommendations of the RBA.
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4.4 ‘The raingauge stations in the State are instailed and maintained by the (1) India Meteorological
Department {iMD) (2) State Government and (3) Central Water Commission (CWC). List of raingauge
stations inside the river system and adjacent to it with their location, average annuai rainfait, and the
period on the basis of which computation were made is enclosed at Annex 3.2.

There are 26 raingauge stations existing in the basin or in the adjacent basins out of which two
are self recording stations. These SRRGs are located at Paimeraganj and Sripalpur. But, these two
stations have been instailed only & few years back and iong term data for these stations are not
available.

According to the norms of the IMD, 20 raingauge stations are considered necessary in the
drainage area of the river Punpun out of which twelve such stations are required in the lower catchment
and eight in the upper catchment of the basin. Against this requirement, there are 10 raingauge stations
in the upper catchment and 16 raingauge stations in the lower catchment.

4.5 Self recording raingauges (SRRG) are also as per norms in plains. However a few such
raingauge stations are required in the hilly area in the upper catchment.

46 Qut of 24 ordinary raingauge stations in the Punpun river basin and its adjacent areas rainfall
data of about 13 stations maintained by the IMD are available for a period from 1201 onwards. These
were coliected and analysed by the GFCC while preparing a comprehensive plan of flood management
of the Punpun river system in 1986.

The average annual rainfall over the entire river basin has been reported as 1181.8 mm by the
GFCC in their comprehensive plan of Punpun river basin (1986). This was based on the rainfall data
from 1801 to 1950. This has now been worked out in this Commission on the basis of further availabie
data and it is found that the average annual rainfall and average monsoon rainfall for the period 1901
to 1987 are 969 and 3932mm respectively.

4.7 GAUGE AND DISCHARGE

4.7.1  According to the norms prescribed by the WMQ, Dne gauge-discharge site is required for every
300 5g Km of the drainage area in hilly portion and for every 1000 Sq Km in the plains. Accordingly,
14 gauge- dascharge sites are necessary in the basin. Against this 15 gauge-discharge sites and 4
gauge sites ie altogether 19 observation sites are located in the Punpun river basin. The location of
Gauge & discharge sites are shown at Annex 4. The danger levels, maximum observed gauge,
discharge etc are shown in the statement at Annex 5.

it would appear from the detaiis at Annex 4 that out of 19 sites only five sites are maintained
by CWC. These are at Paimeragani, Kinjar, Shripalpur, Miachak and Kolachak. The first two (Palmergan;
and Kinjar} are only gauge sites and the remaining three are gauge-discharge observation sites. In
addition to the above, a few sites are maintained by the Water resources Depariment of the State
Govemment. These sites are located at Hamidnagar on the Punpun, Kendui on the Ghaghar and Bari-
Bigha on the Dardha. However, only gauges are observed at these sites and discharges are computed
on the basis of empirical formuia.

Maximum observed gauge, discharge, and duration of flood in days at Shripaipur site maintained
by CWC for period from 1962 to 1992 are enclosed at annex 5.1

4.7.2 The maximum and minimum discharges observed at three existing sites on the Punpun river
basin are as follows :
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Table 7
54 Location Peak Discharge in Cumecs
No
Maximum Year Minimum Year Remarks

1 Shripalpur 1015.00 1987 121.80 1966 (1957-1992)
2 Miachak 188.20 1987 Nif 1966, 68. 70,

71, 75, 82, 83 (1962-1992)
3 Kolachak 429.22 1976 10.14 1966 {1960-1992)

4.7.3  As will appear from the list of gauge/gauge-discharge sites of State Government {Annex-3) 4
out of 13 sites are temporary and have not been maintained properly. Only One to three year data of
13 sites are available in water year book 1990,1991- Part 1 prepared by the State Hydrology Cell of
the Water Resources Department. [t is, therefore, suggested that all the existing sites of the State
Government be'converted fo gauge and discharge sites and maintained according to the standards laid
down by the WMO/ Bureau of Indian Standards and the data be observed in the prescribed manner,
processed, analysed and recorded properly for use in future planning of water resources utilisation and
flood management schemes in the basin.

4.8 RUN-OFF FACTOR

4.8.1 Finding out run-off factor of the catchment is essential to know the run-off likely to result from
short duration heavy rains. in order to find out the total run-off during the monscon period for planning
of schemes for drainage of accumulated waler, it is necessary to determine the run-off factor applicable
for the monsoon period as a whoele. In order to conduct such study and analysis rainfall data for the
stations spread over the entire drainage area of the basin and run-off data at suitable locations on the
river for a sufficiently longer period (at least 20 years or more) are considered necessary inputs.

4.8.2 The Ganga Flood Control Commissicn was able to get hold of rainfall data of 13 raingauge
stations for the period 1801 onwards in the Punpun river basin and its adjacent basins. For the purpose
of development of a rainfall run-off relationship, various events were identified and used by GFCC. The
gauge hydrograph for the mensoon pericd for the year from 1976 to 1982 wera plotted and duration
of various storms causing considerable rise in the river stage were identified. The daily discharge
during the period of the storm were computed by using the rating curve. With the help of this, the total
annual run-off in mm in a paricular storm was computed by GFCC. The values of the total average
rainfall over the catchment and the amount of direct run-off in case of each of the storms ars indicated
in the statement at Annex 3.4.

4.9 SEDIMENT CHARACTERISTICS

4.9.1  The past history of the river Punpun indicates that river has no meandering tendency .As there
is no silt observation site in the basin, the silt problem has not been quantified. It is, however, apparent
that there is no such problem requiring attention in the basin,

5.0 FLOOD FREQUENCY ANALYSIS

5.1 Frequency analysis is carried out to interpret the past records of the hydrologic events like the
precipitation, run-off, flood levels etc to predict the probabilities of such occurrences in future. For
quantitative assessment of the magnitude of flood problem, it is essential to evaluate or estimate the
frequencies of rainfall, flood etc. Such studies are necessary inputs for proper design and focation of
hydraulic structures as well as other related studies.
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5.2 CRITERIA OF DESIGN FLODD

5.2.1 The Ministers” Committee on Floods and Flood Relief constituted by the Government of India
in 1970 had recommended that,

“As most of the embankments have been constructed on inadequate and meagre hydrological
data available, it is necessary that the existing embankments are reviewed to see that these are safe
for a flood of 50 years frequency for major rivers and atleast 25 years frequency for small tributaries.
Similarly afl the future proposals of embankment should also be based on the above criteria”

5.2.2 The recommendations of the RBA constituted by the Govt of india in 1976 {which submitted
its report in March, 1980) regarding the degree of protection by embankments are as follows

“The use of benefit- cost criterion would require (i) damage data with respect to different flood
frequencies, (i) expertise to carry out aiternative benefit- cost and trade- off exercises. These are not
available at present. Hence for the time being the Commission recommends, as a general guide,
adoption of the foliowing criteria based on flood frequencies :

(i) For predominantly agricultural areas : 25 years flood frequency, (in special cases where the
damage potential justifies, a higher design flocod/maximum observed flood, may be adopted),

(ii) For town protection works, important industrial complexes etc: 100 years fiood frequency, (for
larger cities like Dethi, the maximum observed fiood, or even the maximum probable flood should be
considered for adoption) meanwhile studies should be undertaken to review the basis of these flood
frequencies and attempts made to collect the data and appeint the necessary personnel, so as to
enabie the application of benefit cost criterion in due course “ {Para 13.5 of RBA report)

5.2.3 The relevant recommendations made by the Ministry of irrigation, Government of India in the
guide lines and instructions for implementation of the recommendations of RBA are reproduced below:

“In the case of embankments, the design of a project should be determined for the time being
on flood frequencies suggested. Meanwhile necessary step may be taken for eventua! application of
benefit- cost criterion for fixing the design.”

The summary of recommendations as accepted is as follows:

“In the case of embankment schemes, the height of the embankment and the caerrespending
cost be worked out for various flood frequencies and also the benefit-cost ratio, taking into account the
damage likely to occur for the relative fiood frequencies. However, till such times as the details of all
rejevant parameters are available, embankment schemes might be prepared for a fiood of 25 years
frequency in the case of predominantly agncuitural areas and for floed of 100 years frequency for works
pertaining te town protection and protection of industrial and other vitai crganisations.”

While endorsing the decisions of the Ministry of irrigation, Government of india on the
recommendations of the RBA, the Commission suggests that all embankments on important rivers
shouid be designed for a flood of 50 years frequency in generai and for flood of 100 years frequency
for works pertaining to town protection of vital industrial establishments.

53 ANALYSIS OF AVAILABLE DATA

5.3.1 At present gauge discharge are being observed by the CWC at Shripalpur, Miachak and
Kolachak. In addition, gauges are cbserved at Palmeraganj and Kinjar. The peak gauge and peak

811



Appendix 9/12

discharge data of the river Punpun at Shripalpur sitethe river Morhar at Miachak site and the river
Dardha at Kolachak site respectively are being observed since 1957 . in order fo obtain a reasonably
good estimate of future probability of occurrence of event, atieast 20 {0 25 years of yearly peak vaiue
of gauge and discharge are required for frequency studies. The gauge discharge data for Shripalpur,
Miachak and Kolachak sites which are avaifable for more than 25 years, have been used in the study.
The yearly peak gauge and peak discharge for Shripalpur, Miachak and Kolachak and gauge data for
Paimerajan) and Kinjar are enclosed at Annex 5.

5.3.2 The frequency analysis of the above available data using Gumble method gave the foitowing
results. '
Table 8

A Flood discharge in the river Punpun/Morhar/Dardha
(By Gumbel Method)

Site Year of Flood discharge in cumec corresponding to
data
availability 5 yrs 10yrs 25 yrs 50 yrs 100 yrs
Shripalpur 1959-92 730.41 871.40 1049.13 118168 1312.76
Miachak 1862-92 144,37 182.21 231.65 287.78 303.72
Kotachak 1960-92 299.03 387.90 499.75 583.30 666.06
Table 9

B Flood levels in river Punpun/Morhar/Dardha

Site Year of Flood levels in metres comesponding to
data
availability 5 yrs 10yrs 25 yrs 50 yrs 100 yrs
Shripalpur 1957-92 53.004 h3.809 b4 824 55.580 56.330
Miachak 1962-92 52.529 53.446 54,601 55.545 58.311
Kolachak 1957-92 55.633 56.434 | 57.444 58.197 h8.243

5.3.3 It is observed from the available data of the Shripalpur, Miachak and Kolachak site that the
maximum recorded discharge of the three sites were not the same in the same year. The maximum
discharge at Shripalpur & Miachak site occurred in wie year 1987 where as at Kolachak the maximum
discharge occured in 1978. Some times higher discharges have been observed at lower stages. The
rise in river stages corresponding to a flood by Gumbel method of 25 years and that for 100 years are
2.67 per cent, 3.04 per cent and 2.54 per cent for Shripalpur, Miachak and Kolachak sites respectively,
similarly the increase in flood discharge, for a flood corresponding {0 25 years to a flood of 100 years
for Shripalpur, Miachak and Kolachak sites are 20.08 per cent, 23.73 per cent, and 24.97 per cent
respectively.

The frequency analysis of the available gauge/discharge data of different sites of Punpun river
system have also been done by Log Pearson Type [l method in this commission, The comparative
study of this analysis with the analysis done by Gumbel Method is indicated in Table no 9A. It is evident
from the comparative study that flood frequency for different return periods with respect to discharge
gives marginally higher value in Log Pearson Type Il method but the value of river stages are found
to be lower in Log Pearson Type lii method as compared to Gumbel's method.
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Table 9A

Comparative study of Frequency analysis of Gauge/Discharge of the Punpun river basin

River Site Analysis Return period
25 yrs 50 yrs 100 yrs

Punpun Shripalpur Discharge 1048.13 1181.58 131276 By Gumbel method
in cumecs 1082.18 121395 1343.69 By log Pearson Type [l
From 1958-92
Morhar Miachak -Do- 231.65 267.78 303.72 By Gumbel method
234.80 277.46 320.70 By log Pearson Type |
From 1962-82
Dardha Kolachak —Do- 499.75 583.30 666.06 By Gumbel method
559.63 £654.93 742.34 By iog Pearson Type lll
Punpun Shripalpur Gauge 54.824 55.580 56.330 By Gumbel in method
53.654 53.802 53.90%8 By log Pearson Type I
Morhar Miachak -Do— 54.601 55.545 56.311 By Gumbel method
£53.444 53.728 53.964 By log Pearson Type Il
Cardha Kolachak -Do- 57.444 58.197 58943 By Gumbe! method
56.324 56.507 56.650 By log Pearson Type Il

514 UTILITY DF FLOOD FREQUENCY STUDIES

5.4.1 The result of flood frequency studies are useful in delineating the flood prone area on the
contour map in order to create awareness in the local people regarding the extent and depth of
submergence in the unprotected areas at different stages of the river during flood. To make these
studies useful it is essential to have contour map (with 0.3 m contour interval) of the flood prone area,
preferably in a scale of 1:15000. Another utility of these studies will be in the future formulation and
planning of the Water resourees utilisation and flood management projects in the basin.

5.5 AGGRADATION AND DEGRADATION OF THE RIVER BED

5.5.1 Rastriya Barh Ayog has indicated in Para 5.3.1 of its report that the aggradation of the river,
caused due to the construction of an embankment, poses a threat to the safety of the embankment
itself. In this connection, it has been pointed out in the report of comprehensive plan of Punpun river
system (1986) prepared by GFCC that the aggrading/degrading behaviours of the Punpun, the Morhar,
and the Dardha were studied in detail by three different methods and it was observed that all the three
river/tributaries have degrading tendency. 1t is apparent from these studies that possibility of aggradation
after the construction of proposed embankments in the Punpun river system is remote,

6.0 FLOOD AND DRAINAGE PROBLEM
6.1 FLOOD PROBLEM *

6.1.1 Grand Trunk road (NH 2) divides the Punpun river basin into two parts, hilly and plain. The
upper part of the river basin, constituting about 30% of the total area, lies in the south in Palamu,
Hazaribagh and Aurangabad districts. Due to the hilty characteristics, these areas are not affected by
floods. The lower part of the river basin north of G T Road, is generally gently sloping to almost plain
in the tail reach near its outfall into the Ganga. Most of the areas are cultivated in this part of the river
system. The Punpun river basin witnessed severe successive floods in 1967, 1969, 1971,1976,1987
and 1991. The highest flood ever recorded, till 1976 was of the year 1905, In 1976 a new record of
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Hood level was reported to have been created which was higher by 1.05 m over the 1905 leve) at
Punpun Railway bridge.

6.1.2 The river Punpun flows almost on the ridge in its lower reach. The bankful capacity of the river
is inadequate due to which it is unable to contain the flood discharge and causing floods in the basin.
An embankment was constructed in the year 1955-59 in a length of about 17.6 Km only on the left
bank of the river to protect Patna town from the floods of the Punpun river. The right bank of Fatehpur
distributary of Patna canal which runs on the left bank of the river Punpun was strengthened in the
year 1967 to act as flood embankment. The construction of embankment on the {eft bank of the river
has provided a reasonable degree of protection to the areas lying on the left bank of the river but the
areas on the right bank continue to suffer year after year. The right bank spill of the river Punpun, not
only causes problem in its own catchment but it also aggravate the problem of Fatuha and Bakhtiarpur
Tals.

6.1.3 Rivers of Punpun basin are mostly in regime condition and are non-perennial in nature. Ficoding
in lower reaches takes place, due to spilling of their banks during monsoon season.

6.1.4 Experience of past several years show that low banks and inadequate channel capacities of
the river and inadequacy of waterways in structures across it in the lower reaches are the main causes
of heavy spiliing, as a resuit of which a vast tract of land is inundated aimost every year even during
normal floods. Spilling is more acute on both the banks of the Punpun north of Jahanabad-Kinjer road.
The spiil of the Punpun, after traversing north-east wards meet the spill of the two tributaries, the
Mcrhar and the Dardha. The Morhar spills north of Taregana-Bharatpur road, whereas, the Dardha
spills north of Taregana-Dumri road. The spilling of the river Punpun on its left bank has ,however,
been controlled a great extent after construction of left bank embankment under Patna town Protection
Scheme.

6.2 DRAINAGE PROBLEM

6.2.1 The drainage problem in the Punpun river basin is confined to iower zone of the river system.
As discussed earlier the spilling over the right bank aggravates the problems of Fatuha and Bakhtiarpur
Tais {(part of Mokama group of Tals). The main river flow passes through the railway and road bridges
across the river near Fatuha and joins the river Ganga about 0.5 Km down stream of the bridge on
Patna- Bakhtiarpur road. it has been reported that the waterways of these bridges are inadequate
which result in flood congestion, thus increasing the flood height and duraticn of flooding on the
upstream. When both the rivers Ganga and the Punpun are in high stages, the duration of floading in
the Punpun river system increases due to unhelpful outfall canditions.

6.2.2 It has also been observed that whenaver the river Ganga is in high stages and the river Punpun
in low flow condition, the back water of the Ganga enters the Punpun and Dardha rivers upto a distance
of about 10-15 Kms from its confluence. it further travels into the Dhowa river and spilis on the right
side of these rivers resulting in further aggravation of the drainage congestion in the Mckama group
of Tals.

6.2.3 The maximum depth of submergence on the right bank was recorded in the year 1987, the year
in which the stage in the river Ganga was also higher.

6.2.4 Frequency And Extent of Submergence.
The fiood problem in the river Punpun is acute in the area lying north of the Jahanabad- Kinjer

road, where the frequency of fiooding is once in three years or so and the frequency increases to once
in & period of two years or so near the outtail of the Punpun into the Ganga. The frequency of flooding
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of ts tributaries, the Morhar and the Dardha are also similar to that of the Punpun ie once in 2 years
near outfall and ance in three year or so in the middle reaches below Jahanabad-Kinjer road. However,
these results are hased on the analysis of data of a limited period of 35 years (during 1957-92) only.It
is also reported that the food causing consigerable damage occurs almost every alternate year in the
entire reach of the three tributaries on the downstream of Jahanabad-Kinjer road.

6.3 FLOOD DAMAGE
6.3.1 The damages caused by flood are classilied breadly into the two following categories:-

a) Direct damages

{b} indirect damages.

6.3.2 The Direct damages are those which are caused due 10 the direct physical contact with fiood
water. These inciude losses to (i) growing and preharvest crops (i) houses and house-hold assets (i)
public utility works (iv) public buiidings and (v) losses of human lives and live stocks.

6.3.3 The indirect losses are not susceptible to quantification. Therefore, approximate monetary
evaluation can only be done for such damages. These generally include (i) loss of earning in agrobased
industry and trade (ii)loss of revenue to the road and rail transport system due to disruption of services
{iit) loss of revenue to small shopkeepers and other daily wage earners and (iv) loss of employment
to the daily-wage earers in public and private sector,

6.3.4 The flood damage data are collected by the Revenue (Relief and Rehabilitation} Department
of the State Government and passed on to the various concemed organisations of the State and
Central Government. CWC is collecting and compiling such damage data of all flood prone States at
nationa! level. it is observed that the ilood damage statistics, which is essentially required for the
benefit-cost studies for anv proposed flood management measures, are not being scientifically and
rationally collected and compiled. The RBA had made many useiul recommendations in this regard
which do not seem to have been followed. The Commission recommends that the recommendations
of the RBA should be followed strictly and realistic evaluation of flood damage river basin wise be
carried out every year under the following three separately identitied categories :

i Unprotected areas;
i Protected areas due to failure of protection works;

i Areas between the embankments and the river.

The Water Resources Depariment dealing with flood management should be associated with
collection and compilation of flood damage data. n order to eliminate any inconsistency, the fleod
damage data should be collectively reviewed by the concemed Departments at the end of each year,
Such reconciled long-term data of fiood damage is to be used in economic viability stugy for any future
fiood protection management scheme in the area. The Central Flood Control Board had decided that
the Fiood Ceontro! Department of the States should compile basinwise flood damage data with effect
from 1960. This is not being followed in Bihar and the flood damage data still continues to be collected
districtwise (not basinwise) by the Revenue (Relief and Rehabilitation) Department.

6.3.5 Flood damage data are required every year during the flood season for the purpose of immediate
requirements of relief operations that becomes necessary on account of current damage caused by
flood. As such the need for compiling the annual flood damage gdata, accerding to the administrative
jurisdiction ie district and block wise category in the State can not be denied. On the other hand, the

815



Appendix 9/16

flood conirol measures are required to be planned basin and sub-basin wise. It is, therefore, suggested
that such data be collected by the Revenue authorities with active co-operation of the concemed Staff
of the Water Resources Department, Agriculture Department, Road Construction and Building
Construction Departments and the data be compiled and processed both by the statistical organisation
at district and State level, district wise as well as basin/sub-basin wise for future use of planning of
relief measures and fleod management respectively.

The fiood damage data for the Punpun river basin converted from avaiiable district wise figures
are enclosed at Annex 6. Time series of whole sale price index (1980-1991)is enclosed at Annex 6.1.

The block wise statement showing frequency of flooding in the Punpun river basin is enclosed at
Annex 7.

6.3.6 From the persual of the data processed by the Revenue Department it is noticed that the
damage to the property of the Central Government such as Railways, post & Telegraph etc, are not
property accounted for. On the other hand the cost of relief and rehabilitation measures, grant of loans,
remission of land revenue etc, are added to the flood damage. This practice should be discouraged
as it is contrary to the recommendations of the Rashtriva Barh Ayog (RBA). The suggested methodology
of flood damage assessment is enclosed at Annex 8.

6.3.7 1t would be evident from the available flood data (Annex 8) that average annual area affected
by the flood and drainage congestion is 570 Sq Km (Maximum being 2360 Sq Km and the minimum
being 20 59 Km in the years 1987 & 1874 respectively). The average annual damage to the crop,
houses, and public utility at 1991 prices works out to Rs 809.81 lakhs, Rs 456.49 lakhs and Rs 842.79
lakhs respectively. The river system had witnessed worstever flood during the year 1987 causing
maximum damages. The vajue of damages to crops and houses during the year 1887 were Rs 3646.61
lakn and Rs 1951.81 lakh respectively at the then price level. The human and cattle lives lost were
43 nos and 57 nos respectively. The data reveals that high floods in the river are exparienced almost
once in three years. The comparative study of the flood damage data placed at Annex- 9 shows that
the average annual damage (at the 1983 then current price level) in this basin was about 0.45% and
0.86% of the total annual average damages of the country (as a whole and Ganga sub-basin respectively
where as the geographical area of the basin is 0.268% and 1.025% of the country and the Ganga sub-
basin respectively. It means that the average damages for unit area in Punpun river basin is approximately
equal to that of per unit area of the Ganga sub-basin (as a whole).

6.3.8 The trend of distribution of various compenents of damages, such as crop damage, damage
to houses ete during different blocks of years is indicated below :-

Table 10
St Type of Period Average from
No damage - 1966-93 on '81
1966-70 1971-75  1976-80 1581-85 15986-90 1991.93 constant price
Camage 1o crops 7.46% 73.17% 68.14% 26.28% 43.23% 90.42% 38.40%
2 Damage to houses
{Private properties) 92.54% 21.91% 31.85% 29.47% 20.23% 7.64% 21.64%
3 Damage to public

uttlity NA 4.92% 0.01%  44.24%  36.54% 1.94% 39.86%

6.3.9 it is observed from the figures furnished above that the crop damage, damage to houses and
damage to public utilities from 1966793 al 1991 constant price level constitute 38.40 per cent, 21.64

816



Appendix 9/17

per cent and 38.96 per cent of the total damages. The damage to the houses is maximum 1o the extent
of 92.54 per cent during the block year 1966-70 and damage to public utiliies is 4424 per cent during
the block year 1981-85. The damage to crops is maximum to the extent of 90.42 per cent during the
block 1991-93. However, these figures do not indicate any specific trend of variation in any of the
above areas i.e. the crops, damage to houses and damage to public utilities etc.

7.0 PAST APPROACH

The Punpun river system was affected by severe flooding during the years 1967, 1969, 1971,
1973, 1976, 1977, 1978, 1980, 1887 and 1291 in the recent past. Efforts were made in the past from
time to time to find a solution to the problem of flooding and drainage in the basin. An embankment
was constructed in the year 1955-52 in a length of about 17.6 Km on the left bank of the river to protect
Patna town from the floods of the Punpun river. Besides this, right bank of Fatehpur distributary of
Patna canal which runs on the left bank of the river Punpun was strengthened in the year 1267 to act
as flood protection embankment. '

Dr K L Rao, the then Union Minigter of lrrigation & Power, during his inspection of the area
in 1970 had suggested for construction of embankments along the river Punpun and its two tributaries,
the Morhar and the Dardha to provide relief to the affected people. Accordingly, a comprehensive
Punpun Embankment Scheme, estimated to cost Rs 976.60 lakh was prepared in 1972 by the State
Government.The salient features of this scheme are given below:-

7.1 EMBANKMENT SCHEMES

7.1.1 The scheme envisaged the following works :-

{a) Construction of new embankments Km
Punpun Right embankment 61.18
Punpun Left embankment 52.90
Morhar Right embankment 24.37
Morhar [eft embankment 24.47
Dardha Right embankment 2437
Dardha Left embankment 21.33
Total - 208.62
(b} Strengthening of Existing embankments
Patna canal distributary 10.35 Km
Patna Town protection . 17.67 Km
{0 Construction of Antiflood Waterway Sluices Designed discharge
Ganghar 3048 m 99.05 cumec
Dhowa 60.96 m 172.83 cumec
{d) Construction of Drainage sluices - 132 Nos
{e) Extension of Railway & Road bridge at Fatuha 190 metres (Rail bridge}
(additional waterway} 150 metres {Road bridges}
{H No of additional road bridges proposed on
Patna-Fatuha PWD Road 5
() Additional waterway in the Patna-Gaya Railway embankment 195 m

This scheme having BC ratio of 1.33 was expected to protect an area of about 0.50 Lha.
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7.1.2  This scheme was reported to have been examined by the Central Water & Power Commission
and Ministry of Finance. It was subsequently discussed in the second meeting of TAC of GFCC held
on the 17th & 18th August, 1973. The TAC found it difficult to assess the guantity of Punpun flood
water entering the Ganga at high flood stage and that spilling into the Mokamah Tal in addition to the
Ganga back water alsc spilling simultaneously. The TAC, therefore, suggested construction in stages
and recommended that the Ganga spill and Punpun spill into Mokamah Tal Area should be separated
by constructing a flood embankment on the right bank of the Punpun from the raillway bridge 1o a
distance of about 10 to 13 Km u/s where the RL of the ground is 49.22m corresponding to the H F
L of Ganga at Fatuha. The TAC also recommended that the top of bank should not exceed B L 51.51
m at junction with Railway embankment and be constructed to a suitable flood slope. The Committee
also recommended for raising and strengthening of existing left bank embankment in view of the
proposed right bank embankment. The left bank embankment has, since, been included as a part of
Patna Town Protaection scheme and has been proposed to be extended upto the Panchanwa Nalla,
besides its raising and strengthening corresponding to the 1976 HFL, which is the highest flood lavel
ever recorded in the Punpun river so far. -

7.1.3 Based on the above suggestions of the TAC of GFCC, a revised project report for phase 1 of
Punpun embankment scheme, estimated to cost Rs 99.00 (Rs 77.00 + Rs 22.00) lakhs was prepared
in two parts by the State Government. The first part comprised of an embankment on the right bank
of the Punpun in a length of 10 km and along the Dardha in a length of 3.7 km .The scheme also
provided for protection of upstream end of Dardha Embankment by '‘Builar’ piling and stone pitching.
The cost of the scheme was Rs 77.00 lakhs. This scheme was finally cleared by the Planning Commission
in March, 1975,

7.1.4 The second part of the scheme envisaged construction of another embankment on the left bank
costing Rs 22.00 lakhs 1o provide protection to about 1034 hectares of land. Clearance ot GFCC for
this scheme could not be obtained and in the meantime before the axecution of the first part of tha
sanctioned scheme could be taken up, the river Punpun witnessed an unprecedented flood during the
year 1976, breaking all previous records of HFL at various points by a high margin. This led to the
setting up of a High Level Technical Committee by State Govt. under the Chairmanship of Shri R.
Ghosh, the them Chairman, GFCC to devise and suggest measures o protect the areas from floods
of the river Punpun.

7.1.5 The summary of recommendations of the High Level Committee {1978) is enclosed at Annex-
10. The Committee recommended that the 1973 Ccmprehensive Punpun Embankment scheme costing
Rs 878 lakhs should be reviewed in the light of 1976 floods. The same Committee alse recommended
that the execution of 13.6 Km fong embankment on the right bank of the river Punpun, for which
sanction already exisied, be kept in abeyance. Meanwhile, GFCC laid stress on the desirability pf
taking up the construction of the 13.6 km leng embankment on the right bank of the Punpun along with
the proposed Mokamah Tai scheme. They also suggested that the embankment on right bank of the
Funpun, can be incorporated in the Comprehensive Punpun scheme when finalised. Thus the scheme
so prepared had to undergo modification and appraisal many time and finally a scheme amounting to
Rs 195.50 lakhs was prepared for phase | construction by State Government which anvisaged the
following works:-

(&) Construction of Embankment
(y  along Punpun Right Bank 12.33 Km
(i) along Dardha Right Bank 1.69 Km
() Spacing between the two Punpun embankmeants 1100 m
{c) Distance from the centre of Dardha river fo the right Dardha embankment 215 m
{d) Flood slope Punpun 1in 10,000
Dardha 1in 3,000
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This scheme has since been sanctioned and the work was taken up but due to one reason or
the other the scheme could not be completed so far even after a lapse aof more than a decade.

7.2 Drainage scheme
7.2.1 Rural drainage scheme

The Tripathi Committee constituted after the 1975 Patna floods while recommending remedial
measures for the protection of Patna Town reviewed the problem of drainage congestion on the left
bank of the river Punpun also and suggested that the entire drainage basins surrounded by the rivers
Ganga, Sone and Punpun be segregated by compartmentalisation and the drainage be disposed of intc
the Ganga and the Punpun by gravity wherever possible and by pumping where drainage by gravity
is not possible. The entire area between the Ganga, the Sone and the Punpun rivers has been
segregated in 14-sectors. Out of 14 sectors, deiineated by the committee, four sectors, namely sector
I, X1, X1, and XiV had been proposed to be drained into the river Punpun. Detailed survey and
investigations have indicated that creatian of independent sectors for the purpose of drainage is not
possible in sectors XII, XIli and XIV. {An area of about 195 Sg Km in sectors 1, Xit, Xlll and XiV
remains submerged under various depths of water for faur monsoon manths practically every year).

The area lying on the south of Patna Bye-pass road from Anishabad to Didargan] and in the
east of Patna-Gaya section of the Eastern Railway from Patna Jn to Punpun railway staticn is known
as Jalla area and is completely submerged under water during the rainy season. The problem gets
aggravated with dispusal of sewerage into the Jalla area through the Pahan pumping station. The
sewerage gets mixed with rain water and spreads for and wide, creating serious unhygenic conditions
for the people. The inhabitants of Jalla area launched an agitation against the sewerage disposal
through Pahari pumping station into the area. As a result the State Government decided to execute
some additiona! works such as additional sluices in Punpun left embankment near Didarganj and
Khanpur, separation of sewerage disposal of Pahari pumping station frum Jalia area, revival of Patna
city Mout and old nala between Didarganj and Terhi pool etc.

Accordingly a scheme costing Rs 549.0 lakh was prepared in the year 1978 for solution to the
afaresaid problems. This scheme comprised of the foliowing works:
[ improvement to Kothia-Sabalpur channei and other drainage channel leading o the Ganga.
ii Badshahi-khanpur drainage system.

il Parsa-Baramutta drainage system.

v Pahari-Didarganj sewer channe
v Revival of Patna city Mout
v Construction of additional sluices.

Salient features of above four drainage schemes are enciosed at Annex 11.

Work was started in Kothia-Sabalpur, Badshahi-khanpur, Parsa-Baramutia and Pahari drainage
channels. The work an Pahari drainage channe! had to be stopped due to public objection on certain
portion of its alignment. The scheme was revised in 1983 at an estimated cost of Rs 673.48 lakhs, out
of which an amount of Rs 190 lakhs have already been spent so far.

7.2.2 The flood spills from the right bank of the river Punpun enter the Mokamah group of Tal area
and aggravate its drainage problem further. The Mokamah Tal area suffers from acute drainage
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congestion during the monsoon menths due to either or all of the following flood spills from the right
bank of the Ganga during its higher stages through vents in Fatuha-Lakhisarai road, (b) through the
spill in the Punpun right bank when the Ganga is high and {c) back flow through the river Harohar. in
addition to the above, some south flowing rivers like the Falgu, the Paimar, The Panchane, the
Mohane, the Sakri and the Nata etc also contribute !5 the submergence of the Tal areas due to
blockage of the drainage into the Ganga when its stages are higher. The area covered under the
Mokamah group of Tals falis in the Kiul-Horohar river basin. So far as the Punpun basin is concerned
a scheme for construction of embankment along the right bank of the river Punpun from its confiuence
with the Dardha river to Didarganj and atong the right bank of the Dardha upto Bir to prevent entry of
water into the Tal areas through the Punpun river has already been taken up for execution and the
waork (s in progress.

7.3 Reservoir/Dam scheme

The Batre and the Batane reservoirs having a catchment area of 81 Sq Km have already been
constructed in the Punpun river basin. These reservoirs are meant for irrigation purposes only and do
not provide for any storage space for flood cushion but some flood moderation is expected to be
achieved with properly designed operation of the resefvoir during monsoon season.

7.4 Soil Conservation Measures

Soil Conservation measures have io play significant role in a flood management or water
resources devetopment programmes. To achieve this, priority areas have to be identified through the
methodology developed for the purpose.

A master plan for Hiood control in Bihar prepared by the erstwhile Irrigation (now Water Resources
Department), ot the State Government was prepared in the year 1974. An area of 458 Sg Km of the
Punpun river basin has been identified for soil conservation measures in this master Plan at an
estimated cost of Rs 343.00 fakhs. The present stage of this scheme is not known. Some measures
had been taken up earlier in the catchment of this basin. Ever since the 2nd Five Year Plan upto the
year 1982-83 , sofl conservation measures were in cperation in selected water sheds of the Sore,
Punpun and Ajoy river basins as a Centrally sponsored scheme, and the work was integrated with the
activities of the Soil Conservation Wing of the State Government. The extent of work done so far and
the resultant benetits are possibly not heing recorded properly in systematic and desired manner.
These details couid not be made available to this Commission inspite of best efforts.

8 Future Approach

Various alternatives that could be considered in future for management of the residual problems
of floods and removal of drainage congestion are described in the following paragraphs :-

8.1.1 Reservoirs

According to various experts, properly operated flood contro! reservoir/(s) combined with efficient
flood forecasting, offers the most dependable flood control. The National policy on flood of 1954 also
recommended dams on tributaries as long term measures for flood control. Reservoirs in general, even
without specific flood cushion have a beneficial effect on the flood problem of a basin. Because of their
high cost, the reservoirs are not ecoromically viable or justified exclusively for flood control purpose
but a multipurpose reservoir to provide irrigation, power, domestic water supply, recreation and other
benetits alongwith flood moderation would be economically viable.

Storage reservoirs, in general are no doubt effective in moderating flood but it mainly depends
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upon the storage capacity provided in the reservoir exclusively for flood cushion. Even without specific
flood storage in the reservoir its proper operation in accordance with the exigencies of the situation is
likely to provide flood moderation by lowering the peak. There are eight possible reservoir sites in the
Punpun river basin. Out of which two have already been constructed. These are indicated below -

Sl Name of Dam site Catchment area (in 8g Km) Remarks
1 Batre 81.00 Already completed as irrigation project.
2 Batane
3 Bhangiva 34.75 i To be investigated in detail.
4 Bhutanda 37.50
5 Chotki res 83.75 Schemes formulated and awaiting
6 - Jagennath res 45.00 1 sanction for execution in detail.
7 Morhar res 256.00
8 Jharhi To be investigated in detail
Total 538 Sq Km

It would be thus seen that possible catchment area that can be intercepted through construction
of storage reservoirs is only about 538 8g Km which is only 6 per cent of 8026 Sg Km, the catchment
of the whole river system. Naturally the effect of these reservoirs, even if alt are built up will be
insignificant. it is, however, considered desirable to review the design of the aforesaid proposed
reservoirs in order to provide for maximum possible benefits of flood moderation in the lower Punpun
basin. Installation of flood forecasting network in the existing and proposed reservoir should also be
considered because reservoirs with a good forecasting system of inflow and well designed operation
rute curve for outflow can help to reduce the {lood damage considerably.

8.1.2 Embankments

The problem of flooding in the Punpun river basin is mainly due to spilling of banks. Due to
lack of complete basic data, it has not been possible so far to know the extent of flood moderation with
the help of the existing as well as the proposed reservoirs in the basin. It is also not certain as to when
the proposed reservoirs will be taken up and completed. Keeping the above scenario in view, the
embankments appear to be the immediate solution to the flood problem in the basin.

Accordingly, it is suggdested that the continuing schemes should be completed without any
further delay to avoid the damages that accrue every year as well as to prevent the cost over run of
the schemes. The following embankment schemes should be considered for implementation on priority:

Along the river Punpun

a Left Punpun embankment exists from Didarganj to Shiekhpura and is further extended upto
Khajuri escape channel. Its extension beyond Sheikhpura upto Jahanabad-Kinjar road needs o be
taken up a&s the river spills over its bank in this portion and the river is reported to be flowing within
its bankful capacilty beyond this on the upstream.

b The Punpun right embankment from Fatuha to its confluence with the Dardha and further along
the right bank of the Dardha is under execution at present under Phase [. This scheme is lingering
since long without any valid justification, This needs to be looked into and the scheme be completed
without any further delay as otherwise the investments made already are not serving any purpose.

c The Punpun right embankment scheme from its confluence with the Dardha river to Jahanabad-
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Kinjer rcad and embankments on the left hank of the Dardha angd hoth banks of the Morhar as
propased earlier to be taken up under Phase Il needs further detailed investigations and review as
discussed in the following paragraphs -

Prigr to under-taking any execution work on the Phase Il portion of the scheme, it needs to
be moditied on the basis of further detailed investigations suggested eariier. It is observed that difference
in the flood stages between the floods of 25 years return period and 100 years return period is less
than 1 metre. This indicates the necessity of preparation of floed plain maps to a fairly large scale and
with contour intervais of 0.5 M to 1 M ar even less if possible. in addition, the following studies need
to be carried out to arrive at a suitable and proper solution which would be viable both technically and
economically:

a Location of exact spilling points:-

The reaches in which the rivers of this basin spill over its bank causing flooding in the adjoining
areas should be specifically incated and past data of depth of spill along with depth of submergence
every year during floods shouid be collected and be continued to be abserved in future,

b Effect of embankment on countryside drainage:-

After the construction of embankment, the natural drainage from the protected areas into the
river {s bound to be affected. Drainage congestion for longer duration may adversely affect the crop
production in the countryside in addition to causing several health hazard and other inconveniences to
the people residing in the area. A study of the map of the Punpun river basin indicates that there are
large number of roads and irrigation channeis in the area lying between the Punpun and the Morhar
river. These areas lying on the country side of the proposed embankments on the left bank of the
Punpun, both banks of the Morhar and the right bank of the Dardha are apprehended to suffer from
drainage congestion in case of heavy local precipitation when these rivers are in higher stages. This
probfem couid not be identified specifically for want of the required historical data. It is, therefore,
necessary that the effect of such adverse situations be studied carefully and suitable solution be
worked out and executed aiongwith the left Punpun embankment on the upstream of its confluence with
the Dardha. Removal of such drainage congestions through sluices in the proposed embankments
needs to be considered carefuily and lccations and waterways of such sluices be finalised accordingfy
to arrive at a satisfactory solution of the problem.

c Problem of Aggradation:-

The aggrading/degrading behaviours of the Punpun, the Morhar and the Dardha rivers have
been studied in the past and it had been found that all these three rivers/tributaries had degrading
tendency. It is, thus evident that there is practically little possibility of aggradation in these rivers in the
Jacketted condition after completion of the proposed embankments.

8.1.3 Intermingling of Various Tributaries/Branches

There is considerable intermingling of flood waters of various tributaries of this basin and
therefore it has been difficult to assess the correct flood discharge in any particular tributaries.
intermingiing of flood tlows of these rivers occurs due to their over bank spills which is primarily caused
by human interference by way of construction of cross bunds for irrigation purposes, and encroachment
in the khadir area of the river for cuitivation resulting in reduction of their channel capacities. The
possibiiity of activating of some of unimportant tributaries resulting in significant portion of run off being
carried through those only can not be ruled out. Such tendency has been cbserved in case of the
Ganghar which is reported to carry a major portion of the flood flow of the Morhar these days.
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Development of such events after construction of flood embankments etc is likely to upset the whole
programme unless due care of such possible event is taken at the time of planning itself. Resectioning
and improvement of the channel sections may also have to be considered. The possibility of providing
a sluice to restrict the fiow in the Dardha, which is a branch of the river Morhar, during the flood season
needs to be considered. H found feasible, it is, expected to reguiate the discharges in the two rivers
resulting in reduction of the intensity of {looding in the area.

“All the above and reiated aspecis need to be carefully considered and settied before finalising
the scheme for taking up actual execution for providing protection to the flood prone and removal of
drannage congestion areas in the Punpun river basin,

8.1.4 Drainage Improvement

White discussing, the flood probiem in the Punpun river system, it has been indicated that one
of the possible cause of fiood problem and drainage congestion is provision of inadequate waterways
at Railway and Road bridges across the river Punpun. This problem is likely to be further aggravated
under the jackeited condition when the spills to the Mokama Tal area will be checked and the entire
guantity of river flow will be made to pass through the existing rail and road bridges. This problem was
considered by the Road construction Department of the State at the time of construction of a new road
bridge on the river Punpun downstream of the existing Railway bridge at Fatuha. As the HFL observed
at the Railway bridge site and the discharge figure of the river Punpun at bridge site were under
dispute, the matter was discussed in detail in a joint meeting of Senior Engineers on 29.4.81 and 4.5.81
in which high officials from Water Resources and Road Construction Departments of Bihar, Ganga
Fiood Control Commission, Ministry of Shipping and Transport, Government of India, participated. The
main contention of the Water Resources Depariment was that in view of existence of a total clear
water-way of 705.6 m { 2315 ft.} in the Railway embankment from Patha Byepass Railway crossing
near Deedargang to Fatuha , the provision of 49.9 m (163.75 ft) as total waterway in the road bridge
on immediate downstream of the railway bridge was not adequate. Water Resources Depantment were
of the view that the new bridge should have been designed for a discharge of 5600 cumecs (2,00,000
cusecs) instead of 2130 cumec {76,000 cusecs). After protracted discussions, it was finally decided
that spill structures would be provided in the road in between Deedarganj and Fatuha to take care of
additional discharge whatsoever is decided by the Water Resources Department in consultation with
GFCC. !n this connection the suggestion of Central Water Commission Communicated to State
Government by GFCC vide their letter No.GFCC/ Tech/266/81/6726-23 dated t3th November '81 is
reproduced below

“The State Government had carried out some studies relating to the design discharge for
proposed embankments on Punpun in 1872, The subject was taken up with Director {Hydrology Die-
ih,CWC. It was advised by him that the studies made in 1972 were based on inadequate data and the
studies could not therefore be adopted. The CWC had suggested in 1972 that a good network of GD
sites together with a few self recording raingauge station may be immediately set up in the catchment
for collection of necessary data. They had also suggested that the effect of back-water due 1o blockage
when river Ganga was also in floods was to be examined through hydraulic Mode! Studies”.

i is, therefore, desirable that appropriate hydrologica! studies alongwith model studies as
suggested by CWC/GFCC are carried out at the earliest and the design flood discharge under jacketted
condition be finalised accordingly .

81.5 Interbasin Transfer
The diversion of Punpun flood waters to the Sone river basin on the West or to the Kiul-

Harohar river basin on the east also needs to be investigated and studied in detail. Some part of the
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spifi on the right bank of the Punpun flows to Dhowa river system and aggravates the flood situation
in Mckamah Tal areas. While the transfer of flood water from the Punpun river basin to the Kiul-
-Harohar river basin is not considered desirable as it would further aggravate the drainage probiems of
Mokamah group of Tals. However, the feasibility of augmentation of the flow in the Falgu river by
diverting part of Punpun Flood was considered as this area is a chronically drought affected area with
very little irrigation facility at present . On examinaticn this proposal was not found to be feasible as
the topography of the area does not permit this diversion. The transfer of flood water from the Punpun
river basin to the Sone river basin which is to the west of the former is another possibility. From the
topegraphy and other features of the two river basins, it appears that the diversion of water fraom the
Punpun river can be dene by constructing a diversion channe! from Hamidnagar on the river Punpun
to Arwal on the river Sane. The difference of elevation between these two places s about 5m Whereas
the distance will be 20 to 25Km depending upon the alignment. Thus the slope of channe! will be in
between 1/4000 and 1/5000. The possibility of such a channel for diverting 1120 cumecs { 40,000
cusecs) had been examined by the State Government as indicated in their Comprehensive Plan
prepared in 1973. This proposal was dropped from any further consideration due to its high cost and
tand acquisition problems. It is, therefore, apparent that the possibility of inter basin transfer of flood
waters from this basin to its adjacent basins on either side is remote.

8.1.6 Construction of Raised Platform

During the flood season, hreaches sometimes occur in the embankments as a result of which
protected areas get Hlooded. Submergence of the protected area is alse caused due to heavy precipitation
on the countryside coinciding simuftaneously with high stages in the out fall channels. The affected
persons take shelter on the embankments alongwith their livestock and properties in such situations.
As a result, not only the embankments get damaged but the works like flood fighting and rehabilitation
get hampered . Generally people do not go back to their original living places even after the fltood
subsides and continue to live on the embankments endangering its safety and hampering regular
maintenance, it is theretore suggested that :-

i Occupation of embankments and the acquired tands should be got vacated effectively to avert
any danger or risk to the flood management embankments and 1o the people living in the protected
areas.

i Raised platform above the highest flocd level may be constructed in areas liable to inungation
near villages on Governments or acquired lands. These could be also constructed on the countryside
of the embankments abutting the same. Such platforms should preferably be connected with all weather
roads and should also be provided with necessary facifities for ware housing, community living, sanitary
and potable water supply installations, space for keeping cattles and storing fodder, telecommunication
faciiities etc in order to obviate likely inconveniences to the people residing on such platforms during
floods. These should be handed over to Local Bodies/Panchayats for being utilised as community
property and kept free from encroachment.

8.1.7 Scil Conservation and Water shed management

As is weli known Soil conservation measures in the caichment areas of a river basin play an
important part not only with respect to flood management but also in water resources development
programmes. it is, therefore, suggested that the Soil conservation work done so far in this river system
be properly evaluated and the remaining works required to be implemented for delivering the intended
benefits should be formulated and completed on a time bound programme.
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8.1.8 Non-Structural Measures
a Flood Plain Zoning

The question of introducing flood plain zoning measures has been under consideration for a
long time.In view of the increasing pressure of population and consequential greater encroachment of
flood plain zoning has assumed added significance. The continuing trend of rise in flood damage
figures in recent years is primarily due {o greater encroachment into flood plains.The zoning measures
will be usetul in both protected as well as unprotected areas as they prevent indiscriminate growth in
unprotected areas and help in regulating the development activities in the protected areas so that
unduly heavy damage is not caused in the event of failure of flood protection measures. As a major
portion of flood prone area in the Punpun basin is protected from flood since long,such zoning regulations
shouid be introduced in the unprotected areas first and for developments in the protected areas hence
forth.

it would be necessary to procure contour maps of the fiood prone area of the basin to a scale

of 1:15000 with contour interval of 0.3 metre for implementation of this measure.Flood risk maps wifl

be prepared by carrying out necessary hydrological analysis of the historical data and turther hydraulic

computations to identify areas prone to flood for different frequencies of floods such as 100 years, 50

years and 25 years .Similar risk maps for the submergence caused due to drainage congestion as a

" result of water level likely to attain, corresponding to a 50 years and 25 years rainfall will also have
to be prepared.

a} Flood Forecasting and Flood Warning

At present there is only one forecasting site at Shripalpur on the river Punpun in this basin for
which flood forecasts are issued by the local office of the Central Water Commission. The forecasts at
Shripalpur are being issued on the basis of simultaneous hydrograph ot Kinjer which has the following
difficiencies-

i The lead time available for forecast is very short

f The effect of rainfail in the lower reaches of the river basin gets ignored although it is quite
significant.

There is,therefore,need for development of a suitable mathematical model {or forecasting the
flood on the hasis of rainfall data.For this a good network of self recording raingauge stations need be
designed and established .Extension of forecasting services for the Morhar and the Dardha should aiso
be considered.

Flood forecasting and warning has proved to be a great help in issuing warning to the people
in fiood prone areas,organising flood fighting and safety measures for the engineering works, timely
evacuation of people from affected areas and saivation of movable properties besides mobilising reliet
operations, Although there is wide application of the fiood forecasting system and warnings issued by
CWC, there is very little feed back on the procedures specified or evolved by the Civil Administration
and the Engineering Organisation for undertaking relief/rescue/precautionary action on the basis of the
forecasts.it is also not known as to how effectively the necessary advice is being given to the peopie.

On receidt of the forecast,its dissemination to the local population in terms of likely depth of
inundation and its duration in the area by the Administrative Authorities Is very important so that
affected population, cattie, movable properties etc are evacuated before the area gets submerged by
flood waters which wouid cause damage. For this, a network of wireless stations and telephone system
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are necessary in the basin near critical /vulnerable reaches of embankments and towns etc.specially
where other means of communication are not dependable or adequate. Flood warning to smaller areas
in villages may be conveyed through public address system or in ifs absence by beat of drums. Specitic
advice should be given to the people regarding evacuating the areas likely to be affected and also
about the locations which could be considered safe tor the level indicated in the fiood forecasts.
Necessary training in this regard should be imparted to the concerned officials on a reqular basis so
that they are weil versed in the interpretation of the forecast and taking precautionary measures in the
event of an imminent threat to the life and property.This training programme should become a regular
feature before the flood season every year.

c Disaster Mitigation System and Preparedness

This is an important measure which directly influences the damage prevention,if managed
efficiently,at all levels according to the prescribed procedures and quidelings.Improper management
could also result directly in increased damage.The State Government should, therefore, ansure that all
routine exercises and necessary drills are carried out systematically before every flood season and
departmental instructions,manuals and ruies in this regard should be widely circulated so as to make
these available to all concerned.lt is observed that disaster mitigation system and the preparedness
programme usually get activated oniy just before and during the flood season and no attention is paid
during the rest of the year.Experience has shown that the activity has to be maintained continuously
and there is a need for increased flood awaraness in the Officers and Staff of the concermed Departments
as also in the public and voluntary organisations to deal with flood emergencies.

It is essential that training programme and exercises are reqularly held to improve the
preparedness of officials and the public. This will develop confidence amongst all concerned to manage
any emergency situation. The training programmes,including education and publicity should be arranged
by the Civil Authorities with active participation of the Officers incharge of flood management and
voluntary organisations. The interpretation of distress codes and signals and flood warning messages
being broadcast over Ali India Radio(Akashvani), Doordarshan or transmitted through other channeis
and the effective follow up of such messages into appropriate actions should be taught to all people
in the flood prone areas.

8.2 A map of the Punpun river bain showing the completed, under execution and proposed flood
management and drainage schemes is enclosed as Drawing No 9/01 and 9/02.

9.0 Summary of Recommendations

91 It is observed that hydrometecrological data of the river basin are not being obsen.ed, collected,
analysed and documented in a systematic manner. A few self recording raingauge stations are reguired
to be installed in the upper hilly catchment of the basin in accordance with the recommendations of
the RBA. It has been reported that four out of 13 sites gauge/gauge- discharge sites maintained by
the State Government are temporary and are not being maintained properly. It is, therefore, suggested
that all the existing sites of the State Government be converted to gauge and discharge sites and
maintained according to the standards laid down by the WMO/Bureau of Indian standards and the data
be observed in the prescribed manner, processed, analysed and recorded property for use in future
planning of water resources utilisation and flood management schemes in the basin.

[Para 4.7.3]

9.2 In order ta find out the total runoff during the monsoon period for planning of schemes for
drainage of accumulated water, it is necessary to determine the runoff factor applicable for the monsoon
period as a whole. In arder to conduct such study and analysis rainfail data for the stations spread over
the entire drainage area of the basin and runoff data at suitable iocations on the river for a sufficiently
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longer period (at least 20 years or more} are considered necessary inputs.
[Para 4.8.1}

93 The relevant recommendations made by the Ministry of lrrigation, Government of ndia in the
guidelines and instructions for implementation of the recommendations of RBA are reproduced below:

“In the case of embankment, the design of a project should be determined for the time being
on flood frequencies suggested. Meanwhile necessary step may be taken for eventual application of
benefit cost criterion for fixing the design.”

The summary of recommendations as accepted is as follows:

“In the case of embankment schemes, the height of the embankment and corresponding cost
be worked out for varicus flood frequencies and also the benefit-cost ratio, taking into account the
damage likely to occur for the relative flood frequencies. However, till such time as the details of ali
relevant parameters are available, embankment schemes might be prepared for a period of 25 years
frequincy in the case of predominatly agricultural areas and for flood of 100 years frequency for works
pertaining to town protection and protection of industrial and other vital organisations”.

While endorsing the decisions of the Ministry of Irrigation, Government of India on the
recommendations of the RBA, the Commission suggests that all embankments on important rivers
should be designed for a flood of 50 years frequency in general and for fiood of 100 years frequency
for works pertaining to town protection of vital industrial establishments.

[Para 5.2.3]

9.4 It is abserved that the fiood damage statistics, which is essentially required for the benefit-cost
studies for any proposed flood management measures are not being scientifically and rationally collected
and compiled. The RBA had made many useful recommeéntations in this regard which do not seem to
have been followed. The commission suggests that the reccmmandations of the RBA should be
followed strictly and realistic evaluation of flood damage, river basinwise, be carried out every year
under the following three identified categories separately -

i Unprotected areas.
ii Protected areas due to failure of protection works.

fii Areas between the embankments and the river {on the river side)

The extent of drainage congestions in the protected and unprotected area should be indicated
separately. The Water Resources Department dealing with flood management should be assoclated
with collection and compilation of flood damage data. In order to eliminate any inconsistency the flood
damage data should be collectively reviewed by the conncrned Departments at the end of each year.
Such reconciled long term basinwise data of flood damage rmay be used for damage fore-casting
purpose as well as in economic viability study for any future flood protection management scheme in
the area.

[Para 8.3]

9.5 There are eight possible resorvoir sites in the Punpun river basin,out of which two have already
been constructed. it would be seen that the possible catchment area that can be intercepted through
construction of storage reservoirs in only 6 per cent of the catchment of the whole river system.
Naturally the effect of these reservoirs even if all are built up will be insignificant. 1t is, however,
considered desirable to review the design of the aforesaid proposed reservoirs in order to provide for
maximum possible benefits of flood moderation in the lower Punpun basin. installation of flood forecasting
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network in the existing and proposed reservoilr should alse be considered because reservoirs with a
good forecasting system of inflow and well designed operation rule curve for cutflow can help to reduce
the flood damage considerably.

[Para 8.1.1]

9.6 The problem bf flooding in the Punpun river basin is mainly due to spilling of banks. Due to
lack of complete basic data it has not been possible so far to know the extent of flood moderation with
the help of the existing as well as the proposed reservoirs in the basin. It is aiso not certain as to when
the proposed reservoirs will be taken up and completed keeping the above scenaric in view, the
embankments appear to be the immediate solution to the flood problem in the basin.

Accordingly, it is suggested that the continuing schemes should be completed without any
further delay to avoid the damages that accrue every year as well as to prevent the cost over run of
the schemes. The following embankment schemes should be considered for implementation on priority:-

i Left Punpun embankment exists from Didarganj to Sheikhpura and is furher extended upto
Khajuri escape channel. lts extension beyond Sheikhpura up to Jahanabad-Kinjer rocad needs to be
taken up as the river spills over ils bank in this portion and the river is reported to be flowing within
its bankfu! capacity beyond this on the upstream.

ii The Punpun right embankment from Fatuha to its confluence with Dardha and Further along
the right bank of the Dardha is under execution at present under phase I. This scheme is lingering
since long without any valid justification. This needs to be looked into and the scheme be completed
without any further delay.

13 The Punpun right embankment scheme from its confluence with Dardha river t¢ Jahanabad-
Kingar road and embankments on the left bank of the Dardha and both banks of the Morhar as
proposed earlier 10 be taken up under Phase il needs further detailed investigations and review as
suggested in the main report.

[Para 8.1.2]

9.7 There is considerable intermingling of fiood waters of various tributaries of the Punpun basin
and, therefore, it has been difficult 1o assess the correct flood discharge in any paricuiar tributary.
intermingling of flood flows of these rivers oceurs due to their over bank spills which is primarily caused
by human interference by way of construction of cross bunds for irrigation purposes, and encroachment
in the Khadir area of the river for cultivation, resulting in reduction of their channe! capacities. The
possibility of activating of some of unimportant tributaries resulting in significant portion of run off being
carried through those only can not be ruled out. Development of such events after construction of flood
embankment, is likely 1o upset the whole programme unless due care of such possible event is taken
at the time of planning itseif. Resectioning and improvement of the channet sections may aiso have
to be considered. The possibiiity of providing a siuice to restrict the flow in the Dardha, which is a
branch of the river Morhar, during the flood season needs to be considered. if found feasible, it is,
expected to regulate the discharges in the two rivers resuiting in reduction of the intensity of flooding
in the area.

All the above and related aspects need to be carefully considered and settled before finalising
the scheme for taking up actual execution for providing protection to the flood prone and removal of
drainage congestion in the Punpun river basin,

[Para 8.1.3]

9.8 One of the possible cause of flood problem and drainage congestion is provision of inadequate
waterways at Railway and Road bridges across the river Punpun. This problem is likely 10 be further
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aggravated under the jacketted condition when the spills to the Mokamah Tai area will be checked and
the entire quantity of river flow will be made to pass through the existing rail and road bridges.

It is, therefore, desirable that appropriate hydrological studies alongwith model studies as
suggested by CWC/GFCC are carried out at the eariiest and the design fiood discharge under jacketted
condition be finalised accordingly.

[FPara 8.1.4]

9.9 Qccupation of embankment and acquired lands should be got vacated effectively to avert any
danger or risk to the people liking in the protected area. Raised platforms above the highest flood level
may be constructed, in areas iiable to inundation, near villages on Government or acquired lands.
These could also be constructed on the countryside of the embankment aputting the same. Such
platforms should preferably be connected with all weather roads and should be provided with facilities
1o make living on them easy during floods. Such raised platforms should be handed over to local
Bodies/Panchayats for being utilised as Community property and kept free from any encroachment,

[Para 8.1.6]

910 As is well known Soil conservation measures in the catchment areas of a river basin play an
important part not only with respect 1o flood management put also in water resources development
programmes. i is, therefore, suggested that the Soil conservation work done so far in this river system
be properly evaluated and the remaining works required to be implemented for delivering the intended
benifits should be formulated and completed on a time bound programme.

[Para 8.1.7]

9.11 Ficod Plain Zoning measures will be usetu! in both protected and unprotected areas as they
prevent indiscriminate growth in unprotected areas and help in regulating the development activities in
ithe protected areas so that unduly heavy damage is not caused in the event of failure of flocd
protection measures, Such zening reguiations should be introduced in the unprotected areas first and
for developments in the protected areas hence forth.

Flood risk maps of the basin may be prepared showing the areas likely to be flooded for
different frequencies of floods such as 100 years, 50 years and 25 years. Similar riskmaps for submersion
caused due to drainage congestion corresponding to a 50 years and 25 years rainfali may also be
prepared.

[Para 8.1.8(a)]

9.12 At present there is only one forecasting site at Sripalpur on the river Punpun in this basin for
which flood forecasts are issued by the focal office of the Central Water Commission. !t is considered
desirable to have more flood forecasting services for the rivers Dardha and Morhar also. There is aiso
need for development of a suitable mathematical model for torecasting the flood on the basis of rainfall
data. For this a good network of self recording raingauge stations need be designed and established.

On receipt of the flocd forecast, it dissemination to the local population in terms of likely depth
of innundation and its duration in the areas by the adminisirative authorities (s very important so that
necessary actions are taken before the area gets flooded so as to cause damage. For this, a network
of modern communication system like telemetring device is necessary in the basin near critical/vuinerable
reaches of embankments and towns etc, specially where other means of communications are not
adequately dependable.

Specific advice should be given to the people regarding evacuating the areas likely to be

affected and also about the locations which could be considered safe for the levels indicated in the
flood forecasts. Necessaroy training in this regard should be imparted to the officials concerned on a
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regular and continuous basis before the flood season every year.
[Para 8.1.8({b}]

9.13  The State Government should ensure that all routine exercises and necessary drills for disaster
preparedness are carried out systematicaily before every flood season. Deparntmental instruction, manuals
and rules in this regard should be widely circulated so as to make these available to all concerned.

it is essential that training programme and exercises are held regularly to improve the disaster
preparedness of officials and the public. This will develop confidence amongst all concerned to manage
any emergency situation. Such training programmes should be arranged by the civil authorities with
active participation of the officers incharge of flood management and voluntary organisations. The
interpretation of distress codes and signals and flood warning messages being broadcast over All India
Radio {Akashvani}, Doordarshan, or transmitted through other channeis and the effective follow-up of
such messages into appropriate actions shouid be taught to all people in the flood prone areas.

[Para 8.1.8(c)]
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Annex 1

STATEMENT SHOWING LENGTH/CATCHMENT AREA OF THE TRIBUTARIES/
PART OF THE PUNPUN RIVER SYSTEM

Sl Name of Tributaries/ - Length Catchment Remarks
No Sub-River Systern in Km Area in 5q Km

1 RAMREKHA 36.37 104 R triburary
2 BARKI 21.25 111 R triburary
3 BATANE 78.43 634 R triburary
4 ADRL . 40.00 336 R triburary
5 MADAR 56.25 1255 R triburary
6 BILARI 24.03 154 R triburary
7 NIRA 43.75 320 R triburary
8 SENANE 24.00 134 R triburary
9 MORHAR 185.00 2585 R triburary
10 DARDHA 12250 1001 R triburary
11 KHUDAWA 16.44 - L tribulary
12 BEGI 10.12 - L tributary
13 SIROKA 30.36 - L tributary
14 MAWARIA . 24.08 - L iributary
15 PANCHANWA 8.32 - L tributary
16 PUNPUN & L S TRIBUTARIES -

17 PUNPUN 234.60 1896
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Annex 3.1
YEARWISE MONSOON RAINFALL (in mm ) INSTDE THE PUNPUN RIVER BASIN AND ADJACENT TQ IT

147 1980 1981 1962 1983 1984 1085 1986 1987 1988 1489 1996

1 OIBRA 4633 7853 725 6974 187 4355 982t s 13215 8201 704.3 -
¢ RAFIGAN 248 89T 9304 §75.5  BBE4  BO32 11445 8954 11862 10150 8080 -
3 MADANPUR 7438  1HBA 7237 9880 11523 13648 11561 966.9 11876 6238 1119 -
4 GURUA - B440 7371 4931 5576 866.7 12450 - - - - -
5 KOWCH 4783 4814 - - - 7822 1254 AUTE 12006 11624 - -
6 GOH B3 12 10432 9262 6359 0002 14475 10215 13348 11377 Ti6Ad -
7 HANSPURA 6233 1p60% 7070 7944 7156 10162 9178 9620 12304 9136 6165 -
8 TEKARI 4831 7407 B00.B - 5335 12060 T06.4 9801 13654 10703 - -
g KARPI 550.3 B08.8 s 6126 7248 8540 g3rs 12 1627 - - -
10 KURTHA 496 7684 €580 10875 601.5 10666 10197 9254 11938 - - -
11 PALIGANJ 6743 7143 9705 5455 - 515 11374 BB9S 137 6880 8462 8375
12 PATHA 8007 9325 11666 8055  TS0.3  fv125 15388 9955 15303 13267 10452 11062
13 BIKRAM 9276 12250 15806 57U 7630 11453 BME 6702 17024 8932 8043 9840
14 WAUBATPUR B308 12287 10994 4178 BM4 6§03 5657 10578 1M76 9380 OBSL  1g228
15 PUNPUN 5895 10372 M043  57h7 9285 10222 12785 12150 173 8461 7044 10868
16 PHULWARI 6545 11433 12394 5674 4134 9944 {B1R2  BB2D 3530 B7BG AL £66.3
17 AURANGABAD 1944 10765 6 ] 9494 6746 10814 B416  B70.Z 11504 o543 D430 -
18 BARUN 3679 7021 5301 7397 8135 11658 12118 9518 14855 5.2 7781 -
19 DED 4560 8763 052 10906  B127 D628 11169 B32T 10915 0ie BT -
KUTUMBA - - 12034 BiG6 9528 10945 10152 7501 5702 11377 13378 -

21 HABINAGAR 5196 5810 5534 T892 7438 9000 9085 10445 13275 opks 8629 -
22 HARIHARGANJ - - 8785  BS7T8 7695 10510 9930 TTA4 10339 ope3 BB -
23 CHHATARPUR - - Tieh 5255 10317 BBIE 12655 76 13280 Hi4 1074 -
24 SHERGHATI n2ig 9253 M4 £934 6270 11245 9513 1H085 12173 9388 - -
25  JEHANABAD 5540 5205 6852 4893 8757 1225R  1090.9 880.3 12518 - - -
26 MANATEE - - - - - - - - - - - -
27 HUNTERGAN 8328  BBBS  B150  B245 6964 11617 13566 9804 - - - -
28 IMAMGAN) - 5366 7618 7008 578 B7AE 9815 OMD0 12434 583 - -
28 FATUHA g827 117G 10784 650. 1 8148 12292 13509 13303 13776 9780 10016 -
30 MASAURHI B9E.7 9569 #3100 TRe3 4311 9490 10270 9404 14552 BO6E  3B36 -
31 MAKHDAMPUR 4643 9308 76D 0048 6§75 13680  110R4 11002 111U - - -
32 ° BOODH GAYA B168 6877 8901 TRET  M92 13010 11734 . 100B6 14661 10330 - -
33 PARAIYA 61 7254 - - - - - - - - - -
34 BELAGANJ. 8242 B33 9284  7B62 6994 288 132B5  10B27 14865 8568 - -
35 DHANRUA 6185 Wy Mo 3B 4545 5611 7727 4382 07A 5262 4318 -
36 AMAS - B50 6440 49319 - 755 B06d 5760 9565 5240 - -
37 OUMARIA - - - M40 B4ID 9148 B4R 5000 t7RT - - -
38 PRATAPPUR B64.8 840.9 801.0 8200 13130 - - - - - -

AVERAGE RAINFALL 652.20 87112 84082  TH4B2  7E641 100597 106885 95113 17507 BASOT  BITSD

15466.10 2874710 28581.00 24288.00 2523150 3821520 3740270 32346.80 4167710 24787.10 1758730 600370

[SQURCE: Chief Engineer, Master Planning, Water Resources Department, Gowt. of Bihar)
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Annex 3.2

A LIST OF RAINGUAGE STATIONS INSIDE THE PUNPUN RIVER BASIN AND ADJACENT TO IT

sl Name of Raingauge District Location Average Annual
No Station Rainfall {mm)
Lat Long {1801-1950)

1 BIKRAM PATNA 25°27" 84°52' 1076.4

2 PALIGANJ PATNA 25°2¢ 84°50' 954.0

3 SARMERA PATNA 25°1% 85°48' 1107.6

4 ARWAL GAYA 25°14' 84°41' 1065.9

b DEOC AURANGABAD 24°39' 84°28' 1260.8

6 JAHANABAD JAHANABAD 25°13 85°00' 1080.8

7 KURTHA GAYA 25°80 84748 1083.5

8 RAFIGANJ AURANGABAD 24°48' 84°3g’ 1215.8

g NABINAGAR AURANGABAD 24°37' 84°08' 1132.4

10 SHERGHATI GAYA 24°33' 84°48' 1156.9

11 AURANGABAD AURANGABAD 24°45' 84°23' 1263.4

12 RANCHI{OBSY) RANCHI 2328 85°20' 1512.7

13 GUMLA RANCHI 23°02 84°33' 1471.0

14 CHHATARPUR PALAMU 24°22 84°12' 1242.4

15 MANATU PALAMU 24°14 84°24' 14902

16 PATAN PALAMU 24°13 84t 1 1279.4

17 LATEHAR PALAMU 23°45' 84°13' 1322.7

18 NETARHAT PALAMU 23°2¢9' 84°16’ 1817.4

13 HARIHARGANJ PALAMU 24°33 84°17 1311.2

20 PATNA{OBSY) PATNA 25°27' 85°10 1166.4

21 HANTERGANJ (DBSY) HAZARIBAGH 23°59' 85°22' 1338.7

22 CHATRA HAZARIBAGH 24°02' 84°52' 1344.2

23 HANTERGANJ HAZARIBAGH 24°27 84°48' 1315.9

24 DALTENGANJ{OBSY) DALTENGANJ 24°03' 84°04 12421

25 PALMERGANJ DALTENGANJ — — —_
{Self Recording Station)

26 SRIPALPUR PATNA 25°30' 85°5'55" —_

{Self Recording Stationj

[SQURCE : Comprehensive Plan of Flood Management for Punpun River System-1986]
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Annex 3.3
BLOCKWISE RAINFALL PATTERN OF PUNPUN RIVER BASIN

5L NAME OF BLOCKS AVERAGE 75% PROBABLE 90% PROBABLE
NO MONSOON MONSOON MONSOON RUN OFF
RAINFALL RAINFALL RAINFALL in
in mm in mm in mm inch
1 2 3 4 5 6
1 PATNA 1117.21 903.77 £92.80 11.25
2 PHULWARI 1015.35 661.50 569.70 6.20
3 FATUHA 998.00 734.25 612.90 7.50
4 MASAURH! 951.61 794.62 661.90 8.75
5 PUNPUN 1044 .67 937.70 594.50 12.50
6 DHANRUA 727.70 534.92 432.03 4.00
7 NAUBATPUR 954.00 807.90 578.50 9.70
8 PALIGANJ 881.74 707.90 598.00 6.50
e BIKRAM 1080.42 B837.82 679.50 10.00
10 BODHGAYA 960.44 742.45 663.74 7.26
11 PARAIA 883.76 724.65 472.90 6.92
12 KONCH 8690.74 553.72 478.79 3.62
13 TEKARI 919.11 755.72 557.75 7.52
14 BELAGANJ 847.25 607.02 458.00 4.55
15 MANPUR g87.45 773.38 608.20 7.88
16 SHERGHATI 841.95 618.58 521.31 4,78
17 AMAS 747.74 583.52 502.34 4.09
18 IMAMGANJ 832.82 539.45 549.74 4.40
19 DUMARIA 786.87 560.45 344 00 373
20 GURUA 925.46 695.00 512.47 6.38
21 JAHANABAD B847.28 640.20 508.82 5.20
22 MAKHDUMPUR 930.28 652.53 460.35 5.46
23 KURTHA 858.64 651.81 601.95 5.44
24 KARPI 919.27 735.90 535.44 713
25 AURANGABAD 900.12 697.10 584,20 6.63
26 DEO 872.78 722.42 458.38 6.92
27 KUTUMBA 1042.48 870.60 — 11.00
28 NABINAGAR 841.25 603.46 537.90 4.50
29 BARUN 927.45 763.72 500.95 7.80
30 OBRA 931.55 697.60 562.05 6.38
31 HANSPURA 893.68 710.40 588.19 6.56
32 GOH 870.86 603.78 668.05 4.47
33 BAFIGANJ 852.83 657.63 431.96 5.50
34 MADANPUR 1058.46 768.10 683.74 7.90
35 CHHATARPUR 823.10 511.74 204.00 3.10
36 HARIHARGAN.J 863.48 770.25 685.80 7.83
37 MANATU “1046.77 839.54 753.68 10.00
38 HUNTERGANJ 966.27 796.47 589.80 8,75

AVERAGE:- 760.50 665.16

[Source : CE Master Planning, WRD Patna)
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Annex 3.4

THE VALUE OF THE TOTAL AVERAGE RAINFALL OVER THE PUNPUN BASIN AND THE AMOUNT OF
DIRECT RUNOCFF IN CASE OF EACH OF THE STORM ARE TABULATED BELOW

51 Period of Storm Amount of Amount of
no rainfall Run-off

{mm) {mm)
1 10976 to  14.10.76 518.98 t73.71
2 25.6.78 to 9.7.78 237.83 43.98
3 22778t 22978 422.24 289.65
4 19.78t0 29978 110.57 35.08
5 18978 to 23.10.78 217.5 173.04
5 17.7.79 to 5.8.79 149.45 41.92
7 25.7.79 to 5B8.79 54.29 B.67
B 17.8.79 to 31.8.79 43.18 23.98
9 24.8.80 to 3.9.80 90.92 60.06
10 3.9.80 to 25.9.80 165.57 110.71
11 2781 to 14.7.81 91.78 8.99
12 14.7.81 to 7.8.81 234.18 61.31
13 31.7.81 to 16.8.81 80.91 21.21
14 19.8.81 to 4.9.81 B85.22 25.66
15 5.6.82 to 18.6.82 109.63 14.56
i6 29882 to 16.9.82 83.01 26.85
17 10,982 to 23.8.82 81.83 29.64

[Source: Comprehensive plan of Punpun river system March 1986 pfopared by GFCC]
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Annex 5.1
MAXIMUM OBSERVED GAUGE AND DISCHARGE DATA
Station: Sripalpur Danger level: 50.60 m
Year No of times Duration Max. gauge in Max. discharge
it crossed of fiood metre (Date of in cumec {Date
danger fevel in Days accurance) of oceurance}
1 2 3 4 5
1962 4 14 52.661 (28/9) 641170 (27/9)
1983 1 2 50.890 (27/10) 370.500 (27/10)
1964 2 15 52.685 (20/7) 621.900 (20/7)
1965 - - 49.675 {29/9) 439.200  {3/9)
1966 - - 48.769 (24/8) 121.800 (24/8)
1967 3 30 52825 (21/9) 582.440 {26/9)
1968 4 13 51.765 {15/8) 500.000 (15/8)
1969 2 21 52.317  (18/9) 642830 {18/9)
1970 1 4 51.845 (14/9) 5526.430 (14/9)
1971 5 63 52.930 (8/8) 1138.450 (8/8)*
1972 - - 49593 (29/8) 213.340 (29/8)
1973 3 14 52.535 (17/10) 6830.300 (1710}
1974 1 2 50.683 (29/8) 290.710 (29/8)
1975 - - 49.863 {21/7) 223.660 (21/7)
1976 1 15 53.910 (18/9) 829.290 (18/9)
1977 5 23 52420  (2/8) 611.950  (1/8)
1978 4 53 52890  (7/8) 682.980 (30/6)
1979 2 6 51.785 (21/7) 381.120 (20/8)
1980 4 21 53.013 (11/9) 828.370 (11/9)
1981 4 11 51.347 (22/7) 424 750 (23/7}
1982 - NA 51.347 424.750
1983 3 NA 51.773 507.380
1984 - 36 53.167 770.300
1985 - NA 52.327 580.09¢
1988 2 15 52.670 876.080
1987 3 25 53.485 1015.0u9
1988 4 NA 52.645 546.670
1989 - NA 51.885 608.210
1990 2 - 53.175 90C.000
1991 - - 53.105 762.110
1992 - - 50.690 342,110

* Some descrepancy in observation
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TIME SERIES OF WHOLSALE PRICE INDEX
(1900 TO 1991)
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Annex 6.1

{1970-71 = 100)

Average Index Average index
1900 10.4 1971 106.0 ™
1905 98 1972 113.0
1910 10.9 1973 131.6
1915 13.6 1974 169.2
1920 25.1 1975 175.8
1925 20.3 1976 172.4
1930 15.3 1977 1854
1935 1.3 1978 185.0
1940 13.2 1979 206.5
1945 27.6 .1980 248.1
1950 486.5 1981 278.4
1952 44.8 1982 2853
1955 44.0 1983 308.5
1956 45.3 1984 334.0
1958 490 1985 3533.3
1960 54,2 1986 ar2.2
1962 57.5 1987 395.7
1964 65.8 1988 428.6
1966 79.7 1989 457.7
1968 913 1990 498.9
1970 99.0 1991 567.2
Note: Index numbers upto 1946 are on base 1970=100 and are derived; thereafter upto 1988. the official

series on base 1970-71=100. Since then the base is changed to 1881-82, and figures from 1989 to 1991

are estimated conversions on 1970-71 base.

*Average for nine months.
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Annex 7
The percentage area of differnt blocks falling in the basin in seven districts
SL NAME OF BLCCKS % AREA OF THE YEAR OF FLOOD FAEQUENCY
NO BLOCK FALLING DURING
IN THE BASIN 1970-86
1 Patna District
1 Paliganj 62.80% 1971,76,78,84, 5
86,87,88,90.
2 Bikram 26.00% 1971,75,76,78, 5
86,87,90.
3 Naubatpur 6.90% 1971,76,78,80, B
85,86,87,88,90,91.
4 Punpun 94.40% 1971,76,78,80, 7
84,85,86,87,90.
5 Phulwan 32.08% 1971,76,78,886, 4
87.90.
& Patna 12.93% 1971,73,75,786, 10
’ 78,80,82,83,84,86,87 91,
7 Masaurhi 100.00% 1971,76,78,84,
85,86,87,90.
8 Fatuha 66.30% 1971.76,78,80,
82,84,85,86,87,90,91,
9 Dhanarua 100.00% 1971,76,78,80,
84,85,86,87,90.
2 Jehanabad district
1 Karpi 88.20% 87,90
2 Ghosi 42.50% 87,90
3 Makhdumpur 91.70% 87,90
4 Jehanabad 100.00% 87,90
5 Kurtha 100.00% 87,90
B Kakoe 100.00% 87,90
3 Gaya district
Tekari 100.00% 1971,76,78,84,87. 4
Konch 100.00% 1976,87. 1
Belaganj 68.00% 1976,87. 1
Gaya 100.00% 1976,78,87. 2
Manpur 15.20% 1987,
Bodhgaya 68.50% 1976,87 1
Sherghati 100.00% 1978.87 1
Paraiya 100.00% 1976.,78,87. 2
Gurua 100.00% 1987. -
10 Amas 100.00% 1987. -
11 Dumariya 100.00% 1971,87. 1
12 Imamganj 100.00% 1987, -
13 Barachatti £.80% — -
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Annex 7
SL NAME CF BLOCKS % AREA OF THE YEAR OF FLOOD FREQUENCY
NC BLOCK FALLING DURING
IN THE BASIN 1970-86
4  Aurangabad district
1 Nabinagar 47.00% 1978,87. 1
2 Barun 32.30% 1971,76,78,87. 3
3 Daudnagar 26.30% 1971. 1
4 Haspura 94.34% 1971,76,87. 2
5 Goh 100.00% 1976,87. 1
6 Rafigan) 100.00% 1971,76,87. 2
7 Obera 80.00% 1971,76,78,87. 3
8 Aurngabad 100.00% 1976,78,87. 2
9 Madanpur 100.00% - -
10 Kutumba 100.00% 1976.,87. 1
11 Deo 100.00% - -
5 Nalanda district
1 Hilsa 10.00% 1971,73,76,78 6
84,86,87,90.
6 Palamu district
1 Chattarpur 63.10%
2 Hariharganj 80.00%
3 Manatu 35.00%
4 Patan 5.40%
7 Hazaribagh district
1 Hunterganj 36.40% 1987
2 Pratappur 73.20%

[Source - Flood draught statistical data book]
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Anngx 8
RBA'S Recommendations - Methodology of Flood Damage Assessment

1. The final estimate of crop damage in areas where they are completely destroyed but resown/
replanted should be made in terms of loss of inputs.

2. Information on (i) stage of the crop at the time of flood and (i) crop completely destroyed and
(iiiy crops damaged but replanted /resown should be collected.

3. Crop losses in terms of money should be estimated by using farm harvest prices.
4. Crop yield rates should be derived from crop cutting expetiments.
5. The collection of crop damage statistics should be integrated with that of agricultural statistics.

6. Whenever possible, contour maps along with gauge data should be used by the Flood Control
Deptt. to derive estimate of area flooded.

7. Remote sensing techniques operated through artificial satellite(s) may be used in selected areas
to provide a sample check on the extent of area and cropped area affected by floods.

8. State Government should take measure for collection of data on damage to household goods. As
a first step, they should aid and sponsor research and set up economic cells for conducting suitably
designed economic surveys in this respect.

9. The monetary value of the cattle lost should be estimated. With regards to loss of human life, only
that due to floods should be taken into account.

10. In the case of public utilities, double counting of unrepaired damages of earlier years should be
avoided.

11. The estimate of damages to properties of the Central Government should also be included in the
consolidated figures of damages at the State, national and other levels.

12. Department dealing with flood control at the Centre and in the State should arrange for exploratory
studies and sample surveys for throwing more light on the significance of indirect damages due fo
floods and for indicating norms for including them in the future.
13. Flood damage report may be reported separately for the following three categories of are as :-
i Unprotected areas,
ii Protected areas, and

iii Area situated between the embankments and the rivers.

14. The extent of area affected by drainage congestion should be compiled seperately for protected
areas and unprotecied areas.

15. Damage data should be compiled basin and sub-basin wise also.
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16. The district statistical office should supervise the work of damage data coilection at the village and
block levels and prepare estimates.

17. At the state level the work of compilation and processing should be undertaken by the Directorate
of econemy and Statistics.

18. At the national level, damage data should be compiled by the Central Water Commission With
an Economics unit added to it. it should publish data at the National level.

19. Time schedule for submission of reports at various levels should be specified and adhered to.

20. At the State and National levels, there should be a periodical review of the methodology of data
collection, compilation and publication.

21. The Central Water Commission should aid and encourage research in the methodology of flood
damage assessment.
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Annex 8

COMPARATIVE STUDY DF AVERAGE ANNUAL FLOOD DAMAGE FIGURES WITH THAT OF COUNTRY
AS A WHOLE AND GANGA SUB-BASIN

Sl item All India Ganga Punpun river
No sub-basin system
1 Total area affected {in Lha) g92.33 47.82 0.41
2 Total population affected (In Lakh numbers) 298.53 168.20 -
3 a Total crop area alfected (In Lha) 39.86 22.72 013
b Damage to crops 26132.30 16279.27 153.35
4 a Number of houses damaged 1105705 638432 7478
t Damage to houses (In Rs lakh) 7067.68 35965.29 57.78
5 Damage to public utilities (in Rs lakh) 13633.30 4646.20 3.44
& Number of human lives lost 1434 401 3
7 Number of cattle lives lost 105 11061 36
8 Total damages (In Rs lakh) 46831.10 24851.10 214.57
9 Tota! geographical area (In Sq Km) 32,90,000 8,61,000 9025.75
i Percentage of total damages of Punpun river
system with that of India, as a whole = 0.45%
i Percentage of total damage of Punpun river
system with that of Ganga sub-basin (Area in India) = 0.86%
ili Percentage of geographical area of Punpun river
systemn with that of india as a whole = 0.286%
iv Percentage of geographical area of Punpun river
system with that of Ganga sub-basin (Area in India} = 1.025%
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Annex 10
RECOMMENDATIONS OF THE HIGH LEVEL TECHN!CAL COMMITTEE, 1976
Remedial measures proposed:-

After a study of the River Morphology, the existing fiood protection works and the experience of
floods of 1967, 71 and 76, the Committee recomends the following figod protection measures:-

a SHORT TERM MEASURES :

i As mentioned earlier, Punpun does not create appreciable fiooding upto Jahanabad Kinjar road.
it is the lower reaches in the vicinity of Patna where Punpun spiils heavily on both the banks due to
inadequate capacity and low banks. Backing up of Punpun water due to flood locking in river Ganga
also enhances the probie m.Spill on the left bank is controlied by right bank of Fatehpur distributay from
Akbarpur to Patna-Gaya line and thereafter by Punpun left embankment. The High Level Experts
Committee on Patna Fioods, 1975, had recommended that the adequacy of this embankment shouid
be throughly examined and if necessary further raising and strengthening should be done, so that the
embankment is safe for a hundred year flood with a free board of G.9 m.

if River Punpun has surpassed in 1976 its previous recorded H.F.L, of 1905 by 1.05 m at Punpun
Railway Bridge . Since the Railway Bridge was constructed weil before 1305 and flood of that year was
considered highest on record,the ievel recorded in 1976 can be safely assumed very nearly 1o 100
years frequency of flood. However, flood frequency study for water fevel at Sripalpur gauage site about
1 Km downstream of the Railway bridge has been made based on water ievels available from the year
1957 to 1976. The study reveals that the HFL in 100 years flood frequency without taking into account
the proposal of right embankment comes to 54.45 m against abserved HFL of 53.91 m in 1976 which
is 0.54 m higher. This difference will be covered in a free board of 1.8 m above HFL of 1976. Hence
the Committee recommends that the HFL of 1976 will be taken as design HFL for raising and
strengthening of the existing embankment and for the new embankment as recommended by the
Tripathy Committee. There is no necessity of changing the alignment and the recommendation of
Tripathy Committee shou!d stand as it is except in respect of remodelling of the Khajuri Distributary
ta function as an escape-cum-navigation channel. This proposal has been thoroughly examined and
investigated by the State Gvernment. It is found that Punpun is not a navigable river.ln monsoon
season, the river remains almost dry with a depth of water varying from 1 it to 2 ft in most of its
reaches, Secondly the fuil suppiy discharge of Patna canal above Naubatpur cross regulator is 1600
cusec and below it 600 cusec only. On the above backgrounds, it is recommended that the Khajuri
distributary shouid be designed and constructed as an escape channel and not as an escape-cum-
navigation channel. The full supply discharge of the distributary should be 500 cusec.From consideration
of safety and economy, the proposed channel will be in cutting and as such minors on either bank from
apbove the first fall will have to be provided for maintaining the existing irrigation facilities provided in
4000 acres by the Khajuri distributary.

iiit Comprehensive Punpun Embankment Scheme prepared in 1973 costing Rs 976.00 takh should
be reviewed in the light of 1976 floods. Also, while deciding the spacing & alignment of proposed right
embankment along river Punpun the effect of jacketling on the left Punpun embankment should be
carefully considered in order to obviate any danger to the safety of left bank embankment which
protects Patna town.

v The sanctioned scheme amounting to Rs 77.00 lakh for construction of right embankment to

check spill of Punpun on right bank and entering into Mokameh Tal may be kept in abeyance till the
review of the comprehensive scheme suggested above.
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v The design criteria for the embankments should conform to the design criteria recently approved
by the Ganga Flood Control Commission.

vi A technical Committee on Drainage of Water trapped in between the Patna bye-pass (Phase-l)
and Railway main line, constitued by the Government of Bihar has suggested that a scheme for
drainage of Patnacity area (Old Patna) should be implemented as a part of Punpun Flood Protection
Scheme. This scheme envisages remodelling of the City Maote nala which is very old and is the only
trunk drain leading to Ganga for draining of storm water of Patnacity. This proposal has been considered
by this Committee and it is felt that this scheme, how-so-ever urgent and important it might be, cannot
form a part of Punpun Flood Protection Scheme and its cost should be borne from the funds other than
flood sector since Punpun flood water will be checked by its left embankment.

b LONG TERM MEASURE :

RESERVOIRS The total catchment area of Punpun is 3425 sg miles upto its confluence with the
Ganga at Fatuha, There is no site for construction of major dam on Punpun or its tributaries. Of course,
there are 7 sites for comparatively smaller dams which will contral a total catchment area of about 271
sg miles. These sites are indicated in the index map enclosed as annex V. though these dams will
be controlling smaller catchments the Commitiee feels that provision of some specific flood storage or
provision of adequate carry-over storage over the irrigation requirements in these dams would help in
flood moderation particulary because it is this part of the catchment which receives higher intensity of
rainfall contributing to floods in Punpun river. As a matter of fact , these dams are already being
contemplated for irrigation of fands in one of the worst drought regions of the State and, therefore,
provision of some additional storage by way of carry-over storage should be done to help in flood
moderation during emergency.
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KIUL-HAROHAR BASIN
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AT A GLANCE
PLAN FOR FLOCD MANAGEMENT IN THE
KiUL-HARCHAR RIVER BASIN (IN BIHAR)

Salient Features of the Basin

Total Drainage Area
Drainage Area in Bihar
Population in Bihar
Average Annual Rainfall
Cropped Area In Bihar

[ I SN VI A

Flood Damage (Average for 25 Years 1968 - 92)

Total Area Affected
Cropped Area Affected
Damage to Crops

Total Damage

Human Lives Lost

Cattle Heads Lost

Average population Affected

~ @O W =

Progress of Flood Protection Measures (1954-92)
1 Length of Embankments
(Zamindari embankment 186.5 Km)
2 Towns/Villages protected
Eighth Plan Proposal (1992-97)
1 Length of Embankment

2 Additional Area to be benefited by Flood Control,
Drainage and Anti Waterlogging Measures

3 Total Qutlay for Flood Control Measures in the State (1992-97)

8569
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17,225
17,225
81.50
1104
7,466

1.57

0.65

Rs 1813.50
Rs 2687.50
27

85

11.29

Total 98

Tota! 1.00C

Rs 356230

Sg Km
8g Km
Lakh
mm
8g Km

Lha
Lha
Lakh
Lakh
Nos
Nos
Lakh

Km

No

km in
the State

Lha in
the State
Lakh



Appendix 10/2

AN APPROACH TO THE PROBLEM OF FLOOD AND DRAINAGE CONGESTION &
REMEDIAL MEASURES IN THE KIUL-HAROHAR RIVER BASIN

1 INTRODUCTION

1.1 The Ganga sub-basin which extends aver an area of 8.614 Lakh Sq Km within India is the
largest river basin in the cauntry and is a part of the main Brahamputra-Meghna-Ganga river basin.
Fiat terrain, high intensity of rainfall and pcar drainage congestion combine to cause flooding and
drainage congestion atmost every year in a large part of this sub-basin, particularly in the portions lying
in the Eastern Utter Pradesh and Bihar. The flood damage in this basin accounts for major pan of the
total flood damage of the country.

1.2 The State of Bihar is situated in the central pant of the Ganga sub-basin. The poruon lying on
the northern side on the teft bank is known as North Bihar and that lying on the southern side on the
right bank is known as South Bihar. The northern region has a very flat topography and is subject to
serious flooding almost every year. A number of major tributaries like the rivers Ghaghra, Gandak,
Bagmati, Kosi, Mahananda atc which originate from Himalayas join the river Ganga in this region. The
Southern region is characterised by low hills and slopes in some parts and Gangetic plain in the rest.
Many rivers like Karmnasa, Sone, Punpun, Kiul-Harchar, Badua-Chandan, Gumani etc which originate
from Hilly region of South Bihar join the river Ganga.

1.3 The major rivers of North Bihar like the Ghaghra, Gandak, Bagmati, Kosi, Mahananda etc flow
through a considerable Iength in Nepal and a iarge part of their catchment falls in the glacial region
of the Great Himalayas. These rivers are snow fed and hance perennial in nature. The major rivers
of South Bihar like the Karmnasa, Sone, Punpun, Kiul-Harohar etc. are rainfed and carry little discharge
in non-monsoon months. The river Kiul which joins the river Harohar near Suragjgarha in the district of
Munger has a total catchment area of 17225 Sq Km.

1.4 Floods and droughts are reqular features in the State of Bihar due to Vagaries of climate and
rainfall. While ona part of the State is under the grip of severe floods due to excessive rainfall the other
part suffers from drought due to scanty and untimely rainfalk.

1.5 Floods have caused devastation and acute human suffering taa frequently since the dawn of
civilisation and the man has had to live with the flood since his existance. The impact of flood was not
perhaps felt to the same extent in the past as is felt now. This was due 1o the fact that much smaller
number of people were living and pressure of industrial activities and other development warks in the
flood plains was far less compared to the present day activities. The fiood problem has bean accentuatad
due to ever increasing encroachments on the flood plains by the growing populatian to meet its
requirement of food and fibre. The destruction of forest land far reclaimation of areas and for fuel
requirement have also caused changes in the river regime. All these have resulted in an anamolous
situation where, inspite of the protective measures carried out so far in the Stata with an investment
of Rs 611 crores and 28.34 lakhs hectare having been accorded reasonable degree of pratection, flood
damages have gone on increasing instead of decreasing.

2 THE KIUL-HAROHAR RIVER BASIN

2.1 The river basin consists of a number of small rivers like the Mohane, Dhanyan, Sukhnar,
Barnar, Damar, Nagi, Nakti, Bajan, Ajan, Falgu etc besides the rivers Kiul and Harohar. The main river
Kiut of the Kiul-Harohar system originates from an elevation of 605 m east of Khajuri in Chotanagpur
plateau at a Latitude of 24° 23' N and Longitude of 86° 10' E and flows in east direction ciose to the
southern base of Gidheswari Hills. After that it flows taking north-easterly direction towards Lakhisarai
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and joins the river Harchar near Surajgarha in the district of Munger. This river system is b unded by
the Badua-Chandan system on the east, the Ganga on the Nerth, the Chotanagpur piateau on the
south and the Punpun river on the West.

2.2 The Kiul-Harchar river system drains an area of 17223 Sg Km. The upper catchment of the
river system lies in Chotanagpur Plateau area which is characterised by iow hilis and slopes with
depression and valieys. Hills of these areas form a number of ranges. Country’s general area south
of Gaya rises gradually to a height of 600m and ultimately there is a rise of 1260m known as
Parasnath. Formation of these are of Archean quartzites and schists. Alluvial deposit of the Gangetic
plain with maximum depth upto 1000m, forms the upper layer of the region beyond which lies the rocky
basement. The deposits are clay either of sandy or calcareous grade of sand (1.25-0.125 mm), silt
(0.06-0.0002 mm) and clay less than 0.0002 mm. Gravel and pebble deposits are found near the
northern foot hills of the region. :

23 The Kiul-Harohar river system consists of a number of small rivers which during the course of
flow bifurcate and rejoin meeting each other a number of times making it difficult to ascertain their exact
length. Riverwise description of this river system as available from the previous records is given below.

2.3.1 Lilajan and Mohane (Falgu) : The river Mohane rises in the hills of Chatra district at an
altitude of 914m above MSL. After traversing through hills and forests for about 84 Km, it crosses N
H-2 (Grand Trunk Road) and enters the plains of Gaya district. After travelling a length of 40 km it
receives Lilajan, a major tributary which originates in the hilis of Chatra district at Latitude 24" 11' N
and Longitude 84° 45" E at an elevation of 534 m above MSL and after traversing a distance of 85
km through hills and forests, crosses N H-2 (Grand Trunk Road) near Dobhi and travels a distance
of about 29 km befare joining the river Mohane. The combined river is known as the Falgu after the
confluence of the Lilajan and the Mohane and travels in north ward direction up to Khizirsarai where
it again bifurcates into two channels. The right channel is again known as the Mohane and the left
channel is known as the Falgu, This river Falgu runs in northward direction where it is known as the
Mahatmain and the Lokain, uitimately as the Dhowa. Another right bifurcated channel from Ghosi is
known by local names of the Jalwa and the Nona which again reunite with the Dhowa. The right branch
of the Mohane river joins the Bagahi river near Islampur and is again known as the Mohane in the down
stream. The left branch of the Mohane Joins the Jatwa river taking off from Falgu. This right channef
known as the Mohane flowing further down for about 51 km embraces the river Paimar, ancther
important river of the basin, which originates from the foot hills of Hazaribagh near Paharpur Railway
Station of Grand-Chord section of the Eastern Railway before it enters the Bakhtiyarpur Tal and the
combined river meets the Dhowa near Bakhtiyvarpur. After this point, the combined river is again known
as the Mchane.

2.3.2 A number of small streams namely Mangur, Dhadhar, Tilaiya, Dhanarji and Khuri taking off
frem north of the Barakar valley in the micasive hills of Kodarma range in Giridih/ Hazaribagh district
lcin together te form the Panchane. This Panchane river bifurcates into a number of channels a few
km upstream of Biharsharit town known as the Goithawa, the Charsua and the old Panchane. The
Charsua course again meets the old Panchane after fiowing about 26 km below and joins the river
Mohane in the middie reach.

The river Goithawa after flowing in the nerthward direction for about 29 km in a very flat
country, takes a turn in eastern direction and meets the two branches (the Jirain and the Kumbhari)
of the river Sakri and the combined river balow village Chhatarpur is known as the Dhanayan. The river
Dhanayan flowing in the east for about 16 km meets the river Mohane at Trimohani and the combined
river is known as the river Harghar.

2.3.3 Sakri : The river Sakr! ariginates from the hilis of Hazaribagh district at an eievation of 365 m
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above MSL near village Tisri and after flowing for about 64 km in the thick forest and hilly tracts of
Hazaribagh district, enters the plains of Gaya district near village Dumri. It crosses the Kiul-Gaya
section of the Eastern Railway near village Paura which is about 9.6 km east of Nawada town. After
flowing further down for about 19 km in the north, it branches off into the Jirain and the Kumbhari below
viliage Dewaspur. As mentioned above, these two branches meet the river Goithawa and the combined
river is known as Dhanayan.

2.3.4 Harohar: The Harohar is the biggest and the most important tributary of the Kiul which joins
it on the left bank, downstream of Lakhisarai. lts formation has already been described above. in the
tail reach, the river Harohar flowing for about 16 km below Trimohani in a serpentine course, is joined
by the river Tati. The river Tati originates from near Marui just on the east of Sakri valley and traverses
a distance of about 51 km before it meets the river Harohar. The rivers Kaurihari, Baghel and Nata,
taking off from Kauakol hills meet each other and the combined river below east of Sirari Railway
station of the Kiul-Gaya section of the Eastern Railway is known as the Same. it flows further down
for about 11 km in the north and meets the river Harohar near village Rapura in the tail reach.

2.3.5 Kiul: The river Kiul, which is the main outfall channel of this basin, rises in the hills of
Chhotanagpur Plateau at an elevation of 605 m at Latitude 24° 33' N and Longitude 86° 10' E. The
river flows first in north westerly direction, then in easterly direction close to the southern face of the
Gidheshwari Hills and then in a northerly direction. it then flows in north-westerly direction up to
l.akhisarai. After Lakhisarai, it turns in north-easterly direction and joins the river Ganga near Surajgarha
in the Munger district. Bunbuni, Sukhnar, Barnar, Doharo, Nagi, Nakti, Bajan, Ajan and Morwe are the
important tributaries joining the river Kiul on the right bank. The Harohar is the biggest and the most
important tributary joining its left bank on the down stream of Lakhisarai. Its formation has already been
dealt with earfier. The areas drained by the main rivers of the system are given below :

Table 1

Sl No Name of the river Drainage Area {Sg Km)
1 Falgu 5,281
2 Paimar 1122
3 Sakri 5,500
4 Harohar 2,393
5 Kiul 2,827

Total 17,223

About 1062 5g Km of the above area, lying in the lower zone of the system is saucer shaped
and is commonly known as Mokama Group of Tals. it is a vast tract of low lying land below a level
of 45,72 m and is having width varrying between 6.5 km to 17.6 km and is about 100 km long. The
Mokama group of Tals comprises of seven well defined depressions namely Fatuha Tal, Bakhtiarpur
Tal, Barh Tai, More Tal, Mokama Tai, Singhaul Tal and Barahiya Tal having an area of 52 Sq Km, 168
Sg Km, 132 8gq Km, 215 Sq Km, 200 Sq Km, 124 Sg Km and 171 8q Km respectively. Out of this
93 5q Km area consists of high lands which are submerged only during high fioods. 788 Sq Km area
consists of very low lands where only Rabi crop s possible and in the remaining 181 Sg Km area it
is possibie to grow two crops.

24 The important places of Bihar falling in the drainage area of the Kiul-Harohar river system are
Hazaribagh, Nawada, Nalanda, Rajgir, Gaya, Bodh Gaya, Barahiya, Mokama etc. The impertant
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commercial centres are Lakhisarai, Barh, Bakhtiarpur, Nawada, Hazaribagh, Gaya etc.

2.5 Details of the important rivers of the Kiul-Harohar river system are given below :
Table 2

St Name of Bank Origin Out-fall River
No river L {Left} condition

R (Right)
1 HARCHAR joins Kiul In the river Kiul on Functions as

on Left Bank down stream of drainage channel

Lakhisarai

2 KIUL Right bank East of Khajuri in In the Ganga on the -Do-

of the Ganga Chotanagpur Plateau down stream of

at Lat. 24°53'N & Surajgarha
Long.85°39°E.

3 MQHANE Hills of Hazaribagh  Meets the river Paimar -Do-
district near Dihra village
in Bakhtiarpur Tal

4 FALGU The rivers Lilajan & Known in lower reaches -Do-
Mohane meet near as the Dhowa, i ends
Gaya to form the in the Mokama Tal
river Faigu

5 SAKRI Near village Tesri It branches into river

from Chotanagpur Jirain & Kumbhari
Hills at Lat. 24°34'N  which again combine -Do-
& Long. B&° 8'E. with the river Goithwa

to form the river

Dhanayan. The river

outfails in the river

Mohane at Trimohani.

6 PAIMAR It originates at It outfalls in the -Do-
nearly 12 km South river Mohane.
of Paharpur Rly.
Station at Lat.
N 24° 32' & Long.
E 83° 13-

26 Upper zone of the Kiul-Harohar river basin lies in the Chotanagpur Plateau which is characterised
by low Hills and slopes with depressions and valleys. In some areas the hills form a series of ranges
with genera! fevel gradually rising to a height of 600 m. However, there are few rises like Parasnath
which is at a level of 1260 m. The lower zone of the catchment lies in the Gangetic pfains which has
been built-up in the process of land formation. The alluvial formation represents one continuous and
conformable series whose accumulation is still going on. The entire expanse of the terrain exhibit
unvarying monotony of alluvial deposits of the rivers of the Gangetic system with alfuvial deposits
concealing the rocky basement and having thick manrtle of maximum depth around 1000 m. Higher
reaches of the region has steep slope where as lower reaches are having milder slope, As a result,
water accumulates in the lower reaches causing drainage congestion.

863



Appendix 10/6
2.7 ECONCMICS

2.7.1  Total population of the basin as per 1991 cencus s 81.50 Lakhs and intensity of population
is 475 person per sq km. About 92 per cent of the population lives in villages and only 8 per cent of
the population lives in towns.

2.7.2 Many major industries have been established in the region because of availability of raw
materials like coal, mica and iron. Work shop of the Eastern Railway at Jamalpur is a major industry.
In addition to this there are small workshops of iron utensils, teatrays, guns, pistols, toasting fork
cutlery etc. located at different centres. Also there are lactories of Mica products at Kodarma, tobacco
at"Munger, China clay at Jamui, sugar millg, textile mills and rice mills in Gaya.

However, there is still a good prospect of industries of targe, medium and small scale in the
region.

2.7.3 The important highways and railways of the basin are indicated below :

Highways
1 National Highway No 31
National Highway No 2
National Highway No 30

Patna Gaya Road &

2
3
4 Patna Sheikhpura Raoad
5
6  Fatuha-Biharsharif Road.

Railway lines
1 Main line (Patna Jn-Howrah) of Eastern Railway
2 Asansol- Mughal Sarai line {Grand Chord) of Eastern Rly.
3 Kiul- Gaya {K-G) line of Eastern Railway
4 Patna- Gaya {P-G) line of Eastern Railway
5 Bakhtiarpur- Rajgir line of Eastern Railway.

2.7.4 Many irrigation projects in the area have been completed providing good irrigation facilities.
Some of the important schemes are Barnar Reservoir scheme, Sakri Lower valley stage-H, Lower Kiul
project, Nagi Reservoir and Panchane Phase-ii.

2.7.5 Towns in the lower reaches of the caichment like Barh, Bakhtiarpur, Mokama, Nawada etc,
have water supply for domestic use from ground water and towns in the upper region of the catchment

like Giridih, Hazaribagh etc have mixed drinking water supply both from surface water as well as from
ground waler.

2.8 The land use pattern in the Kiul- Harghar river basin is as below:
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Table 3

S| Particulars Area in Sq Km Percentage
No
i Forest Land 4138.22 23.82
ii Land under miscellaneous trees and groves 114.00 0.87
ii a Current fallow 1354.72

b Other fallow 796.92 2409.15 14.05

c Culturable waste 257.51
v Net area under cultivation 7466.37 4353
v Barren Land and permanent pastures 1070.82 6.24
Vi Area under Non-Agricultural use 1954.95 11.69

The principal crops of the region are paddy, maize, sugarcane, wheat, gram and other rabi

Crops.
3 GEOLOGY

The upper zone of the river system in the south is hilly lying in Chotanagpur plateau, the
geological characteristics of which represent the geology of fhe upper catchment of the Kiul-Harohar
river system. Similarly it's lower zone in the north lies in the Gangetic plains, geological characteristics
of which represent the geolegy of the lower catchment, The entire Chotanagpur plateau area is
characterised by low hills and slopes with depression and valleys. In some areas these hills form series
of ranges. South of Gaya the general level of the country gradually rises until eventually a height of
800 m is obtained. However, on this gradually rising surface there are rises like parasnath rising to
1260 m and others rising to lesser heights. These are also formed of Archean quartzites and schists.
On southern side, the Hazaribagh plateau is seperated from the Ranchi plateau by the east west
running Damodar valley.

The alluvia!l deposits of the Gangetic plain represents one continuous and conformable series,
whose accumulation is still in progress. It encompasses a vast alluvial plain. The entire expanse of the
terrain, of pleistocene to recent origin less than a million year old, exhibit unvarying monotony of alluvial
deposits of the rivers of the Gangetic system. The alluvial deposits have completely concealed the
rocky basement beheath a thick mantle, maximum depth of which is around 1000 meters.

The basement at the bottom of the area is known to dip 1° to 2° towards the north. The alluvial
deposits are fluviatial and sub-aerial origin, with massive beds of clay either sandy or calcereous
corresponding to the grades, sand (1.25-0.125 mm), silt (0.06-0.0002 mm) and c¢lay (fess than 0.0002
mm) accuring as principal constituents. Gravel and pebble deposits found to occur in close proximity
of northern foot hill zones and become scarce towards the south.

The characteristics of clayey beds, particularly of the older alluvium, generally occupy elevated
terraces, is the abundant dissemination of impure calcareous concretious the 'Kankar formed by the
segregation of calcareocus materials of the alluvial deposits into lumps or nodules. The clay siit and
sand of the older alluvium are dark ash in colour in distinct contrast to the relatively light coloured,
constituents of newer alluvium, cccupying a lower level than the former. The newer alluvium contains
particular beds of sand, grave! and peat and passes into the deltaic alluvium of recent origin. In the
deitaic belt, the impure peat beds are mostly commaon.
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ROCKS

in the upper catchment, there occurs a group un-Metamorphosed rocks like Conglomerates,
sand stones, lime stones, shales banded- haematile quartzites, etc, which are underlain by
undermetamorphic rocks. The un-metamorphosed group of rocks is associated with basic lavas. The
whole sequence of rocks, is traversed by younger igneous bodies of ultra basic, basic and acidic
composition. The older metamorphic rocks constitute a portion of iron-ore series and the conglomerates,
sandstones, limestones and some of the shaies of the above sequence, are younger in age than the
iron-ore series. This is also called kolhan series. These metamorphic rocks appear to have been folded
in the form of a geanticiine and are intercalated with lava-flows and associated products of valcanicity
of more or less equivalent age. The metamorphic rocks of northen catchment are known as iron-ore
series and are associated with younger granites and gneisses known as the Chotanagpur granite
gneiss. The chotanagpur granites and gneisses occur in Hazaribagh and adjacent areas.

MINERAL WEALTH

The important minerals found in the Kiul-Harohar river system are mica, coal, limestone &
copper.

SOIL CHARACTERISTICS

The general data regarding the soil of the river system indicates that mainly alluvial, red and
yellow, red sandy soils and deltaic alluvium occur in this river system. The principal soil type found in
various districts lying in the river system are given below:-

SOILS IN THE KIUL HAROHAR RIVER SYSTEM

Table 4
Sl No  District Type of Soil
1 Patna Alluvial
2 Nalanda Aliuvial
3 Gaya Red, yeliows & aliuvial soil
4 Jehanabad Red, yellow & alluvial
b Munger Aliuvial and tolemigous aliuvial
6 Jamui Alluvial & caicareous alluvial
7 Giridih Red, yeilow & alluvial
8 Hazaribagh Red, yellow and alluvial

The soil of the land in the Mokama group of Tals constitute a separate group of soil association.
The land on the southem bank of the river Ganga lies in a saucer shaped area and generally this area
suffers from drainage congestion for a period of two to four months. The soil of these Tals are grey
to dark grey in colour, medium heavy to heavy in texture, slightly to moderately alkaline in reaction and
of good fertility status. As these soils become bone dry during summer and remain inundated during
rains, only one crop during rabi season is grown with very good yield.

‘The aliuvium soil found in various districts of this river system can further be sub-grouped on
the basis of colour and other properties. The grey and greyish yellow type which is found in the district
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of Patna, Gaya, Jehanabad, Nalanda, Munger, and Nawada remains greyish yellow to grey in colour,
medium heavy in texture and neutral to slightly alkaline in reaction. These soils on drying crack heavily,
the crack being 50 mm to 75 mm wide and 61 cm to 91 em deep. The paddy and paira crops are
annual rotation on these soils, where irrigation is available, crops like wheat, sugarcane, maize, onion
etc are also grown.

Reddish yeliow and yellow type soills are found in the district of Patna, Gaya, Jehanabad,
Nalanda, Munger and Nawada. These samewhat poarly drained soils show a tendency to crack during
dry months. The yeltowish red and yellow type soil are found at the foots of the hills separating the
alluvial plain from the plateau region. These excessively drained to moderately drained, shallow to
medium deep soil aver the bed rocks and pebble are strongly to moderately acidic and are of poor to
moderate fertility. Aerable crop like maize, zowar, during kharif and kulthi and mustard during Rabi
season are generally grown on this soil. Paddy cultivation is also done in patches.

The main characteristics of calcareous alluvium sail is the high content of calcium carbonate.,
These soils are hght coloured and their texture varies from sandy loam to ioam The p, value of the
soil is on the alkaline side.

The portion of river system Iying in Chotanagpur plateau has red, yellow, reddish yellow,
greyish yellow type of soils. The yellow soils are medium textured, silty scil, having practically no
gravels. This soil is strongly to moderately acidic of light coloured having medium to high fertility. The
red and yellow type of sail are maoderately well drained, having good fertility and are less acidic. The
reddish yellow soil resemble the yellow scil and are light textured.

4 HYDROLOGY

4.1 The Kiul-Harohar river basin farms a part of the Gangetic plain and it is situated in the direct
path of the tropical depression which forms in the Bay of Benga!l during the monsoon season and
travels in north-westerly direction. As such, maost of the precipitation, about 85 per cent of the annual
rainfall, occurs during the monsoon months of June to October.

4.2 According to norms laid down by the Bureau of indian Standards (IS 4987), one raingauge for
a drainage area up to 520 3q Km is sufficient for plains. However, if the catchment lies in the path
of low pressure systems which cause precipitation in the area during their movements, the network
should be denser, particularly in upstream region of the catchment. in not too elevated region with
average elevation one km above mean sea level, the required network density is one raingauge Station
far every 260 to 390 S5q Km area. The India Meteorological Depariment (IMD) have, however, prescribed
at least one raingauge far every 500 5g Km of the drainage area. it also specifics that at least 10 per
cent of such raingauge stations should be self recording (SRRG). This should be increased to 20 per
cent as per recommendations of Rashtriya Barh Auog (RBA).

43 The norms recomended by the World Meteorological Organisation (WMQ) are given in Table

5.3. Cut of these given raingauge station, 10 per cent are recommended to be of self recording type
for knowing the intensity of rainfall in the region.
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TABLE 5.3
Density of Raingauge Station as per the norms laid down by WMO

St Type of Terrain Density Required (One Station for)
Nao
ldeal Acceptable

1 Flat region of temperate mediterranean 600-300 Sg Km 900-3000 Sg Km

and tropical zane
2 Mountaneous region of temperate mediterranean 100-250 Sq Km 250-1000 Sg Km

and tropical zane
3 Arid and Palar Zane 1500-10,000 Sg Km Depending upon the

feasibility

4.4 The India Meteorclogical Department (IMD) mainly installs and maintains raingauge stations

but some raingauge stations are also maintained by the Stale Governments and other agencies. List
of raingauge stations maintained in the Kiul-Harchar river basin and in adjacent basins are enclosed
at Annex 1 and 2. Comparision between the number of stations existing and those reguired as per
recommendation of the IMD & WMO are given below :

S Catchment area No of Rain-gauge Adopted Norm Required as per Norm Remarks
No  in sg km. station existing
Ideal Accepted Idear Accepted
1 Plain area 33 700 1500 20 10 ldeal
(14,330) Sg Km 39 Km
2 Hilly Area 7 200 500 15 6 Inadequate but
2883 _ 5S¢ Km Sq Km acceptable

4.5 Above table shows that number of raingauge stations in plain is adequate and in hilly region
it is inadeguate but acceptable. Similarly self recording raingauges (SRRG) are also as per norms ie
2 in plains {Patna and Gaya) and 1 in hilly area {Hazaribagh)

4.6 RAINFALL

4.6.1 From the IMD publication “Memoirs of IMD “oiume XXX! Part Il only monthly and annual
normal of rainfall and rainy days in respect o stations mentioned by !MD could be collected which are
based on the data available from the date of installation (1950). The details are enclosed at Anngx 3
in a tabular form.

4.6.2 It would appear from details at Annex 3 that the annual normal rainfall varies between 775 mm
to 1344 mm from station to station. it also transpires that the lower catchment receives lesser rainfall
than upper catchment and generally all the raingauge stations receive 90 per cent of their annual
rainfall during monscon months from June to October.

Rainfall data from 1974 to 1989 of different Biocks are available. On the basis of these data,
computaticn of average annual, average monsoon rainfall and 90 per cent dependable monsoon rainfall
has been done which are as following :

i Average Annual Rainfall 1104 mm
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ii Average Monsoon Rainfall 1029 mm
i 75% dependable Monsoon Rainfall 813 mm
iv  90% dependable Monsoon Rainfall 818 mm

4.7 GAUGE & DISCHARGE

4.7.1 According to the norms prescribed by WMQO, one gauge discharge site is required for every 300
Sq Km of drainage area in hilly region and for 1000 Sq Km in plain region. Table below gives a
comparison between number of gauge and discharge sites existing and required as per WMQ norms

Table 7
Sl Catchment area No.of existing Adopted Required Remarks
No in Sq Km Ga&D sites norms per norms
1 Plain area 4 @ 10
14,330 Sq Km 1500 Sq Km
2 Hilly Area NIL @ 6
2,893 Sgq Km 500 Sq Km

The list of Gauge-Discharge sites maintained by the State Government and Central Government
arganisations on the main rivers and its tributaries are placed at Annex 4.

The data availabiiity of seven gauge and discharge sites maintained by the CWC are given
below:

Table 8

St Name of site Name of river Catchment MNature of data Pericd

No tributary (Sq Km) area available

1 Lakhisarai Kiul 2619 Gauge & Discharge 1863 to 80
2 Mankatha Harohar 14177 Gauge & Discharge 1962 to 91
3 Kadarganj Sakri 1580 Gauge & Discharge 1962 to 91
4 Gaya Falgu 3171 Gauge & Discharge 1960 to 90
5 Gorhi Kiul 260 Gauge 1979 to 91
6 Sono Barnar 440 Gauge 1979 to 91
7 Jamui Kiul 1810 Gauge 1979 o 91

These available data have been utilised in the present study. The data of LLakhisarai, Mankatha,
Kadarganj anhd Gaya have been taken & analysed to compute the floods of different return period.

Also with the help of observed annual peak discharge and observed gauges rating curve have
been developed for different sites.

4.7.2 The observed Gauge and Discharge data with the equation of their rating curve are enclosed

at Annex 5. The maximum and the minimum discharge observed at different sites in the Kiul Harchar
river basin between year 1962 to 1986 are given below:
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Table 9

St Location River Discharge in cumecs
No

Maximum Year Minimum Year
1 Lakhisarai Kiul 1678.04 1984 158.11 1970
2 Gaya Falgu 3751.46 1986 106.29 1981
3 Kadarganj Sakri 1998.39 1965 28.87 1982
4 Mankatha Harchar 1938.83 1984 223.30 1972

4.7.3 The number of existing discharge site in the drainage basin of the Kiul-Harchar river system
is less than the actual requirement as per prescribed norm. For a fairly reliable assessment of water
resources data for a reasonable longer period and greater number of gauging locations are essential.
It is, therefore, suggested that network of gatuge discharge sites should be expanded by opening more
sites at suitable locations as soon as possible and the observation, collection, analysis and documentation
of all hydrometecrological data of all sites be carried out on standard scientific lines so that the data
could be of proper use in future planning of any water resources or fiood control scheme in the basin.

4.8 BUNOFF FACTOR

4.8.0 For planning drainage scheme it is essential to asses the total runoff during monsoon. And for
determination of total runoff from the basin under consideration determination of run-off factor applicable
for the monsoon period as a whole for the area is a must. Runoff factor can be determined {rom the
analysis of rainfall data, spread over entire basin, and runoff data at suitable location in the basin.
These data for sufficiently longer period (at least 20 years) are considered essential input. But reliable
data for such period for the Kiul-Harohar river basin are not available. It is, therefore, recommended
that reliable and authentic data for rainfall and runoff for longer period be collected and a precise
rainfall-runoff relationship be established for desired locations.

4.8.2 Tota! runoff from the catchment areas of the rivers entering the Mokama group of Tals, has
been worked-out on the basis of rainfall data of 65 blocks falling in the Kiul-Harohar basin from the
year 1974 to 1989 (16 years). The maximum and minimum rainfall in the basin during the period from
1974 to 1989 has been recorded as 1541.7 mm and 783.3 mm in the years 1987 and 1982 respectively
yielding total surface runoff from the catchment as 10.57 and 2.88 Lakh ha m calculated yearly
monsoon run-off from 1874 to 1989 is given below :

CALCULATION OF YEAR-WISE MONSOON RUNOFF

Table 10

3 No Year Monscon Runoff Runoff

rainfall {cm) {in cm) fin Lakh ham)
1 2 3 4 5
1 1974 95.47 33.25 4.49
2 1975 83.29 24.46 3.30
3 1976 93.12 31.42 4,24
4 1977 92.30 30.81 416
5 1978 111.94 47.09 6.36
I3 1979 86.41 26.67 3.80
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1 2 3 4 5

7 1580 108.66 45.06 6.08
8 1981 50.94 29.82 4.03
9 1982 78.33 2134 2.88
10 1983 95.38 33.17 448
11 1984 133.99 65.02 8.76
12 1985 123.44 56.69 7.76
13 1986 116.40 51.33 6.93
14 1987 15417 78.28 10.57
15 1988 96.86 34.34 4.64
16 1989 893.47 31.67 4.28

The average monsoon rainfall works out to 102.9 ¢cms and the runcif calculated with the help
of Strange Table comes to 39.12 cm. Average volume of surface runcff from the catchment comes to
6.59 Lakh ham. It is seen that out of 16 years the run-off is less than average in 10 years and above
average in 6 years.

5 FLOOD FREQUENCY ANALYSIS

5.1 Freguency studies/analysis is carried out to interpret the past recerds of the hydrological events
like the precipitation, the runoff, flood levels etc and to predict the prebabilities of such occurances in
future. For guantitative assessment of magnitude of flood problem it is essential to evaluate or estimate
the frequencies of rainfall, flood etc. Such studies are necessary input for proper design and location
of hydraulic structure and for other refated studies.

5.2 CRITERIA OF DESIGN FLOOD

5.2.1 Ministers’” Committee on Flood and Flood Relief Constituded by the Government of india in
1970 had recommended that:-

“As most of the fiood embankments have been constructed on inadequate and meagre
hydrolegical data, which were available, it is necessary that existing embankments are reviewed to see
that these are safe for a flood of 50 years frequency for major rivers and atleast 25 years frequency
for tributaries. Similariy ali the future proposais for embankment should also be based on the above
criteria.”

5.2.2 Recommendation of Rashtriya Barh Ayog (RBA) constituted by the Govemment of India in
1974 which submitted it’s report in March 1980 regarding the degree of protection by embankments
are as foliows:-

“The use of benefit-cost criteria would require (i} damage data with respect to different flood
frequencies (ii) data on damage due to probable fallure of embankment (iii) expertise to carry-out
alternative benefit-cost and trade-off excercises. These are not available at present. Hence for the time
being we recommend, as a general guide, adoption of following criteria based on flood frequencies:-

i For predominantly agricultural areas: 25 year flood frequency (in special case where
damage potential justifies, a higher design flocd/maximum cobserved flood may be adopted.

ii For town protection works, important industrial complexes etc : 100 year flood frequency
(for targer cities like Delhi the maximum cbserved flood, or even the Probable Maximum Flood (PMF),
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can be considered for adoption.

Meanwhile studies should be undertaken to review the basis of these flood frequencies and
attempt made to collect the data and appoint the necessary personnel, so as to enable the adoption
of benefit-cost criteria in due course “(Para 13.5 of RBA report)

5.2.3 The relevant recommendation made by the Ministry of rrigation, Government of India in the
guidelines and instructions for implementation of the recommendations of RBA are reproduced below:-

*In case of embankment, the design of a project should be determined, for the time being, on
flood frequencies suggested. Meanwhile necessary steps may be taken for eventual application of the
benefit cost ratio criteria for fixing the design.”

The summary of recommendation as accepted is as follows:-

“In case of embankment scheme the hight of the embankment and the corresponding cost be
worked out for various {lood frequencies and also the benefit cost ratio, taking into account the likely
damage to occur for the relative flood frequencies. However, till such times as the details of all relevant
parameters are available embankment scheme might be prepared for a flood of 25 years frequency ir.
the case of predominantly agricultural areas and for flood ot 100 years fregency for works pertaining
1o town protection and protection of industrial and other vital organisation.”

While endorsing the descision of the Ministry of (rrigation, Government of india on the
recommendations of the RBA, the commission suggests that all embankments on important rivers
should be designed for a flood of 50 years frequency in general and for floods of 100 years frequency
for works pertaining to town protection of vital industrial establishments.

5.3 ANALYSIS OF AVAILABLE DATA

5.3.1 Data relating to flood events in the Kiul-Harohar river basin are available at four sites only
namely Mankatha, Lakhisarai, Kadargan] and Gaya. The available data are observed annual peak
discharge and corresponding gauge and observed annual peak gauge. Rating curve for these sites
have been developed with the help of these data. Using the technique of regression analysis, equations
for these rating curve have been developed by GFCC which are enclosed at Annex 5, Using the data
of observed peak gauges, peak discharges have been calculated with the help of these rating curve
equations and are enclosed at Annex 6,

5.3.2 Peak flood discharges of different retumn period have been obtained by analysing the annual
peak discharges using Gumbel and Log pearson Type-lll distribution. These are indicated below:-

Table 11

Return Period Lakhisarai Mankatha Kadarganj Gaya
Q1 Q2 an Q2 Q1 Q2 Q1 Q2
(Cumec) {Cumec} {Cumac) {Cumec)
5 Years 1758 1246 1745 1380 1281 895 2248 1182
10 Years 2274 2009 2164 2040 1672 1588 3095 2581
25 Years 2926 2578 2693 2508 2165 2087 4143 4217
50 Years 3404 3004 3086 2803 2531 2449 4926 5844
100 Years 3889 3425 3475 3180 2895 2798 5707 7890

Nota: Q1 and Q2 are the values of floods obtained by Gumbel and Log Pearson Type !l distribution respectivety.
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5.4 UTILITY OF FLOOD FREQUENCY STUDIES

5.41 The result of flood frequency studies are useful in delineating the flood prone area on the
contour map in order to be aware of the situation in unprotected areas at different stages of the river
during flood. Te make these studies useful it is essential to have contour map (with 0.3 m contour
interval) of the flood prone area, preferably in a scale of 1:15000. Another utility of these studies will
be in the future formulation and planning of the fload control projects in the basin.

6 FLOOD AND DRAINAGE CDNGESTION
6.1 FLOOD PRDBLEM

6.1.1 Flood problem of Kiul-Harchar basin are not of very serious nature like those of the river basins
of North Bihar. However, flash floods have been occuring during period of heavy rains’in the catchment.
As recorded in the district Gazetteers the river Sakri experienced heavy flooding in 1896 and the river
kiul also experienced comparatively bigger flood in 1961. Besides this moderate flooding have been
noticed in the year 1962, 1963, 1967, 1969, 1971 and in 1976, in the river kiul. The river Falgu caused
flooding in the year 1971 during which several breaches occured in the Uderasthan canal system. Also
in the year 1986 severe fiocding was caused by this river due to heavy rainfail in its catchment. Details
of area flooded and damages caused in each river at specific locations could not be made availabie
to the commission.

6.1.2 Rivers like the Kiul, the Harohar, the Punpun etc are flowing aimost on the ridges in their lower
reaches. The bankful capacity of these rivers are inadequate due to which they are unable to contain
the flocd discharges and as a result spilling takes place over their bank causing fioods in the basin.
At places such spiils causing floods in the basin are prevented by Zamindari Embankments which are
generally of inadequate section and incapable of withstanding even medium fiood conditions.

6.1.3 Rivers of Kiul-Harohar basin are mostly in regime condition and are non perennial in nature.
Flooding in lower reaches takes place occasionally, due to spilling during monsoon season. Fiood
problem of the basin as identified so far are indicated below :-

1 The Kiul spilis over its bank in the lower reaches near Lakhisarai, flooding the nearby areas.

2 The Sakri river which flows into the Harohar river is a shallow river and it carries a lot of
silt. Also it creates flood problem, accasionally, due to occurence of flash floods in the river. Some local
Zamindari embankments are existing on this river below Sakri Weir in which there are number of gaps
and the flood waters spills through these gaps.

3 The river Falgu also creates flood problem sometimes due to cccurence of flash flood.

4 The river Panchane also causes flooding sometimes due to inadequate capacity of its
several bifurcated channels.

The flood problems described above are not so serious also as to cause severe damages in
the flood prone area. This is further corroborated by the fact that neither any flood control scheme has
been investigated nor any flood centrel scheme executed by the Water Resources Department in the
basin.

6.2 DRAINAGE PROBLEM

6.2.1 The drainage problem in the Kul-Harohar basin is confined to lower zone of the river system
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commonly known as Mokama group of Tals which consists of seven tals covering an area of 1062 Sq
Km extending in a length of about 100 km from Fatuha in the West to the vicinity of Lakhisarai in the
East. The width of the Tal varies from 6 km toc 17 km. Though the Tal is continuous, it is differently
named in its different reaches from west to east as Fatuha Tal, Bakhtiarpur Tal, Barh Tal, More Tal,
Mckama Tal, Barahiya Tal and Singhau! Tal. The river Harohar is the master drain of the Tal areas.
Though the main drainage slope of the Tal area is from west to east, it has got cross slope also from
south to north up to the river Harohar. The strip of Tal on the north of Harohar cross drains from north
to south. The topography indicates that the river Harohar flows in the valley of Tal areas. Several rivers
that rise in the hills of South Bihar flow in the north-ward direction and join the river Harohar which is
the master drain of the Tal

6.2.2 During monsoon months, the Tal gets filled up with water due to inflow of rivers entering the
Tal and due to obstruction in drainage due to back water of the Ganga entering the Tal through the
Kiul and Harohar rivers. Due to non-completion of the right bank Punpun embankment, spill water of
the river Punpun and the back water of the river Ganga through the river Punpun also enters the Tal
from Fatuha end.

6.2.3 The maximum depth of submergence in the recent past was recorded in the year 1987 which
varied from 3.86 m in Fatuha Tal to 5.76 m in More and Mokama Tals. The eastern most Tals namely
Barahiva and Singhaul suffered maximum submergence of about 4.5 m.

6.2.4 Due to monsoon submergence of the Tal area, optimum utilisation of its land resources is
hampered particularly during kharif season. When the accumulated water of the Tal gets drained out
by its natural drainage through the Harohar and the Kiul into the Ganga, by 15th October, a bumper
Rabi crop is grown almost in the entire Tal area, depending upon the availability of the residual
moisture in the soil.

Tai area do not get fully submerged every year. Kharif irrigation is practised in peripherial areas
of the Tal where depth of submergence is smail. in fact, in some areas where irrigation facility has been
created, even double crop, during both Kharif and Rabi season are being grown. Similarly, in a very
limited area hot weather crop is also grown. The existing cropping pattem (on an average) for the entire
Tal is given below :

Kharif 30.30 %
Rabi 65.54 %
Hot Weather 416 %
Total 100.00 %

6.2.5 More than 50% of Kharif area is reported to grow a second crop of Rabi also. Hot Weather
crop is being grown in a very small area (4.16%). The cuitivation of Kharif crap, second crop of Rabi
in the Kharif area and the Hot Weather crops are dependent on rains, light submergence by the waters
of the Tal and partially supported by State and Private tubewells. Rabi crop is grown in 65.54% of the
Tal area on an average after its submergence is cleared by the 15th of Cctober.

6.2.6 Due to continued submergence of most of the Tal areas, from July to September, it is not
possible to grow any kharif crop in a vast area. Rabi cuitivation is based on the residual moisture of
the soil freed from submergence. if some how drainage of the Tal is delayed beyond the 15th ol
Dctober, the Rabi sowing is delayed and crop sulfers due to loss of soil moisture when it approaches
the stage of maturity, because the required facility is not available at that time for irrigating the crops.
This seems to be the main problem of the Tal. The above information of cropping pattern are based
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on the data obtained from Agricuiture Department through the Chief Engineer, Master Planning
Organisation of the Water Resources Department.

6.2.7 The area of Tals, ground elevation and range of highest water levels as observed between
1972 and 1991 are given below :

Table 12
St Name of the Tal Area in Ground Elevation Highest Water levels
No S5q Km. in m as observed between
1972-21
1 Fatuha Tal 52.00 46,94 to 47.25 58.80
2 Bakhtiyarpur Tal 168.00 43.58 1o 47.24 48 67
3 Barh Tal 132.00 42.06 to 46.02 47.30
4 More Tal 215.00 39.32 to 44.20 45.07
5 Mokama Ta! 200.00 38.40 to 41.75 4416
6 Barahiya Tal 171.00 38.70 to 41.65 4310
7 Sighau! Tal 124.00 38.40 to 39862 4310

Total 1062.00

6.2.8 The difference in the lowest ground level of the Tals from west to east is 8.54 m. Similarly,
the difference in highest ground levels is 7.63 m and difference in highest water levels is 7.70 m. Thus
fand and water slopes are nearly the same.

6.2.9 CAPACITY OF THE TALS
The total combined capacity of the various Tals at HFL, which varies from RL 50.80 m in

Fatuha Tais to RL 43.10 m in Barahiya Tal (Average level of Tal during highest flood is about 46.025
m) is approximately 4.37 Lha m. Capacity of each Tai separately is noted below :

Table 13
Sl No  Name of Tal Capacity in ham at highest
walter level
1 Fatuha Tal 6562
2 Bakhtiyarpur Tal 7968
3 Barh Tat 22030
4 Morg Tal 85777
5 Mokama Tal 104994
6 Barahiya Tal ' 112025
7 Singhau! Tal 97485
Total 436851 Say 4.37 Lham
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The frequency and extent of submergence in different Tals are furnished below. It also shows
the number of years (out of 20 years) in which various Tals got submerged beyond 50 per cent, beyond

75 per cent up to 100 per cent.

Table 14
Sl Name of Tal Area in Years in which Years in which Year in which
N hectare more then 50% 75% was 100% was
submerged submerged submerged
1 Fatuha Tal 5180 1972,73,76, 1972,73,76,78, 1973,786,
78,8889 = 6 years 89 = 5 years 78,89, = 4 years
2 Bakhtiyarpur Tal 16835 1976,78,83, 1976,78 = 2 years
86,87 = 5 years
3 Barh Tal 13209 1973,76,78, 1976,78 = 2 years
8790 =5 Yr.
4 More Tal 21497 1973,74,76, 1973,74,76,78,
78,8087, 80 = 5 years
89,90 = 8 yr.
5 Mokama Tal 19943 18737678, 1973,76,78,80 1973786,
80,82,83,84, 82,83,84,87, 80,82,87,
85,8789, 90= 9 years 90= 7 yr.
90 = 11 Yrs.
6 Barahiya Tal 12432 1973,74,75, 1973,74,75,76, 1987= 1 year
76,78,80,82, 78,80,82,83,84,
83,84,85,86, 87.90= 11 Yrs.
§7.,88,82,90,
91= 16 years
7 Singhaul Tal 17084 1973,74,75, 1973,74,75,76, 198384,
76,77.78,79, 78,80,82.83, 85,87
80,82 83,84, 84,85,87 = 4 years
85,87,85,90, = 11 years
= 15 years

it is seen from the table that submergence over 50 per cent and uptc 75 per cent in case of
Fatuha, Bakhtiyarpur, Barh and More tal has occured only in 5 to 8 years in a period of 20 years whiie
in iower Tals of Mokama, Barahiya and Singhaui the frequency is 11 to 16 in 20 years.

For successful rabi crop in major portion of the Tal which remains submerged in monsoon
period (Khanf), drainage of Tai by 15th of October is very crucial. if drainage is delayed, then Rabi crop
suffers irrepairably. The following Tabie indicates the years in which different Tals were free from
submergence by 15th of October in last 20 years.
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Table 15
Sl Name of Tal Area in Ground elevation Years in which Tal was free of flood
No Sq Km in metre free of flood water on 15th of October
1 Fatuha Tal 52.00 46.86 to 47.25 1972,74,75,76,77,79,

80,81,83,84,85 86,87,
88,30,91= 17 years

2 Bakhtiyarpur Tal 168.00 4358 to 47.24 1972,74,75,76,79,80,
81,82,83,84,85,86,87,
88,89,80,91= 17 years

3 Barh Tal 132.00 42.06 to 46.02 1972,74,75,76,77,79,
80,81,82,83,84 85,86,
87.88,8991= 17 years

4 More Tal 215.00 38.32 to 44.20 1672,74,75,76,77,78,
79,80,81,82,83,84,85,
91= 13 years

5 Mokama Ta! 200.00 38.04 to 41.75 1972,74,75,76,77,79.80
§1,82.83,8491= 11 yr

6 Barghiya Tal 171.00 33.70 tc 41.65 1972,74,75,76,77,78,79
80,81,82,83,91= 12 yrs

7 Singhau! Tal 124.00 38.40 to 38.62 1972,74,75.76,77,78,7¢
80,81,82,83,84,85,86,
91= 15 years

1062.00

Note:- The Second Bihar State lrrigation commission has already submitted its report “ Suggestion for
priorities for detailed planning and execution of Tal areas schemes “ to the State Government on 3rd
December 1992,

6.3 FLOOD DAMAGE
6.3.1 The damages caused by flood are classified broadly into the two following categories:

a Direct damages

b Indirect damages

6.3.2 Direct damage:- The direct damges are those which are caused due to the direct physical
contant with flood water. These include iosses to (i) growing and preharvest crops {ii) houses and
house-hold assets {iii} Public utility works {iv) Public buildings and {v) Losses of human lives and live
stocks.

6.3.3 Indirect damage:- The indirect losses are not susceptible to guantdication. Therefore,
approximate monetary evaluation can only be done for such damages. These generally inciude (i) loss
of earning in agrobased industry and trade {ii) loss of revenue to the road and rail transport system
due to disruption of services {jii) loss of revenue to small shopkeeper and other daily wage earners and
{iv) loss of employment to the daily wage earners in public and private sectors,

6.3.4 The flood damage data are collected by the Revenue (Relief and Rehabilitation} Department
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of State Government and passed on {o the varipus concerned organisation of the State and Central
Government, Central Water Commission is collecting and compiling such data of all flood prone States
at National level.lt is observed that the flood damage statistics, which is essentially for benefit-cost
study for any flood management measures, are not being scientifically and rationally collected and
compiled. The RBA had made many useful recommendations in this regard which do not seem to have
been followed. The recommendation of the RBA should be followed strictly and realistic evaluation of
flood damage river basinwise should be carried out every year under the following three separately
identified categories :-

i Unpratected areas
i Protected areas due to fallure of protection work

ki Areas between the embankments and the rivers.

The Water Resources Department dealing with flood management should be associated with
collection and compilation of flood damage data. In order to eliminate any inconsistency, the flood
damage data should be collectively reviewed by the concerned Departments at the end of each year.
Such reconciled fong term data of flood damage is to be used in economic viability study for any future
flood protection/ management scheme in the area.

The Central Flood Control Board had decided that Flood Controi Department of the State
shouid compiie the fiood damage data basin wise with effect from 1960. This is not being done in Bihar
and flood damage data still continues to be collected district wise (not basin wise) by Revenue (Relief
and Rehabilitation) Department.

6.3.5 Flood damage data are required every year during the flood season for the purpose of immediate
requirement of relief operation. As such the need for compiling the annual floed damage data, according
to the administrative jurisdiction in district and blockwise category in the State can not be denied. On
the other hand, the fiood control measuires are required to be planned basin and sub-basin wise. It is,
therefore, suggested that such data be coliected by the Revenue authorities with active co-operation
of the concerned staff of the Water Resources Department, Agriculture Department, Road construction
and Buiiding construction Depanments and the data be compiiled and processed Lcth by the Statistical
organisation at district and State levei, district wise as well as basin/sub-basin wise for future use for
pianning of relief measures and flood management respectively.

The flood damage data for the Kiul-Harohar basin converted from available districtwise figures
are enclosed at Anpex 7.

6.3.6 From the perusual of the data processed by the Revenue Department it is noticed that the
damage to the property of the Central Government such as Raiiways, Post & Telegraph etc, are not
properly accounted for, Dn the other hand the cost of relief and rehabilitation measures, grants of
ioans, remission of land revenue etc, are added to the flood damage. This dees not appear to be
proper and it shouid be discontinued.

6.3.7 it would be evident from the avaifable flood data (Annex 7) that average annual area affected
by the flood and drainage congestion is 1567.7 Sq Km {Maximum being 4361 Sg Km and the minimum
being 70 Sq Km). The average annual damage to the crop, houses, and public utility on the 1991 prices
works out to be Rs 1813.49 Lakhs, Rs €86.40 Lakhs and Rs 187.53 Lakhs respectively. The same
vaiues at 1968 constant price level are 292.63 Lakhs, 110.55 Lakhs and 30.20 Lakhs respectively. The
river system has witnessed worstever flood during the year 1987 causing the maximum damage so far.
The value of damage to crops and houses during the year 1987 were Rs 6990.81 Lakh and Rs 8694.09
Lakh respectively at the then price tevel. The human and cattle lives lost were 424 and 88 respectively.
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The data also reveals that high floods in the river are experienced almost once in three years. The
comparative study of the flood damage data placed at Annex 7 shows that the average annual damage
in this basin is about 1.64 and 3.09 per cent of the tota! annual average damages of the country (as
a whole) and Ganga sub basin respectively whereas the geographical area of the basin is 0.504 per
cent and 1.925 per cent of the country and Ganga sub-basin respectively.

6.3.8 The trend of distribution of various components of damages, such as crops damage, damage
to houses etc during various blocks of years is indicated below:-

Table 16
Sl Type of damage Damage in percentage during the period
No
1968-72 1973-77 1978-82 1983-91 1968-91
1 Damage to crop 78.15 73.75 84.89 52.77 67.47
2 Damage to houses {Private properties) 17.74 25.37 1.84 36.91 25.55
3 Damage to public utiiities 4.11 0.88 13.17 10.32 6.98

6.3.9 [t is observed from the figures furnished above that the crop damage, damage to houses and
damage to public utilities roughly constitute 76 per cent, 13 per cent and 11 per cent of the total
damages except damage to the houses during the bleck year 1978-82 and damage to public utilities
during the block year 1968-72 and 1973-77.

7 PAST APPROACH

Although the flood problem in the Kiul-Harohar basin is not so acute as in the North Bihar river
basin, flash fiood occur in different rivers/ tributaries of the basin causing problems of flooding and
drainage congestion in the areas mostly covered by the Mokama group of Tais. Efforts were made in
the past from time to time to find a solution to the problem of flooding and drainage in the basin. A
Master Plan for Flood Controt Works in State of Bihar was prepared in 1974 in which a number of
schemes in this basin were formulated and a few out of them were constructed aiso subseguently.
These schemes can be broadly classified as embankment schemes, drainage schemes, reservoirs,
river training works, soil conservation etc. A list of flood contro! schemes executed, under construction
and proposed in the basin is given in Annex B. These schemes have alsoc been shown in drawing
enciocsed,

7.1 EMBANKMENT SCHEMES

The important embankment schemes either planned or executed in this river system are the
following:

Sakri Embanrkment scheme

Kiui Embapkment scheme

Panchane Embankment scheme

Barahiya Tal ring bund scheme

Flood protection works in Falgu basin from Khizirsarai to Daniawan.

o o G oo

In addition to these there are large number of Zamindari Embankments in some reaches of
Kiul, Sakr and Falgu rivers. Some of these embankments were found quite useful, whereas others
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were constructed purely on local considerations without providing adequate section and were afigned
100 close 10 the river edge for protection of as much area as possible. Without caring for their safety.
in order to ascerain the usefulness or therewise of the existing Zamindari Embankments in the State,
the Government of Bihar had constituted a committee under the Chairmanship of Shri K N Lal, the then
Chief Engineer, in the year 1987. The Committee categorised the Zamindari Embankments into the
following three categories.

1 Zamindari Embankments which were found to be suitable for taking over by the Irrigation
Department (now Water Resources Department) under overall flood management plan in the basin.
The list of such embankments in the basin is placed at Annex 9.1.

2  Zamindari Embankments which were found to be useful in overall flood management plan
of the basin but were recommended to be taken over by the irrigation Department after investigation
by the Advanced Planning Wing. The list of such Zamindari Embankments in this basin are piaced at
Annex 9.2,

3  Zamindari Embankment which did not fit into the overall flood management plan of the
basin under the controf of the Irrigation Department (Water Resources Department} but were found to
be of local use were recommended to be maintained by the district administration. List of such
embankments in this basin are shown in Annex 9.3. No further action appears to have been taken by
the Water Resources Department on the reports of this committee.

7.2 DRAINAGE SCHEME

Drainage congestion due to blockage of incoming water from upper catchment of the basin by
high stages of the Ganga, resulting in vast pool of water known as Tal area, is the most serious
problem of this basin which has been baffaling the mind of the peopie of the area as weli as the State
Government authorities.

The Government of Bihar invited suggestions from expert for improvement in the utilisation of
tand and water resources of the Tal and also constituted a committee, known as Mokama Tal Technical-
cum-Development Committee, to suggest measures for improved utilisation of land and water resources
of the Tal areas. The Bihar Legislative Council constituted a committee of the Counci! to suggest ways
and means for overall development of the Ta! area. Recommendation of Dr K L Rao, the then Union
Minister for Irrigation and Power, is placed at Annex 7.4 and that of High Level Technical Commitiee
headed by Shri C C Patel, the then Secrstary, Department of lrrigation Government o1 india at
Annex 11. The recommendations of two Committee named above are enclosed as Annux 12 and 13.

WRD of the GOB accepted some of the recommendations pertaining to development of the
land and water resources of the Tal area and decided to execute them in a phased manner. in the
first phase it was decided to drain out the low lying pockets by culting and renovatiing 16 nos of
existing channels conpecting local depressions in Ta!l areas with the main out-let channels ie the
Harohar and providing bed bars with Karri regutation at the junction to achieve the twin objectives of
accelerating drainage during the kharif season and storing water specially during winter rains in December
and January for Rabi irrigation. These works were taken up for execution in 1967 and were completed
in 1989. However, the wocden Kurries were subsequently lost and at present a scheme has been taken
up to provide mannualy operated vertical litt shutters of steel. During their visit to the Tal area, some
of the Members of the Commission got an opportunity to see one of the channels and the reguiator
on it in which steel shutters were lowered in the process of their installations. Primafacie it appeared
that this regufator as well as other like this would not be able to {uifill the objectives of storing any water
for use in Rabi due to following reasons :-
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1 The regulator will remain submerged in the Tal water during the monsoon except the top
of the abutments and piers and will not be approachabis except by boats. Therefore, operation of gates
will be possible only after draining of the Tai which will not serve the purpose of holding back even
a small quantity of the Tal water for subsequnt use.

2  As the whole Tal is a low lying area and gets submerged there is no high ground which
could be tied with the abutment. It is, therefore, apparent that at the time of draining of the Tal, water
will flow down by the side of abutment also outflanking them,

3 Capacity of the channe! appeared to small to store any tangible quantity of water within
iis flank and behind the gates.

4 In such out of way places it will be difficult to maintain the water-tightness of the gates
as a result of which even the little quantity of water collected behind the gates may leak out in course
of a few days.

5 Rains, during Rabi period, are so scanty that the channels and the gates are not expected
to collect any useable quantity of water from rainfall in the Rabi season.

6 It was observed during the visit that the top of gates were kept above the bank of the
channel. The accompanying local officers were not able to justify provision of such high gates.

it is, therefore, suggested that the State Government may like to get the utility of these gates
reexamined separately in each case before incurring further expenditure on such works.

In the second phase, out of many schemes proposed, only Punpun Right Embankment, in a
length of 14 km, was approved by the Government and its construction was duly started. 60 per cent
of the work is reported to have been completed and remaining work is reported to be held up due to
public objection in the earlier years and possibly due to paucity of funds in the recent years. This
embankment, when completed, is expected to prevent the spill of the Punpun river and the back water
of the Ganga through the Punpun from entering into the Tal area from Fatuha end. This embankment
will certainly provide much relief to Fatuha and Bakhtiyarpur Tals. It is, therefore, suggested that the
execution of this embankment which is lingering since last so many years should be completed on a
priority basis, in a time bound programme. :

The third phase envisaged provision of storage dams in the hilly caichment of the north flowing
rivers into the tals. The Tal areas get filled up primarily due to inflow of the rivers joining the river
Harohar which flows from west 10 east in the middle of the Tal. The Commission feels that it is of
paramount importance to hold up as much inflow as possible in reservoirs,
weirs, ahars, tanks, pynes and canal etc. in the catchmant above the Tal in the south which alone is
expected to provide real relief from deep and long submergence of the Tal area.

7.3 RESERVOIR/ DAM SCHEME

Many reservoir/ irrigation schemes have been constructed or are under various stages of
construction which are expected to prevent considerable amount of water from entering into the Tal
ared. Schemes so far constructed detain around 1.04 Lham of water and then subsequently divert them
into the command through canal in case of reservojr or by direct diversion in canal in case of diversion
weirs. Some of the important reservoir schemes in the river system are the following :-

a Upper Kiul Reservoir Scheme

b Barnar Reservoir Scheme
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c Nagi Reservoir Scheme

d Nakti Reservoir Scheme

In addition to these there are a number of small reservoir/ weir schemes. A list of all these
schemes is enciosed as Annex 7.8.

7.4 OTHER MEASURES

a No serious erosion problem has been reported at any place in the basin. some anti-
erosion works at the extreme northern end of the basin on the right bank of the Ganga were taken up
- for protection of Barahiya town and Khutaha village.

b  Soil Conservation Measures:

No concrete measure has been taken up in the catchment of this basin, However, a scheme
for intensive soil conservation measures in the upper hilly catchment of the Sakri and the Kiu! rivers,
covering an area of B28 Sq Km at a cost of 414 Lakhs was included in the Master Plan for Flood
Control in Bihar State prepared in 1974. The fate of this scheme is not known to the existing concermed
otficers of the Water Resources Department.

¢ Raising of Viilages:

A proposal to raise 250 villages being affected by flood in the catchment of this river system
involving an expenditure of Rs 25.00 lakhs was indicated in the Master Plan for Flood Control Works
in Bihar prepared in 1974 but no action has been reported to have been taken so far.

8 FUTURE APPROACH

8.1 In accordance with the National Water Policy, a comprehensive plan for optimum use of
remaining available water resource of the basin for multipurpose uses is required to be prepared at the
earliest. Priorities for executicn of different components of the comprehensive plan be fixed in accordance
with availability of resources and schemes implemented accordingly. As the preparation of such
comprehensive plan is likely to take fonger time, planning for flood control and remavai of drainage
congestion in the basin is to be attempted on top priority in order to prevent recurring damage that are
taking place due to flood and damage congestion in the basin. This plan for flood management and
drainage congestion may be dovetailed into the comprehensive plan for optimum use of water resources
in the basin.

8.2 inspite of the efforts made so far to mitigate the flood and drainage probiem of the basin, the
drainage problem is still dominant probiem in addition there are minor flood problem here and there.
These are summarised as follows :
a Fiooding and drainage probiem in Mokama group of Tals
Fiooding in lower reaches near Lakhisarai due to spill from the river Kiu!

c innundation of areas in the vicinity of Sakri bank due to spilling of the river through the
gaps in the embankment and also through the unembanked portions.

d Flooding by the river Faigu

€ Flodding by the river Panchane.
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8.3 In order to mitigate the flood and the drainage problem of this basin following measures are
suggested to be taken up in future.

8.3.1 Reservoir:- A properly cperated flood reservoir combined with effective flood forecasting, offer
the most dependable flood centrol. The Nationa! Policy on Flood of 18954 also recommended dams cn
tributaries as a long term measure of flood control. Reservoir, in general, even without flood cushion
have a beneficial effect on the flocd problem of a basin. Effectivenass of a reservcir in moderating flood
would depend upon the capacity available for abserbing flocd runoff. Because of high cost the reservoirs
are not economically viable for flood moderation purpose only. This is also in keeping with the
recommendation of the Expert Committee on Mckama Ta! as described in para 7.2.

It has been indicated in the report of this Commission on “detail Planning of Tal Area Schemes®
submitted tc the State Government on 3rd DCecember 1992 that the capacity of the Tal as oblained
in 1987 is 4.37 Lham. It has been further indicated that the maximum annual infiow into the Tal from
the rivers coming from South is 10.57 Lham which cccured during the monsoon pericd of 1987. Cut
of 16 years of records monsoon inflows, are almost equal to or more than the capacity of the Tal for
15 years. Had there been no such tremendous inflow intd the Tal entering into it from several poinis,
it would have been easier to contain the back water of the Ganga between the two banks of the
Harohar by constructing embankments on its both sides. It is, therefore, important to investigate and
construct schemes for the utilisation of runoff for storage/ utilisation in the upper catchment to the
largest possible extent. The storage reservoirs, barrages, weirs and minor irrigation schemes constructed
s0 far can store/utilise maximum up to 1.04 Lham only. Efforts in this direction has to be vigorously
pursued which will provide substantial relief to the Tals apart from providing irrigation benefit to upper
catchment in the areas lying south of the Tal. The commission, therefore, recommends that the
following reservoir schemes be taken up on priority:-

1 Barnar Reservoir Scheme
Upper Kiul Reservoir Scheme
Tilaiya Diversion Schame
Kundghat lrrigation Scheme

Sakri Raservoir Scheme

Mochane Reservoir Scheme

= o N s WM

Lilajan Reservoir Scheme

A properly operated reservoir combined with efficient flood forecasting offers the most dependable
flood control. The effectiveness of such reservoirs, howaver, is mainly dependent upon the capacity
ofthe reservoir for absorbing flood runcif and its distance from the area of damage. 1t is, thereiore, felt
that suitable flood cushion may be provided in these reservoirs as far as practicable depending upon
the caichment area intercepted by each of these. Prima facie these reservoir does not apear to have
the capacity so as to absorb the flood water to eliminate flooding and damage congestion in the basin.
Careful and planned operaticn of these reservoirs is expected to help in moderating flood to a farge
extent. This aspect may be looked into.

8.3.2 Embankments:- Master Plan For Flood Control Works in Bihar State, prepared in 1974 had
suggested following embankment schemes in this basin to take care of occasional floods that occur
in down-stream reaches of the rivers :-

a Sakri embankment scheme
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b Kiul embankment scheme
c Panchane embankment scheme
d Barahiya Tal Ring Bund scheme

e Flood protection works in Faigu basin from Khizirsarai to Daniawan.

it appears that the aforesaid schemes have not been investigated in detail for preparation of
schemes for obtaining sanction and their implementation. it is, therefore, felt that the necessity for
these schemes may be reviewed in the present circumstances and if necessary detalled schemes
should be prepared on the basis of proper and adequate investigations and past historical data for
obtaining sanction and impiementation if found economically viable.

8.3.2.1 In addition to these there are many zamindari bunds existing in the basin. These bunds were
reviwed by K N Lal Committee as discussed in paragraph 7.3 in the past approach. The categorywise
details of such exfsting Zamindari embankments are enciosed at Annex 9.1, 9.2 & 9.3. First category
consist of such embankments which were considered suitable to be taken over by the Water Resources
Department under its overall fiood management plan in the basin. Second category of the Zamindari
Bunds were those which were to be taken over by the Water Resources Department only after those
were found suitable after detailed and proper investigation by the Advance Planning Wing of the
Department. And third category of the Zamindari Bunds were those which were not found useful in
overall flood management programme of the Department in the basin but were of 1ocal use. These were
recommended by the Committee to be maintained by the respective District Coliectors.

So far no action appears to have been taken on the report of K N Lal Committee. The
Commission feels that follow up action may be taken on the recommendation of K N Lal Committee
s0 far as this basin is concerned without any further delay by the State Government.

8.3.2.2 Construction of right bank Punpun embankment is expected to prevent the spill of the Punpun
river and the back water of the Ganga through the Punpun from entering the Tal area from the Fatuha
end. )t is therefore suggested that the execution of this embankment, which is lingering since tast so
many years should be completed on priority basis in a time bound programme.

8.3.2.3 Dowel/Embankment in isolated length to prevent entry of the Ganga spill into the Tal area
through the low lying lengths of road may be constructed.

8.3.3 Drainage Congestion:- For removal of drainage congestion many proposals have been put
forward by the committees constituted by the State Government in the past. These proposals have
been studied and view of this commission nave already been expressed in the report on “ Suggestions
for priorities for detailed planning and execution of Tal area schemes “ submitted to the State Govermnment
on December 3, 1992. The same recommendations are not being reproduced here to avoid repetition.

8.3.4 Channel improvement

8.3.4.1 The river Panchane is reported 1o create flooding in its sub-basin due to inadequacy of its
several existing channels sections similar floods are being caused in the bifurcated channels of the
river Falgu also. All these channels are in such a silted up condition that even during flow of small
guantity of discharge these spill over their bank causing flocding in the adjacent areas fiooding depending
upon the quantity and stage of fiow. These spills intermingle with each other and large part of the
Nalanda district and parts of Munger and Patna district gets submerged during the monsoon season.

8.3.4.2 This calls for detailed planning and execution of channel improvement works in all such channels
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in the basin in order to make them capabile of carrying the fiood discharges within their banks. Before
embanking on such works main and subsidiary channeis be identified and then benefits be evaluated
carefully taking the cost of maintenance into account.

8.3.5 Soil Conservation:- Under an Integrated Action Plan for flood management in the Indo Gangetic
piains, watershed treatment and soil conservation measures were taken up in a few flood prone basins.
These measures are stili limited to experimental application. Their effectiveness in reducing the peak
ficod during monsoon is yet to be established, However soil conservation and watershed management
measures are likely to have beneficial effect by way of reducing the quantities of siit fiowing into the
rivers,

Fiash fiood, which occur in the rivers like the Faigu, can be reduced by adopting proper soil
conservation measures in their catchment. Basin bereft of green covers responds quickly to the input
precipitation giving rise to flash fioods. The Kiul-Harohar system drains the Chotanagpur piateau. There
Is a proposal under consideration of government of Bihar to take up soil conservation measures in the
upper hilly catchments of the rivers Sakri and Kiul covering an area of 828 Sq Km at cost of 414.00
Lakhs. These schemes should be updated on the basis of experience gained so far and implemented
at the earfiest. '

8.3.6 FLOOD PLAIN ZONING

8.3.6.1 The basic concept of flood plain zoning involves reguiating the land use in the fiood piains to
restrict the damage caused by floods which are bound to occur from time to time as a natural
phenomena. It, therefore, aims at contour surveys and praduction of maps for determining the location
and extent of areas likely to be affected by floods of differnt magnitude/ frequencies and the likely
depths of submergence with a view to develop these areas in such a fashion that the resuiting damage
is reduced to the minimum. Flood piain zoning is thus useful in both protected and unprotected area.
While it can prevent indiscriminate growth in unprotected areas, it heips in regulating the development
in protected area. The different flocd zones can be regulated on the foilowing pattern :-

Priority |

Defence instaliations, industries, public utflities like hospitais, electric and water suppiy
instaflations, telephone exchange, aercdromes, railway stations, commerciat centres etc. could be
created in such a fashion that these are above the level corresponding to 1 in 100 years flood or the
maximum observed flood level till date. These would also be above the level corresponding to 50 years
return period rainfall and likely submergence due to drainage congestion.

Priority 1l

Public Institution, Government Offices, Libraries and residential areas should be safe for 8 25
years flood or a 10 years rainfall.

Priority 111

Play grounds and parks can however be located in areas vulherable to frequent floods.
8.3.6.2 This Commission has considered the aspect of Flood Plain Zoning so far as the State of Bihar
is concerned and has submitted a report on “Flood Plain Zoning “ to the State Government on
Becember 3, 1992. The commission has felt that strict regulation of fand use in flood zones and

drainage channeis are very essential to reduce the flood damages in real! terms and accordingly
recommended that fiocod plain management measures shouid be strictly enforced.
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8.3.6.3 Although detailed survey maps showing contour of 0.3 to 0.5 m interval wedld be required to
Jdemarcate different zones of the flood plain and to draw up proposals for the management and
regulation, the work can be strarted even on the basis of available data on the frequency and extent
of flooding in the past. To start with this works should be taken up on pricrity, in first phase, for the
areas which are not protected from floods and drainage congestions at present. Subsequently the
detailed data may be procured and Flood Risk Maps prepared for enforcing Flood Plain Zoning in the
basin.

8.7 FLOOD FORECASTING AND WARNING:-

Flood forecasting has proved to be of great help in issuing warning to the people in flood prone
areas, organising fiood fighting and safety measures for engineering works, timely evacuation of people
fram affected areas and salvation of moveable properties besides mobilising relief operations.

The CWC has four discharge observation s‘ites, one each on Kiul, Harohar, Sakri and Falgu
and maintains three guage sites at Song, Garhi and Jamui in the basin. However, at present no flood
forecast and warning in being issued from any of these sites.

The rivers Sakri, Kiul and Falgu are prone to flash flood which has some times caused severe
damage to property as well as to the human and cattle life. Prima facie it appears that prior flood
forecast in these rivers will certainly help in minimising the flood damages so caused. The State
Government may take further necessary steps for providing flood forecasting and warning facilities in
the flashy rivers of the Kiul-Harohar system.

9 SUMMARY OF RECOMMENDATIONS

9.1 it is observed that hydrometeorological data of the river basin is not being observed, collected,
analysed and decumented in a systematic manner. There is no need for establishing more raingauge
stations in the Kiut Harohar basin, However, the network of Gauge-Discharge sites should be expanded
by opening more sites at suitable locations as quickly as possible, The area liable to floocds and
drainage congestionin the various reaches of the basin along with area actually flooded with crop
details are not being observed and properly recorded. The area flooded by over bank spills should be
marked separately from those which gets submerged due to drainage congestion on account of heavy
precipitation coinciding with the high stages in the outfall channels. Systematic observation, collection
analysis and maintenance of such data should be retrieved/procured from concerned sources, studied,
analysed and documented for future use. The State Government may consider allotment of sufficient
fund under the plan head for establishing data collection units with the primary objective of collection
of data/ information on a continugus basis, sc that it is useful for the future planner.

(Para 4.7.3, 4.8.1)

9.2 The summary of recommendation made by RBA and accepted by Ministry of lrrigation,
Government of India is as follows:-

°In case of embankment, the design of a project should be determined, for the time beifg, on
flood frequencies suggested. Meanwhile necessary steps may be taken for eventual application of the
henefit cost ratio criteria for fixing the design.”

“In case of embankment scheme the height of the embankment and the corresponding cost be
worked out for various flood frequencies and also the benefit cost ratio, taking inte account the likely
damage to occur for the relative flood frequencies. However, till much times as the details of all
relevant parameters are availlable embankment scheme might be prepared for a flcod of 25 years
frequency in the case of predominantly agricuttural areas and for flood of 100 years frequency for works
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peraining to town protection and protection of industrial and other vita! organisation.”

While endorsing the decisions of the Ministry of irrigation, GOl, on the recommendations of the
RBA, the Commission suggests that all the embankments on important rivers should be designed for
a flood of 50 years frequency in genera! and for flood of 100 years frequency for works pertaining to
town protection of of vital industrial establishments.

We also endorse RBA recommendations for adoptionin embankment design in our State.
(Para 5.2.3)

9.3 It is observed that the flood damage statistics, which is essentially for benefit-cost study for any
flood management measures, are not being scientifically and rationally collected and compiled. The
RBA had made many useful recommendations in this regard which do not seem to have been followed.
The recommendations of the RBA should be followed strictly and realistic evaluation of flood damage
river basinwise should be carried out every year under the following three separately identified categories:

i Unprotected areas
i Protected areas due to fajlure of protection work

iii Areas between the embankments and the rivers.

The extent of drainage congestion in the protected and unprotected area should be indicated
separately, The Water Resources Department dealing with fiood management should be associated
with collection and cempilation of flood damage data. In order to eliminate any inconsistency, the flood
damage data should be coliectively reviewed by the concerned Departments at the end of each year.
Such reconciled long term data of flood damage is to be used in economic viability study for any future
flood protection/management scheme in the area.

{(Para 6.3..4)

9.4 The flood damage data are presently collected by Revenue Depantment and communicated to
other concernad Departments. In view of requirement of these data to district administration & Revenue
Department it is suggested that, the coliection of these data may be continued by Revenue Depariment
with active cooperation of staft of Water Resources, Agriculture and Roads & Building Construction
Departments and the data should be processed and compiled both districtwise as we!! as basin/sub-
basinwise by the statistical organisation at district and State leve! for future use for planning of relief
measurs & flood management respectively.

(Para 6.3.5)
9.5 irrigation schemes like Barnar Reservoir, Upper Kiul Reservoir and Tilaiya Diversion schemes,
which are under various stages of construction are recommended to be completed at the earfiest.

(Fara 8.3.1)

9.5.1 Investigation of further likely reservoirs and irrigation schemes as well as construction of
ReservoirsArrigation schemes !ike the Kundghat, Sakri, Mohane and Lilajan Reservoir schemes which
have been planned in the basin are recommended to be taken up and implemented as soon as
possible.

{Para 8.3.1)

9.5.2 It is felt that suitable flood cushion may be provided in the reservoirs as far as practicable

depending upon the catchment area intercepted by each of these. Careful and planned operation of
these reservoirs is expected to help in moderating flood to a large extent. This aspect may be looked
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into.
fPara 8.3.1)

9.6 Embankment schemes suggested in *Master Plan for Flood Control Works in Bihar State”,
prepared in 1974, has so far not been taken up for construction. It appears that the aforesaid schemes
have not been investigated in detail for preparation of schemes for obtaining sanction and their
implementation. it is felt that the necessity for these schemes may be reviewed In the present
circumstances and it necessary detailed scheme should be prepared on the basis of proper and
adequate investigation and past historical data for obtaining sanction and implementation, it found
economically viable.

[Para 8.3.2]

9.7 To ascertain the usefuiness of Zamindari Embankments in the State, Bihar Government
constituted a committee under the chairmanship of Shii K N Lal, the then Chief Engineer in the year
1987. The Commission feels that follow up action on the reports of this Committee with respect to this
basin may be taken without any further delay by the State Government.

' (Para 8.3.2.1)

9.8 Construction of right bank Punpun embankment is expected to prevent the spill of the Punpun
river and back water of the Ganga from entering the Tal area from Punpun end. It is, theretore,
recommended that execution of this embankment, which is lingering since many years, should be
completed on priority basis on a time bound programme.

(Para 8.3.2.2)

9.9 Dowel/ Embankment in isolated length to prevent entry of the Ganga spill into the Tal area
through the low fying lengths of roads may be constructed.
[Para 8.3.2.3]

9.10  The river Panchane as well as the bifurcated channels of the Faigu are reporied to create
flooding due to inadequacy of carrying capacity of their several existing channels as a result of heavy
siltation. This calls for detailed planning and execution of channel! improvement works in all such
channels in the basin in order o make them capable of carrying the fiood discharges within their banks.
Before embanking on such works main and subsidiary channels be identified and then benifits be
evaluated carefully taking the cos! of maintenance into account.

(Para 8.3.4.1, 8.3.4.2)

9.10.1 Watershed treatment and soil conservation measures are likely to have beneficial effect by way
of reducing the silt inflow intc the river. Soil conservation measures may prove very effective in the
Falgu which experiences flash flood. There is already a proposal under consideration of the Government
of Bihar to take up soil conservation measures in the Upper hilly catchment of the river Sakri and Kiul,
covering an area of 828 Sg Km at a cost of 414 Lakhs,

Suitable schemes may be formulated & implemented at the earliest.
{Para 8.3.5)

9.11 Soil conservation and watershed treatment are iikely to have beneficial impact by way of
reduction in quick runotf response of the basin. It will reduce intensity of flash flood in the rivers like
Falgu etc. Therefore, atforestation on a large scale should be taken up in the basin.

{Para 8.3.5)

9.12  Flood plain zoning measures will be helpful in both protected as well as unprotected areas as
they prevent indiscriminate growth in unprotected area and help in regulating the development activities
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in the protected areas so that unduly heavy damage is not caused in the event of failure of protection
measures. Flood risk map of the basin on a contour map of scale 1:15000 and contour interval of 0.3
metre should be prepared showing the areas iikely to be fiooded by the floods of different frequencies
such as 100 year, 50 year and 25 year flood. Similar fiood risk maps showing submersion caused due
to drainage congestion corresponding to a 50 year and 25 year rainfall should be prepared and flood
plain zoning be enforced. To start with, this work should be taken up on priority, in first phase, for the
areas which are not protected from floods and drainage congestions at present. Subsequently the
detailed data may be procured and Fiood Risk Maps prepared for the remaining flood prone areas in
the basin for enforcing flood plain zoning.

{(Para 8.3.6)

9.13 Flash floods occur in rivers like the Sakri, the Kiul and the Falgu which sometimes cause
extensive damage to the human and cattle life as well as to the property in their flood zone, CWC has
four gauge discharge sites and three gauge sites on these rivers but at present no facility of flood
forecasting and warning is available. The State Government may consider and take necessary steps
for providing flood forecasting and warning facilities in flashy rivers of the Kiul-Harohar system.
(Para 8.7)
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Annex 1
RAIN-GAUGE STATICN IN KIUL HARCHAR BASIN
S Name of location District Maintained Self
No  rain-gauge by recording
station Lat Long or ordinary
1 Chatra 2412 " 84°52' o Hazaribagh IMD Ordinary
2 Hunterganij 24°27 0" 84°48' Q" do IMD do
3 Gujhandi 24°28' Q' 85°30' 0" do State do
4 Barachati 24°30' O 85°02' 0" Gaya IMD do
5 Tisri 24°25' 0" 86°04' 0" Giridih State do
6 Bamdah 24°35' 0" 86°24' 0" Munger do do
7 Rajauli 24°39' 0" 85°30' 0" Nawadah IMD do
8 Satgawan 24°45' 0" 8547 " Hazaribagh do do
9 Gaya (obsy) 24°45' 0" 84°57" 0" Gaya do Self recording
10 Nawada 24°53' 0° 85°33 0" Nawada do Drdinary
11 Gidhaur 24°52' 0° 86°19' 0" Munger do do
12 Jhajha 24°47 O 86°23 0" do do do
13 Jamui 24°5g" " 86°13' 0" do do do
14  Sikndra 24°48' 0" 86°0p2' " do State do
15  Pakribaraman 24°57° 0° 85°44' 0" Nawadah IMD do
16 Silao 25°05' 0" 85°25' 0" Nalanda do do
17 Nalanda 25°08' 0" 85°28' Q" do do do
18 Jahri 2505 O 86700 Q" Munger State do
19  Shekhpura 25°09' 0" 85°51' Q" do tMD do
20  Islampur 2508 0" 85713 0" Nalanda do do
21 Ekangersarai 25°13 0" 85°14' 0" do do do
22 Bihar 25°11' Q" 85°33' 0" do do do
23  Asthawan 25°13 0" 85°37' " do do do
24  Sarmera 25°15' Q" 85°48' 0" Patna do do
25 Chandi 25°15' 0" 85°20' 0" Nalanda do do
26  Hilsa 25°18' O" 85717 0" do do do
27 Badalpur (Khagole) 25°20' 0" 86°05' 0" Patna do do
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Annex 2

RAIN-GAUGE STATIONS IN THE CATCHMENTS ADJACENTS TQ THE KIUL HAROHAR BASIN

Sl Name of Location District Maintained Self

Ne¢  rain-gauge by recording
station Lat Long or ordinary

1 Hazaribagh 23°39' 0" 8522' 0" Hazaribagh IMD Self recording

2 Barhi 24°18' 0" 85°25" 0" do do Ordinary

3 Dhanwar 24°25' 0" 85°59' 0" Giridih do do

4 Chakaiband 24° @' Q" 86°24' 0" Munger do do

5 Sherghati 24°33' 0" 84°48' 0" Gaya do do

6 Jahanabad 24713 Q" 85°00' Q" Jahanabad do do

7 Munger 25°23' 0" as°28' 0" Munger do do

8 Mokama 25°25 0" 85°43' 0" Patna State do

9 Kodarma 2417 0" 85°32' o Hazaribagh IMD do

10 Begusarai 25°26' 0" 86°09" 0" Begusaral do do

11 Bakhtiarpur 25°27' 0" 85°32' O Patna do do

12 Barh 25°29' Q" 85°43' 0" do do do

13  Patna 25°37' Q" 85°1010" do do Self recording
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Annex 3

MONTHLY AND ANNUAL NORMAL OF RAINFALL AT RAINGAUGE STATIONS IN KIUL HAROHAR AND
ITS ADJACENT BASIN MAINTAINED BY IMD
Normal rainfalt in mm

Sl Name of raing- June July August Sept. Oct. Total
No auge station {monsoon)
1 Patna (Obsy) 158.0 2761 3404 237.7 54.6 1066.8
z2 Bihar 138.2 283.0 305.8 185.7 42.9 955.6
3 Barh 1402 238.8 265b.4 185.4 43.9 873.7
4 Hilsa 120.1 248.4 310.6 188.5 371 904.7
5 Istampur 128.0 2852 2936 193.8 32.3 932.9
6 Asthanwan 129.3 249.2 236.8 179.8 43.7 888.8
7 Ekangersarai 85.1 221.2 214.9 157.0 32.0 710.2
8 Bakhtiarpur 125.7 294.6 351.8 224.3 49.3 1045.7
9 Sarmera 135.9 289.6 319.3 204.5 60.5 1002.8
10 Badalpur {(Khagole) 75.7 206.8 249.4 160.0 31.b 723.4
11 Silac 108.2 268.5 266.2 167.6 38.9 849.4
12 Chandi 122.7 305.1 302.0 204.0 44.5 978.3
13 Gaya (Obsy) 140.5 331.0 366.5 1971 48.8 1083.9
14 Nawada 123.7 267.7 308.6 176.8 47 2 924.0
15 Jehanabad 130.8 283.0 325.9 213.6 38.9 992.2
16  Sherghati 128.3 297.4 362.5 2131 52.8 1054.1
17  Rajauli 139.9 308.1 350.8 213.1 5b.4 1067.3
18 Pukribarawan 117.3 227.3 279.7 176.3 485 849 4
19  Baradwati 121.4 324.6 377.9 209.0 50.5 1083.4
20 Bagusarai 1781 271.3 324.9 243.8 57.1 1075.2
21 Munger 174.0 263.4 3249 212.3 5b.4 1030.0
22  Jamui ' 160.0 29286 2929 216.4 59.4 1021.3
23  Sheikhpura 165.3 2771 312.2 199.4 51.6 1005.6
24  Chakaibanda 193.3 300.2 3051 227.6 87.6 1113.8
25 Gidhaur 200.1 327.1 3171 233.4 85.9 1164.2
26 Hagzaribagh 194.3 3218 343.0 219.7 79.5 1164 .3
27 Barhi 183.4 3345 365.8 201.2 80.3 1165.2
28 Chatra 73.2 360.9 385.1 229.1 61.0 1209.3
29 Kodarma 1755 305.6 3427 2103 70.6 1104.7
30 Hunterganj 151.4 380.7 3888 231.9 60.2 1212.8
31  Satgawan 113.0 2885 325.6 186.4 49.3 962.8
32 Dhanwar 166.4 326.4 303.5 197.9 82.5 1076.7
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Ar_mex 4

STATEMENT SHOWING THE GAUGE AND DISCHARGE SITES IN KIUL HAROHAR RIVER BASIN

sl Name of the site Rivér/ Location Nature Maintained Year of
No tributary of site by CWC/ starting
Lat. Long. State Govt.
1 Lakhisarai Kiul 25°10"33  86°6'4" G&D CWC 1959
2 Gaya Falgu 24°4742" 85°0'57" G & D CWC 1959
3 Kadarganj Sakri 24°54'33" 85°3552" G & D CWC 1960
4 Mankatha Harchar 25°10'33"  86°4°0" G&D CWC 1962
5 Garhi Kiul 25°5°0" 86°0'0" Gauge CWC 1979
6 Sono Barmar 24°40°0" B86°20°0° Gauge CWC 1879
7 Jamui Kiul 24°55'0" 86°14'0" Gauge cwcC 1879
8 Bhaluachatti hMohana G&D State Govt 1953
g Gobindpur Sakri G&D State Gowvt 1858
10 Garhi Kiut G&bD State Govt 1964
11 Akbarpur Khuri G&D State Govt
12 Jamui road crossing  Kiul G&D State Govt
13 Fatwa Dhowa G&D State Govt 1970
14  Ramchandarpur Harohar G&D State Govt
15 Hunterganj Chatra
road crossing Lilajan Gauge State Govt
16 Phulbaria Titaiya Gauge State Govt
17  Khunta Sakri Gauge State Govt
18 Dinarganj Panchane Gauge State Govt
1¢  Dhadhar Schjana Gauge State Gowvt
20 Tetarhat Kiu! Gauge State Gowt
21 Hasanchak Kiu! 25%*14'0" 87°30'0" Gauge State Gowt 187¢
" 22 Near Surajgarha Garka Gauge State Govt 1979
23 Headwork of the Kiu!
{rrigation Scheme Kiul Gauge & State Govt 1959
Discharge
24 Nagi Dam Site Nagi 1959
25  Kulti Jirain . . 1958
26 Tati Headwork Tati v 1958
27  Kaithwan Weir Kauribari 1958
28 Near Chandi Mohane o 1970
29 Malisar Paimar 1967
30 Pauna Sakri 1948
31  Sahajana Chadhar " 1967
32 Giriak Panchane . 1969
33 Goswari Mohane . . 1970
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Annex 5

DBSERVED GAUGE AND DISCHARGE DATA OF KIUL-HARDHAR RIVER BASIN

NAME OF SITE : LAKHISARAI

51 Year Annua!l peak Corresponding Equation of rating
No discharge gauge (metre) curve {as found out
{cumec) on computer)
1 2 3 4 5
. 2.08907
1 1963 798.55 42.643 Q 101.163 {G-39.7}
2 1964 383.92 41.778 for G<43.00m
3 1965 508.32 42.233 2.12547
4 1966 243.97 41.378 280.12 (G-410)
5 1967 383.65 42.048 for G>43.00m
6 1968 458.14 41.648
7 1969 1304.79 42,348
8 1970 158.11 40.906
2 1971 1071.00 42,613
10 1872 1050.52 42.873
11 1973 561.20 41,766
12 1974 589.90 43.328
13 1975 329.86 41.748
14 1976 334.00 41.083
15 1977 373.62 41.948
16 1978 313.26 41178
17 1979 212.86 41.203
18 1980 1243.74 43.018
19 1981 520.80 41.863
20 1982 177.45 40.513
21 1983 B17.04 42,283
22 1984 1678.06 43.328
23 1985 1073.32 42.118
24 1986 49575 41.483
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Annex 5 {Contd}

OBSERVED GAUGE AND DISCHARGE DATA OF KIUL-HAROHAR RIVER BASIN

NAME OF SITE GAYA

Si Year Annual peak Corresponding Equation of rating

No discharge gauge (metre)} curve {as found out
(cumec) on computer)

1 2 3 4 5

1 1960 572.00 105.909 1.98975

2 1961 347.24 105.841 Q = 202.257(G-107.1)

3 1962 1190.65 106.543 for G<110.1m

4 1963 451.41 108,792 2.20116

5 1964 352.29 108.642 = 567.57(G-108.4)

8 1965 532.91 108.727 for G> 110.1m

7 1966 121.69 108.087

8 1967 494.43 108.922

g 1968 608.53 108.887

10 1969 841.84 109.417

i1 1970 1521.16 109.792

12 1971 1077.05 109.332

13 1972 1103.39 109.262

14 1973 450.11 108.659

15 1974 537.36 108.829

16 1975 3096.94 108,927

17 1976 382.17 108.715

18 1977 278.53 108.892

19 1978 736.06 109,227

20 1879 191.59 108.417

21 1980 258.04 108.342

22 19814 106.28 108.082

23 1982 136.83 108.307

24 1983 126.95 108.112

25 1984 2543.86 110.452

26 1985 1006.32 108.952

27 . 1886 3751.46 110.692
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Annex & (Contd )

OBSERVED GAUGE AND DISCHARGE DATA OF KIUL-HARCHAR RIVER BASIN

NAME OF SITE KADARGANJ

3l Year Annual peak Corresponding Equation of rating

No discharge gauge {metre) curve {as found out
{cumec) on computer)

1 2 3 4 5

1 1962 1334.47 85.520 2.85448

2 1963 1062.08 85.770 Q+103.337(G-83.2)

3 1964 208.51 84.488

4 1965 1998.39 85346

5 1966 48.92 83.960

6 1967 209.90 84.396

7 1968 400.85 84.870

8 1969 614.74 85.085

9 1970 144.30 84.240

10 1971 344.86 85.090

11 1972 102.32 84.388

12 1973 337.24 84.865

13 1974 586.50 84.825

14 1975 580.59 84.835

15 1976 183.37 84.265

16 1977 579.52 84.840

17 1978 358 .44 84 490

18 1979 165.47 84.645

19 1980 2635.48 86.327

20 1981 209.51 84.445

21 1982 28.87 84.090

22 1983 217.19 84.710

23 1984 302.03 85.005

24 1985 370.64 84.890

25 1986 1115.18 85.345
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Annex 5 (Contd)

OBRSERVED GAUGE AND DISCHARGE DATA OF KIUL-HAROHAR RIVER BASIN
NAME OF SITE MANKATHA

Sl Year Annual peak Corresponding Equation of rating

No discharge gauge (metre) curve (as found out
{cumec) on computer)

1 2 3 : 4 5

1 1962 883.74 40.237 2.36783

2 1963 872.48 ' 39.666 Q = 14.9957 ((3-34.8)

3 1964 373.10 38.320 for G «<40.5m

4 1985 329.766 38.201 2.65779

5 1966 168.81 37.026 ' = 16.7032(G-36.0)

6 1967 1045.46 39.836 for G>40.5m.

7 1968 530.91 . 38.958

8 1969 1819.95 41.541

9 1970 402.35 39.320

10 1971 1840.06 42906

11 1972 223.30 38.161

12 1973 1914.29 39.986

13 1974 769.09 40.096

14 1975 752.83 40.491

15 1976 657.39 40.924

16 1977 838.66 40.789

17 1978 1462.43 41.744

18 1979 948.63 41.211

19 1980 1650.66 40654

20 1981 840.46 39.611

21 1982 1109.¥5 40.496

22 1983 677.85 39.871

23 1984 193B8.83 41614

24 1985 917.02 40.526

25 1986 1217.48 41.071
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OBSERVED ANNUAL PEAK GAUGE AND CDRRESPONDING DISCHARGE

NAME OF SITE - LAKHISARAI ON RIVER BASIN

Annex 6 {a)

Si Year Annual peak gauge Computed peak Remark
No (m) discharge Cumec
1 1963 43.208 1508.40
2 1964 42.458 842.30
3 1965 42.458 842.30
4 1966 41.918 524.30
5 1967 42.858 1117.70
6 1968 41.898 524.30
7 1969 42.453 839.10
8 1970 40.973 167.50
9 1971 42.613 944,20
10 1972 43.018 1245.80
11 1973 42.058 607.10
12 1974 43.328 1688.00
13 1975 41.748 452,30
14 1976 43.538 202810
15 1977 42.208 690.60
16 1978 43.018 1245.80
17 1979 43.020 1245.40
18 1980 43.018 1245.80
19 1981 41.563 507.00
20 1982 41.538 360.80
21 1983 42.283 734.50
22 1984 43.328 1688.00
23 1985 44,408 3794 .60
24 1986 43.078 1325.60
25 1987 44.130 3166.80
28 1988 41.680 421.40
27 1989 41.580 378.23
28 1990 41.450 325.65
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Annex 6 (b)

OBSERVED ANNUAL PEAK GAUGE AND CORRESPONDING DISCHARGE

NAME OF SITE - GAYA ON RIVER FALGU

sl Year Annual peak gauge Computed peak Remark
No {m} discharge Cumec
1 1960 105.659

2 1961 105.878 - Not considered
3 1962 106.077 -
4 1963 108.907 656.40
5 1964 109.617 1269.30
6 1965 109.927 1599.30
7 1966 108.492 390.60
8 1967 108.417 349.80
9 1968 108.792 575.80
10 1969 109.567 1219.60
11 1970 109.547 1200.00
12 1971 109.692 1345.70
13 1972 109.907 1576.90
14 1973 108.947 685.70
15 1974 108.877 634.90
16 1975 108.007 166.60
17 1976 108.877 734.90
18 1977 110.007 1690.60
19 1978 110.877 4179.40
20 1979 108.417 349.80
21 1980 108.342 311.30
22 1981 108.082 195.10
23 1982 108.307 294.10
24 1983 108.112 207.10
25 1984 110.452 2761.70
26 1985 108.977 708.00
27 1956 111.057 4877.20
28 1987 110.080 177812
29 1988 108.780 567.82
30 1959 108.940 680.50
31 1990 109.460 1116.62
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OBSERVED ANNUAL PEAK GAUGE AND CORRESPONDING DISCHARGE

NAME OF SITE - KADARGANJ ON RIVER SAKAR!

Annex & (c)

Si Year Annual peak gauge Computed peak Remark
No (m} discharge Cumec
1 1962 85.520 1141.70
2 1863 B5.770 1529,00
3 1964 84.488 194.50
4 1965 85.590 1242.80
5 1966 8§5.320 B82.60
6 1867 84.450 195.40
7 1968 84.900 470.00
8 1669 8§5.085 631.10
2 1970 84.307 138.10
10 1671 86.210 2400.60
11 1972 84.990 544.50
12 1973 84.865 442.90
13 1874 B84.825 413.20
14 18975 84.835 420.50
15 1976 85.310 8§70.80
16 1977 §4.850 431.60
17 1978 85.130 675.10
18 1978 84.880 454 .44
18 1980 86.327 1676.60
20 1981 85.480 1100.00
21 1982 84.080 74.10
22 1983 84.710 335,10
23 1984 85.005 _557.70
24 1885 85.500 1113.80
25 1986 85.740 1478.60
26 1987 85.640 1118.42
27 1988 84.630 286.85
28 19858 84 .590 264 .54
28 1990 8§5.290 B77.44
30 1981 B84.710 335.07

900



Appendix 10/43

OBSERVED ANNUAL PEAK GAUGE AND CORRESPONDING DISCHARGE

NAME OF SITE - MANKATHA ON RIVER HAROHAR

Annex 6 (d)

Sl Year Annual peak gauge Computed peak Remark
No {m) discharge Cumec
1 1962 40.237 826.40
2 1963 40.148 794.00
3 1964 39.703 646.90
4 1965 40.981 1191.60
5 1966 39.006 450.00
§ 1967 40,501 910.20
7 1968 38.966 439.90
8 1969 41.706 17049.00
9 1970 39.987 939.20
10 1971 42,376 2296.80
11 1972 38.536 339.90
12 1973 40.518 918.30
13 1974 40.626 979.00
14 1975 41.498 1547.70
15 1976 42882 2813.60
16 1977 40.896 1138.30
17 1978 42.296 2183.70
18 1979 41.211 1343.50
19 1980 41,451 1521.30
20 1981 39.701 646.30
21 1982 41.441 1506.90
22 1983 40.701 1021.7¢
23 1984 41.651 1666.40
24 1985 40.986 1194.80
25 19886 41,108 1272.70
26 1987 42.700 2620.19
27 1988 40.340 863.88
28 1989 38.930 430.93
29 1990 41.380 1298.27
30 1991 40.480 916.46
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Annex 8

LiST OF FLOOD CONTROL SCHEMES IN KIUL HAROHAR RIVER SYSTEM

S Name of Scheme Estimated cost Status
No Rs Lakh
EMBANKMENT SCHEME
1 New Sakri Embankment Scheme 185.0 Proposed
2 Kiul Embankment Scheme 180.0 Proposed
3 Panchane Embankment Scheme 90.0 Proposed
4 Barahiya Tal ring band Scheme 296.10 Proposed
5 Scheme for road dowel from Lakhisarai to Sahebgan] 500.00
6 Repair of existing Sakri Embankment 30.00 Compiested
7 Flood protection work in Falgu basin from
Khizirsarai to Daniawan 2774.84 Proposed
DRAINAGE SCHEME
1 Mokama Tal Drainage Phase-! 64.53 Proposed
2 Mckama Tal drainage Phase-!! 272.95 Proposed
3 Mokama Tal drainage Phase-!i 496.21 Proposed
RESERVOIR SCHEME
1 Upper Kiul Reservoir Scheme 4130.00 Under construction
2 Barnar Reservoir Scheme 6293.00 Under construction
3 Nagi Reservoir Scheme - Completed
4 Makti Reservoir Scheme - Completed
5 Amriti Reservoir Scheme 1117 Compieted
6 Srikhand reservoir Scheme 14.84 Completed
7 Tarakol Reservoir Scheme 32.68 Completed
8 Kailashghati Reservoir Scheme 97.17 Completed
9 Morway Reservoir Scheme - Completed
10 Phulwaria Reservoir Scheme 2345.00 Completed
11 Lilajan Reservoir Scheme 3372.00 Proposed
12  Mohane Reservoir Scheme 12700.00 Proposed
13 Sakri Reservoir Scheme 13623.00 Completed
14 Job Reservoir Scheme - Completed
ANTI EROSION SCHEME
1 Barahiya Protection Scheme 1532.80 Proposed
2 Bhalui Anti erosion Scheme 16.90 Proposed
3 Patauna Village Protection Scheme 25.00 Proposed
4 Malipur Ramchandrapur flood protection scheme 99.17 Proposed
5 Harni flood protection Scheme 2.66 Completed
6 Khutaha protection work for 1981 floods 91.84 Completed
OTHER SCHEME
1 Channe! Improvement 550.00 Proposed
2 Soil congervation measures 620.00 Proposed
3 Raising of villages 37.00 Proposed
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Annex 8.1
EXISTING ZAMINDARI EMBANKMENTS SUITABLE TO BE TAKEN OVER BY WATER RESOURCES
DEPARTMENT
SI No  Dristrict River Location Length Remark
1 Nawada Sakri Left About Kalyugwa Enbankment
Embankment 4 Km
2 Jehanabad Falgu Right About Left embankment of Bharthu
Embankment 25 Km branch canal of Uderasthan
Irrigation Scheme, in tength of
25 Km to be resectionad for use
as embankment.
3 Munger Kiul Right 6 Km From Bhalui to
Embankment Malya.

Annex $.2

EXISTING ZAMINDAR| EMBANKMENTS WHICH CAN BE TAKEN OVER BY WATER RESOURCES
DEPARTMENT iF FOUND SUITABLE AFTER INVESTIGATION BY ADVANCED PLANNING,

Sl Ne  District River Location Length Remark
1 Patna/ Dhanahiya Right 12 Km From Malawa to Gopal bed and
Nalanda Embankment from Misiawa to Sarmera
Mokama pitch road.
2 -do- Mohane Right & 2x10 Km From Shrinama Weir
Left both to Panshar-Hasanpur
Embankment
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Annex 9.3

EXISTING ZAMINDARI EMBANKMENTS WHICH ARE TD BE PRDPERLY MAINTAINED BY THE
DISTRICT CDLLECTDRS

Si District and River Location Length Remark
Ne Circle Km
1 Nawada Sakri Left embankment 4 From Barnawa Bhadai
2 Nawada Sakri -do- 6 From Hemdi to Hebatpur
and Gopalpur
3 Nawada Sakri Right embankment 4 From Dariapur to Pangari
Katauna
Nawada Bhosaddi Right embankment 4.5 From Palikhai to Thalikai
Budhwara
5 Nawada TiNlaiya -do- 1.5 From Sakri to Decra
8 Nawada Dhanajay Left embankment 1.5 From Saudapur to Panaul
7 Nawada Dhanajay Right embankment 2 From Tundichak te Latawar
8 Nalanda Goithwa (west) -do- 8 From Berote to
Ammaidiya Sarai
9 Nalanda Geithwa (west) Left embankment 8 From Fateh Haldi to Havelli
10 Nalanda Goithwa (west) -do- 5 From Kumardih to Spacedih
11 Nalanda Githwa {west) Right embankment 14 From Chistpur to Bandi
12  Natanda Goithwa {east) -do- 5 From Manoharbigha to
Harganwa
13  Nalanda Goithwa (east) Left embankment 5 From Hargawa te Mustafapur
14 Nafanda Goithwa (east) Right embankment 4 From Shrichandpur to
Panchetan
15  Nalanda Jirain -do- From Manpur to Paroha
16  Nalanda Vain -do- 6 From Nawadin to Kottaribigha
17  Nalanda Kumarht -do- 18 From Kaiwa tc Dhanhiya
. Kimeshwar
18 Nalanda Kumarhi Lett embankment 13 From Bahidin didhdha to Bind
19 Nalanda Goithwa Right embankment 10 From Damsiya to Vankita
20 Nalanda Goithwa Left embankment 5 from Kumardih to Sosandi
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Annex 10

OBSERVATIONS MADE BY DR K L RAC, UNION MINISTER OF IRRIGATION AND PDWER
DURING HIS VISIT TC VARIOUS IRRIGATION AND POWER PROJECTS iN BIHAR FROM

8TH TO 12TH JULY, 1972.

Tal areas

14 The problem of the Tal areas stretches from Patna to Munger and no scheme has so far been
finalized for this area. it is high time that we shou!ld have concentrated studies and start implementation
of the projects in these areas. The foliowing problems are connected with the Tal areas.

The water in the Tals must be drained out for cultivation by October 15 every year.
irrigation water must be made avaiiabie in the Tal area after October 15 to end of June.

Nigar water-The drainage water of the fields in the higher lands which flow into the
Tals,destroy the newly sown rabi crops after the Kharif season. Therefore, this water must
be prevented from flooding the low area of the Tals.

The problem is aggravated by the fact that the catchment of the streams which flow into
this area is more than 5,000 sq miles (1249.95 sq km) and due to inadequate outlets,the
drain gets delayed which affects rabi cultivation.

The following measures suggested earlier, are repeated:;

Investigations are 1o be done for cutting down the amount of water that flows into the Tals.
This is to be done by the constructions of storage reservoirs in the various, streams that
flow into the Tals and also by the construction of embankments on the right side of the
Punpun so that its water does not fiow into the Tals,

Providing of outlet siuices on the major streams that join the Ganga like Harohar,Jirain
Nalla, etc :

These sluices will enable water to be drained from the lower areas of the Tals into the
Ganga and prevent the water of Ganga at a . igher level to flow into the same.

Embankments on the Harchar river on both sides will contain the river. These embankments
should be provided with outiet siuices for taking water for irrigation purposes whenever so
required. Thus the last three works together with some complementary drainage channeis
will assist reducing the inflow in the Tals and it will also be possible to drain out the water
by 2nd or 3rd week of October. This can be considered as Stage | programme and shouid
be underiaken for implementation immediately.

15 A hydraulic mode! has to be prepared at Patna. The Director, Poona Research Station, should
send his concerned officers to help the construction of this model. it is also suggested that Prof.P
Prasad of the Patna University and Prof, Chaturvedi of IIT, Delhi, may also be associated to develop
the mathematical and system analysis technique for the model in order to get the proper solution. The
hydraulic mode! should stretch from Patna to Munger and it is intended for studying flood control in

the Tals.

16 For irrigation, may have suggested a canal along the Harohar river and the water always
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present in the Harchar river can be utilised for this purpose. Some smalt beit of the Ganga Basin of
the South of Ganga is highly fertile and this has to be saved from inundation and that is why in the
past evidently no attention has been paid for development of this area. The problem may be studied
in batches as the area streches from Patna to Bhagalpur. The area further is in a stretch of about 80
mites(96.56 km). irrigation in this area may be studied. Irrigation may be provided by a net work of
tubewells or pumping from some streams lke Harohar, Dakra Nalla or from Ganga itself. The best and
most economical and suitable type of irrigation programme must be drawn up for this area. it is not
necessary to take up irrigation programme for the entire area mentioned above. it may be taken up
in batches. One reach may be from Patna to Harohar, other from Harchar to Munger and the third from
Munger to Sultanganj,and so on. All these areas must be provided with adequate drainage as the soil
is sandy and water is bound 10 perpetuate. There are some area in the Gangetic plain which will not
have so much of aliuvial soil. it may contain under-lain hard rock like the middie plateau of india. These
lands are still cultivable as in Palamau district, and lrrigation for these fands must be planned out. Such
of the area as can be given irrigation by construction of local dams, should be planned out. But | fee!
there will still be quite a large extent of area which will still be not covered by command of any of the
small projects. These areas must be investigated later as a part of the National Water Grid. The life
required for commanding these lands is much less and the water is required for rabi season. The idle
pumps will come in very handly for pumping water from the Ganga system in these areas.

17 | visited Kharagpur lake which has got about 70 sq miles (181.299 sq km) catchment area with
an vield of about 80,000 acre ft (9867.84 ha m) .But the actual dam constructed can hold only 8,000
acre ft (9867.84 ha m) at the moment. {rrigation is provided in only 10,000 acres (4046.86 ha) for Kharif
and 1500 acres (607.029 ha) for Rabi, The yield of the river being much more, it will be possible to
irrigate many more lands. There is an excellent oppertunity of doing this. The river comes out of a
gorge and if it is plugged out by constructing a dam of 70 to 80 ft(21.338 to 24.384 m) high, it wiil be
possiple to further irrigate about 30,000 acres (12140.58 ha). The hydrology of this project must be
studied and the levels finalized and Bihar engineers asked to send designs and estimates for construction
of the storage dam. This being a very easy and economical proposition, it can be taken for construction
almost immediately.
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RECOMMENDATIONS DF SRi C C PATEL, SECRETARY GO {1976)

A High level technicai commitiee headed by Sri C C Patel,Secretary, GOI who was studying
the problems of Mokama Tal inspected the site on 5th February 1976.

This Committee suggested the following measures:

Long term measures

Construction of reservoir in the upper catchment in the river which enters the Tal area
proposed to intercept 25 per cent of total catchment area

On the southern periphery of Tai area, a drainage channel shouid be constructed at
higher contour so that it may coliect ali the infiow of rivers, coming into the Tai and drain
into Ganga river

Soil conservation measures and contour bounding in the hills on the south of Tal area so
that inflow in the Tal may be reduced

Short terms measures

To stop inflow of Punpun river into the Tal area

To stop entry of Ganga water in the Tal area and early depietion of Tal the foliowing
measures suggested:

a  Construction of dowe! bundh between Barh and Dariyapur in the Patna-Munger Road
where Ganga water overtops the roads

b To stop the fiow of Ganga water through the bridges and cuiverts in Patna-Munger
Road and construction of siuices therein

c Construction of marginai bundh from Indupur viilage to the confiuence of Kiul-Harohar-
Ganga

d Construction of anti-flood sluice in the river Harohar aiongwith construction of afflux
bundh. Siil ievel of this siuice shouid be such that some water can be retained in the Tai
area for irrigation in the Rabi season

e Construction of 13.00 Km long embankment on the right side of Punpun river to stop
back water of Ganga from entering Tai through Punpun river

f Construction of a channe! on the upstream of the Kiul-Harohar confiuence for
discharging the fiow of Harohar intc Ganga directly

g 'S iloop between Baigudarghat should be made straight.

h For alround development of Tal area, Tal Development Committee shouid be formed.
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Annex 12

RECOMMENDATIONS OF MOKAMA TAL TECHNICAL-CUM-DEVELOPMENT COMMITTEE

Terms of
reference no 1

Reference of
paragraph of
the report

Para 8.2

Para 8.3

Para 8.5

Para 8.7

HEADED BY ER N SANYAL (March, 1988)
SUMMARY OF RECOMMENDATIONS

To recommend on the possible schemes to mitigate the water logging problems in the
Mokama Tal area.

inundation caused by the Ganga by back flow through the Punpun as discussed in 2
(b), can be prevented by the embankment along the right bank of the Punpun and the
Morhar from the rail bridge approach embankment near Fatuha to a few Km upstream
upto the reach influenced by the back water of the Ganga. This right bank embankment
of the Punpun and Morhar is a sanctioned project and is under execution. This back
water inundation will cease, on completion of the project under execution, and
hence,should be expeditiously completed.

It has been noted by the committee that Road Construction Department has some
reservation about the desirability of road side dowel. In case, road dowe!,which should
be cheaper than a separate embankment, is not found acceptable to the Road
Construction Department, embankment in isolated lengths to prevent entry of the Ganga
spill in the Tal area through the low lying length of the Road could be constructed.

The inundation caused by the Ganga back flow through the Balgudarghat bridge over
the Harohar can be eliminated by having a suitable antiflood sluice. As the drainage of
the Tal occurs entirely through the Harohar caution is needed in finalising the dimensions
of the water-way of the antifiood siuice,so that there is no vertical or horizontal
construction of the available water-way. This sluice could be ‘located immediately
upstream of the road bridge as the bed of the river Harohar has some iengths of
deepened bed immediately downstream cf the road bridge. The siuice shouid be a
barrage like structure, with a crest almost flush with the river bed and on account of
high head, the gate may have to be two tiered or radial.

The committe noted that some of the experts in their earlier reports had suggested that
the ingress of water of these north flowing rivers could be prevented by having a West-
East excavated channel, that is an artificial or man made rivef which shall intercept all
these north flowing rivers before they enter the Tai and carry the water of these
intercepted rivers directly to the river kiul at a higher level, where the Kiul shali not be
fiood-locked by the back water of the Ganga. The West-East dug channe! shall have
to be aligned along contours of higher elevation and the length of the channei shali be
approximately 50 miles or B0 kms. Such a channel shall be costly but the benefits will
also be enormous. Once the dug-channel is completed, alongwith the recommendation
of para 8.3,8.4 & 8.5, the Tal area shall be reasonably free from inun-dation, and the
only probfem to be tackied would be the disposal of the rainfall in the Tal area itself,
which at times may be more than the requirement of Kharif cultivation. This would
mean that almost the entire Tal area of more than one lakh ha can be available for
kharif cultivation as well, where as the present kharif cultivation is rather a chance crop.
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Annex 12 {Contd)

Thus,the Tal area development as a kharif growing area may be a major-through in the
effort of the State to expand the kharit production.

Keeping in view the recommendations made in the Master Plan of the Ganga Flood
Control Commission, the committee reviewed the possibility of using the Tal as a flood
detention basin to moderate the peak flood of the Ganga. The cutting off of the flood
plain storage accentuates the peak flow in the Ganga,which needs to be remedied by
suitably located flood moderation detention basins. Mokamah Tal, already a chronically
inundated area can be effectively used as a flood moderation detention basin. In case
the scheme materialises, the cultivators in the Ta! area shall have to be given prior
warning of a dependable nature before such defiberate inundation and they shall have
to be paid compensation for the damage due to the deliberate inundation. The modality
of such compensation, that is whether it will be paid by the centre or the State and
whether this can be covered by crop insurance scheme is an issue which has not gone
into detail by the commitiee,

The issue of expediting the drainage of Mokamah group of Tals by having cuts at
various possible alternative sites be reviewed after the data of dependable nature be
collected for some 7 to 10 years,to adjudge the technical and economic viability of each
ol the possible cut gites.

The committee noted the availability of a fairly large range of water resistent varieties
of kharit crop and the rapid pace in which new varieties are being introduced and feit
that the Tal area shouid be classified in different zones with relative degree of proneness
and magnitude of inundation so that the specitic variety which would be most suited to
the specific characteristics of a particular zone couid be introduced there through
demonstration plots and other extension services.

Te recommend about irrigation schemes to provide irrigation faciiities in the Mokama
Tal area.

State tube-wells are considerably under utilised,possibly due to the reason,that most of
these lube welis are unenergised or are idle due to theft of transformers and inadequate
power supply. However few tube wells show significantly good results having encouraging
figures of irrigation during different crop seasons to indicate the existence of suitable
acquiter underneath, pointing the possibility of formulation of further programme of
irrigation in this area. To solve the difficulties in unsatisfactory functioning of those
tubewells, greater attention to maintainance and provision of dedicated power line
seem to be necessary.

S0 far as private tubewells are concerned their availability will depend on the socio-
economic condition of the farmers and their performance will vary with respect to its
capacity etc. Their use will depend on the likely return from the crop besides the
operating costs etc. However,private tubewslls are jargely in vogue in this area as
shown in Table 8.1. The few private tubewell that were surveyed and data put up to
the committee show that they have got a very encouraging performance in the area and
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hence, it must from a part of future planning. Other sources of irrigation like river
pumps. etc have got very encouraging perfarmance in the area and hence, it must from
a pan of future planning. Other sources of irrigation like river pumps. etc have got very
limited areas of operation and hence, it may not be of much significance for the
planning for the whole area.

The area of the Tal north of the Harchar can also be irrigated by lift irrigation from the
Ganga,and such lift irrigaticn scheme could irrigaie the high land between the Ganga
and the Tal in the first reach and then the low lands of the Tal sloping down o the
Harchar in the lower reaches. The channel system in the Tal for such Ganga lift
irrigation schemes shalil have to be judicicusly planned, so as to cause least surface
drainage obstruction during the wet season. The west east dug channei, if it ever
materialises, can aiso be exploited in a similar manner for irrigation the land south of
the Harohar,

The commitiee, after careful consideration, came to the conciusion that with ground
water and Ganga water being avaitable for irrigation water would not be a constraint
in development of irrigated agriculture in the Tal area. The need for power and the cost
of the erection of the infrastruciure would however be censiderable, and depending on
availability of state resources,irrigation in Tal can be developed in stages over a
reasonably spread out period.

Keeping in view all these factors, the Committee did not favour any sluice across the
Harchar for irrigation purposes and felt that the recommended antiftood sluice near
Balgudarghat should not be misused for retaining water in Tal, which may bring in
conflicting interest of cultivators of lower land and cultivators of upper land and adversely
affect the regime of the river Harohar.

Development aspects in Mokama Tal Area

A doubt was raised as to wheiher prevention of ingress of the Ganga spill would not
reduce the fertility of the Tal,as it would be deprived of the sift brought by the Ganga.
In this context the committee noted that after centuries of ingress of the Ganga water
and so calied deposit of silt on the low land of Talthe Ta! still continues to be a
depressed land,indicating that the depositicn of fertilising silt must be microscopic in
naiure as otherwise the Tal should have been filled up as a level land by now. Possibly
the effect of siii deposit is confined to the fringe area where the incoming silt gets
deposited. The fertilising benefit of this small quantity of silt that might be there shall
have to be compensated by natural and anrificial fertiliser, like any other inundated area
which is made flood free for better agriculture.

Some apprehension was expressed before the Committee that reduced inundation may
enhance the problems of insects and pests in the Rabi seascn, adversely affecting the
crop. This aspect need further expert study to evaluate the validity of such
apprehensian,but it was feit that this problem can be suitably tackled with judicious
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agriculturai practice,proper selection of type of crop and use of appropriate doses of
insecticides and pesticides

if the development of intensive irrigated Rabi and Hot weather agriculture is to be
achieved after the engineering measures provide the necessary infrasttucture, it will be
necessary to bring in equitable distribution of land by (1) strict impostion of land ceiling
rules and (b) by vacating unauthorised encroachment of Govt land by the influential
people and (c) distributing the surpfus land thus availabfe to landless labourers in
economically viable plot sizes.

Better communication system in the Tal area should be developed, but at the same
time, care should be taken that new roads are provided with adequate waterways to
permit free passage of Tal water during wet season.

The mability of the focal officers and their functioning can be improved upon by suitable
telecommunication or fast moving vehicles so that social and econamic exploitation of
the weaker section of the people is effectively guarded against.

As these villages are likely to be marocned almast every year, suitable deep tubewell
drinking arrangement, permanent grain storage arrangement and stock of essential
medicines have to be planned as in disaster prone areas. The Ta! administration should
have low draft stable power boats for patrolling and relief during as a flood detention
basin, as suggested elsewhere in the report, the village must have dependable flood
warning facility,

As the agriculture development in the Tat would depend on extension services, marketing
and storage facility and growth of agro-based industries, a Tal development authority
has to be developed, to do the function of the Command Area Development Authorities
in a more meaningful manner.

As the measures suggested for the Tal wouid bring in basic improvement in the
productivity of land and quality of life and would be needing considerable investment,
some sort of betterment levy can be imposed in the Tal apart from the irrigation charge,
so that some part of the investment may be realised from the beneficiaries.

it future studies indicate that vertical draining of the Tal to the iower acquiter shall
benefit the neighbouring acquifer in a tangible manner,then this could be taken up as
a programme of charging the acquifer, for subsequent ground water exploitation,and
any benefit that thus would be occurring to the Mokama Tai being of a secondary
nature,
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Annex 14
LIST OF RESERVOIR/ARRIGATION SCHEMES N KIUL-HAROHAR BASIN
(A LIST OF COMPLETED {FULLY OR PARTIALLY POTENTIAL CREATED) SCHEMES

Sl Basin Name of Name of Scheme CE CCA Potential
No No Basin thousand
ha Envisaged  Created
thousand thousand
ha ha
1 2 3 4 5 6 7 8
1 10 KIUL HARO Phulwaria Patna 9.55 6.60 6.60
2 -HAR, Panchanne Weir . 10.00 16.45 16.45
3 . Bharthunandan Weir . 480 2.83 2.83
4 . v Goithwa Weir v 15.00 - -
5 " . Sansi Weir " 0.23 042 0.42
6 Paimar Barrage " 9.00 8.00 8.00
7 . . Ghora Katotra Reservoir 0.58 - -
8 . . Gulsakri Weir . 0.40 0.72 0.72
9 . Kuiti Weir . 2.80 3.35 3.35
10 . Gokhula Scheme . 1.40 1.42 1.42
11, " Baglati Scheme . .0.60 0.28 0.28
12 . . Mahabodhi Weir . 12.40 255 2.55
13, " Nitane Weir . 0.60 1.60 1.60
14 . Kadhar Weir ' 0.80 1.13 113
15 . Mahugain Weir : " 1.20 1.78 1.78
16 |, . Purain Weir . - - Q.17 0.17
17, . Sakari Weir . 33.00 25.20 2550
18 Job reservoir . - 3.24 3.24
19 " Kol Mahadec Reservoir o - 0.72 0.72
20 . Sirnawa Weir - - 2.63 2.63
21 s . Mahmudda Weir . 1.44 1.71 1.71
22, - Upper Kiul Reservoir Ceoghar 14.00 14.80 12.00
23 . Kailashghati Reservoir . 1.14 1.20 1.20
24 . Tarako! Reserveir " 026 0.25 0.25
25 ' Lower Kiul Reservoir . 31.30 25.91 25.91
26, . Bajan Reservoir . - 0.97 0.97
27 . AmritiReservoir . 0.80 0.43 0.43
28 |, . Shrikhand Weir " 0.02 0.77 0.77
29 " Gidheshwar Pyne " - 6.47 6.47
30, : Kaurihari Weir " 4.04 11.65 11.65
3t ., . Nakti Reservoir . 2.83 2.83 2.83
32 ' . Nagi Weir . 1.20 5.02 5.02
33 . Kundghat Weir . na 1.61 1.61
34 Morwe Reservoir Decghar/ 460 4. 89 4.89
Bhagalpur

35 . Baskund Reservoir - - 1.00 1.00

36 Uderasthan Weir Patna - 24.89 24.89
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Annex 14 contd.

LIST OF RESERVOIR/IRRIGATION SCHEME UNDER EXECUTION IN KIUL-HAROHAR BASIN

Si Name of Basin Name of Scheme Chief CCA Potential
no Engineer in Envisaged
1000 ha in 1000ha
1 2 3 4 5 6
1 Kiul-Harohar Bamar Reservoir Deoghar 20.89 19.20
Basin

2 -do- Upper Kiul Reservoir Deoghar 16.18 14.80
3 -do- Titaiya Diversion Patna 35.22 48.80
- Annex 14 (cond)

PROPQOSED RESERVUOIRARRIGATION SCHEME IN KIUL HAROHAR BASIN FOR VIIITH PLAN
Si Name of Basin Name of Scheme Chief Potential
No Engineer Envisaged
in thousand
Hactare
1 2 3 4 5
1 Kiul-Harohar Upper Sakri Reservoir Patna 77.67
2 Kiul-Harohar Kundghat Deoghar 2.05
3 Kiul-Harohar Mohane Reservoir Patna 76.23
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AT A GLANCE

PLAN FOR FLOOD MANAGEMENT IN THE
MAIN GANGA STEM RIVER BASIN (IN BIHAR)

Salient Features of the Basin

~dHm ;O PR Wwhn =

Total Drainage Area

Drainage Area in Bihar

Population in Bihar :

Water Resources -(Surface water)
Average Annual Rainfall {in Bihar)
Total Length of Main River

Total Length of Main River (in Bihar)
Cropped Area In Bihar

Flood Damage {Average for 25 Years 1968-92)

Nk GN -

Total Area Affected

Cropped Area Affected

Damage to Crops

Total Damage

Human Lives Lost

Cattle Heads Lost

Average population Affected (Average of 1980-92)

Progress of Flood Protection Measures (1954-92)

WM -

Length of Embankments
Towns/Villages Protected
Areas Protected

Total Expenditure (1854-92)

Eighth Plan Proposal (1992-97)

—

Length of Embankment

Additional Area to be benefited by Flood Control,
Drainage and Anti Waterlogging Measures

Total Qutlay for Flood Control Measures in the State

923

1,36,970
16,900
137.44
5544
1152
2,525
445
10,333

294
1.14

* Rs 4044.00

Rs 5084.97
- 15
183

14.466

612.23
4/2

4.30

Rs 10,837
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1.00
Rs 35,230
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AN APPROACH TO PROBLEMS OF FLOOD AND DRAINAGE CONGESTION AND REMEDIAL
MEASURES IN THE MAIN GANGA STEM RIVER BASIN (IN BIHAR)

1 INTRODUCTION

1.1 The Ganga Sub-basin which extends over an area of 8.614 lakh Sqg Km within India is the
largest river basin in the country and is a part of the main Brahmputra-Meghna/Ganga river basin. Flat
terrain, high intensity of rainfall and poor drainage conditions combine to cause flooding and drainage
congestions almost every year in a large part of this sub-basin,particularly in the portions lying in the
Eastern Uttar Pradesh and Bihar. The tiood damage in this sub-basin accounts for a major part of the
total flood damage of the country.

1.2 The State of Bihar is situated in the central portion of the Ganga sub-basin. The portion lying
on the northern side on the left bank is known as North Bihar and that lying on the Southern side lying
on the right bank is known as South Bihar. The northern region and some portion, adjacent to the river
Ganga, have very flat topography and are subject to serious flooding almost every year. A number of
major tributaries like the rivers Ghaghra, Gandak, Bagmati, Kosi, Mahananda etc, which originate from
the Himalayas join the river Ganga on the left bank and the rivers Karmnasa, Sone, Punpun, Kiul-
Harchar Badua, Chandan ete which originate from plateau region join it on the right bank.

1.3 The major left bank tributaries like the Ghaghra, the Gandak, the Bagmati, the Kosi, the
Mahananda etc flow through a considerable length in Nepal and a targe part of their catchment falls
in the glacial regicns of the great Himalayas. These are snowfed and hence perennial. The major right
bank tributaries like Karmnasa, Sone, Punpun, Kiul Harchar etc are rainfed rivers and are not perennial
They carry heavy discharge during rainy seascn,

1.4 Floods and droughts are regular features in the State of Bihar due to vagaries of climate and
rainfall. While one pan of the state is under the grip of severe floods due 1o excessive rainfall, the other
part suifers drought due to poor rainfall,

1.5 Floods have caused devastations and acute human sufferings too frequently since the down
of civilisation and the man has had to live with floods since his existence. The impact of floods was
not perhaps felt to the same extent in the past as is felt now. This was due to the fact that much
smaller number of people were living and pressure of industrial activities and other development works
in the flood plains was far less compared to the present day activities. The flood problem has been
accentuated due to ever increasing encroachments on the flood plains by the growing population to
meet its requirements of food and fibre, The destruction of forests for rectaiming areas for occupation
and for obtaining fuet for domestic requirements have also caused changes in river regime. All these
have resulted in an anomalous situation where, inspite of the protection measures carried out so far
in the State with an investment of Rs 611 crore (approx) and 28.34 lakh ha having been afforded
reasonable degree of protection, the flood damages have gone on increasing instead of decreasing.

2.0 THE MAIN GANGA STEM BASIN

2.1 The Ganga — it may be a revealation to many that the Ganga is not known by this name either
at its source or its mouth. In its initial stage, up to Devprayag, the river is known as Bhagirathi. At
Devaprayag, another hilly stream the Alaknanda joins it; from this point, the combined stream is known
as the Ganga. Bhagirathi rises at the Gangotri glaciers ifn the Uttar Kashi district of Uttar Pradesh at
an elevation of 7016 m. After flowing nearly 250 km through hilly terrain, it debouches into the plains
at Rishikesh which is about 30 Km upstream of Hardwar, an impagtant and renowned religious centre.
Beyond Hardwar, the river flows over the fertile piains of Uttar Pradesh and receives the Ramganga
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on its teft bank before touching Allahabad. At Allahabad, it is joined by the Yamuna on its right bank.
The Chambal, the Betwa and the Ken are the principal streams flowing into the Yamuna and they drain
considerable areas of Madhya Pradesh and Rajasthan. After Allahabad, the river travels for another
245 Km to Varanasi, a well known pilgrim centre during which course, it receives the Tons from the
south. The Gomti joins it immediately downstream of Varanasi on the left side. The Ganga thereafter,
fiows in almost eastern on direction. A right bank tributary, the Karmnasa joins the Ganga near Chausa
from right side. From Chausa to the confluence of Ghaghra, the river Ganga forms the boundary
between the States of Bihar and Uttar Pradesh. A small tributary namely Kao joins the Ganga near
Buxar on the right side. Between Buxar and Ara two small tributaries namely the Dharmawati and the
Gangi join the Ganga on right side. A major tributary, the Ghaghra, joins the Ganga near Chapra on
the lelt side. The river Sone joins it near Koelwar on right side. Another small tributary, the Mabhi, joins
the Ganga upstream of Scnepur on left side. The river Gandak, joins the Ganga near Hajipur on left
side. Below this, the river Punpun joins the Ganga near Faluha on right side and another small
tributary, the Baya joins the Ganga near Bachhwara from left side . The river Ganga travels from west
to east almost in full length in Bihar and joind by the river Kiul-Harohar below Surajgarha on right side
and Burhi Gandak near Khagaria on left side. A small tributary, the Belharna joins the Ganga from right
side near Bariarpur in Munger district. The river Kosi joins the Ganga on left side near Kursela. The
river Chandan, a right bank tributary, joins the Ganga near Nathnagar in Bhagalpur. Then a small
tributary, the Chir joins the Ganga on right side downstream of Bhagalpur. Two small tributaries, the
Bhena and the Koa, join the Ganga near Kahalgaon on the right side.

As the Ganga approaches West Bengal, it swings round the Rajmahai hills opposite Manibarighat
and starts flowing almost to wards south. The river Gumani joins the river Ganga near sahebganj on
the right side The right arm of the river Mahananda known as the phulhar branch joins the river Ganga
on the left bank near Maniharighat. The delta of the Ganga can be said to start from Farakka in West
Bengal. The river bifurcates into two parts about 40 Km below Farakka. The left arm, called the Padma,
flows eastward into Bangladesh. The right arm, called the Bhagirathi, continues to flow in West Bengal
and is known as the Hooghly in lower reach. The left arm of the river Mahananda joins the river Padma
on left bank in Bangladesh. The river flowing as the Bhagirathi and then the Hooghly (below its
confluence with Jalangi)in West Bengal outfalls into Bay of Benga! opposite Haldia port.

The total length of the Ganga river from its origin to outfall into the Bay of Bengal measured
along the Bhagirathi and the Hooghly is 2,525 Km, out of which 1,450 Km lies in Uttar Pradesh, 110
Km along the Uttar Pradesh Bihar border, 445 Km in Bibar and 520 Km in West Bengal.

The main Ganga stem basin in Bihar includes the Kao river, the Dharmawati river, the Gangi
river, the Mahi river, the Baya river, the Bhena river, the Koa river the areas on both sides of the river.
These small tributaries directly join the main Ganga river and they do not have any significant flood
problem of their own. Only a portion of the areas of the districts ol East Champaran, Muzaittarpur,
Vaishali, Gopalganj, Siwan, Saran, Samastipur, Begusarai, Khagaria, Buxar, Bhojpur, Patna, Munger,
Bhagalpur, Godda, Sahebganj and Katihar fall into the main Ganga stem basin in Bihar. The main
Ganga stem basin, therefore, comprises of the smaller catchment running along the tength of the main
Ganga river within the territory of State which is not included in any of the recognised river basins in
the State. In addition, the following four sub-basins draining directly into the river Ganga through
different smaller streams are also included in the Main Ganga Stem basin:

1 THE KOA-DHARMAWATI SUB-BASIN
This sub-hasin is bounded by the Sone basin in the east, the Karmnasa hasin in the West and

south and the Ganga in the north.The catchment area of this sub-basin is 4,128.77 Sg Km. it drains
through the Kao-Thora, the Dharmawati, the Chher, the West Gangi and the East Gangi rivers.
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2 The Mahi sub-basin.

The catchment area of this sub-basin is 2507.75 Sq Km and is bounded by the Gandak basin
in north and east, the Ghaghra basin in the West and the Ganga river in the south. !t drains through
the Mahi, the Ghoghari and the Gandaki rivers.

3 The Baya sub-basin.

The catchment area of this sub basin is 2775.68 Sq Km and Canal is bounded by the Gandak
basin in the West, the Burhi Gandak basin in North and east and the river Ganga in the south. It drains
through the Baya and the Ghaghra rivers.

4 The Kao-Bhena sub-basin.

The catchment area of this sub basin is 2,014.18 Sq Km. and is bounded by Rajmahal hills
in the east and south, the Chir river basin in the west and the river Ganga in the north. 1t drains through
the river Koa and the river Bhena,

The tributaries/nalas included in the aforesaid sub-basins are described briefly in the foilowing
paragraphs:-

2.1.1 The Kao-Thora River

2.1.1.1 The river Kao is a rainfed river and originates from Dhuan Kund in Kaimur hill range in Rohtas
district of Bihar at Latitude 24°50°'N and longitude 84°0°E. Nearly 8 Km down stream of Dhuan Kund
the river splits into twd branches namely the Kao and the Kudra. The major discharge of the Kao flows
through the Kudra river (left channel) which ultimately joins the Durgawati river, so it has not been
included in the Ganga stem. The river Kao with its little residual discharge flows down the biturcation
point and the actual catchment of the river Kao practically lies below this bifurcation. After branching,
the river Kao flows in north-easterly direction and crosses the Western Main Sone Canal,about 10 Km
north of Dehri, then further travelling in the same direction it crosses Sasaram-Ara highway near
Bikramganj and then travels in north direction. Earlier the river Kao used to join river Ganga but with
the passage of time the river bed silted up near village Sikraul which resulted in shifting of the river
in westerly direction.After crossing Bhojpur distributary of the Sone Canal System and Bikramganj-
Dumraon road it enters the Bhojpur district and flowing further towards west, crosses Buxar Canal near
Sikrau! and joins the river Thora on right bank. The catchment area of the river Kao at its confluence
point with the river Thora is 518.90 Sq Km.

2.1.1.2 The river Thora originates in Bikramgan] block and flowing in the north-west direction, it receives
its first major tributary,the Kao on the right bank flowing further in the same direction, it receives.the
Kochan on its left side.. The Kochaun originates from a place south of Nokha and fiowing in a length
of 45 Km, drains a catchment area of 306.25 Sq Km, Thereafter it flows in the north-west direction and
receives another left side tributary the Noni near itarhi. This river Noni has a catchment area of 168.75
89 Km and its iength is 15 Km. After its confluence with the Noni the river Thora crosses the
Moghalsarai Patna section of the Eastern Raliway and joins the right bank of the Ganga river near
Kumarpur quite close to Buxar, This river serves as escape channel for the Sone Canal System. The
catchment of the river Thora included in the main Ganga stem is 1393.9 Sq Km.

2.1.2 Dharmawati River
As stated in para 2.1.1, initially the river Kao used to join the Ganga, but with lapse of time, due

to siltation near Sikraul, The main course of Kao now joins the river Thora. Below Sikraul, towards the
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Ganga the dead course of the river Kao is known as the old Kao and flows paralie! to Dumraon branch
canal and draining local catchment it crosses Buxar-Ara section of Eastern Railway and Ara-Buxar
highway near Dumracn. Below this point the river Chandra, which starnts from village Nenua with a name
of river Bhaisaha and is fed by numercus small drains from the command area of Buxar canal and Sikraui
distributary joins this river on its left bank below their confluence, the combined river is known as the
Dharmawati and flows towards east . At the tail end, it is known as the Dehra river and joins the Ganga
on the right bank. Total length of this river is 64 Km. The reach below Ara-Buxar road is largely affected
by the floods of the river Ganga, which has resulted in silling up of its bed. The river flows aimost parallel
1o the Ganga in major portion of its length before ultimately joining #t. The catchment area of this sub basin
included in the main Ganga stem in the Main Ganga Stem basin is 68.1 Sg Km.

2.1.3 Chher River

The Chher river drains the area bounded by Dumraon branch canal, Bihiya branch Canal,
Raghunathpur distributary and Korath distributary . Starting near Bikramganj and running aimaost south
to north, it crosses Ara-Buxar section of Eastern Railway near Raghunathpur and then takes a turn to
east, After travelling about 10 Km, it turns to north again and crosses Ara-Buxar road. Flowing in the
same direction, it outfalls into the Gaura-Bhagar Nadi of the Ganga just downstream of the confluence
of the Dehra. The length of the riveris 80 Km and it drains a catchment area of 681 sg Km besides
functioning as escape channel for the Sone Canal system,

2.1.4 The Gangi (West} river

The river Gangi drains an area of 258 Sq Km bounded by the Bihia branch canal and Kateya
distributary. It criginates from Piro block and flows in almaost north direction. It crosses Ara-Buxar
section of Eastern Railway east of Bihiya and then after trevelling 5 Km towards east. it crosses Ara-
Buxar road and again turns to north. Further flowing in this direction, it outfalls in the Gaura Bhagar
Nadi of the Ganga near Salempur. The total length of this river is 41 Km., it also functions as escape
channel for the Sone cana!l system.

2.1.5 The Banas River (East Gangi}

2.1.5.1 This river originates from Nasriganj block of Rohtas district and fiows in north east direction. It
drains the area lying between Ara canal and Dumracn branch canal in up stream and Ara canal and Katea
distributary in the down stream. Flowing in north west direction it crosses Sasaram-Ara road near Garhani
and after traversing a distance cof about 4 Km it takes a turn towards north-east and crosses the Ara-Buxar
section of Eastern Railway near Chandwa, West of Ara and then crosses the Ara-Buxar Road. it flows
just north of Ara town and then it receives its tributary, the Kumhari on the right side.

2.1.5.2 The river Kumhari originates near village Baghi in Bhojpur district and flows in north-east
direction. it crosses the Ara-Patna section of Eastern Railway and Ara-Patna road on East of Ara and
joins the river Banas on north of Ara. The length of the Kumhari river is 48 Km and it drains the area
lying between Ara canal and the Sone river. '

After the confiuence of the Kumhari and Banas, the combined river is known as the East Gangi
river. Thereafter, the river flows in almaost north direction and joins the Ganga on the right bank near
village Ekauna. This aiso functions as an escape channel for the Sone Canal System. The drainage
area of the river is 856.25 Sq Km and its iength is 100 Km.

21.6 The Mahi River

2.1.6.1 The river Mahi rises from the pilain field about 10 Km north east of Masrakh and about 10 Km
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wast of river Gandak in the Saran district of Bihar. It flows in south-east direction for a length of about
10 Km and then runs in a zig-zag way close to Saran Embankment along the river Gandak upto
Sangrampur, where it crosses Taraiya-Amnaur road. From here, it flows in South-Waest direction for
some distance and then again towards south-east direction. It crosses Amnaur-Marhowtah road near
Amnaur and chapra-Rewaghat road near Bheldi and is joined by the river Ghoghari near Derni Bazar, After
its confluence with the Ghoghari, it turns to south and receives the river Gandaki on the right side at
Sunarpatti near Shitalpur. Then it crosses Chapra-Hazipur road and Chapra-Sonepur section of
N.E.Railway and turns towards east. Finally it outfalls into the river Ganga near Chitupokhar in Saran
district. Its total length is 91 Km and it drains an area of 255.8 Sq Km (excluding the drainage areas
of the Ghoghri and the Gandaki.) This also functions as an escape channel of the Gandak Canal
System.

2.16.2 The river Ghoghari originates from Agarhara Karmai chaur near village Ajabinagar and flowing
in south east direction it crosses Maimalia-Salempur ghat road Norhowrah branch canal, Masrakh-
Sattarghat state Highway, Chhapra-Masrakh section of N.E. railway, Masrakh-Taraiya state Highway,
Chhapra-Morhaurah and chapra Rewaghat State Highways before finally joining the river Mahi near
Derni Bazar. The total iength of the river is 95 Km and it drains an area of 932,8 Sg Km in the districts
of Gopalganj, Siwan and Saran.

2.1.6.3 The river Gandaki was criginaily a spili channei of the river Gandak, but after construction of
Saran Embankment spilling has been checked and now it drains the local catchmant lying on the
country side of the Saran embankment. At presant it takes off near village Herapakar in 87th miie of
the Saran Embankment (on the right bank of the river Gandak) and flowing towards south it crosses
N H 28, Thawe-Chapra section of N E Railway, Saran Main canal, Siwan-Barauii road, and Siwan-
Maimalia State Highway after which it flows in south-east direction and crosses Chapra-Malmalia road
near Baniapur and is then joined by the river Dhamti on its left near village Piarauta. it flows further
in south east direction and crosses Chapra-Masrakh State Highway near Negra, Chapra-Masrakh
section of NE Railway Chapra-Marhowrah State Highway near Paterhi, Chapra-Rewaghat State Highway
and finally outfalis into the river Mahi at Sunarpatt! near Sitaipur. its total length is 163 km and it drains
an area of 568 Sq Km in the districts of Gopalganj, Siwan and Saran.

2.1.6.4 it appears that the river Dhamati was also originally a spili channe! o the river Gandak as it
is originating from a place quite close to Saran Embankment (on the river Gandak) near village
Dewapur in Gopalganj district. Flowing towards south it crosses Gopalganj-Dumariaghat NH 28,
Gopalgan]-Chapra section of NE Rallway near Ratan Sarai, Saran Main Canal, Siwan-Ma!malia road
near Basantpur and finally outfalls into the river Gandaki near village Pirauta, about 8§ Km from
Baniapur. The total length of this river is 71 Km and it drains an area of 212 Sg Kr: in the districts
of Gopalganj, Siwan and Saran.

2.1.7 The Baya River

It is said that Baya river is an abandoned course of Gandak but the present structure of the
river is that of a drainage channel as described below. Four numbers of small rivers off take from the
tour different groups of chaurs of East Champaran district. They are the Tilawe nala, the Govindganj
nala, the Bengahi nala and the Nekhwa nala. The Tilawe nala joins the Govindganj nala near Rengwa
chaur and after their confluence, it is known as the Dhangarha river which tails in the Sarotar chaur.
The Bengahi nala also falls in Sarotar chaur. The river Raghua offtakes from the Sarctar chaur and
meets the Mekhwa river near village Murmala, just before entering Muzaffarpur district beyond which
it is known as the upper Baya river. It travels further in South east direction and flowing near Deosar
Anti-flood sluice of the Tirhut embankment on the river Gandak it crosses the Vaishali branch canal
of the Gandak canal system beyond which it is known as the lower Baya river. The length of the upper
Baya is 22.8 Km. After flowing about 25 Km, it is joined by the river Jhajha near Fatehabad in Paru
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block of Muzatfarpur district on its left bank. It traveis further in south east direction and enters Vaishali
district near Saraiya village and then crosses the Haziipur-Muzaffarpur road and Hazipur-Muzattarpur
section of N E Railway between Bhagwanpur and Goraul in Vaishali district. Flowing further in the same
direction,it enters into Samastipur district near ShahpurPatori at its 142rd Km and crosses the Hazipur-
Bachhwara-Barauni section of NE Railway Before entering Begusarai district near Bachhwara it is
joined by the river Ghaghra on its right bank after which it urns to south and joins the left bank of the
river Ganga near Semariaghat. The total iength of the lower Baya is 211 Km. It also functions as an
escape channel for the Gandak canal system.

2.1.8 The Bhena River

About four small streams rise from the westesn part of Rajmahal hills near Mahagama in Godda
district of Bihar and they flow in north west direction. They join each other near Dighi, near border of
Godda and Bhagalpur districts and form the Bhena river after which the Bhena river flows in north
westerly direction up to Ekchari and crosses the Bhagalpur -Sahebganj section of the Eastern Railway
betore outfalling into the river Ganga on its right bank.

2.1,9 The Koa River

About fifteen small streams rise from Rajmaha! hills between Sahebgan] and Mahagama in
Sahebganj and Godda districts of Bihar. The streams offtaking from southern part of Rajmahal hills flow
in north west and west direction and form the Dhuiia river, in the Godda district which flows in north-
wesi direction, Other streams offtaking from northern part of Rajmahal hills in Sahebganj district flow
in south-West and west direction and form the Lohra river in Godda district which also fiows in North-
West direction. it bifurcates into two parts before entering into Bhagalpur district. The left part meets
the Dhulia river at the border of Godda and Bhagalpur district and the right part meets the Dhutlia river
immediately after entering into Bhagalpur district. The combined river there after is called the Koa river
which fiows in north-west direction in Bhagalpur district. It crosses the Bhagalpur-Sahebgan] section
of the Eastern Railway near Kahalgaon before outfalling into the river Ganga on its right bank.

2.1.10 Origin and outfall of different tributaries included into the Main Ganga stem basin in Bihar are
shown in the Table below:-

Table 1

Sl River Bank  Origin Qutfall Remarks

No /R

1 Kao-Thora River R From the hills {south of Sasaram) Into ganga near Kumarpur

2 Dharmawati R Plain field of Bhojpur district into Ganga near Balua

3 West Gangi R Piro Biock Into Ganga near Salempur

4 East Gangi R Near Nasriganj in Rohtas district  Into Ganga near Ekouna

5 Mahi L Near Masrakh in Saran district Into Ganga near Nayagaon

6 Baya L Confiuence of Mekhwa and Into Ganga near Simariaghat
Raghwa River in East- in Begusari district
Champaran district

7 Bhena R Western part of Rajmahal hiiis into Ganga hear Ekchari

. in Godda district
8 Koa R Rajmahal hills in Sahebganj and  Into Ganga near Kahaigaon

Godda districts
L. Left side bank
R. Right side bank.

828



Appendix 11/8

2.2 The main Ganga stem drains a total area of 1,36,970 Sq Km {13.697 million ha). Out of this,
91,631 Sg Km lies in Uttar Pradesh, 29,057 Sq Km lies in West Bengai and 16,900 Sq Km lies in Bihar.
In Bihar, the Main Ganga stem covers the independent drainage areas of the Kao, the Dharmawati the
Gangi, the Mabhi, the Baya, the Bhena and the Keoa rivers, which directly join the Ganga and they do
not have any significant preblem of their own. The upper part of the sub-basin up to Hardwar and socme
areas in Varanasi, Munger and Santhal Pargana districts are hilly and the rest of the area lies in piains.
Most of the left bank tributaries of the Ganga have their origin in the great Himalayas. They are
snowfed and perennial.

2.3 The main Ganga stem basin in Bihar is bounded by the Ghaghra basin, the Gandak basin, the
Burhi-Gandak basin, the Kes! basin and the Mahananda basin on the north, by the Karmnasa basin,
the Sone basin, the Punpun Basinthe Kiul-Harohar basin the Belharna basin and the Gumani basin
on the south, by the Uttar Pradesh portion of Ganga Ghaghra and Karmnasa basins on the west and
by the Mahananda and Ganga(BhagirathifHooghiy} basins of West Bengal on the east.

The entire 2,525 km course of the river Ganga from source to out fall can be divided into five
major sections. These sections alongwith river slopes in different stretches are indicated below:

Table 2
81 Reach Type Length Average slope
No {Km)
1 Source to Rishikesh Mountainous 310 1in 87
2 Rishikesh to Allahabad Upper Plain 786 1 1n 3,196
3 Allahabad to Farakka Middle Piain 957 1in 15,795
4 Farakka to Nabadwip Deltaic non-tidal Plain 230 1 in 23,000
5 Nabadwip to outfall Deltaic tidal Pain 232 1in 24,000

The river Ganga flows in a meandering pattern in plains. The extent of meandering is shown
in the following table.

Table 3
S Reach Direct length Length along % age of
No {(Km} the channel {Km) meandering
1 Balwali to Garhmukteshwar 104 117 12
2 Garhmukteshwar to Rajghat 58 67 14
3 Rajghat to Kanpur 280 312 11
4 Kanpur to Allahabad ’ 176 2186 23
5  Allahabad to Varanasi 136 208 51
6 Varanasi to Sara 880 864 27
7 Sara to the Bay of Bengal 298 320 8

The meandering is maximum between Allahabad and Varanasi and minimum between Sara
and the Bay of Bengal.
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2.4 The important places of Bihar falling in the drainage area of the Main Ganga Stem basin are
Buxar, Ara, Patna,Sonepur, Mokama, Barauni, Begusarai, Munger,Bhagalpur,Kahalgacn and Sahebgan;.

2.5  The Gangetic Plain in India, in which the Ganga is the main river, has been built up in the
process of land formation. The rivers originating from the Himalayas have played major role in such
land formation process. Almost all the rivers of the Gangetic plain, which originate from the Himalayas,
join the river Ganga, and bring enormous sediment with them. The sediment brought by them formed
in land deltas which resulted in the meandering and braiding tendencies in the rivers leading to shifting
of courses. There are many big inland deltas in the main Ganga Stem basin, known as diaras in Bihar.
in Bihar, the Ganga flows almost in the plain except at some places in Munger, Bhagalpur and
Sahehbganj districts, which are hilly.

26 ECONOMICS

2.6.1 The total population of the Main Ganga Stem basin in Bihar, as per 1991 census, is 137.44
lakh which is expected to cross 170 lakh by the end of the year 2000 AD @ 23.49 per cent increase
per decade. The density of population in the basin in Bihar is 813 persons per Sq Km against 497
persons for whole of Bihar. About 84.4 per cent of the population live in rural areas and 15.6 per cent
in the urban areas.

(Computed on the basis of Census Report of 1991}

2.6.2 Inthe Main Ganga Stem basin in Bihar agriculture is the predominant occupation of the people.
The Bhojpur district is famous for rice production. Patna, the capital of Bihar is situated in this basin
where a good number of small scale industries are located. The Goighar, the famous store for grains,
is located at Patna.

A distillery, a leather industry and Bharat Wagon Factory are located at Mokama.

An ol refinery, fertilizer plant and thermal power plant are located at Barauni and a hig railway
workshop and Indian Tobacco Industry are running at Jamaipur and Munger. Bhagalpur is famous for
Silk, Handicom and Powerloom industries. '

A 840 Megawatt Thermai Power Piant is under construction at Kahaigaon.

in addition to many muiti-disciplinary educational institutions under Patna and Bhagalpur
Universities, there are Engineering and Medicai Colleges at Patna and Bhagalpur and Agricufture
College at Sabour.

2.6.3 The following are the important highways and railways of this basin in Bihar:-

Highways
i NH 30  Mohania- Ara- Patna- Bakhtiyarpur
ii NH 31 Bakhtiyarpur- Mokama- Purnea- Assam

This N.H. crosses the Ganga river at Mokama through the famous Rajendra Bridge
and passes through Barauni.

fii _ Patna-Hajipur-Muzaffarpur road. ‘
The famous Mahatma Gandhi Road Bridge over the Ganga is situated on this road.

v Mokama- Munger- Bhagalpur- Kahalgaon Road.
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v Buxar- Patna- Bakhtiarpur road,

Vi Buxar- Bhojpur- Babhnoul- Bikramganj Road.
i Bhagaipur- Dumka Road.

viii Hajipur- Chhapra Road.

ix Patna- Gaya Road.

Railways

i Mugalsarai- Buxar- Ara- Patna- Mokama section (Eastern Railway Main line)
i Kiui-Bhagaipur- Sahebganj- Burdwan section {Eastern Raiiway Loop line)
i Mokama-Hathidah- Barauni- Samastipur section

It crosses the Ganga at Hathidah through the famous Rajendra Bridge.

iv Patna- Gaya section.

v Bakhtiyarpur- Rajgir Section

vi Barauni- Bachhwara- Hajipur section (Metre Gauge)

Vi Sonepur- Chapra- Gorakhpur Section (Both Metre Gauge and Broad Gauge)
vill Sonepur- Muzaffarpur- Samastipur Section (Broad Gauge)

ix Barauni- Khagaria- Katihar section (Broad Gauge)

Navigation

The river Ganga is navigable in Bihar. At many places ferry services exist for connecting either
banks. The river is navigable upto its outfall and many smali and medium sized craits ply on the river.

Air Route

There is an aercdrome at Patna which connects Patna with Deihi, Calicutta, Lucknow, Ranchi
by air traffic.

2.6.4 Prior to independence, there was no arrangement for irrigation from the river Ganga in Bihar.
But at present, Chausa, Surajgarha and Dakranala pump canal schemes are providing lift irrigation
facliities from the Ganga through pumps and Zamar.ia, Bateshwarsthan and Sakarigali pump canal
schemes providing lift irrigation from Ganga are in indifferent stages of Construction.

Besides these, some portion of the Main Ganga Stem basin in Bihar is irrigated by the existing
Sone Canal System and Gandak Canal System,

2.6.5 Aimost all the cities and towns located in the Main Ganga Stem basin in Bihar namely Buxar,
Ara, Patna, Sonepur, Hajipur, Mokama, Barauni, Begusarai, Munger, Bhagalpur, Kahalgaon, Sahebganj
etc. get their domestic water supply requirements from the ground water potentiai of the basin. Munger
and Sultanganj use Ganga water also for industrial and domestic use.

26.6 The land use pattern in the Main Ganga Stem basin is as foilows:
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Tabie 4

Sl No Category Area in Sq Km Percentage
i Forest land 810.24 4.78 %
i Land under miscellaneous trees and groves 313.03 1.85 %
il Current fallow, other fallow and culturable waste 1909.90 11.29 %
v Net area under cultivation 10332.79 61.06 %
v Barren land and permanent pastures 1103.48 6.52 %
vi Area under non-agnrcultural use 2435.21 14.50 %

Total 16904.65 100 %

Paddy, wheat, Maize, Gram, Sugarcane etc, are major crops of the basin.
3.0 GEOLOGY

31 The rivers of the main Ganga have their origin in the Himalayas. The mountains are said to
he the cradles of their streams and rivers, which are nourished by the rains and snowmelts from the
slopes and summits of the mountain range. The mountains considerably influence the nature of the
climate and the pattern of the rainfall. The characteristics of 2 mountain system ie its mean elevation,
its trend, slope and geclogy have dominant influence on the hydrology of the rivers which originate from
it. The great mountain system of Himalayas, which towers over the great plains of India in the north,
is one of the mightiest. The mountains in the Himalayan system stretch in a virtually unbroken chain
as a series of more or less parallel, though sometimes cenverging, ranges from the Indus in the West
to the Brahmaputra in the east.

The origin of the Himalayas and its geographical relation have significant bearing on the
problem of flood in the main Ganga river, According to the geological concepts, it is believed that the
indian plateau moved north against Eurasia and pushed up the thick pile of geo-synclinal sediments
in the Tethys, which is the name given to the long seaway between Eurasia and Indo- Africa bordered
by various geo-syncline. This process of pushing up which started in Miocene times ended in Pleistocene
after time interval of some 20 million years.

Physiocgraphically, the Himalayas can be divided into four well marked orographic units, aimost
parallel to each cther as follows:

i The Sub-Himalayas or the outer Himalayas or the Siwalik range (average height from 900 to
1,200 metre and width from 10 to 50 Km).

ii The Lesser or the Middie Himalayas (average height 2,000 to 3,000 metre and the width from
60 to 80 Km),

iii The great or Inner Himalayas (average height about 6,000 metres),

iv The Tibetan Himalayas or the Trans- Himalayas (average height between 3,000 and 4,000
metre)

The origin of the main Ganga Stem is from the Great Himalayas zone. This zone shows both
sedimentary and metamorphosed rocks which have been intruded by large masses of granite, probably
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of different ages. It consists of a lower aipine zone up to 4,900 metre and an upper snow bound zone
usually above 5,000 metre. The alpine zone contains rhododendron trees with crooked and twisted
stems, thick shrubs with a variety of beautiful flowers and grass land.

Geologically, the main Ganga river system represents a monumental assemblage of land
pieces, varying in age from pre-cambrians to the most recent, the Himalayas. The peninsular mass is
the core around and upon which different acts of geclogical drama were staged and all have left their
imprint in some form or other.

The basin, according to lithological sedimentational and tectonic history, can be divided into the
following three regions:-

i The Peninsular block in the south,
i The Young folded mountain belt in the north

it The Ganga trough in between.

The Himalayan rivers originate from the mountains which are still young and friable. The
frequency of earth-quakes due to the geological conditions of the region and relatively heavy rains in
the Himalayan catchments due to the elevation and the general direction of the mountain range
compared to the prevailing direction of the monscon wind, causes frequent land slides and soil erosion.
The extreme temperature variation and the friable nature of the rock in the Himalayan catchment
further enhance the silt contribution from the Himalayan catchment. All these result in comparatively
higher silt charge in the Himalayan rivers.

The drainage system of the Himalayas reflects its geclogical history. instead of originating from
the great Himalayas, as could be normally expected, the main drainages originate either in the northern
plateau of Tibetan Himalayas or from the southern fans of the lesser or great Himalayas. According
to the theory of “ Antecedent drainage”, rivers of the Ganga system were flowing, before the Himalayas
in the present shape were born. Simultaneous to the mountain building process in the Himalayas, these
river valleys are said to have upheaved and rejuvenated again and again. it is thus explained as per
the concept of “Antecedent drainage”, how some of the great rivers of this region drain not only the
southern siopes of the mountains but also their northern slopes, the valley limit being much further
north than the main axis of the great Himalayan range. it also explains the configuration and the
enormous depth of the river Ganga, since the uplifting of the mountains and the erosion of the uplifted
valleys occurred simultaneously. The theory of “river piracy” however, attributes the peculiar phenomenon
of the drainage system of the Himalayas to the active headward erosion of the south flowing rivers,
which eventually captured the basins of the norih fivwing rivers, on the other side of the main axis of
the great Himalayan range. Whatever be tha reason of the specific drainage system of the ‘Himalayas,
the Himalayan rivers are subject to frequent change of their course and alternations in their bed
gradients which are not only caused by the differential erosion, capture of one river by anaother, land
slips, glaciation etc but also from the earth-quakes along the belt of fauiting which characterises the
southern flank of the Himalayas. '

3.2 The main Ganga stem basin in Bihar has mainly three types of soils such as {i} Alluvial soil
{iiy calcareous alluvial soit (iii} Laterite, alluvial and red and yellow.

3.2.1  Abuvial Soil:- These soils represent the vast tracts of riverine alluvium of the Gangetic plain.
Major area of the main Ganga stem has alluvial soils which is characterised by a level topography, with
a general gradient of about 0.10 per cent from north-west to the south-east. The depth of alluvium is
great and may extend many hundred metres. The colour of the soil ranges from pale gray, yeliow to
yellow brown and dark gray. The texture is generally siity loam or silty clay loam. These soils respond
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well to manuring and need some drainage facilities. The alluvial soils in the plains are very fertile and
fit for cultivation of most of the crops.

3.2.2 Calcareous alluvial Soil:- These are alluviai soils which occur in Vaishali and Munger disiricts
of Bihar. The main characteristic of the soil is the high content of CaCO,. These soils are light coloured
and their texture varies from sandy loam to loam. The p, value of the soil is on the Alkaline side.

3.2.3 Laterite, Aliuvial and Red and Yeiiow

These types of soils are present in the Godda and Sahebgan) districts of Bihar. These are hilly
regions. The colour are red and yellow and texture are loam.

4.0 HYDROLOGY

41 Hydrology deals with behavioura! study of the waters on earth, their occurrence, circulation and
distribution, their chemical and physical properties and their reaction with the environment including
their reaction to living things. Engineering hydrology includes this segment of field pertaining 1o water
management and design and operation of engineering projects for the contrel and use of waters.

During the monsgon, a low pressure area is normally observed in the weather map of india
extending from west to east in upper half of the country, in which the gangetic plain lies. Abnormally
heavy rainfall spells are generally associated with depressions or cyclonic storms moving across the
various pans of india during the south west monsoon and tropical depressions which form in the Bay
of Bengal during the monsoon season and travel in a north westerly direction. The western pan of the
catchment of the Ganga is dominated by south west monsoon season from June to September. As we
advance towards the east, the period of monsoon is extended to six months ie from May to October
due to inclusion of south-east monsoon from the Bay of Bengal. As such, most of the precipitation
accurs in the monsoon period of May to October when about 85 per cent of the annual rainfall occurs.
The intensity decreases from east to west and from north to south.

4.2 According to the norms laid down by Bureau of Indian Standards (15-4987), one raingauge for
a drainage area up to 520 Sq Km is sufficient for plains. However, if the catchment lies in the path
of low pressure systems which cause precipitation in the area during their movements, the network
should be denser, particularly in the upstream. in not too elevated region with average elevation one
kilometre above sea level, the required network density is one raingauge station for every 260 to 380
Sg Km area. The india Meteorological Department have, however, prescribed at least one raingauge
station for every 500 Sq Km of the drainage area. !t also specifies that at least ten percent of such
raingauge stations should be self recording in order to know the intensities of rainfall in the area. The
Rashtriya Barh Ayog (RBA) has suggested this percentage to be atleast twenty per cent.

4.3 According to the norms faid down by the World Meteorological Organisation (WMQ), the following
densities for raingauge stations are required:

sl Type of terrain Density Required (one station For)
No -

Ideal Acceptable
1 Fiat regions of temperate, mediterranean 600-900 Sq Km 900-3,00C Sq Km

and tropical zones

2 Mountaingus regions of temperate, 100-250 Sq Km 250-1,000 Sq Km
mediterranean and tropicat zones

3 Arid and polar zones 1,500-10,000 59 Km Depending on the feasibility
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4.4 According to the norms laid down by Bureau of Indian Standerds (1S-4987) there should be 32
raingauge stations in the catchment area (16,905 Sg Km) of the Main Ganga Stem basin in Bihar.
Against this, there are 30 raingauge stations maintained by IMD Data for 18 such stations are available
for reasonable period. The Water Resources Department of the State Government are proposing te
install more raingauge stations having sufficient number of self-recording stations.

4.5 Rainfall data of the aforesaid raingauge stations maintained by IMD were collected and analysed
by the Ganga Fleod Control Commission while preparing a Comprehensive Plan of Flood Control for
the Main Ganga Stem basin in 1990.

Rainfall normals (1901-1950) for various raingauge stations maintained by IMD are enclosed
at Annex | and average annual and monsoon rainfalls of different districts lying in the basin in Bihar
are shown in the statement at Annex 2.

4.6 The maximum average annual rainfall of the order of 1370.3mm occurs in Godda and Sahebgan
districts and minimum annual average of the order of 1068.9mm occurs in Bhojpur district in the
drainage basin of the Main Ganga Stem in Bihar.

4.7 Gauge and Discharge

4.7.1 The recommendation of the world meteorological arganisation for the minimum and tolerable
densities of hydrological observation staticns for various geographical regions is as below:-

Table 5
St Region Minimum Tolerable density under
No Density different condition
{Sq Km/stn) (SgKm/stn)

1 Fiat region of temperate mediterransan 1,000-2,500 3,000-10,000

& tropical zone i
2 Mountainous region of temperate, 300-1,000 1,000- 5,000

mediterronean & tropical zones
3 Arid and polar zones 5,000-20,000

The existing number of hydrological observation sites in the Ganga Main Stem its tributaries
(included in the Main Ganga Stem) in Bihar are indicated below:-

Table 6
Gauge-Discharge/Gauge Sites (GD/G)

St River or Catchment No of sites GD/G sites maintained by Remarks
No  Tributary area in reguired
Sq Km CWC State Govt

1 Main Ganga river 4,855 2-5 4/8 0/24 Sufticient
2 Charmawati, Kao 4,129 2-4 Mt '5/0 Sufficient
3 Mahi 2,563 1-3 Nit Nil insufficient
4 Baya 2,816 2-3 1/0 11 Sufficient
5 Bhena, Koa 2,048 1-2 Nit on insufficient

It is apparent from the above table, that there are sufficient Gauge-Discharge sites in the Main
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Ganga river, the Dharmawati and the Baya rivers in Bihar. However, atleast one Gauge-Discharge site
each in the Mahi and the Bhena hivers is required to be installed for having records of historical data
for use of their water potential in future.

The mode of measurment, recording of data, its analysis and study are required t0 be updated
in order to improve the reliability of such data. A lfist of existing sites of the CWC and the State
Government showing type and years of data availability is enclosea at Annex 3.

4.7.2 The maximum discharges, highest flood levels, danger levels etc. cbserved at four existing
sites maintained by the CWC on the river Ganga in Bihar are given below:-

Table 7

Sl Location Danger H.F.L Peak discharge observed in cumecs  Period of availability

No Level in of Discharge
metre Maximum Minimum Average Data
Year Year Year

1 Buxar 60.32 62.03 59.755 16,530 31,835 1960-87
1948 1986 1979

2 Patna 48.60 50.12 66,800 22.088 43,744 1965-86

{Gandhi Ghat) 1987 1978 1979

3 Hathidah 41.76 43.15 73,530 33.310 60,258 19486-84
1971 1969 1979

4 Azmabad 32.396 §3.047 22.781 50,845 1957-87
1971 1971 1957

4.7.3 The above table indicates that the vears of occurence of the highest recorded flood discharges
of these four sites on the main Ganga in Bihar are not the same. At Buxar, it is in 1986, at Patna in
1978, at Hathidah in 1969 and at Azmabad in 1971, This variation in the years of maximum recorded
discharge in different reaches of the main Ganga river indicate that:

a  The record flood at particular sites were caused by cne or more flood producing tributaries
above the panricular sites,

b There was wide spread intense rainfall in individual years over a paricular reach of the
river catchment causing peak run-cff in a reach, but synchronisation of peak run-offs from individual
catchments, constituting the major river system had been rare.

So far other small tributaries such as kao, Dharmawati, Mahi, Baya, Bhena etc. are concerned,
some gauge/ gauge-discharge sites are being maintained by State Government as indicated at Annex-
3. Systematic and properly recorded data of the sites maintained by the State Government are not
available. Attempts are now being made to collect and compile such data in “Water Year Book."Lot of
initiative and concerted action is still required to be taken to compile such historical records in proper
manner on continuous basis (instead of compiting hap ha zard and scattered data) for future use of
these data. In order to satisfy the accuracy of such observations, it is suggested that in future all the
sites be maintained according to the standards laid down by the WMO/ Bureau of Indian Standards
and the data be observed in the prescribed manner, processed, analysed and recorded properly on
continuous basis for use in the planning of water conservation and utilization schemes in the basin. The
data observation procedure and method should be frequently checked by Superior inspecting officer
in order to insure its accuracy.
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4.8 SEDIMENT CHARACTERISTICS

4.8.1 The river Ganga functions as the master drainage channel for the piains of Bihar. Almost all
the rivers of North Bihar and some of South Bthar outfall into the Ganga. The rivers of North Bihar have
their origin in the hills of Nepal. During rains, these rivers carry discharges much in excess oftheir
channel capacity along with huge quanrtities of debris and sediments from the erodible slopes of the
Himalayas. On emerging from the hills, their slopes remain fairly steep which tand to become gradually
ftatter lower down in the plains. These in turn are associated with decrease in velocities and consequent
deposition of more silt and sediments, causing aggradation ot river bed, low bankful capacity resuiting
in frequent spills and formation of inland delta. The heavy sediment deposition on the river beds
particularty in the flatter reaches reduces, the capacity of the river to carry , the flood discharge and
results in flood water spilling over the banks inundating the adjoining areas. Sometimes the rivers erodse
their banks and destroy a large chunk of agriculture lands and villages situated on their banks.

The silt load carried by the main Ganga is the result of large contribution of silt by these lateral
rivers joining it on either side of its course,

4.8.2 The CWC is maintaining four sediment observation sites on the main Ganga river in Bihar
situated at Buxar, Patna, Hathidah and Azmabad. However, no such site for silt observation on this
river is at present being maintained by the State Govt. The data for above four sites for the period of
1971-1987 have been analysed by GFCC. The analysis is enclosed at Annex 4.

The trend of silt recorded at these four sites in Bihar on the basis of available data for the years
1871-87 is indicated betow:-

Tabie 8
Sl Month Monthiy Sediment i0ad in million tonnes
No
Buxar Patna Hathidah Azmabhad
1 June 084 8.77 17.49 26.92
2 July 154.31 283.48 427 .27 430.69
3 August 1.132.74 1.066.82 1,341.05 1.447 .51
4 September 840.72 982.53 1.452.60 1,215.80
5 October 190.57 231.40 540.86 670.26
Total 2,319.18 2,573.00 3.779.27 3.791.18

The aforesaid analysis shows that the main Ganga carries a very heavy amount of silt during
monsoon months at all the above sites. it is also found that on the average, total sediment load during
the monsoon months is generally increasing as we go downwards from Buxar to Azmabad. The reason
behind this increase can be attributed to the huge silt carried by the lateral tributaries joining the main
Ganga river between Buxar and Azmabad such as the Ghaghra, the Gandak, the Kosi, the Mahananda
ete. The silt load carried by the Gandak, the Bagmati , the Kosi and others is very heavy. At Buxar
site, during the monsoon months, on the average the fine, medium and coarse silts account for 91.33
per cent, 7.32 per cent and 1.35 per cent of the tota! silt load respectively and the major amount of
the total silt load is being carried away during the monsoon months August and September.

At Patna site, during the monsoon months on an average the fine, the medium and the coarse
silts account for 83.58 per cent, 12.98 per cent, and 3.44 per cent of the total silt load respectively and
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majar amount of the total silt load is being carried during the monsoon months August and september.
At Hathidah site, during the mensoon months on an average the fine, the medium and the coarse silts
account for 67.91 per cent, 23.45 per cent, and 8.64 per cent of the total silt load respectively and the
major amount of the silt load is being carried during the monsoon menths August and September.

At Azmabad site, during the monsoon months on an average fine, medium and coarse silts
account for 84.96 per cent, 9.22 per cent and 5.82 per cent of the total silt load respectively and the
majar amount of the total silt load is being carried during the monsoon months August and September.
Another point worthnoting in grading of silt is that while from Buxar to Hathidah, the percentage of fine
silt has been decreasing and those of medium and coarse silt increasing, the same at Azmabad shows
different trend and in zone below Hathidah to Azmabad, the percentage of fine silt has increased from
67.91 per cent to 84.96 per cent, whereas those of medium and coarse silt have reduced from 23.85
per cent to 9.22 per cent and from 8.64 per cent to 5.82 per cent respectively. This is perhaps due
to transportation of considerable amaount of fine silt in the Ganga by the rivers of north Bihar which join
between these two locations and alse due to deposition of coarser siit on the way due to flatter slope
ot this river in the reach. This, however,needs to be further investigated in detail and studied to arrive
at some definite conclusion.

5.0 FLOOD FREQUENCY ANALYSIS

5.1 Frequency analysis is carried out to interpret the past records of the hydrologic events like the
precipitation, run-off, flood level etc. to predict the probabilities of such occurrences in future. For
quantitative assessment of the magnitude of flood probiem, it is essential to evaluate or estimate the
frequencies of rainfall, fioods etc. Such studies are necessary inputs for proper design and locations
of hydraulic structures as well as other related studies.

5.2 CRITERIA OF DESIGN FLOOD

5.21. Ministers Committee on fioods and flood relief constituted by the Govt. of india in 1970 had
recommended that:-

“As most of the embankments have been canstructed on the inadequate and meagre hydrological
data which were available, it is necessary that the existing embankments are reviewed to see that
these are safe for a period of 30 years frequency for major rivers and at least 25 years frequency for
smalit tributaries. Similarly ail the future proposais of embankments should aiso be based on the above
criteria”.

5.2.2 The recommendation of the Rashtriya Barh Ayog (RBA), constituted by the Govt. of india in
1976 (which submitted its report in March 1980), regarding the degree of protection by embankments
are as follows:-

The use of benefit-cost criterion would require (i) damage data with respect to different fiood
frequencies (i} data on damages due to probable failure of embankments and (iii) expertise to carry
out alternative benefit-cost and trade-off exercises. These are not available at present. Hence for time
being we recommend, as a general guide, adoption of the following criteria based on fiood frequencies:-

() For predominantly agricultural areas:- 25 years flood frequency. In special cases,
where the damage potential justifies a higher design flood, maximum observed flood may be adopted.

(i) For town protection works, important industrial complexes etc:- 100 years flood

frequency (for larger cities like Delhi, the maximum observed fiood or even the maximum probabie fiood
should be considered for adoption).

939



Appendix 11/18

Meanwhile studies should be under taken to review the basis of these flood frequencies and
attempts made to collect. the data and appoint the necessary personnel, so as to enable the application
of benefit-cost criterion in due course” {para 13.5 of R.B.A. Report).

5.2.3 The relevant recommendation made by the erstwhile Ministry of Irrigation, Govt. of India in the
“Guidelines and instructions for implementation of the recommendations of RBA” are reproduced below:-

“In the case of embankment, the design of a project should be determined for the time being
on flood frequencies suggested. Meanwhile necessary step may be taken for eventual application of
benefit-cost criterion for fixing the design”.

The summary of recommendations as accepted is as follows:-

“In the case of embankment schemes, the height of the embankments and the corresponding
cost be worked out for various flood frequencies and also the benefit-cost ratio taking into account the
damage likely to occur for the relative flood frequencies. However, till such times as the details of all
relevant parameters are available, embankment schemes might be prepared for a fiood of 25 years
frequency in the case of predominantly agricuttural areas and for flood of 100 years frequency for works
pertaining to town protection and protection of industrial and other vita! organisations”.

53 ANALYSIS OF AVAILABLE DATA

5.3.1 At present gauge, discharge and sediment data are being observed by the CWC at four sites
on the main Ganga river in Bihar namely Buxar, Patna, Hathidah and Azmabad. In order to obtain a
resonably good estimate of future probability of occurence of the events, at least 20 to 25 years of
yearly peak value of gauge and discharge are required for frequency studies. In case of the river
Ganga, more than 25 years records for all the above four sites are available . The yearly peak gauge
and discharge data for the above four sites namely Buxar, Patna, Hathidah and Azmabad are enclosed
at Annex-5.

5.3.2 The frequency analysis of the above available data carried out by the GFCC,by using Log
Pearson Type-lll method and Gumbel method gave the following results:-

Tabie 9

FLOOD DISCHARGE IN THE RIVER GANGA
Unit: Cumecs

St Site Years of data Corresponding to Log pearson Type-iil Method
No availability

25 years 50 years 100 yeats
1 Buxar 1960-87 51188 56170 61258
2 Patna (Gandhi ghat) 1965-86 72494 78203 B3757
3 Hathidah 1945-84 72262 76875 81332
4 Azmabad 1957-87 79911 84641 88813
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Table 9 {contd)

SI Site Years of data Cerresponding to Gumbel Method Highest observed/

No availability computer discharge
25 yrs 50 yrs 100 yrs  Year of Occurrence

1 Buxar 1960-87 54592 60600 66564 59755/1986

2 Patna 1965-86 79042 88335 97560 66800/1978

(Gandhi ghat)
3 Hathidah 1945-84 76500 83400 90248 73530/1969
4 Azmabad 1957-87 87925 97724 107452  83047/1971

5.3.3 It is observed from the available data that the increase in the discharges for Buxar, Patna,
Hathidah and Azmabad sites for 25 years return period to a flood of 100 years return period as per
Log Pearson Type Il method are 19.67 per cent, 15.53 per cent 12.55 per cent and 11.14 per cent
respectively and as per Gumbels method are 21.92 per cent, 23.42 per cent,17.97 per cent and 22.20
per cent respectively. The above analysis leads to the following conclusions so far as flood frequency
on the main river Ganga is concemed.

i The flocd for a 100 years frequency i1s approximately 20 per cent more than the flood
corresponding to 25 years frequency. The embankments on the main river Ganga may, therefore, be
designed for a flood of 100 years frequency even for protecting predominantly agricultural land , if the
-same is found economically viable and is considered as only alternative method for flood management
in the area. For the present, however,the criteria recommended by the R.B.A. to adopt a design flood
of 25 years frequency for protection of predominantly agricuitural areas may be adhered to.

ii There is a nhominal decrease in the fiood level, even with a substantial moderation of flood
peak from 100 years frequency to 25 years frequency . it follows that if flooding has to be controiled
by flood moderation ( through reserveirs or detention-basins),the degree of moderation has to be quite
large sc as to bring down the depth of spilling over the pank to safe limit.

5.3.4 It can be seen from the above Table that the discharges for 25 yrs, 50 years and 100 vears
at Patna are more than that obtained at Hathidah site. This is contrary to the situation as is generally
expected theoretically that the discharge in the lower reach should increase on account of addition of
more drainage area. The following facts might be the likely causes of such deviation on unexpected
pattern either singly or in combination:-

] Differences in mode of measurement /computations of the peak discharges,

i Large scale infiltration and ground water recharge,

iii  Large subterranean flows across the sub-basin boundaries

iv  The river Gandak joining immediately below the G & D sites at Patna creating afflux,

v Large scale spilling of the banks in the reach and temporary detention of considerable
discharge in the Mokama Group of Tals.

vi  Large cross slopes in the width of the river affecting the observations at G/D sites.
vii  River reach being affected by the meander of the river and

viii  The availability of reliable data for analysis and computation of maximum discharge at the
two sites.
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5.4 UTILITY OF FLOOD FREQUENCY STUDIES

The resufts of flood frequency studies are useful in delineating the flood prone area on the
contour map in order to be aware of the situation in the unprotected area at different stages of the river
during floods. To make the studies useful, it is essential to have the contour map (with contour at
suitable interval) of the area prone to floods preferably in & scale of 1:15,000. The next utility of these
studies will be in formulation and planning of the flood protection/management projects in the basin.
The contour maps for the areas of the Ganga stem basin could not be made avaitable and hence flood
prone area map of the basin for different frequencies of ficods could not be prepared. The Commission
suggests that the contour maps of these areas prepared eariier by the Survey of India may be procured
and flood prone map of the basin for different frequencies of floods be prepared for the unprotected
areas on priority basis and, thereafter, for the protected areas also so as to tssue warning for shifting
of people, cattle, movable propenrties etc. during possible breach in the embankments.

5.5 ANNUAL PEAK GUAGE DISCHARGE RELAT!ONSHIP (APGDR)

3.5.1 The Ganga Flood Control Commission have drawn the Gauge-discharge rating curves for the
existing four sites ot the CWC on the main Ganga rivers in Bihar at Buxar, Patna, Hathidah and
Azmabad on the basis of the available historical data. The relationship between the two parameters,
the stage and the discharge at the higher range of the river is of greater importance than the same
at the lower range for the flood management purpose. The gauge-discharge relationship curve is
formulated by the method of least square with the help of computer. The results of the four sites as
computed by the GFCC are indicated below:

Table 10
River-Ganga
Sl No  Site Equation of Gauge and discharge curve
1 Buxar Q = 263.808(z-51)2 13568
2 Patna Q = 365.960(z-41.1)2265%
3 Hathidah Q = 100.075(z-32.2)26159
4 Azmabad Q = 23B.284(z-22.8)292725

Where Q = Discharge in Cumecs z = Gauge in Metres

Due to the erodible nature of the bed of the river Ganga in this reach. these relationships need
to be updated at frequent intervals on the basis of further data availability.

6.0 FLOOD AND DRAINAGE PROBLEM

6.1 FLOOD PROBLEM

6.1.1 The river Ganga is & source of frequent devastating fioods in the plains of Uttar Pradesh, Bihar
and West Bengal. The aliuvial plains of the Ganga stretch for Kilometres together with a flat and fertile
terrain in contrast with widely varying topographical and climatic features that influence the behaviour
of the rivers traversing the various parts of the country. Conseguently, the Himalayan rivers have

entirely different problems, which are guite complex compared to non-Himalayan rivers,

6.1.2 In the upper calchment of the Ganga, in parts of the districts in Uttar Pradesh, namely Uttar-
Kashi, Chamoli, Pauri, Tehri, Dehradun and Almora, soil erosion and gully formation are common due
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to steep slope, deforestation and faulty agricultural activities accompanied by frequent land slides.
Bank erosicn is active near Badrinath.

The Ganga causes damage by spilling over its banks at several places. The major problem of
flooding along the Ganga occurs below its confluence with the Yamuna at Allahabad beyond which
considerable damage is caused by spilling of flood waters over its banks during higher stages. it also
erodes its banks near Mirzapur, Varanasi, Balia, Patna, Begusarai, Barahiya{Khutaha), Munger, Khagaria
(Mansi), Narayanpur and Karhagola etc. where important Anti Erosion Schemes have been executed
in past to hold the river.

6.1.3 it has been observed in Bihar that, when the river Ganga is flowing at higher stages, the
discharges from the tributaries get locked and cause wide spread flooding in the river systems and near
their confiuence points, The condition worsens when the floods in the Ganga and its tributaries
synchronise. Therefore, the water level of the Ganga at any particular time during monsoon controls
the intensity and duration of the flood in the catchment of its tributaries also. Flooding is quite wide
spread in Khadir i.e. the meander belt of the river. The villages situated on the Diara land are the
victims of the floods almost every year, The low lying areas are also affected due to drainage congestion
for longer period even during normal floods. For instance, the area covered under Mokama Groups of
Tals starting from Fatuha to Lakhisarai as well as Dakras & Bariarpur-Sultanganj tat area poses serious
drainage problem due to ficod of the Ganga river. This type of problem due to similar topography aslo
exists on the left bank between Chapra and Bazitpur and between Narayanpur and Kursela. The
problem of bank erosion on the Ganga is primarily due fo changing pattern of its meandering tendency.

6.1.4 The slope of the river Ganga is very flat in Bihar portion and also in West Bengal i.e. 1:15,705
(.0B8m/km) to 1:24,000(0.04m/km) up to confluence with the Sea, thereby causing sluggishness in the
drainage of flood water. The tributaries of this river, which join it in Bihar such as the Ghaghra, the
Gandak, the Bagmati and Adhwara Group of rivers, the Kosi, the Mahananda etc. also bring enormous
amount of silt from the Himalayas. The silt load is deposited in the bed due to flatter slope and causes
the river to spill its banks. Such excessive deposition of silt has resulted in reducing the capacity of
the river channel gradually and consequent formation of shoals and islands in the bed of the river. All
these reduce the capacity of the river and enhances its meandering tendency, due to which the water
spills over the banks intc the countryside and cause fiood.

6.1.5 According to the district gazetteer of Patna, the floods of 1901, 1813, 1923, 1936, 1848, and
1967 in Patna were severe in this century and there after there were very heavy floods in Patna in 1971
and 1975. The years of occurrence of floods since 1971 in different districts of Bihar caused by the
main Ganga river is indicated below:-

Table 11
District ~ Years of occurrence of flood
Patna 1971,73, 74,75, 76, 74, 80, 82, 83, 84, 85, 86,587,866
Rohtas 1971,75, 76, 84.
Bhojpur. 1071,73, 74, 75, 76, 78, 80, B2, 83, 8b, 86, 87, 88
Satan 1971, 73, 74, 75, 76, 78. BO, 82, 83, 84, 86, 87, 88
Vaishali 1970, 71, 73, 74, 75, 76, 78, 80, 81, 82, 83, 85, 88
Samastipur 1970, 71, 73, 74, 75, 76, 78, 85, 86, 87, 88
Begusarai 1070, 71, 73, 74, 75, V6, 78, 80, 81, to 88
Bhagalpur do
Munger 1971, 73, 75, 76, 78, 80, 82, 83, 84, 87, 88
Sahibganj 1971, 73, 74, 75, 76,78, B0, 81, 82, 83, 84, 87, 88
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History of past floods as avaiiable from the records of the Irrigation and Revenue Departments
from 1901 to 1992 are placed at Annex 6

6.2 DRAINAGE PROBLEM

6.2.1 As stated earlier the Main Ganga Stem basin in Bihar is inclusive of the Kao-Thora-Dharmawati
river sub-basin, the Mahi sub-basin, the Baya sub basin and the Koa-Bhena sub-basin in addition to
the small width of catchment along the coarse of the Ganga along its full length in Bihar draining
directly into it. There is no significant drainage problem in the Kao-Thora-Dharmawati basin and the
Kea-Bhena basin because these rivers are running in steep siope with adequate discharging capacity
and the topography of the sub basin also allows efficient chainge. But the Mahi and the Baya sub-
basins have considerable drainage problem which are described below:-

6.2.2 The Mahi and the Baya sub-basins suffer from acute drainage congestion due to existence of
numerous depressions known as "Mauns” and “Chaurs”. The mauns are the leftover old courses of the
river. The topography of North Bihar had been thoroughly disturbed during the major earth quake of
1934, causing upheaval and depressions which disturbed the gradient of the rivers and aggravated the
problem of flooding and drainage congestion. The capacities of the rivers have been reduced considerably
due to siltation of the bed, weed growth and flattening of the hydraulic gradient. Their waterways have
maostly been encroached upon for cultivation and are blocked at some locations by means of artificial
barriers for fishing. All these factors lead to drainage congestion in the basin particularly in non-
monsoen months. Heavy precipitation in the drainage basin coupled with high stages in the outfall
channeal further aggravate the drainage problem during the monsoon months.

Apart from the preblems of congestion in the trund drains, the absence of subsidiary trunk
drains connecting the depressions with the trunk drains and drainage congestion in the subsidiary trunk
drains alsc accentuate the problem. The area which are water logged in an average year in Bihar
portion of this Main Ganga Stem workout to about 1.30 Lha during kharif and 0.68 Lha during Rabi
season. This area is mainly located in Mahi and Baya sub-basins of the Main Ganga Stem.

6.2.3 It appears that area suffering from surface drainage congestion in the basin is not being
systematically surveyed and recorded every year in order to know the magnitude of the problem. It has
also not been possible to delineate the areas affected by floed spills from those affected by drainage
congestion as such details are not being observed. Efforts should be made to observe and keep
separate records for the two afforsaid categeries without any further defay. In the absence of these
figures, it is not possible at this stage to make an analysis and relate the exient of drainage congestion
or flooding with the magnitude and duration of flcods experienced in the river in different years.

6.2.4 Sub-surface drainage condition in the basin is also a likely factor which contributes to the
problem of drainage congestion. No systematic observation of ground water contour in the basin
appears to have been or being carried out from year to year. However, the available records indicate
that the ground water level varies between depths of 1.5 to 10 metre, depending upon the zone and
season. A sizeable area suffering from drainage congestion is distributed throughout the Mahi and the
Baya sub-basins and it has not been possible so far to identify any local zone which is suffering from
such problem due to defficiencies of sub-surface drainage. The investigation carried out so far do not
provide sufficient details to pin-point these zones. It is, therefore, necessary to carry out systematic
field investigations regularly so as to pin-point such water drainage congested zones which are suffering
due to lack of proper sub-surface drainage.

6.2.5 It appears that post facto evaluation study of any completed drainage scheme either in the

basin or in any cther basin in North Bihar has not been under taken so far. Such evaluation studies
for a few completed drainage schemes in the basin need to be undertaken quickly so that future
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planning for removal of drainage congestion in basin is done after knowing their usefulness and
efficiency.

6.2.6 A number of sluices have been provided in the embhankments at suitable location in order to
provide drainage of the area lying cn the country-side of the embankment when the river stage is low
after floods, It is necessary to carry out review of the adequacy of such sluices in the embankments
in the basin and to take further necessary action on the basis of such review. It is, however, observed
that even where sluices have been provided, they have become inopertive due to one or more of the
following reasons:-

a high stages prevailing in the river,
b choking of the leading channel of the sluices due to siltation or encroachment,
c non-operation of gates due to mechanical faults and

d Shifting of the river channel away from the embankment and heavy siltation near the
sluice on the river side.

6.2.7 It is common saying that the problem of drainage congestion and water logging increases with
the introduction of irrigation. While this may be frue in some cases but it can not be applicable
universally as there are many areas in the basin which suffer from drainage congesticn and water-
fogging where irrigation facility is not available so far. Some of the water logged area in the Mahi and
Baya sub-basins were existing even before introduction of irrigation in the basin and virtually, there has
been no change in their extent. A study has been made by Water and Power Consultancy Services
{india} Limited, New Delhi on this phenomencn in the command area of the old Sone Canal System
in course of preparaticn of Feasibility Report of Sone Canal Modernisation Project in March 1887 ,which
covers the sub-basin of Kao-Thora and it was found that there has been no change in sub-soil water
levels after the introduction of irrigation in the year 1876. The ground water levvel measurement along
Scne canal was reportediy started as early as in the year 1886. As the ground water level adjoining
the canals did not show any rise, the measurment was discontinued in the year 1942, The data clearly
show that no water logging problem cropped up in the area even after running of canals for over half
a century. The records of Baya and Mahi sub-basins available so far also do not indicate any appreciable
rise in sub-surface water level. These records are not available for longer duration and those available
are- also not continuous. !t is, therefor, recommended that ground water structures of the Baya and
Mahi sub-basins be systematically and regularly observed te ascertain the fluctuations in sub-soil water
table and records maintained for future planning of remedial measures.

6.3 FLOOD DAMAGES

6.3.1 The damages caused by floods and drainage congestions are classified broadly into the following
two catagories {a) Direct damage and {b) Indirect damage.

6.3.2 The direct damages are those which are caused due to direct physical contact with flood water.
These include losses to {a) growing and pre-harvest crops (b} houses and house hold assets (¢} public
utility works {d) public building and (e} loss of human lives and livestocks.

6.3.3 The indirect damages are not susceptible to quantification. Therefore, approximate monetary
evaluation can only be done for such damages. These generally include:-

a Loss of earning in agrobased industry and trade,

b loss of revenue to the road and rail transport system due to disruption of services,
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> i0ss of earnings to small shopkeepers and other daily wage earners and

d 0ss of employment to the dafly wage earners in the public and private sectors.

6.3.4 The flood damage data are collected by the Revenue (Relief and Rehabilitation ) Department
of the State Government and passed on to the various concerned organisations of the State and
Central Governments. The Central Water Commission (C.W.C.) is collecting and compiling such damage
data of ali flood prone States at national level. The Central Flood Contro! Board had decided that Flood
Control Department ol the States should compile basinwise flood damage data with effect from 1260.
This is not being followed in Bihar and the flood damage data still continues to be collected districtwise
(not basinwise) by the Revenue (Relief and Rehabilitation) Department.

6.3.5 Flood damage data are required every year during the flood season for the purpose of immediate
requirements of relief operations that becomes necessary on account of current damage caused by
floods. As such, the need for compiling the annua! flood damage data, according to the administrative
jurisdiction in district and blockwise category in the State cannot be denied. On the other hand,
planning of the flocod management measures are to be on a basin and sub-basin wise manner. It is,
therefore, necessary that such data are collected by the Revenue Authorities with active co-operation
of the statfs of Water Resources, Agriculture, Road construction and Building Construction Departments,
and the data are processed and compiled both district wise as well as basin/sub-basinwise by the
statistical organisations at district and State level for further use for planning of relief measures and
flood management respectively.

The flood damage data for the Main Ganga Stem basin in Bihar converted from the avaitable
districtwise figures are enclosed at Annex 7.

Proportionate damage in accordance with area has been accounted for in case of such districts
of which only a part lie in the Main Ganga Stem river basin in Bihar,

6.3.6 From the perusal of the data processed by the Revenue Department, it is noticed that damage
to property of Central Government such as Railways, Post and Telegraphs etc. are not properly
accounted for. Cn the other hand, the cost of relief and rehabilitation measures, grant of loan, remission
of land revenue efc is added to flood damage. This does not appear to be praner.

6.3.7 It is observed that the flood damage statistics,which is essentially required for the benefit-cost
studies for any proposed tiood management measures,are not being scientifically and rationally collected
and compiled. The RBA had made many useful recommendations in this regard which do not seem to
have been followed.This Cammission recommends that the recommendations of the RBA should be
followed strictly and realistic evaluation of flood damage district/river basinwise be carried out every
year under the foliowing three separately identified categories:-

i Unprotected areas.

i Protected areas due to failure of protection works,

jii  Areas between the embankments and the river.

The extent of drainage congestion in the protected and unprotected area should be indicated
separately. The WRD dealing with flood management should be associated with collection and compilation
of flood damage data.ln order to eliminate any inconsistency,the flood damage data should be collectively
reviewed by the concerned departments at the end of each year.Such reconciled long term data of

flcod damage is to be used in economic viability study for any future flood protection management
scheme in the area.
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6.3.8 It would be evident from the available flood damage data of the basin (Annex-7) that average
annual area affected by flood is 2.94 Lha. The average annual damages to the crop, houses and public
utilities at 1991 constant prices work-out to As. 4044.70 lakh, Rs 702.74 lakh and Rs 337.53 lakh
respectively, totaling to Rs 5084.97 lakh.

7.0 PAST APPROACH AND ACHIEVEMENT

71 In the early days embankments were constructed to prevent the spill of river causing damage
to the agricultural lands, properties and inhabitated area which were constructed in scattered length
according to the focal requirements. Such embankments were not constructed in continuous length in
systematic manner and were mostly not strong enough to withstand pressure of waters during high
floods. However, such local embankments or zamindari embankments had not been constructed on the
Main Ganga river because of its being a large river whose spills could not be controlled by small
marginal embankments. It is seen that before independence, no major flood control work was taken
up in the Main Ganga Stem basin though this basin had witnessed many high floods. The damages
caused to life and properties and hardship suffered by the people during the successive floods of 1952,
1953 and 1954 coming in a row forced the authorities to consider providing a reasonable degree of
protection to the fiood prone areas of this basin.

7.2 After the worst and most devastating flood of 1954 the Government of India announced a
nationai polficy on floed control and launched a national programme of fiood control in the year 1954.
This policy stressed the need for collection of data and fermuiation of plans, implementation of short
term measures like embankments and channel improvements and long term measures like construction
of sterage reservoirs on tributaries in conjunction with embankments, all under an outline of time bound
programme. No long range plan could, however, be immediately formulated for want of survey and
investigations as well as historical data, but emergent schemes were prepared and executed to provide
a reasonable degree of protection from the ravages of floods to the areas concerned. These schemes
have served their desired purposes.

7.3 The Central and State Governments appointed Several Committees to go into the problem of
floods and suggest remedial measures. The Commitiees appointed are broadly of the following
catagories:-

A Appointed by the Government of India to deal with general flood problem in the country.

8  Appointed by the Government of India to deal with the specific problems.

C  Appointed by the concerned State Government to deal with particular problem in the
state.

D Reports/Observations of various experts/expert arganisations.

The recommendations of such Committees reiating to the Main Ganga Stem basin are described
in the following paragraphs:-

7.3.1 High Level Committee on Floods (1957)
This Committee was setup in April, 1957 to make an assessment of the flood problem in the
country and advise on the measures that should be taken {o tackle i. The Committee consisted of

senior engineers and a forest officer. The terms of reference of the Committee were:-

a  Toanalyse the factors responsible for a succession of heavy floods in the Ganga and the
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Brahmaputra basins and to indicate, in a general way, after an examination of the hydrological and
other rejevant data available, the lines on which the flood problems of various areas should be tackled.

b To review the measures undertaken to combat fioods and to indicate the lines on which
work shouid proceed in future, both in regard to the construction of flood protection works and in regard
to the collection of data for the formulation of long term flood control measures.

c To lay down principies for the fixation of priorities in the construction of flood protection
works.

d To examine specific fiood problems of an acute character from states and to indicate the
fines on which they should be tackled.

e To report on the circumstances in which embankments can be considered as a suitabie
method of flood protection .

f Any other recommendations bearing on the control of flood and mitigation of damage by
floods.

The Committee submitted volume 1 of iis report dealing with the general assessment and
principles and policies in December,1957 and volume-il discussing flood control in varicus basinsg in
November,1958.1n its report,the Committee made a comprehensive assessment of the flood problems
in various river basing reviewed the measures undertaken till 1957 and suggested lines for further
measures and collection of data.

7.3.2 Ministers’ Committee on Flood Control{1964)

This Committee was setup in February,1964 by the Government of india and consisted of
Ministers incharge of Flood Control in various States and representatives of Central Waler and Power
Commission,Ministry of irrfigation and Power,Ministry of Finance and the Planning Commission. The
terms of reference of the Committee were:-

a  To review and assess the action taken by the Central and State Governments in respect
of the Nationa! Fiood Controi Policy outiined in 1954 with a view to indicate the extent of the various
fiood control measures have been effective and what further remains 1o be done in different States in
the fourth,fifth and subsequent plans.

b Te suggest ways and means for financing fiood controi schemes.

c To examine the existing pattern and suggest modifications and improvements to flood
control organisations in the States and at the centre and infer-states levels jike the River Commission.

d To examine and recommend pelicy in respect of flood warning and forecasting,fiood plain
zohing and flood insurance. |

e To make recommendations on any cther subjects relating to the above.

The Committee submitted its report in December 1864.1n its report,the committee stressed the
need for preperation of long range p'ans for fiood control,co-ordination of flood control with other uses
and improvement in the present system of collection of fiood damage statistics.It did not favour the levy
of ficod cess as it wouid be an additional burden on the poor cultivators in the protected reach.it
recommended change in the paitern of assistance to the State Governments for flood control works
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from 100 per cent {oans to 50 per cent grant or subsidy.
7.3.3 Ministers’ Comnmniittee on Floods and Flood Relief(1972)

This Committee was headed by the Union Deputy Minister of irrigation and Power and consisted
of Ministers incharge of Flood Coentrol of flood prone States and representatives of the IMD and Central
Water and Power Commission.The terms of reference of the Committee were:-

a To enquire into heavy 'ess of lives and property fram fleods and heavy rainfall.

b To examine and draw up suitable propesals for avoidance of such heavy ioss of lives etc
in future.

c To study the guestion of co-ordinated action by various agencies in organising flood refief
measures.

The Committee submitted its report in March,1872. The important recommendations were as
follows:- -

1 Flood forecasting centres should be established in all flood prene river basins.Field
meteorological Office should be established by the IMD to work in close co-operation with the fiood
forecasting centres.

2 Arrangements for dissemination of flood warnings should be made and the pubiic shouid
be educated about the significance of such warnings.

3 Each State Government should prepare a manual for flood operations including ficod
fighting,and should setup necessary organisations for the purpose.

4 Long range and comprehensive plans of fioed control shouid be prepared expeditiously
by the States by engaging special staff if necessary.

5 Suitable legislation should be enacted by the States to prevent enchroachment on the
rivers and natural drainage channels.

7.3.4 Working Group on Flood Control, 1978

The Central Flood Control Board, in its 16th meeting held at Delhi in November, 1977 decided
that since irrigation, flood contral and drainage aspects could not be dealt with in isolatiocn and since
in almost all States, the Ministers incharge of Irrigation were also incharge of Flood Control, the subject
of flood contrel could be discussed in the State Irrigation Minister's conference, with which the Central
Flood Control Beoard might be amalgamated. After the above decision of the Board, the next Irrigation
State Minister's conference, that is the fourth conference held in February, 1979, at Thiruvananthapuram
(Trivandrum) passed a resolution nating and endorsing the major policies and strategies recommended
by the Working Group on Flood Control, set up by the Union Ministry of Irrigation. The final repert of
the Working Group, as brought out in November, 1878 by the Ministry of Agriculture & lrrigation
recommended the following important peints with regard to the strategy for fiood protection:

i Stae Governments should critically examine all major existing works and put up proposais
for stabilising existing henefits.

i The work of flood forecasting should be extended to other inter-state rivers and shouid
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be continued with added emphasis on modernisation of the systems.

it Flood affected States should prepare basinwise plans in close co-ordination with lrrigation
and other Departments. The outline of Master Plan should be finalised by each flood affected States
by March, 1980. Detailed Master Plans should be finalised by March 1982,

v In connection with Flood Plain Regulation and Management, the basic work of detailed
surveys and preparation of contour maps should be carried cut in the central sector. The State
Government should demarcate areas liable to floods of different frequencies and intensities both on
maps as well as on ground and enforce necessary land use regulation.

v While embankments constructed so far have by and large given the desired protection to
large areas at comparatively low costs, their consequent long term effects on river regime are yet to
be evaluated. New embankment schemes should be taken up with caution after carrying out detaiied
studies.

vi  Anti erosion works should normally be taken up for protection of town and a group of
thickly populated village abadis, railway lines and roads where relocation is not feasible on techno-
economic ground and for protection of portions of embankments benefitting large areas where retirement
is not possible.

vii Al storage reservoir projects in the catchment of flood prone rivers should be given
priority. All such proiects planned for irrigation/power shouid be reviewed in detail to examine the
possibility of providing specific fiood storage. Operation schedules shouid be drawn up so as to provide
flood moderation to the extent possible.

viii  Studies with regard to likely benefits of flood moderation by the proposed reservoir projects
in Nepal should be immediately carried out.

iXx  Soil conservation programme would be complimentary to the engineering programme of
fiood control and should be taken up simultaneously. However, economic iustification of this programme
will have to come largely from other inherent benefits of such a programme. Experiences of other
countries indicate that while these measures do have beneficial effects on reduction of flood peaks of
small floods on small catchments, these may not have any significant effect in the reduction of flood
peaks in the large damage producing floods. These measures help in reduction of silt in the river.”

7.3.5 Fourth Conference of State Ministers of Irrigation, 1979 {Constituted by the Government
of India)

The conference held in February 1979, passed several resolutions on Floods and Fiood
Protection. Those relating to important Flood Contro! strategy are summarised below:-

i The work of preparation of Master Plans for fiood control and drainage within the framework
of the overall development of water resources should be completed within next four years.

ii Preparation of detailed contour maps in respect of flood prone areas be expedited by
taking up the work in the Central Sector. Steps whould be taken to demarcate flood zones corresponding
to various fiood freguencies and intensities.

il Necessary administrative and legal steps be taken immediately by the concerned authotities
to reguiate further development activity in the fiood plain.
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v New embankment schemes shouid be taken up with caution and detailed studies regarding
their effect on the river regime and behaviour made while assessing the costs and benefits.

v Anti-erosion works should normaliy be taken up for protection of towns, industrial areas
and a group of thickly populated village abadis, railway lines and roads where relocation is not possible
on techno-economic grounds, and for protection of portions of embankments benefitting large areas
where retirement is not feasible.

7.3.6 Committee on Scientific Flood Forecasting in the Country (1963)

This committee was setup by the Government of india in 1963 to review the system of flood
warning existing in the country and procedure for undertaking effective system of flcod forecasting.
This Committee has representatives of the India Mateorologica! Department and the Central Water &
Power Commission. In its report submitted in 1965, the Committee recommended setting up of flood
forecasting centres and subcentres all over the country and setting up of a flood forecasting organisation
to guide and co-ordinate flood forecasting programme.

7.3.7 Study of Scientific Assessment of Fiood Damage (1964)

Since the assessment of flood damage made by the States was not on a uniform basis and
the need for laying down a uniform procedure for having accurate and reliable statistical data of flood
damage from all the States was keenly felt, the work of evolving a standard scientific procedure for
the assessment of flcod damage was entrusted to the National Council of Appiied Economic Research
in 1964. In its report, in addition to outlining the procedure of computing damage, the setting up of
statistical cells attached to Chief Engineers of Flood Controt at State head-quarters, designation of the
District Collectors as the authority to co-ordinate all reports of damage data sent by the officials in the
district, training of village officers in the observation and preparation of reports of the damage caused
by fioods and the nomination of Ficod Controi Department in the states as the overall agency for the
collection of and dissemination of flood damage data was emphasised.

7.3.8 High Level Committee on Patna Fioods (1975)

This Committee was set up by the Government of Bihar after the severe floods of 1975 in the
rivers Ganga and the Sone which submerged large areas of the city of Patna and caused large scale
damages in the Capital city as well as Danapur Cantonment area. The Committee consisted of Member
(Fioods) of the Central Water Commission as chairman, two members of Bihar Legisiature, Chairman
of the Ganga Flood Control Commission and the Chief Engineer of the Bihar Government as members.
The term of reference of this Committee, inter alia, included investigation of the causes of floods and
to suggest measures for future protection against similar catastrophy.

The Committee in its report, recommended execution of Schemes for protection of Patna and
its surrcunding areas in two phases in accordance with the foliowing priority.

Priority-i

i (a) Construction of an embankment cum masonry wall on the south bank of the Ganga
from Digha to Maner along with revetment at vuinerable places.

(b) Construction of sluices in the proposed embankment wherever the embankment will
be crossing the drainage openings.

i Construction of an earthen embankment cum-masonry dowel on the south bank of Ganga
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from Digha to the tail end of earthen embankment of the Punpun on left bank in gonjunction with
existing masonry dowe! wall/fembankment wherever necessary.

i Construction of new earthen embankment frem Maner to Saidabad along right bank of
Sone.

v Construction of an escape channel from Patna Canal upstream of Naubatpur through
Khajuri Distributary and Panchahua nala with ancillery works,

¥ Closure of the lock gate on the Patna Canal and provision of a gate with proper seals at
the junction of Patna Canal with the Ganga.

vi  Restoration of Patna Canal and Maner distributary to its original section with a free board
of 0.9 metre above 1975 HFL in the left bank of Maner distributary.

vii  Raising and strengthening of Danapur distributary and construction of new embankment
in its tail reach to prevent the entry of drainage water from rural areas lying on the west towards Patna.

viii  River training works for preventing erosion at vulnerable places along the right bank of the
Ganga.

ix Improving and/or remodelling the existing urban drainage in Patna and construction of
sluices with gates on the drainage channeis proposed for augmenting the capacity of the existing ones
as per new proposals.

Priority-I|

i Remodelling the drainage system in the rural areas by excavating new channels, remaodelling
of the existing channels and raising of the roads/distributaries wherever and to the extent necessary
for segregating drainage of different sectors.

i Raising and strengthening of the left embankment of the Punpun as we!l as construction
of new embankment in its upstream reaches up to the escape channel.

7.3.9 In complience of recommendations of different committees formed since 1854, the State
Govemment executed several embankment and town protection schemes in the Main Ganga Stemn
basin which have been listed and placed at Annex 8.

7.4 RESERVOQIRS

It is an established fact that a properly operated flood control reservoir, combined with efficient
flood forecasting, offers the most dependable fiocod control. The Ganga sub basin has a very large
catchment in hilly areas in india and Nepal having a number of tributaries such as Yamuna, Ramganga,
Gomti, Sone, Ghaghra, Gandak, Kosi, Mahananda etc. A number of reservoirs on these tributaries
have already either been built, or are under construction and proposed for being taken up in future in
Uttar Pradesh, Madhya Pradesh and in Nepal. But, these dams are maostly for power generation and
irrigation purposes and they do not provide for specific storage space for flood cushion. Rough calculations
indicate that if the entire river above Tehri is intercepted by Tehri dam and no water flows down, the
reduction in fiood gauge at Kanpur could be as small as 4 cm even on such an extreme assumption.
Hence, the effect of peak fiows in the reaches down stream of Allahabad and in Bihar would be almost
insignificant so far as the main Ganga river is concerned. Therefore, by and large, the dams on the
Ganga in its hilly catchment will not piay any important roie in respect of flood control or moderation
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in Bihar. Suitable dam sites are not available in Bihar where the river flows in plains through alluvial
soil,

7.5 EMBANKMENT SCHEMES

7.5.1 Construction of embankment which is generaily the guickest and cheapest measure for flood
protection has been adopted in the past . Many embankment schemes have already been constructed
on the main Ganga river and its tributaries (included in this report) to provide protection to flood prone
areas and a few schemes are still under execution. Salient features of major embankment schemes,
completed already, are given below:-

Table 12
Sl River Name of Scheme District Length Protected area
No Km {in ha)
1 Ganga Kasba-Roopnagar Embankment Patna 18.00 2500
Ganga Gupta pund Begusarai 13.2 3250
3 Ganga Gupta-Lakhminia embankment Begusarai 25 4200
and chak ring bundh
4 Ganga Old Gogari embankment Khagaria 8 2700
Ganga Gogari-Narayanpur embankment  Khagaria 442 14400
6 Ganga Azampur-Karhagola embankment  Katihar 27.2 19430
and Sankar embankment
7 Ganga Karhagola-Jaunia Katihar 5.7 210
second retired line
Baya Bajidpur Embankment Samastipur 28 4400
g Mahi Mahi left Saran 20.8 10500
Mahi Right 19.2

These completed embankments are not in continuation, but are constructed in the reaches
where flooding due to the river spilis were severe in the past. They are situated mostly between
Begusarai and Katihar on the left bank of the Ganga and at the confluences of the Mahi and the Baya
with the Ganga.

Besides these completed schemes, two embankment schemes, Buxar-Koilwar embankment
scheme on right bank of the Ganga (downstream of Buxar) and Hajipur-Bajidpur embankment on the
left bank of the Ganga( downstream of Hajipur) are under execution since long. These schemes are
described in the following paragraphs:-

7.5.2 Buxar-Koilwar Embankment Scheme

This embankment scheme was approved in the year 1874, It envisaged construction of
embankments on right bank of the river Ganga from Buxar to Koilwar including embankments on left
and right banks of the east and west Gangi rivers and on the left bank of the river Sone from its
confluence with Ganga upto Koilwar to Protect the area lying between the Ganga and the Koilwar-
Buxar section of the Eastern Railway including, Arrah and Buxar towns from floods of these rivers. This
scheme consisted of three sectors, AB and C. Sector A consist of the following works:-
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i Sone left bank Embankment (from Koilwar to confluence with the Ganga) 14.66 km

ii Koilwar Ring bundh 2.38 km
i Ganga right bank Embankment (from Samaria Pararia to Bishunpur) 9.08 km
iv  East Gangi right embankment (from zamira to Samaria Pararia) 19.05 km
v East Gangi left embankment (from zamira to Gyanpur) 578G km
vi  Arrah Town protection scheme 7.68 km

Sector ‘B’ consists of the following works:

i East Gangi left embankment (from Masarha to Sempur) 22.64 km

i Ganga right bank embankment(from Salempur to Sempur) 71.23 km

i West Gangi right embankment (from souih of Bihiya to Salempur) 14.48 km
Sector ‘C' consists of the following works:-

i West Gangi left embankment (from south of Bihiya to Barza) 15.78 km

fi Main Ganga right embankment (from Buxar to Barza} 66.35 km

The original estimated cost of the scheme was Rs 1010.50 lakhs (1974). The work was started
in 1973-74. The estimate was revised in the year 1982 and sanctioned for Rs 2628 lakhs. The
expenditure on this scheme up to March 1992 was Rs 4728.58 lakhs. The total length of embankment
to be constructed was 218,37 Km and area to be protected was 1,35,860 ha out of which 187.05 km
length of embankment in reported to have been compieted upto the year 1891-92 which provides
reasonable degree of protection to an area of 36000ha from floods.

it has been reported that the second revised estimate amounting to Rs 10,031.96 lakhs was
prepared in July 1992 by the State Government and sent to GFCC for clearance by the planning
commission.

7.5.3 Hajipur-Bazidpur Embankment

This embankment scheme was proposed in 1981 to protect the area between the Ganga river
and the Baya river on the left bank of the Ganga in Vaishali and Samastipur districts . It envisages
construction of an earthen embankment from Hajipur to Bajidpur on the left bank of the Ganga, from
Shahpur Patori to Bajidpur on the right bank of the Baya and from Shahpur Patori to a place located
10 km downstream on the left bank of the river Baya to connect it with the existing 28 km left bank
embankment on the Baya which was providing reasonable degree of protection to an area of 4,400 ha
from floods.

The original estimated cost of the Hajipur-Bajidpur embankment scheme in 1881 was Rs
1,147.00 lakhs. This was revised in 1991 to Rs 1,681.00 lakhs and sent to GFCC for clearance by the
Planning Commission. The scheme envisages construction of 93 km length of embankment to provide
reasonable degree of protection to an area of 80,300 ha from flood . The total expenditure incurred
up to 1991-92 was Rs 458.72 lakhs, involving construction of only 9 km length of embankment
providing protection to area ol 7,780 ha only.

7.6 TOWN PROTECTION SCHEMES

The river Ganga is a major river which Hlows through aimost middie of Bihar from west to east.
Many important towns such as Buxar, Arrah, Patna Chapra, Hazipur, Mokama, Barahia, Barauni,
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Begusarai, Munger, Khagaria, Sultanganj, Bhagalpur, Katihar, Sahebganj are situated on its either
bank. These towns and cities are always danger threatened by the spills of the river Ganga. In order
to protect these important towns from floods, various town protection schemes, as indicated below,
have been executed in the past:-

7.6.1 The Patna Town Protection Scheme.

Before 1975 floods, Patna town was protected from Gandhi Maidan up to Digha by a masonry
wall the top of which was kept above the HFL of the Ganga. There was,however, no protection to
Danapur contonment and the villages along southern bank of the Ganga from Digha to Maner. This
mascnry wall was constructed by the Public Works Department during the advent of initial five year
plans after 1954. In this portion, a highway (NH-30) runs parallel to the Ganga. The Patna township
had been threatened many times in the past by floods of the river Soneg, the Ganga and the Punpun
but fortunately the peak floods of these rivers had never synchronised earlier, Patna was seriously
threatened with flood in the year 1971 and it was only with great effort that the Patna town could be
saved from the ravages of floods that year. But shortly again, after a lapse of four years, Patna town
and the adjoinihg areas experienced unprecedented flood in the year 1975 resulting in the inundation
of large areas of town complex on the western sector to a depth varying from two to four metres.

Considering the seriousness of the situation, the State Government constituted a Committee
known as Tripathi Commiliee to prepare an outline programme of a scheme for protection of Patna
town from floods as well as to prevent recurrence of such flooding in future. A series of measures were
recommended by the Committee as enumerated in Para 7.3.8 and accordingly schemes were formulated
and executed under Patna’'Town Protection Scheme. The estimated cost of the original scheme was
Hs 1068 lakhs in 1975 which was revised to Rs 2,713.00 iakhs in 1981. 143.96 km length of embankment
including masonry wall has afready been constructed as a part of this scheme which is reported to
provide a reasonable degree of protection to an area of 81,800 ha from fiood. As indicated in the
Administrative Report of water Resources Deptt. 1991-92, an amount of Rs 4065.52 lakhs has aiready
been spent on this scheme. An estimate amounting to Rs 1723.77 lakhs has been prepared by the
State Government for compietion of the uncompleted residual portion of the Patna Town Protection
Scheme work alongwith additional works which are considered fairly contingent to the main Scheme.
This scheme is named as Patna Town Protection Scheme (Phase {ii).

7.6.2 Mansi-Mungerghat Protection Scheme

This scheme had been executed to provide protection to NH.31, Khagaria-Katihar section of
the North Eastern Railway, ol! pipe line, Khagaria town and adjoining villages and cuitivable land which
were threatened to be enguifed in the river Ganga due to severe erosive action on its left bank. The
scheme was taken up for execution in the year 1973-74 and was completed in the year 1982-83 at
a cost of Rs 388.922 lakhs. This scheme served its purpose as the relocation of aforesaid Raiftway,
Pipe ling, National highway was avoided by holding the river bank almost to its existing position away
from these structures. :

7.6.3 Barahiya Town Protection Scheme.

it was observed that the river Ganga started attacking its right bank after the construction of
the Rail-cum-Road bridge at Mokama {Rajendra Pul) at a distance of about 8 km downstream of the
bridge as a resuit of which a considerabie chunk of fertile lands of Barahiya, indupur and Jaitpur were
eroded by the river Ganga every year. These villages have a population of about sixty thousand.
Accordingly, antierosion schemes to prevent erosion of the right bank of the river Ganga near Barghiya
town were taken up in the year 1974 and still continuing on year to year basis. An expenditure of about
Rs 700 lakhs have already been incurred upto March, 1992.
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7.6.4 Khutaha Village Protection Scheme

Ercsion in this reach has been going on since 1974-75 and since then anti-erosion works like
construction of spurs, dampeners, bed bars, bank pitching and revetment with falling apron and with
end-anchorage have been executed at considerable cost. But in each succeeding flood, the Ganga has
continued to erode its right bank and in the process has caused heavy damage to these protection
works which are being maintained at a huge cost.

1.7 ANTI-EROSION WORKS

7.71 The Ganga is a major river which flows through almost middie of Bihar from west to east. In
Bihar, the plain in which it flows is generally aliuvial and hence the river is erodable in nature having
meandering tendency. Severe bank erosion is reported on its bank near Buxar, Patna, Barahiya,
mahnar, Barauni, Khagaria, Narayanpur, Kursela etc. Where anti-ercsicn measures have been carried
out in the past and are being resorted to every year at a huge investment 10 protect towns, villages,
roads, rallway lines etc. A list of completed anti-ercsion works on the river Ganga in Bihar, costing
more than Rs 25 lakhs are enclosed at Annex 9.

7.8 DRAINAGE SCHEME
7.8.1 The Mahi Drainage Scheme.

The Mabhi drainage scheme is situated in Gopalgan] and Saran districts. The basin suffers from
acute surface drainage congestion and crops in vast area are damaged aimost every year due to
congestions in trunk drains and in absence cof iink drain from different chaurs to trunk drains,

The work an Mahi drainage scheme estimated to cost Rs 272 lakhs {approx) was taken up prior
to Sixth plan(1980-85) and it continued upte March, 1987.0Only the excavation of a portion of main trunk
drain could be completed till then and further work was stopped due to financial constraints. It has been
reported that an amount of Rs 229.349 lacs including the cost of establishment had already been spent
till March, 1987. A new estimate amounting to Rs 338 lakhs, to complete the residual work of the
original scheme has been prepared by the Chief Engineer concerned. The area suffering from drainage
congestion during Kharif and Rabi seasons in the Mahi river basin is 8,240 ha and 1,940 ha respectively.
It is expected that on completion this scheme is likely to benefit 3770 ha during Kharif and 1940 ha
during Rabi season. it is further reported that only 40 ha during Rabi season has been benefited up
to March 92.

7.8.2 The Gandaki Drainage Scheme

The Gandaki drainage scheme is situated in the district of Gopalganj, Siwan and Saran. This
basin suffers from surface drainage congestion and crops in vast area are damaged aimost every year
due to congestion in main channel and due to non-availability of link drains from different chaurs 1o the
main channel. The work on Gandaki Drainage Scheme was taken up prior to the Sixth plan(1980-85) at
an estimated cost of Rs 507 lakhs. The work continued tili 1987 and since then is almost stopped due
to financial constraints. It is reported that only a portion of the earth work of the main channel has been
done sofar and the expenditure incurred till March 1987 is Rs 355 lakhs including the cost of establishment.

A new estimate amounting tc Rs 927 lakhs has been prepared by the Chief Engineer concerned
to meet the cost of balance work.

The area suffuring from drainage congestion in this basin during kharif and Rabi season are
31,680 ha and 2,930 ha respectively. On completion, the scheme envisages removal of drainage
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congestion from 15,430 ha during Kharif and 2930 ha during Rabi seasons. It is further reported that
an area of 4020 ha during Kharif and 790 ha during Rabi season has been benefited by this scheme
by the end of March 1992,

7.8.3 The Ghoghari Drainage Scheme.

The Ghoghari drainage scheme situated in Gopalganj, Saran and Siwan districts of Bihar was
taken up for execution prior to Sixth Plan {1980-85) at an estimated cost of Rs 89 lakns for removal
of drainage congestion from an area of 24,700 ha during Kharif and 6,600 ha during Rabi season. The
work continued till March 1987 and the expenditure incurred was Rs 40 lakhs including the cost of
establishment. Further work had to be stopped due to financial constraints, The area benefited upto
March, 92 has been reported as 7400 ha during Kharif and 1200 ha during Rabi season.

A new estimate amounting to Rs 354 lakhs has been prepared by the concerned Chief Engineer
o meet the cost of residual work of this schemae.

7.8.4 The Dhamati Drainage Scheme.

The Dhamati drainage scheme is situated in Gopalgan), Siwan and Saran districts of Bihar. The
river in its entire length flows through a number of loops and zig-zag course through thickly popuiated
areas and fertile land. A number of low lying areas and depressions exist in the basin and the river
channal is aimost silted up resuiting in inadequate cross section at most places. Natural drainage
through the channel is obstructed due to a number of man made intrusions causing drainage congestion
in the basin. -

The work on Dhamati drainage scheme was taken up at an estimated cost of Rs 340 lakhs
in the end of Sixth Plan (1980-85) and practically no progress was made as would be evident from the
fact that an insignificant amount of Rs 2.76 lakhs was spent till March 1987. This estimate has been
revised to Rs 392 lakhs in the year 1985 due to omission of certain works which were considered
unnecessary.

The area within this basin suffering from drainage congestion during kharif and Rabi season
is 13,170 ha and 3,460 ha respectively. On compietion, the schemes envisages removal of drainage
congestion from an area of 9400 ha during Kharif and 3380 ha during Rabi season.

7.8.5 THE GHAGHRA DRAINAGE SCHEME
(a} Phase-I|

The Ghaghra river originates from village Jafrabad in the Vaishali district and outfalls intc the
Baya river after fraversing a distance of 71 km. The Ghaghra drainage scheme invisages improvament
of Ghaghra and Malmalia rivers along with their tributaries and provision of link drains from the chaur
to the trunk drains. The work on this scheme was taken up in the Sixth Plan (1980-85) at an estimated
cost of Rs 110 lakhs. The estimate was revised to Rs 329.54 iakh in 1983. it is reported that the
expenditure incurred up to March 1988 was Rs 137.09 lakh. A new estimate anounting to Rs 370 lakhs
was prepared in the year 1988 for completion of the residual work of the scheme,

The drainage area of the Ghaghra river basin is 752 Sq Km out of which an area of 14,780
ha during Kharif and 11,500 ha during Rabi season suffers from drainage congestion. The scheme, on
completion, is expected o benefit an area of 1,275 ha during Kharif and 10,365 ha during Rabi season
by removal of drainage congestion. About 2000 ha during Rabi season has been reported tc have
benefited so far.
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(b) Phase-ll

The total length of the Ghaghra drainage chamnel is 71 km in which 51.63 km has been
included under Phase-1 and the rest under Phase II.

The estimated cost of the Ghaghra Drainage Scheme, Phase-)i is Rs 129.08 lakhs, which
envisages removai of drainage congestion from an area of 6680 ha during Rabi season only.

7.8.6 THE UPPER BAYA DRAINAGE SCHEME

The upper Baya drainage scheme is situated in the district of East Champaran and Muzaffarpur.
[t consists of the following drainage nala (i} Tilawe Nala (i) Govindgan] Nala (i) Dhangarha Nala (iv)
Bengahi Nala (v} Mekhwa Nala (vi) Baya river (vii) Mania Nala (viii) Raghwa Nala.

The wark on this scheme was taken up prior to Sixth Plan{1980-85) at an estimated cost of
Rs 597 lakhs (approx.} for removal of drainage congestion from an area of 22000 ha during kharif and
12600 ha during Rabi season. The scheme is almost at a grinding halt since April 1987 due to financial
constraints. It is reported that an amount of Rs 268 lakhs has been spent till June 1987 on this scheme.
The area reported to have benefited so far is 1984 ha during Kharif and 789 ha during Rabi season.

A new estimate amounting to Rs 621 lakhs (approx) has been framed by the Chief Engineer
concerned for completion of the residual left over works of this scheme.

7.87 THE LOWER BAYA DRAINAGE SCHEME

The lower Baya drainage scheme is situated in the district of Muzaffarpur, Vaishali, Samastipur
and Bagusarai. The length of the river Baya from the crossing of the Vaishali Branch Canal of the
Gandak Canal System upto its outfall in the Ganga is known as the Lower Baya. The lower Baya basin
suffers from acute drainage congestion due to existence of large number of saucer shaped chaurs and
local depressions in its drainage area and due to non-availability of link drains from such Chaur and
depression to the main Baya river. The drainage area of this basin is 720 Sq Km and the area suffering
from drainage congestion during Rabi is 29370 ha. An estimate amounting to Rs 1349 lakhs had been
framed for removal of drainage congestion from an area of 29730 ha during Rabi seasan. The scheme
has not yet been sanctioned by the State Government.

7.9 FLODD FDRECASTING AND FLDOD WARNING

7.9.1 Fioodiorecasting and flood warnings are meant for forewamning the people and the fiood fighting
agencies well in advance of the oncoming floed in order to enabie them to organise all their activities
sufficently in advance of the advent of the ficod so as to minimise the loss of lives and property, to
plan advance action to safeguard the engineering structures buiit across the river at high cost and to
afford time to civil administration for planning and providing refief and evacuation works, it needed.
Such warnings are based on estimation of future stages of ficods and its time sequence at selected
points along the river during various stages of floods. Utility of such forecasts depends up on both
accuracy and timeiiness. The issue of forecast has to be foilowed by efficient arrangement of its
dissemination to the beneficiaries concerned within shorest possible time.

7.9.2 Fiood forecasting operations on the main Ganga river are maintained by the River Management
Wing of the Central Water Commission. At present they are maintaining 18 flood forecasting stations
on the main Ganga river out of which 10 are iocated in Uttar Pradesh, 7 in Bihar and one in West
Bengal, In Bihar these forcasting stations are located at Buxar, Patna (Digha ghat), Patna {Gandhi
Ghat}, Hathidah, Munger, Bhagalpur and Kahalgaon. These forecasting stations are weli connected by
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wireless network with the base stations and sub-divisional and divisional head quarters of CWC. The
forecasts are disseminated to the concerned authorities through wireiess and other conventional modes
of communication fike teiephone telegraph etc. It is alsp broad cast in the local news bulietin of Al india
Radio (Akashvani). The forecast is treated to be accurate if the actual stage achieved in the river at
the indicated time is within plus minus 15 cm.The accuracy of fiood forecasts of stages on the river
Ganga at the aforesaid stations have been more than 90 per cent which is considered as very good
performance. '

Computerisation of network data and subsequent programming for the forecasting works by
developing mathematical models gained momentum during 1989. With the use of computerised and
more advanced methodoiogy having seif recording raingauges, telemetry system etc, accuracy of
forecasts is iikely to improve further and more iead time would be available for the flood forcasts.

8.0 FUTURE APPROACH

In the main Ganga stem basin in Bihar, many flood control and drainage improvement measuraes
have been adopted in the past which have provided a reasonable degree of protection to an area of
about 1.88 Lha and have improved drainage congestion in an area of about 13,414 ha. inspite of all
these measures taken in the past, a iot of fiood and drainage congestion problems still exist in this
basin which are identified as foliows:- '

a  Spilling ot banks due to more discharge and silt loads as compared to the carrying
capacities of the river sections and flooding of low lying areas close 1o the river banks.

b Bank erosion at/near Patna, Begusaral, Barahiya, Munger, Khagaria, Mansi, Narayanpur,
Karhagola etc.

c Meandering of river causing destruction of iand, property and life.

d Drainage congestion in the area due 1o inadequate drainage system, inadequacy of trunk
drains, non-iinking of chaurs to trunk drains, improper or nonfunctioning of anti-flood siuices provided
in the embankments etc

e Water logging in the chaurs and low lying areas,

i Flooding of towns, cities etc, located on the river banks.

in order to find suitable solution to the above problems, the following measures are worth
considering:-

8.1 RESERVOIRS

According to numerous experts, a properly operated fiood control reservoir, combined with
efficient flood forecasting, offers the most dependable flood control. But, in case of the main Ganga
stem basin in Bihar, no suitable dam site exists either on the main river Ganga or on its tributaries
included in the Main Ganga Stem. However, some dams are under construction on the tributaries of
the Ganga In the upper hilly catchment, but it is apparent that those could not provide any help by way
of flood moderation to the areas lying in Bihar.

8.2 EMBANKMENTS
8.2.1 Aithough a short term measure, construction of embankment is the quickest and cheapest
measure being generaily adopted for flood management in this Country. inspite of having a number of

drawbacks this measure has been adopted for flood management in this river basin also. The important
drawbacks are indicated below:-
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a The embankments prevent siit laden water from spilling over the land resulting in reduced
moisture and fertility.

b Embankments are considered satisfactory measure of protection oniy when the river is
non-aggrading and the embankments are properly designed, executed and maintained.

C It is also apprehended that the embankments may shift the problems of ficods from one
arga to another.

d Reduction of cross-sectional area of fiow of channel in the post-embanked condition.

e Cutting off the valley storage, previously available for flood moderation during the pre-
embanked condition.

f interference in country-side drainage.
g Drainage congestion at tributary junctions,

h Vulnerability of embankment due to breaches caused by bank erosion. overtopping etc.

On the main Ganga river in Bihar, some embankments have already been constructed, as
indicated in paragraph 7 of this report, These are, however, not continuous in length and provide
reasonable degree of protection from floods to a very small area only compared to the total ficod prone
area of the basin in Bihar . Frequency of flnoding in the reach from Buxar to Farakka is 4 years and
more out of nine years. It is, therefore, considered desirable to protect such flood prone areas in the
Main Ganga Stem basin by providing embankments on both banks in the spilling zone of the river
Ganga and these embankment be extended along its tributaries also to contain the back water flow
from the Ganga into its tributaries. Most of the works on these tributaries have already been completed
or are under execution. As far as the main Ganga river is concerned, the following embankment
schemes are under consideration of the State Government from quite fong time back.

Table 13
81 Name of the scheme District Approx. Length  Area o be
No _ cost in in Km benefited
iakh Rs in ‘000 ha
1 Chapra-Sonepur embankment Scheme Saran 1630.00 28.40 81.377
2 Narayanpur-Kursela embankment Scheme . Katihar 1312.72 38.00 284.900
3 Lakhminia-Khagaria embankment scheme Khagaria 113.38 27.00 20.00
4 Patna-Hathidah road dowei (Mokama Tal Phase 1) Patna 117.16 89.00 -
5 Ganga-Gumani embankment scheme 352.57 — -
& Right bank embankment on the Baya river 88.68 10.0
7 Road dowe! from Lakhisarai to Sahebganj Munger 500.00 170.00
Bhagaipur

8 Manihari and Tapra embankment Katihar 83.61 46.62
g Ganga right embankment 353.00

{Mirza chowki to Mangal hat}
10  Ganga Right embankment 135.00

{Champanagar to Mirza chowki)
11 Durgawati Embankment Rohtas 540.00
12 Karmanasa Embankment Rohtas 100.00
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8.2.2 The existing embankments are being frequently threatened due to bank erosions at varicus
points/freaches and sometimes embankments have breached due to such erosion of river barks in the
past. Although, from time to time, various antt erosion measures had been taken and are still being
taken at specific vulnerable locations, the river starts attacking at another locations. Anti erosion works
on a river of the size like the Ganga are generally costly both in initial construction as well as in
subseqguent maintenance.if such measures are not planned properly, adverse sffects are likely to resuit
either the up stream or on the downstream or hoth reaches of the river.it is for this reason that such
measures are normally restricted to only such places,where valuable properties .imporant lines of
communications,vital installations ete. are in danger and their relocation is either very costly or not
possible.it is considered desirable not to execute anti-erosion/river training works on adhoc basis as
is being done from year to year at present but it should be executed on the basis of results of model
studies t0 be carried out in totality so as to avert possible disaster at a [ocation other than protected
by such works. Short-cut method approach in such situations is likely to be cost prohibitive and may
not solve the problem permanently,

8.2.3 There are a number of sluices constructed or under construction in embankments to prevent
entry of flood spills into the protected area through the existing drains and afso to relieve pressure on
the embankments during high floods by releasing regulated discharge through them.Several anti-flood
sluices have also been provided for draining out accumulated water on the country side as soon as
the river level permits in order to remove drainage congsstion from the protected area.

The condition of most of the existing sluices have been seriously detericrated making them
completely ineffective. This is due to choking of their vents, maliunctioning of gates or silting of channels
on the river side or river edge having been moved far away from the embankments.

It is suggested that detailed studies be under taken to find out the effectiveness and adequacy
or otherwise of the existing sluices in the embankments and remedial measures be taken on priority
basis to make them function properly as envisaged earlier and as is considered necessary at present.
If found necessary, more sluices may be provided for proper and efficient drainage of the countryside
and also for providing irrigation to the areas on the countryside in case of drought.

8.2.4 |t is fikely that with the construction of the proposed embankments on both banks of the river
Ganga to close the existing gaps in the reach where the river spills its bank causing flooding of the
area .the existing valley storage would he reduced considerably and there may be corresponding
accentuation in the flood peaks of the Ganga.lt would have been desirable to have some detention
basins at suitable pfaces to partly moderate the peak floods of 25 years frequency and above. There
is, however, no such depression available in the main Ganga stem basin except the areas covered
under Mokama Groups of Tals.The area is very fertile and bumper Rabi crops are being grown. The
locai people are demanding early drainage of the Tal area, preferably by the end of October.in view
of this as weii as considering the insignificant refief that might accrue in the lower reaches from the
flooding of the mighty river Ganga even using the whole of Tal areas as flood detention basin this
possibiiity is ruled out.

8.3 TOWN PROTECTION SCHEMES

There are many towns situated on both banks of the river Ganga in Bihar which are threatend
by over bank spills of the river .In order to protect these towns from fiood, several town protection
schemes had been formuiated by the State Government. Some of them have been compieted and the
rest are under construction as indicated in paragraph 7 of this report. The following town protection
schemes have not yet been taken up due to socme reason or the other;-
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Table 14

Sl Name fo Scheme Approximate estimated
No cost (Rs lakh)
1 Buxar town protection scheme 88.58

2 Chapra town protection scheme 132.87

3 Barauni town protection scheme 88.58

4 Barh town protection scheme 44.29

5 Sultanganj town protection scheme 88.58

6 Munger town protection scheme 177.16

7 Bhagatpur town protection scheme 17716

8 Kahalgaon town protection scheme 60.00

g Sahebganj town protection scheme 45.00
10 Rajmahal town protection scheme 24.15

It is suggested that hydraulic modei studies for finalising the design type and location of
suitable anti-erosion works be carried out in the [rrigation Research Institute, Khagaul and the Scheme
be reviewed and finalised on the basis of such study before being taken up in the existing circumstances.

8.4 DRAINAGE IMPROVEMENT

8.4.1 Some drainage schemes have been taken up to remove drainage congestion in the Main
Ganga Stem basin in Bihar, mainly in the Baya and the Mahi sub-basing, but it appeares that none
ol them have been completed in all respects. Very few link channels have been completed and very
little work has been done on various drainage schemes and the work has been brought to aimost
grinding halt at present due to financial constraints. Detaits of these schemes are given in the statement
at Annex-10

8.4.2 Some ‘Chaur drainage schemes have been completed by providing link channels from “Chaurs”
to trunk drains. It is observed that the benefits accruing from the completed schemes are not being
properly recorded and evaluated every year at present. It is necessary to evaluate the performance of
the completed drainage schemes and if it is found that these schemes are providing intended benefits,
then other drainage schemes may be executed accordingly. If certain modifications are considered
necessary in order to derive the maximum possible benefits then such modifications shouid be carried
out immediately on priority.

8.4.3 There are certain drainage schemes which have been taken up for execution long back but
very insignificant progress has been made so far. It is desirable that all such schemes for drainage
improvement in the basin which are lingering since long without accrual of any benefit should be
reviewed on priority basis and completed, if found useful on such review as early as possible to realise
full benefits in order to make use of the investments already made as well as o prevent large scale
escajation in their costs due to any turther delay.

8.4.4 Future drainage schemes should be planned, designed and executed only on the basis of the
resulfts of the post-facto evaluation of completed drainage schemes.

8.4.5 There are certain low lying pockets in the deepest portion of the ‘Chaurs’ or local depressions
which can not be drained by gravity due to existing ouifall conditions in the main and trunk drains. Such
areas may be delineated on the village maps and developed for aquaculture and pisciculture as the
case may be. Draining such low pockets by pumping is not considered economically viable. Even the
availability of power in the area at present is not at all satisfactory.
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8.5 SALINITY AND ALKALINITY

From the data made available to this Commission, it is observed that there is no rise in sub-
soil water table in a large portion of the Main Ganga Stem basin due to canal irrigation, but such rise
has been reported in certain portion due to excessive water use, fauity soil and water management,
seepage from canals, high monscon rainfall and recurring floods , mainly in the Mahi and the Baya sub-
basins. Such a condition has also rendered some areas unproductive on account of secondary
salinisation.

The alkaline areas, however, have been observed to be scattered over a farge tract. Relatively
small tracts of highly alkaline areas are interspersed with areas having moderate to mild ailkalinfty and
some areas unaffected by alkalinity. The problem is also influenced by topo/sequence with low lying
areas generally remaining unaffected by alkalinisation process. The process of alkalinisation is apparent
in both canal irrigated areas as well as tubewell irrigated areas. In both cases, the irrigation water
guality is good, still secondary salinisation is being commonly evidenced.

it has been found that reclamation process to restore soil health wili be scattered and at semi-
micro level. The role of drainage both haorizontal as well as vertical also assumes importance in view
of shallow water table and drainage congestion in the entire area. It is, therefore, felt that an action
research programme be undertaken to generate basic parameters for land reclamation in the existing
socic-economic environment in two pilot project areas of around 500 ha each, one in canal command
_area of Gandak Project and the other outside canal command in the agro-climatic Zone-l. These areas
should form a mini- watershed. It has been reported that Gandak Command Area Development Agency
is doing some work in this direction.

Full scale proposal for undertaking reclamation work in the larger areas of the Gandak Canal
Command, with proven Methodclogy can be prepared on the basis of the results of such studies and
implemented on a larger scale to derive optimum production and economic benefit from the investment.

(Extract taken from Pilot Project for reclamation of alkaline scil in Gandak Command Area, by
GADA]

8.6  SOIL CONSERVATION

Under an Integrated Acticn Plan for Fioed Management in Indo-Gangetic plain, watershed
treatment and soil conservation measures were taken up in a few flood prone catchment due to limited
availability of funds. These measures are still limited to pilot and experimental applications. Their
effectiveness in reducing the peak flood during monsoon is yet to he established. However, soil
conservation and watershed treatment measures are likely to have beneficial impact by way of reduction
in the guantities of silt flowing into the river. A large portion of the catchment of the Ganga lies in the
hilly areas, are mostly out side Bihar, but water-shed treatment to those areas will give benefit to Bihar
also by reducing the guantum of siit being carried down the river in lower reaches which induces
meandering tendency in the river. The State Government can only press for these works in upper
catchment with concerned States at national level,

8.7 MAINTENANCE OF EXISTING WORKS

Whiie new structural measures as suggested above are necessary for solution to the residual
flood and drainage problem in the basin, it is equally important to properly and adeguately maintain the
assets already created so that they can with stand the pressure exerted due to excessive discharge
being carried through the river and consequent rise in flood levels. Besides regular supervision and
necessary repair of embankments well before the onset of the monsoon season, the following points
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deserve special attention.

During past few years the highest flood stages in the river at different locations have been
noticed to have gone up resulting in encroachment in the free board of the existing embankments. A
systematic survey and investigation of the existing embankments of the river and its tributaries is
required o be carried out every year after the flood season and encroachment, if any, in the free board
in any portion should be made good by raising the height of embankments correspondingly, Suitable
protection works should be provided in the portion where the active river channe! is flowing very close
to the toe of the embankment and river training works may be carried out on the basis of hydraulic
madel studies to hold the river in order to keep the flowing channe! away from the embankment. In
the portion where the embankments have been eroded or are likely to be eroded, suitable retired
embankment should be constructed to prevent flooding of the area already protected by the
embankments. It is also necessary that the top of the embankment should have a water bound
macadam road or at least provided with brick soling so that the embankments could be conveniently
patrolled during the high flood condition in the rainy season and flood fighting materials could be
transported conveniently during emergent situations. .

8.8 CONSTRUCTION OF RAISED PLATFORMS

During the flood season, breaches sometimes occur in the embankments as a result of which
protected areas get flooded.Submergence of the protected area is also caused due to heavy precipitation
on the countryside coinciding simultaneously with high stages in the outfall channels.The affected
persons take shelter on the embankments alongwith their livestock and properties in such situations.
As a result, not only the embankments get damaged but the works like flood fighting and rehabilitation
get hampered. Generally, people do not go back to their original living place even after the flood
subsides and continue to live on the embankments endangering its safety and hampering regular
maintenance. it is, therefore, suggested that:-

i QOccupation of embankments and the lands acquired should be got vacated effectively to
avert any danger or risk to the flood management embankments and to the people living in the
protected areas.

ii Raised platiorms above the highest flood level may be constructed in areas liable to
inundation near villages on Government or acquired lands.These could be also constructed on the
countryside of the embankments abuiting the same .Such platforms should preferably be connected
with all weather roads and should alsc be provided with necessary facilities for warehcusing, community
living ,sanitary and potable water supply installations, space for keeping cattles and storing
fodder telecommunications facilities etc in order to obviate likely inconveniences to the people residirlg
on such platforms during floods. These should be handed over to Local Bodies/Panchayats for being
utilised as community property and kept free fram enchroachement for its desired use when needed.

é.Q NON-STRUCTURAL MEASURES

8.8.1 Flood Plain Zoning.

The question of introducing fload plain zoning measures has been under consideration since
long .In view of the increasing pressure of population and consequent greater encroachment of flood
plain, zoning has assumed added significance.The flood damage in recent years is primarily due to
greater encroachment into flood plains. The zoning measures will be usefu! in both protected as well
as unprotected areas as they prevent indiscriminate growth in unprotected areas and help in regulating
the development activities in the protected areas so that unduly heavy damage is not caused in the
event of failure of flocd protection measures. As a major portion of the flood prone areas in the main
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Ganga stem basin is either protected or protection embankments are under execution, such zoning
regulations should be introduced in the unprotected areas first and for developments in the protected
areas hence forth.

it would be necessary to procure contour maps of the flood prone area of the basin to a scale
of 1:15,000 with contour interval of 0.3 metre for implementation of this measure.Flood risk maps will
have to be prepared by carrying out necessary hydrological analysis of the historical data and further
hydraulic computations to identify areas prone to flood for different frequencies of floods such as 100
years,50 years and 25 years.Similar risk maps for the submersion caused due to drainage congestion
as a result of water level likely to attain carresponding to a 50 years and 25 years rainfall will also have
to be prepared.

8.9.2 Flood Forecasting and Flood Warning.

Flood forecasting and warning has proved to be a great help in issuing warning to the people
in flood prone areas,organising flood fighting and safety measures for the engineering works, timely
evacuation of people from affected areas and salvation of moveabte properties besides mobilising relief
operations.

The Central Water Commission issues flood forecasts for the Buxar, Patna{Dighaghat) Patna
{Gandhighat), Hathidah, Munger, Bhagalpur and Kahalgaon sites on the river Ganga in Bihar. The
existing flood forecasting arrangements are considered adequate and are proving quite useful during
high stages in the river. These are being utilised by the District Administration as well as Engineering
Authorities for taking necessary precaution during emergency.

Although there is wide application of the fiood farecasting system and warnings issued by the
CWC, there is very little feed back on the procedures specitied or evolved by the Civil Administration
and the Engineering Organisations for undertaking relief /rescus/precautionary action on the basis of
the forecasts. It is also not known as to how effectively the necessary advice is being given to the
people.

On receipt of the forecast,its dissemination to the local population in terms of likely depth of
inundation and its duration in the area by the Administrative Authorities is very important so that
affected population, cattle, moveable properties etc.are evacuated before the area gets submerged by
flood water which would cause damage. For this, a network of wireless stations and telephone system
are necessary in the basin near critical/vuinerable reaches of embankments and towns elc, speciaily
where other means of communication are not dependable or adequate. Flood warning to smallar areas
in villages may be conveyed through public address system or in its absence by beat of drums. Specific
advice should be given fo the people regarding evacuating the areas likely to be affected and also
about the locations which could be considered safe for the level indicated in the flood forecasts.Necessary
training in this regard should be imparted to the concerned officials on a regular basis so that they are
well versed in the interpretation of the forecast and taking precautionary measures in the event of an
imminent threat to the life and property. This training programme should become a regular feature
before the flood season every year.

8.9.3 Disaster Mitigation System and Preparedness.

This is an important measure which directly influences the damage prevention,if managed
efficiently, at all levels according to the prescribed procedures and guide lines.mproper management
could also result directly in increased damage. The Slate Government should, therefore, ensure that
all routine exercises and necessary drills are carried out systematically before every flood season and
departmental instructions, manuals and rules in this regard should be widely circulated so as to make
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these available to all concerned.lt is observed that disaster mitigation system and the preparedness
programme usually get activaied only just before and during the flood season and no attention is paid
during the rest of the year.Experience has shown that the activity has to be maintained continuously
and there is a nead for increased flood awareness in the Cfficers and staff of the concerned depariments
as also in the public and voluntary organisations to deal with flood emergencies

it is essential that training programme and exercises are regularly held to improve the
preparedness of officials and the public. This will develop confidence amongst all concerned to manage
any emergency situation.The training programmes,inciuding education and publicity shoula be got
arranged by the Civii Authorities with active participation of the Officers incharge of flood management
and voluntary organisations. The interpretation of distress codes and signals and flood warning messages
being broadcast over All India Radio{Akashvani), Doordarshan or Transmitted through other channels
and the effective followup of such messages into appropriate actions should be taught to ail people in
- the flood prone areas.

8.10 A map of the Main Ganga Stem basin in Bihar showing the completed,under execution and
proposed flood management and drainage schemes is enclosed as Drawing No 11/01.

9.0 SUMMARY OF RECOMMENDATIONS

91 it is observed that there are sufficient Gauge-discharge sites in the Main Ganga, the Dharmawati
and the Baya rivers in Bihar. However, at least one gauge-discharge site each in the Mahi and the
Bhena rivers is required to be installed for having records of historical data for use of their water
potential in future. The mode of measurement, recording of data, its analysis and study are required
to be updated in order to improve the reliability of such data. For the sites maintained by the State
Government, systematic and properly recorded data are not available. Attempts are now being made
to collect and compile such data in “Water Year Book™. Lot of initiative and concerted action are still
required to be taken to compile such historical records in proper manner on continuous basis (instead
of compiling haphazard and scatiered data) for future use of these data. In order to satisfy the accuracy
of such observations, it is suggested that in future, all the sites be maintained according to the standards
(laid down by the WMO/Bureau of indian standards and the data be observed in the prescribed
manner, processed, analysed and recorded properly on continuous basis for use in the planning of
water conservation and utilization schemes in the basin. The data observation procedure and method
should be frequently checked by superior inspecting officers in order to ensure its accuracy.

[Para 4.7.1,4.7.3]

9.2 it is worthnating that while from Buxar io Hathidah, the percentage of fine silt has been
decreasing and those of medium and coarse silt increasing. in the reach between Hathidah to Azmabad
on the downstream, the percentage of fine siit has increased from 67.91 per cent to 84,96 per cent
where as those of medium and coarse silt have reduced from 23.65 per cent to 9.22 per cent and from
8.64 per cent t0 5.82 per cent respectively. This is perhaps due to transportation of considerabie
amount of fine silt in the Ganga by the rivers of north Bihar which join between these two locations
and aizo due to deposition of coarse silt on the way due to fiatter slope of the river in this reach. This
nuads to be further investigated in detail and studied to arrive at some definite conclusion.

[Para 4.8.2]

9.3 The fiood frequency analysis of the main Ganga river carried out by GFCC ieads to the
foilowing conclusion:-

The flood for a 100 years frequency is approximately 20 per cent more than the flood

corresponding o 25 years frequency. The embankmenis on the main river ganga may, therefore, be
designed for a flood of 100 years frequency even for protecting predominantly agriculturai tand if the
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same is found economically viable and is considered as only attemative method for flood management
in the area.

For the present, however, the criteria recommended by the RBA to adopt a design flood of 25
years frequency for protection of predominantly agricuitural areas may be adhered.
_ [Para 5.3.3]

9.4 It appears that area suffering from surface drainage congestion in the basin is not being
systematically surveyed and recorded every year in order to know the magnitude of the problem. it has
also not been possible to delineate the areas affected by flood spills from those affected by drainage
congestion as such details are not being observed. Efforts should be made to observe and keep
separate records for the two aforesaid categories without any further delay.

) [Para 6.2.3]

9.5 No systematic observation of ground water contour appears to have either been taken in the
past or are being taken at present. The investigation carried out so far do not provide sufficient details
to pin point these Zones. It is, therefore, necessary to carry out systematic field investigations regularly
to pin-point Zones suffering from drainage congestion due to lack of proper sub-surface drainage.
[Para 6.2.4]

9.6 Ground water observation is not being done in a regular and systematic manner. It is therefore,
suggested that the study of ground water structure should be continued in regular and systematic
manner particularly in Baya and Mahi sub-basins to arrive at reliable conclusions with respect to sub-
soil water table fluctuations in the basin and records be maintained for future planning of remedial

Mmeasiures.
[Para 6.2.7]

9.7 Post-facto evaluation studies for a few completed drainage schemes in North Bihar need to be
undertaken quickly so that future planning for removal of drainage congestion in the basin is done after
knowing their usefulness and efficiency.

[Para 6.2.5]

9.8 Future drainage schemes should be planned, designed and executed only on the basis of the
results of the postfacto evaluation of completed drainage schemes.
[Para 8.4.4]

9.9 It is necessary to carry out review of the over all functioning as well as adequacy of the existing
sluices in the embankments in the basin and to take further necessary action on the basis of such

review,
[Para 6.2.6]

9.10 It is necessary that annual flood damage data are collected by the .Revenue Authorities with
active co-prdination of the staff of Water Resources, Agriculture, Road construction and Building
construction Departments and the data are processed and compiled both district-wise as weli as basin/
sub-basin wise at district and State level for future use in planning of relief measures and fiood

management respectively.
[Para 6.3.5]

9.11 it is observed that the flood damage statistics, which is essentially required for the benefit cost
studies for any proposed flood management measures,are not being scientifically and rationally collected
and compiled. The RBA had made many useful recommendations in this regard which do not seem
to have been followed. This Commission recommends that the recommendations of the RBA should
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be foliowed strictly and realistic evaiuation of flood damage district/river basin wise be carried out every
year under the following three separately identified categories:-

i Unprotected areas,
if Protected areas due to failure of protection works,

il Areas between the embankments and the river.

The extent of drainage congestion in the protected and unprotected area should be indicated
separately. The WRD dealing with flood management should be associated with collection and compiiation
of flood damage data.!n order to eliminate any inconsistency, the flood damage data should be collectively
reviewed by the concerned departments at the end of each year. Such reconciled long term data of
flood damage is to be used in economic viability study for any future flood protection management
scheme in the area.

[Para 6.3.7)

912 On the main Ganga river in Bihar, some embankments have already been constructed which
are, however, not continuous in length and provide reascnable degree of protection from floods to a
very small area only compared to the tota! flood prone area of the basin in Bihar. Frequency of flooding
in the reach from Buxar to Farakka is 4 years and move out of 9 years. H is, therefore, considered
desirable to protect such flood prone areas in the Main Ganga stem basin by providing embankments
on both banks in the spiliing zone of the river Ganga and these embankments be extended along
tribuiaries also to contain the back water fiow from the Ganga into its tributaries.

[Para 8.2.1]

8.13  Aithough, from time to time various anti erosicn measures had been taken and are still being
taken as specific vulnerable location, the river starts attacking at another iocation. Anti erosion works
on a river of the size like the Ganga are generaily costly both in initial construction as well as in
subsequent maintenance. So, these are normally restricted to only such places,where valuabie
properties,important lines of communications, vital instaliations etc are in danger and their reiocation
is either very costly or not possible.lt is considered desirable not to execute anti erosion/river training
works on adhoc basis as is being done from year 1o year at present but it should be executed on the
basis of results of model studies 1o be carried out in totality so as to avert possible disaster at a location
other than protected by such works.Shortcut method approach in such situations is likely to be cost
prohibitive and may not scive the problem permanentiy.

[Para 8.2.2]

9.14 Detailed studies should be under taken to find out the effectiveness an adequacy or otherwise
of the existing siuices in the embankments and remedial measures be taken on priority basis to make
them function properly as envisaged eariier and as is considered necessary at present. If found
necessary, more siuices may be provided for proper and efficient drainage of the country side and aiso
for providing irrigation to the areas on the country side in case of drought.

[Para 8.2.3]

9.15 |t would have been desirable to have some detention basins at suitable places to partly
maoderate the peak floods of 25 years frequency and above. There is, however,no such depression
available in the Main Ganga Stem basin except the area covered under Mokamah Group of Tais. The
area is very fertile and bumper Rabi crops are being grown. The local people arg demanding early
drainage of the Tal area, preferably by the end of October. In view of his, as well as considering the
insignificant relief that might accrue in the lower reaches from the flooding of the mighty river Ganga,
even using the whole Tal areas as floed detention basin, this possibiiity is ruied out.

[Para 8.2.4]
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9.16 In order to protect towns from flood, several Town Protection schemes had been formuiated
by the State Government. Some of them have been completed,some are under construction and some
have not yet been taken up due to some reason or the other. It is suggested that hydraulic model
studies for finalising the design, type and location of suitable anti-erosion works for the proposed Town
protection schemes be carried out in the Irrigation Research Institute, Khagauw and the scheme be
reviewed and finalised on the basis of such study being taken up in the existing circumstances.
[Para 8.3]

9.17 Some “Chaur” drainage schemes have been completed by providing fink channels from “Chaurs”
to trunk drains. It is observed that the benefits accruing from the completed schemes are not being
properly recorded and evaluated every year at present.!lt is necessary to evaluate the performance of
the completed drainage schemes and if it is found that these schemes are providing intended benefits,
then other drainage schemes may be executed accordingly.)f certain modifications are considered
necessary, in order to derive the maximum possible benefits,then such modifications should be carried

out immediately on priority.
[Para 8.4.2]

9.18 There are cerain drainage schemes which have been taken up for execution long back but
very insignificant progress has been made so farlt is desirable that ail such schemes for drainage
improvement in the basin which are lingering since long without accrual of any benefit shouid be
reviewed on priority basis and compieted,if found usefu! on such review,as early as possible to raalise
full benefits in order to make use of the investments already made as well as to prevent large scale
escalation in their costs due fo any further delay. Future drainage schemes should be planned,designed
and executed only on the basis of the result of the post facto evaluation of completed schemes.
[Para 8.4.3,8.4.4]

9.19  There are certain low lying’pockets in the deepest portion of the “Chaurs” or local depressions
which can not be drained by gravity due to existing outfall conditions in the main and trunk drains.Such
areas may be delineated on the village maps and developed for aguaculture and pisciculture as the
case may be.Draining such low pockets by pumping is not considered economically viable.Even the
availability of power in the area at present is not at all satisfactory.

[Para 8.4.5]

920 Some areas in the basin on. the northemn side have become unproductive on acccunt of
secondary salinisation.lt is recommended to takeup action research programme to geherate basic
paramaters for land reclamation in the existing socic-economic environment in two pilot project areas
of around 500 ha each,one in canal command area of Gandak Prgject and the other cutside canal
command in the agro-climatic Zone 1.These areas should form a mini-watershed.it has been reported
that Gandak Command Area Development Agency is doing some work in this directionsFull scale
proposal for under taking reclamation work in the larger areas with proven methodology,can be prepared
and implemented on a larger scale to derive optimum production and economic benefit from the

investment.
[Para 8.5]

9.21  Soil conservation and watershed treatment measures are likely to have beneficial impact by
way of reduction in the guantities of silt flowing into the river. A large portion of the catchment of the
Ganga lies in the hilly areas,which are mostly outside Bihar,but watershed treatment to those areas
will give benefit to Bihar also by reducing the quantum of silt being carried down the river in lower
reaches which induces meandering tendency in the river.The State Government can only press for
these works in upper catchment with concerned States at national level.

[Para 8.6]
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9.22 A systematic survey and investigation of the existing embankments of the river and its tributaries
is required to be carried out every year after the fiood season and encroachment,if any,in the free
‘board in any portion should be made good by raising the height of embankments correspondingly.
Suitable protection works should be provided in the portion where the active river channel is flowing
very close to the toe of the embankment and river training works may be carried out on the basis of
hydraulic model studies to hold the river in order to keep the flowing channel away from the embankment.

[Para 8.7]

8.23  In the portion where the embankments have been eroded or are likely to be eroded, suitabie
retired embankment should be constructed to prevent flooding of the area aiready protected by the
embankments. 1 is also necessary that the top of the embankment should have a water bound
macadam road or at least provided with brick soling so that the embankments could be conveniently
patrolled during the high flood condition in the rainy seascon and fiood fighting materials could be
transported conveniently during emergent situations.

[Para 8.7]

9.24 Qccupation of embankments and land acquired should be got vacated effectively to avent any
danger or risk to the people living in the protected area. Raised platforms above the highest flood level
may be constructed in areas liable to inundation,near villages on Government or acquired lands. These
could also be constructed on the countryside of the embankment. Such platforms should preferably be
connected with all weather roads and should be provided with facilities to make living on them easy
during floods. Such raised platforms should be handed over to Local Bodies/Panchayats for being
utilised as community property and kept free from any kind of encroachment for its desired use when
needed. '

[Para 8.8]

9.25 The flood damage in recent years is primarily due to greater encroachment inte flood plains. The
flocd plain zoning measures will be usefu! in both protected as well as unprotected areas as they
prevent indiscriminate growth in unprotected areas and help in regulating the development activities in
the protected areas so that unduly heavy damage is not caused in the event of failure of flood
protection measures. As a major portion of the flood prone areas in the main Ganga Stem basin is
either protected or protection embankments are under execution,such zoning regulations should be
introduced in the unprotected areas first and for developments in the protected areas hence forth.

it wouid be necessary to procure contour maps of the flood prone area of the basin to a scale
of 1:15000 with contour interval of 0.3 metre for implementation of this measure. Flood risk maps will
have to be prepared by carrying out necessary hydrological analysis of the historica!l data and further
hydraulic computations to identify areas prone to flood for different frequencies of fioods such as 100
years,50 years and 25 years. Similar risk maps for the submersion caused due to drainage congestion
as a result‘of water leve! likely to attain,corresponding to a 50 years and 25 years rainfall will also have
1o be prepared.

[Para 8.9.1]

9.26 On receipt of the forecast,its dissemination to the local population in terms of likely depth of
inundation and its duration in the area by the Administrative Authorities is very important so that
affected population,cattle, movable propetties etc.are evacuated before the area gets submerged by
flood waters which would cause damage. For this,a network of wireless stations and telephone system
are necessary in the basin near critical /vulnerable reaches of embankments and towns etc,,specially
where other means of communication are not dependable or adequate. Flood warning to smaller areas
in villages may be conveyed through public address system or in its absence by beat of drums. Specific
advice should be given to the people regarding evacuating the areas iikely fo be affected and also -
aboiit the locations which could be considered safe for level indicated in the flood forecasts. Necessary
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training in this regard should be imparted to the concerned officials on a reguiar basis so that they are
well versed in the interpretation of the forecast and taking precautionary measures in the event of an
imminent threat to the ife and property. This training programme should become a regular feature
before the flood season every year.

[Para 8.9.2]

9.27 The State Government should ensure that ail routine exercises and necessary drill are carried
out systematically before every flood season and departmental instructions,manuais and, rules in regard
to “ Disaster Mitigations System and Preparedness” shouid be widely circulated so as to make these
available to ail concemed. 1t is essential that training programme and exercises are regularly heid to
improve the preparedness of officials and the pubiic. This will develop confidence amongst ail concermed
to manage any emergency situation. The training programmes,including education and pubiicity should
be got arranged by the Civil Authorities with active participation of the Officers incharge of ficod
management and voluntary organisations. The interpretation of distress codes and signais and flood
warning messages being broadcast over All india Radio (Akashvani},Doordarshan or transmitted through
other channels and the effective foliowup of such messages into appropriate actions shouid be taught
to ali peeple in the ficod prone areas.

[Para 8.9.3]
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Annex — 2
[Fara 4.5]

Average annual and monsoon rainfalls of different districts lying in the Main Ganga stem Basin in Bihar

© W ~N o s W N

Sl Name of District Average Annual Average Monsoon
No Rainfali {mm) Rainfall {mm)
1 2 3 4
1 Patna 1092.98 993.90
Bhojpur 1068.90 §78.80
Rchtas 1035.10 1048.78
Vaishali 1162.20 1065.90
Munger 1146.70 1030.00
Bhagalpur 1148.30 1016.00
Santhal Parganas 1370.00 1195.92
Gopaigan; 1233.40 N.A.
Siwan 1131.40 N.A.
10! Saran 1127.890 N.A.

[Source: Comprehensive Plan of Flood Management for the Main Ganga Stem Basin prepared by GFCC in

1990; Directorate of statistics and evaluation, Government of Bihar]
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Annex 3
[Para 4.7.1]

List of Existing sites, maintained by CWC & State Gowt, their type and period of data availability in the

Main Ganga Stem Basin in Bihar

81 River/ Name of Site Maintained by Type Period of data
No Tributary availability
1 Ganga Buxar cwC GDSWQ 1960-1987
2 Ganga Taranpur CWC G nil
3 Ganga Patna(Digha) CwC G nil
4 Ganga Patna(Gandhighat} CWC GDSWQ 1965-1986
5 Ganga Hathidah CWC GDSWQ 1948-1984
6 Ganga Munger CWC G nil
7 Ganga Bhagalpur CwC- G nil
8 Ganga Kahalgaon CWC G nil
g Ganga Azamabad CWC GDsSWQ 1957-1987
10 Ganga Maharajpur CWC G nil
11 Ganga Rajmahal CWC G nil
12 Ganga Chamtha WRD G nil
13 Ganga Barh WRD G nil
14 Ganga More WRD G nil
15 Ganga Khutaha WRD G nil
16 Ganga Dakara WRD G nil
17 Ganga Suitanganj WRD G nil
18 Ganga Sabour WRD G nil
19  Ganga Narayanpur WRD G nil
20 Ganga Mahadeopur WRD G nil
21 Baya Bishunpur WRD GD 1991-1992
22 Baya Wazitpur WRD G nit
23 Ganga Sinhaghat CWC GD nil
24 Baya Mahua CWC GD nil
25 (anga Surajgarha WRD G nil
26 Ganga Jamania Pump WRD G nil
27 Dharmawati Pump site WRD GD nil
28 Dharmawati Panjraw WRD GD nil
29 Kao G.T. Road WRD GD nil
30 Kao Ara Mohania crossing WRD GD nil
31 Kao Malai Barrage WRD GD nil
32 Ganga - Fatuha WRD G nil
33 Ganga Khusrupur WRD G nil
34 (Ganga Bidhipur WRD G nil
35 Ganga Bakhtiyarpur WRD G nil
36 Ganga Piparia WRD G nil
37 Ganga Shivnar WRD G nil
38 Ganga Mahendrapur WRD G nil
3% Ganga Hemeja WRD G nil
40 Ganga Barari WRD G nil
41 Bhena Rly Bridge WRD G nil
42 (Ganga Mirzachowki WRD G nil -
43 Ganga Pirpainti WRD G nil
44 Ganga Radhanagar WRD G ni
45 (Ganga Rajmabhal WRD G nil
Note G - Gauge
GD - Gauge and Discharge

GDSWQ — Gauge, Discharge, Silt and Water Quality

[Source: Comprehensive Plan of Flood Management for the Main Ganga Stem Basin prepared by GFCC in
1990, Water Year Book of 1991, by State Hydrology Cell of WRD, Government of Bihar ]
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Annex 4

Monthly Average Silt data in Monsoon period for the Main Ganga Stem Basin for the ysars from '19?1 to 1987

Site — Buxar
sl Month Average Monthly Graded %.age of sediment to tota! : Remarks
No Sediment load
in tonnas Coarse in %  Medium in % Fine in %
i 1 June 847496 0.00000 1.32870 9867130
% 2 July “ 154313000 1.81158 5.84642 g2.34200
i 3 August 1132740000 1.99689 17.80710 80,19610
i' 4 September 480723000 1.70609 7.59769 90.69620
5 October 190578000 1.23279 4,00992 - 894.75730
Site — Patna
SI Month Average Monthly Graded %age of sediment to total Remarks
No Sediment load
1 in tonnes Coarse in %  Medium In % Fing in %
1 June 8777270 2.63236 9.38108 87.98660
2 July 283488000 3.57262 13.32150 83.10590
3 August 1066820000 .4.64051 14.66580 80.69370
4 September 982531000 3.60381 16.29500 80.10120
5 QOctober 231402000 2.75773 11.24250 85‘999_90
Site — Hathidah
! Si Month Average Monthiy Graded %age of sediment to total Remarks
No Sediment load
in tonnes Coarse in % Medium in % Fine in %
1 June 17499500 1146650 2540210 63.13140
2 July 427271000 9.63814 15,12990 75.23190
3 August 1341050000 8.38472 28.14300 63.47230
| 4 September 1452600000 10.18370 24.35740 65.45890
5 October 540863000 3.51416 24.20580 72.28000
Site — Azmabad
81 Month Average Monthly Graded %age of sediment to total Remarks
No Sediment load
in tonnes Coarse in %  Medium in % Fine in %
1 June 26920000 4 84466 6.16728 88.98810
P July 430696000 5.31685 8.08814 86.59500
3 August 1447510000 7.15189 15.22980 77.61840
4 Saeptember 1215800000 5.29027 8.66955 86.04020
5 October 670260000 6.51233 7.93410 8555360

[Source: Comprehensive Plan of Flood Management for the Ganga Sub-basin prepared by the GFCG in July
1990]
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Annex — 5
[Para - 5.3.1]

Maximum discharge recorded in the years with date and corresponding gauge, Peak gauge recorded with
respect to GTS

River: Ganga Site: Buxar

Sl Year Date Peak Corresponding Date Peak Remarks
No Discharge gauge Gauge

in cumecs in m in m
1 2 3 4 5 3] 7 8
1 1960 - NA 24700 NA NA 60.222
2 1961 NA 24741 NA NA 60.746
3 1962 NA 39805 NA NA 60.300
4 1963 NA 30405 NA NA 59.659
5 1664 NA 34219 NA NA 59.669
6 1965 NA 20700 NA NA 59172
7 1966 NA 24166 NA NA 59.188
8 1967 NA 40800 NA NA 61.201
9 1968 NA 22740 NA NA 58121
10 1969 NA 43085 NA NA 60.206
11 1970 NA 33490 NA NA 60.171
i2 1973 3-8-71 38700 60.636 15-9-71 61.036
13 1972 1-9-72 24659 59.288 2-9.72 58.371
14 1973 13-9-73 33056 60.081 5-9-73 60.281
15 1974 26-8-74 31305 59.991 27-8-74 60.078
16 1975 26-8-75 26587 60.131 25-8-75 60.171
17 1976 18-8-76 26082 58.716 18-9-76 60131
18 1977 12-8-77 26885 59.560 22-9-77 59.931
19 1978 11-9-78 35357 61.401 11-9-78 61.401
20 1979 14-8-79 16530 57.251 22-7-79 57.796
21 1980 2-9-80 32483 60.739 3-9-80 60.756
22 1981 24-9-81 20501 58.851 25-8-81 59.257
23 1982 4.9-82 42847 61.031 4-9-82 61.031
24 1983 16-9-83 45933 60.896 16-9-83 60.896
25 1984 11-9-84 30068 59.861 11-9-84 59.861
26 1985 14-8-85 37629 60.045 14-8-85 60.048
27 1986 1-8-886 59754 60.1586 2-8-86 60.718
28 1987 12-9-87 24156 59.486 3-9-87 59.491
29 1988 -8-88 26248* NA 59.550 *Maximum
30 1989 —5-89 13904 6-9-89 57.940 of 10 days
31 1990 -9-90 20313 23-9-90 60.230 avarage
32 1991 -9-91 20794" 31-8-91 60.430
33 1992 NA NA 60.580
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nnex — 5 {contd)

Maximum discharge recorded in the years with date and corresponding gauge, Peak gauge recorded with
respect to GTS

River: Ganga Site: Patna

Sl Year Date Peak Corresponding Date Peak Remarks
No Discharge gauge Gauge

in cumecs inm in m
1 2 3 4 5 6 7 8
1 1965 NA 24500 NA NA 48.244
2 1966 NA 32528 NA NA 48 259
3 1967 NA 46221 NA NA 49.079
4 1968 NA 25619 NA NA 48 484
5 1969 NA 42043 NA NA 49.239
8 1970 NA 23343 NA NA 48.874
7 1971 4-9-71 56658 48.884 30-7-71 49.657
8 1972 2-9-72 33026 48.097 2-8-72 48.097
9 1973 4-9-73 44615 48.884 15-8-73 49.014
10 1974 28-8-74 50840 48.86% 29-8-74 48.909
11 1975 NA 56980 49832 24-8-75 49959
12 1976 19-9-76 59192 49.042 18-9-76 49.839
13 1977 2-8-77 36333 48.354 10-8-77 48,506
14 1978 12-9-78 66800 49.689 NA 49.794
15 1978 30-7-79 22088 47.569 25-7-7% 47 969
16 1980 17-8-80 58126 49.664 17-8-80 49.664
17 1981 26-8-81 27606 48.494 26-8-81 48.494 it
18 1982 6-9-82 60155 49,979 3-9-82 50.034
19 1983 19-9-83 61200 49,574 19-3-83 49.614
20 1584 7-9-84 52500 49.114 7-9-84 49.114
21 1985 13-8-85 35800 48.669 25-8-85 48.669
22 1986 4-8-86 46200 49.049 24-8-86 49.04%
23 1987 NA 50,120
24 1988 NA 45.070
25 1989 7-9-89 47 880
26 1980 17-8-90 48,970
27 1991 2-9-91 50.100
28 1592 49.410
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Annex — 5 (contd})

[Para — 5.3.1]

Maximum discharge recorded in the years with date and correspending gauge, Peak gauge recorded with
respect to GTS

‘River: Ganga

Site: Hathidah

Sl Year Date Peak Corresponding Dale Peak Remarks
No Discharge gauge Gauge
in cumecs inm inm
1 2 3 4 5 6 7 8
1 {948 NA 69303 NA NA 43.000
2 1949 NA 48110 NA NA 41.968
3 1950 NA 57255 NA NA 42.288
4 1951 NA 38079 NA NA 41,053
5 1952 NA 47733 NA NA 42.038
6 1953 NA 42167 NA NA 41.632
7 1954 NA 40609 NA NA 41.437
8 1855 NA 43922 NA NA 41.925
9 1956 NA 52931 NA NA 42,123
10 1957 NA 39154 NA NA 41.544
11 1958 NA 35809 NA NA 41.757
12 1959 NA 46327 NA NA 42.000
13 1960 NA 43044 NA NA 41.887
14 1961 NA 52238 NA NA 42227
15 1962 NA 59747 NA NA 42.005
16 1963 NA 47152 NA NA 41.795
17 1964 s NA 46285 NA NA 41.965
18 1965 NA 33541 NA NA 41.385
19 1966 NA 34094 NA NA 41,315
20 1967 T NA 54128 NA NA 42.220
21 1968 NA 44821 NA NA 41.720
22 199 NA 73530 NA NA 42,715
23 1970 NA 48781 NA NA 42165
24 18971 12-8-71 66990 43.000 7-8-71 43.151
25 1g72 20-9-72 32750 40.145 4.9-72 41.285
26 1973 20-8-73 49248 42125 20-8-73 42125
27 1974 29-8-74 50835 42.275 29-8-74 42.275
28 1975 26-8-75 65185 42.965 25-8-75 42.985
29 1976 20-9-76 65430 43.035 20-9-76 43.035
30 1977 27-8-77 54497 40.295 11-8-77 42.195
31 1978 17-8-78 63228 42.930 17-8-78 42.930
32 1979 N-7-79 33310 40.915 21-8-79 40.993
33 1980 17-8-80 65760 42.854 18-8-80 42865
34 1981 27-8-81 40380 41.490 30-8-81 41915 .
35 1982 6-9-82 66974 42.932 5-9-82 42982
36 1983 20-9-83 54900 42 520 20-9-83 42 520
37 1984 7-9-84 53300 42.310 7-9-84 42.310
38 1985 25-8-85 41.945
39 1986 3-8-86 42175
40 1987 15-9-87 42.650
41 1988 42.000
42 1989 7-9-89 40.880
43 1990 17-8-90 41.740
44 1991 3-9-N 42 560
45 1992 42120
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Annex — 5 (contd)
[Para — 5.3.1]

Maximum discharge recorded in the years with date and corresponding gauge, Peak gauge recorded with
. respect to GTS
River: Ganga Site: Azmabad

51 Year Date Peak Corresponding Date Peak Remarks
No Discharge gauge : Gauge
in cumecs inm inm
1 2 3 4 5 4] 7 g
1 1957 NA 22781 y NA NA 30617
2 1958 NA 23913 MNA NA 30.709
3 1959 NA 49333 NA NA 31513
4 1960 NA 24500 NA NA 31.336
5 1961 NA 57918 NA NA 31.601
6 1962 NA 65476 ' NA NA 31.320
7 1963 NA, 59685 NA NA 31.122
8 1964 NA 38850 NA NA 31.414
9 1965 NA 31835 NA NA 30.926
10 1966 NA 34688 NA NA 30.979
11 1967 NA 54264 NA NA 31.651
12 1968 MNA 39260 NA NA, 31.246
13 1969 NA 58420 NA NA 32.026
14 1970 NA 52540 NA - NA 31.346
15 1971 NA 83046 NA, NA 32.396
16 1972 4-9-72 48506 30.636 7-9-72 30.741
17 1973 NA 74131 NA NA 31.321
18 1974 NA 68453 NA NA 31.326
19 1975 8-7-75 63965 29.411 29-9-75 31.571
20 1978 22-9-76 40891 32.248 22-9-76 32.246
21 1977 5-8-77 58932 31.166 12-8-77 31.446
22 1978 21-8-78 64200 32.316 20-8-78 32.376
23 1979 25.-8-79 31000 30.266 1-9-79 30.386
24 1980 6-9-80 66700 32.206 6-9-80 32.206
25 1981 30-7-81 38600 29,996 NA 30.996
26 1982 20-9-82 38500 30100 12-9-82 31.910
27 1983 ' 21-9-83 55600 31.300 21-9-83 31.300
28 1984 14-9-84 52700 31.261 14-9-84 31.261
29 1985 28-8-85 52900 30.846 28-8-85 30.848
30 1986 5-8-86 | 56124 31.046 5-8-86 31.046
31 1987 18-9-87 68500 31.636 18-9-87 31.636
32 1988 ~8-88 45462
33 1989 -9-89 24625* *Maximum
34 1990 —8-90 34486~ of 10 days
33 1991 ~9-91 53190~ average
36 1992 -9-92 26150 :

[Source: Comprehensive Plan of Flood Management of the Main Ganga Stem Basin prepared by GFCC in
1990]
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Annex-6
[Para-6.1.5]

HISTORY OF PAST FLDODS IN THE MAIN GANGA STEM BASIN IN BIHAR

The river Ganga passes through almost middle of Bihar from west to east and it is master drain
of Bihar. The areas beside the river in almost whole length of Bihar is flood prone and they are
threatened aimost every year from floods. According to the district gazetteer of Patna, the floods of
1901, 1913, 1923, 1948 and 1967 in Patna were severe in this century and thereafter, there were very
heavy floods in Patna in 1971 and 1975. Yearwise history of floods, as available, are given below:

1901 This year flood occurred due to rise in water level simultaneously in the Ganga and the Sone
rivers. Nearby areas of patna district were flooded. in ali 257 villages were alfected, thousands of
houses were damaged in Diara areas and the entire Kharif crops got damaged.

1913  The fiood of 1913 in Patna was due to continuous and heavy rain from 7th to 11th August of
the year. The water from the districts of Gaya and Hazaribagh aisc came simuitaneously into the
Ganga, which resulted in heavy flood in Patna, Barh and Bihar Sub-divisions. 40 persons and 547
cattie were lost and 23,360 buildings were damaged.

1948 There were two fioods in the Ganga in that year, one in August and the other in September.
fn Saran district, a number of Villages in Sabalpur Diara of Sonepur Police Station, in the vicinity of
Sitalpur and Dighwara Railway Stations were inundated. An important bundh on Mehura nala was
washed away and the entire Sonepur village got submerged. Due to fiood in the Ganga, discharge of
the Kosi river into the Ganga was locked, which resuited in spilling of water in Purnea district. Due to
heavy rains in last week of August, large areas in Paina city, Danapur and barh subdivisions were
flooded.

1954 In 1954, it was exceptional that the floods in aimost all the rivers of the country seem to have
occurred more or less at the same time in that year creating an unprecedented situation in respect of
duration, extent and intensity. Varicus meteorolegical factors during the iast ten days of July and again
at the end of August combined to cause heavy rainfall over and near the entire stretch of the eastem
Himalayas, resulting in an excessive spilling of the tributaries of the Ganga. Practically the whole of
the north Bihar was liable to submersion during the floods. Saran district was visited by cne of the
worst floods of recent years. In Purnea district, the area between Kursela to Bhawanipur appeared tike
a vast sheet of water. The flood water, spilling over the banks, inundated the area on .ne country side
and damaged the standing crops.

1956 The Gogri Narayanpur marginal embankment was breached in its 32nd Km near village Salarpur
due to bank erosion. A toop bund was constructed but it could net stand on the rush of water and gave
way. The river also altacked the bund in 35th — 37th Km and caused a breach near village Mathurapur.

1967 Patna was visited by a severe flood through Punpun river. Rajendra Nagar and Kankarbagh
area in particular were under water for about twe weeks, There was no evidence of loss of human life,
But many cattle were lost and there was a heavy loss of Government and private properiies.

1971  Patna experienced a very severe flood. The Ganga was above the danger level for 57 days
from 21st July. In that period the Sone river experienced three heavy floods which affected the floods
in the Ganga too. Digha, Maner and surrounding areas were flocded due to rise in water level of the
Ganga. Water was flowing 0.3 m above the Digha-Maner road. The Combined waters of the Sone and
the Ganga had headed up near Patna Canal, but due to quick repair works in western bund of Patna
Canal the water could not enter Patna.
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1975 Patna and its surrounding areas experienced the worst flood so far in the last week of August,
1975 when almost entire Patna town was in one to three metres deep water. This situation was for
one week of more. due to which there was heavy loss of private and Government properties.

Due to high flood level in the Ganga at Digha, the combined water of the Sone and the Ganga
were flowing over Digha Maner road in a depth of 30 to 60 c¢m for several days from 22nd August.
The Maner distributary was breached at 11 places through which a large amount of water was flowing
over the Bihta-Maner road, Bihta Maner embankment and Khagaul-Danapur road and lastly the Water
got headed up on the left side of Patna canal. As a result both sides of Patna cana! were breached
in the night and the water entered patna and its surrounding areas. The capital Patna and its adjoining
areas were under 1 mto 3 m depth of water. No arrangement could be done immediately to drain out
the water due to high water level of the Ganga and inadequate waterways. Some villages remained
under flood even for 15 days also.

1987 In this flood, Chapra, Arrah, Buxar and Bhagalpur town and nearby areas were affected. This
flood established new highest Flood Level of 50.12 m at Patna (Gandhighat) site on 12th September.
It remained above danger leve! at patna, Hathidah, Munger, Bhagalpur, Kahalgaon for 3 to 10 days.

1990 The river exerted heavy pressure on Chak ring bandh of Gupta- Lakhminia emabnkment at ch
98 and damaged the bed bar. However no damage to life and propery was caused.

1991 The river flowed above danger mark from 29.8.91 to 14.9.91 at Dighaghat, from 26.8 to 14.9
at Gandhighat, from 30.8 to 13.9 at Hathidah and from 30.8 to 16.9 at Kahalgaon. It exerted heavy
pressure on Chak ring bandh below ch, 20 and damaged revetment work near Ballahpur.

1992  The river flowed above danger ievei at Buxar from 16.9 to 18.9, at Gandhighat from 29.8 to
31.8 and 15.9 to 20.9, at Hathidah from 16.9 to 20.9 and at Kahalgaon from 16.9 to 21.9. The river
exerted presure Qn Gupta-Lakhminia embankment between 4 and 6 km and there was severe erosion
in 60 m length. The embankment was saved by resorting to flood fighting work.

1993 There was some presure on Gupta-Lakhminia embankment between 4 and 6 km, on Hazipur-
Bazitpur embankment between ch 1060 and 1085 and on Narainpur embankment between ch 50 and
55. Embankments were saved by flood fighting work.

[Source: Comprehensive Plan of Flood Management in the Main Ganga Stem Basin prepared by
GFCC in 1990)

-
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Annex 9
{Para 7.7]
LIST OF COMPLETED ANTI-ERCSION WORKS, RETIRED EMBANKMENTS
(costing more than 25 lakhs) in the MAIN GANGA STEM BAASIN
S Name of Scheme Type of Cost of Remarks
no Scheme Schemae in
Rs lakh
1 2 3 4 5
1 Karhagola anti-erosion works AE 115.07
2 Anti-erpsion work at Jarlahi on
left bank of river Ganga AE 100.00
3 improvement and modernisation of Kotakoch Improvement
Naurasia retired line {from ch 162 o 352) of retired line
in a lengih of 45 ch. 25.00
4 Boulder pitching on river side slope between
c¢h 10 io 50 and 135,50 io 190 of
Jaunia Kursela embankment AJE 34.00
5 Anti-erosion works at Malkhachak
site on left bank of Ganga AJE 40.00
6 Construction of spur at ch 25 of Chak ring
bundh on left bank of river Ganga A/E 45.00
7 Construction of Spur at ¢h 77 of Sanha
Gorgawan embankment AJE 59.00
B Anti-erosion work at village Chhitarchak on the
left bank of river Ganga under Sonepur block AJE 30.00
9 Anti-arosion work for construction of pull-headed
spurs at ch 10 & 60 of Jarlahi refired line AJE 70.00
10 A/E work near village Lalbathani at ch 176 & 210
of Kota Kosh Haurasia retired line embankment
on the left bank of Ganga A/E 80.00
11 Construction of Karhagola Jaunia embankment
{4th retired ling) R/S 28.00
12 Modemisation of Karhagola Azampur Modernisation
embankment from ch 0 to 848 of Embankmeant 30.00
13 Modermisation of Kari Kosi embankment Modernisation
of Embankment 25.00
14  Modemisation of Jaunia Kursela Modernisation
embankment from ch 0 to 322 of Embankment 25.00
15 R/S of Sanha Gorgawan embankment Modernisation
from ch O to 405 of Embankment 25.00
16 R/s of Kota-kosh Naurashia Modernisation
refired line embankment of Embankment 35.00
17 Protection work of Buxar-Koilwar
embankment at Neknam tola AJE 45.00
18 i Buxar Kila protection Scheme
i Train drainage water to fall in
canal and not direcily into Ganga 40.00

Ti Pitching of the iower portion on similar
lines in hlock as done South of canal

[Source: Comprehensive Plan of Flood Management of the Main Ganga Stem, Prepared by GFCC in July 19901
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QUESTIONNAIRE TO WATER RESOURCES DEPARTMENT.

8.1 Piease furnish basin/sub-basin maps of the rivers causing fiood {Scale 1 to 1 miilion or iarger
scaie, if required, for severely flood affected basins) showing areas flooded during the period 1954
onwards. The areas flooded may be shown by distinctive lines with the years marked thereon.

Piease also furnish a separate map basin/sub-basinwise showing area prone to floods having
frequencies of once in 5, 10, 25, 50 and 100 years.

Please also furnish regime plan of such rivers in suitable scale showing flood control/protection
works executed from beginning till date.

8.2 Has any study been carried out to identify the flood problems of each stich river basin/sub-
basin? If so, please supply six coples of the reports along with relevant maps.

8.3 Has any comprehensive plan been prepared for flood management of such river basin/Sub-
basins? If so, please furnish copies of such comprehensive plans with a comprehensive note on the
follow-up action taken so far on such comprehensive plans of flood management.

8.4 Has any action plan been formulated for implementation in accordance with the
recommendations of various High Level Committees on fioods and related problems appointed by the
Centrai/State Government inciuding those of the Rashtriya Barh Ayog and the Committee on the Flood
Management in the State of Bihar, West Bengal, UP and Orissa? If s0, piease furnish six copies of
such action pfan with details of action taken so far against each of relevant recommendations concerning
flood management in Bihar of all such Committees.

8.5 Has any post facto evaluation of fiood management schemes executed already been carried
out? If so, please furnish six copies of such reports alongwith a detailed note on the action taken as
a result of such studies.

86 . Please furnish a resume of flood control/protection measures implemented at Governmental
level upto 1954, mentioning therein the nature of works implemented, the rivers on which such works
have been carried out, their benefits and performance in generai and the nature of development in the
protected areas before and after implementation of the works.

Piease furnish details in proforma 8.6 basin-wise/sub-basin-wise with details of each scheme
costing more than Rs 25 Lakhs. Please furnish a map to the scale 1 to 1 million {or to a farger scale
if required) showing the various river basins/sub-basins and the works implemented upto 1954.

8.7 Please give a resume of the flood control/protection measures since 1954, stating the nature
of works implemented, their locations, performance and benefits in general and the nature of development
in the protected area before and after implementation of the works basin-wise/sub-basin wise.

Please furnish defails in proforma 8.7 basin-wise/Sub-basin-wise 1or the works completed
separately for each of the following periods:-

{a} April 1954 to end of March 1961

(by April 1951 to end of March 1968

{c) April 1966 to end of March 1969

-
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{d} Aprii 1969 to end of March 1974
{e}) April 1974 10 end of March 1980
(i  April 1980 to end of March 1985
{g) April 1985 {o end of March 1990
{n} April 1990 to end of March 1992

Information may please be supplied for each scheme costing above Rs 25 Lakhs and other
schemes may be grouped together.

Please furnish maps to the scale of 1 fo 1 million {or 1o a larger scale if desired) showing the
completed works in each river system (as a whole or individually for large sub-basins) separately for
the peried indicated above.

8.8 Some flood control/protection schemes have been suggested by the Commitiees/ Experts
constituted by the Central/ State Government. Please list the schemes chronologically from 1954
onwards in proforma 8.8 indicating the nature of the schemes and the benefits etc.

Please supply six copies each of the reports of the Committee/Experts appointed by the
Central/State Government.

849 Have any llood control/protection plans in the various river basins been prepared on the lines
suggested by the High Level Committee on floods and the subsegquent Committees on flood conirot?
please give a note indicating the broad features of the plan for each river basin as a whole or by parts
as convenieni. Please supply six copies ol the Plan.

8.10 Are the works implemented so far in accordance with the overall plan and according to the
priorities indicated therein? If not, the reasons therefor.

Has any revised plan been prepared indicating new priorities? i so, please supply six copies
of the'revised plan.

8.1 Have any socio-economic surveys been carried out in the areas protected and reports prepared?
Please furnish six copies of each report. If no reports have been brought out, a concise note may
please be furnished lor each survey.

812 For technical and economical reasons, it is not possible io provide fiood protection under all
conditions of flow and for all time to come. As such, is there any policy/practice by which developmental
activities in the protected areas are regulated? Please furnish a note, quoting examples.

8.13 EMBANKMENTS
8.13.1 Please furnish a not indicating the method of fixation of the design flood for the embankments
and the degree of protection provided ({in terms ot frequency of floods or any other criterion} for {a)
predominantly agricultural area {b} iown protection works and (c} protection of important industrial
establishments, assets and lines of communication.
8.13.2 What are the generai standards adopted in the design of embankments:

{2) Top width (b} Type of top surfacing {c) Free board {d) Side slopes (indicating the basis
of fixation) {e} Slope pretection (indicating the goveming factors)?
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Note: Where masonry walls have been provided, their standards may piease be indicated.

8.13.3 Where embankments are provided on both banks, the method by which the distance between
the embankments is fixed may piease be indicated.

8.13.4 Is the embankment system pianned for the entire river tributary system and the implementation
taken up in a phased manner?

Please furnish a note indicating the praciice and priorities of implementation.

8.13.5 Have the benefits of inundation and deposition of siit in the protected areas been taken into
account while planning the embankments and while warking out the benefits?

Piease furnish a note on methodoiogy.

8.13.6 Has any necessity been feit for providing water for irrigation of crops in the area protected
which used to be inundated previously? if so, has the cost of such irrigation scheme been inciuded in
the cost of the fiood protection scheme?

Piease detail schemes where this has been done and in what manner.

8.13.7 Are any embankments being used as public highways? if so, piease state the iength and
iccations.

Please state the experience in this behalf in maintenance, patrolling during floods, breaches
etc.

Is any portion of expenditure borne by the Road Construction Department?

8.13.8 Piease indicate whether any study has been carried out of the effect on the soli properties
of the embankments due to age and industrial effluents/iwaste discharged/dumped into the rivers. If so,
Piease furnish a note.

8.13.9 Please give in proforma 8.13.9 detaiied information in respect of all embankment schemes
costing more than Rs 25 Lakhs each completed upto the end of March, 21 (including those completed
prior to 1954). Schemes costing Rs 25 Lakhs or less but forming part of a continuous embankment
should also please be included.

8.13.10 Any other comments and suggestions of the State Government particularly on the assessment
of the benefits/draw backs of marginal embankments on river regime, effects on downstream works/
areas, protected area etc and about the desirability, location where suitable and other relevant matters,
relating to embankments.

8.14 DRAINAGE (STORM WATER) SCHEMES

8.141 Based on the data collected from 1954 onwards,please furnish information relating to the
areas which were affected by surface drainage congestion indicating duration with dates and the extent
of areas affected by such drainage congestion.

Please furnish a map to the scaie of 1 to 1 million (1 to 250000, where desirable) showing

the drainage basins and the areas which experienced the above drainage congestion. The areas
affected may be shown by distinctive lines with the year marked thereon.
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8.14.2 Piease give a note detailing the basis on which the design discharges for storm water drainage
system are determined indicating whether it is on the basis of cost-benefit analysis, taking into account
the frequency and intensity of rainfall, cropping pattern and the permissible depth of inundation or on
the basis of any specified frequency of rainfall, cropping pattemn and tolerance of crops or on adhoc
basis.

What is the criteria adopted in the design of drainage for:

(a) Predominantly agricultural areas:

(o) Urban areas, and

(c) Important industrial complexes elc?

8.14.3 s the planning of the drainage system done for the entire basin and implementation taken up
in & systematic manner? Piease furnish a note indicating the practice and priorities for implementation.

Piease supply six copies of the plan with maps for each basin/sub-basiri where so prepared.
8.14.4 While investigating individuai drainage scheme, is the possibility of using drainage water (in
part or whole) to supplement canal flows or for storing in depressions etc considered? Has such use
been made anywhere in the State? if yes, please fumish details with maps of relevant areas,
8.14.5 Has any study of drainage in various basins of the State been made by any Committee/
Experts? If so, please supply a note covering the problems and the recommendations basin/sub-basin-
wise.

Piease furnish six copies of the reports.

8.14.6 What is the effect of drainage system of water logging and ground water table? Please furnish
a note with details.

8.14.7 Has any drainage system been planned and implemented covering more than one State?
What have been the problems that have been experienced in the planning, implementations and
operation of such systems? Please furnish a detailed note.

8.14.8 Please furnish detailed information in proforma 8.14.8 in respect of drainage schemes costing
more than Rs 25 Lakhs each.

Note: (1) Schemes costing Rs 25 Lakhs or less forming a stage of a bigger one should be

inciuded in the proforma and covered by an explanatory note giving reference to the map vide item
8.14.3,

{2) in case there are no schemes costing more than Rs 25 Lakhs, information in respect
of schemes costing more than Rs 10 Lakhs each may be given.

8.15 ANTI-EROSION WORKS
8.15.1 What is the general policy of the State Government for undertaking anti-erosion works?
8.15.2 Are the various alternatives of protection considered before a decision on the nature of

measures is taken?
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8.15.3 Please list the types of anti-erosion works undertaken in the state detailing the performance
of atleast two of each type.

8.15.4 Are any modei experiments undertaken before carrying out anti-erosion works to investigate
the possible effects of such works upstream and downstream and on the opposite side?

Please furnish a note giving specific examples where such model experiments have been
carried out indicating performance of the prototypes compared with the results of such experiments.

8.16.5 Has the experience of anti-erosion measures implemented so far led to any economical
method of protection and design? Please furnish a note,

8.15.6 Please give detailed information in proforma 8.15.6 in respect of anti-erosion works costing
more than Rs25 Lakhs each. Please supply detailed plans of a few typical schemes.

8.16 RESERVOQIRS
Reservoirs for providing flood control only have not so far been constructed in the country.
However, multipurpose reservoirs providing specific flood control storage have been constructed, of

which the important ones in Bihar are Maithon and Panchet in Damodar valley and Chandil dam on
the Subarnrekha.

8.16.1 Please furnish information in proforma 8.16.1 in respect of the multipurpose dams where flood
control storage has been specifically provided.

8.16.2 In respect of reservoirs with no fload control component please state if any flood moderation
is assumed. If so, please give a note with specific examples.

8.16.3 What was the basis of fixing the dead storage and the lite of the reservoir in the project
report?

Have any studies been carried out either by computation of inflow and outflow of the silt
charge or by reservoir capacity surveys on the extent of siltation and the consequent ioss of storage
capacity since the reservoir came into operation? Please furnish a detailed note indicating the results
of such studies for each reservoir with six copies of relevant reports, if any.

8.17 CHANNEL IMPROVEMENTS

Channel improvements were visualised in the short term stage of the National Flood Control
Policy.

B.17.1 Piease furnish a note giving the following information as from 1954 cnwards:

(a} The riversftributaries where channel improvements have been accomplished, the locations
and detaiis like the date, method adopted, length, width, capital cost ete, of each. Also please supply
details of maintenance expenditure, year by year from the date of completion.

Please supply a map or maps to a suitable scale showing those details.

(b} Whether such works were undertaken after model experiments. If yes, please supply six
copies of each such repon.
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() Whether such improvements have achieved the results visualised or otherwise.

{d) Whether any modification were required after completion. If yes, the nature thereof, the cost
and the results achieved. :

(e) Comments on the suitability of such measures and locations and conditions where they couid
prove beneficial.

8.18 ZAMINDARI AND/OR UNAUTHORISED EMBANKMENTS

The earliest effort of protection against floods were mostly those of the individuals/ zamindars
who constructed embankments for the protection of their private properties. These works were usually
constructed in haphazard manner without due regard to the effect af such construction on the upstream
and downstream areas as also on opposite banks. Such lack of planning may equally apply to some
embankments canstructed under the test relief programme usually executed at shori notice to provide
immediate employment opportunities to fiood affected pecple. Many such substandard works are likely
to have been superseded by subsequent construction of regular embankments during the Plans while
some others may still be in existence.

8.18.1 Please furnish details of Zamindari/Test relief embankments (separately) in proforma 8.181
in respect of those which have not been superseded by embankments constructed under the flood
control sector. Please also furnish a plan to the scale of 1 to 250000 showing the locations of important
embankments.

8.18.2 Please give a generaj assessment on the utility of the embankments referrad to in 8.18.1. Has
any separate assessment of the damage caused by breaches, overtepping etc. of these embankments
been made? If 50, please furnish information in proforma 8.18.2.

8.18.3 Has any Committee/Expert been constituted to review the existing Zamindari/Test Relief
embankments in order to assess their utility or otherwise in mitigation of the flood problem and to
recommend their take over by the Water Resources Depanment for remodeling and maintenance as
per standard norms and practices. If so, please jurnish six copies of reports of such Committees giving
a note on their recommendations, those accepted by the State Government and action taken so far.

8.18.4 Has any plan been formulated to replace these unsuperseded embankments or remodelling
them as pan of the overall plan of flood control.

Please furnish a note relevantly indicating alternatives considered, costs and benefits.
8.18.5 Please fumish information in proforma 8.18.5 for each of the Zamindari/Test relief embankments
which provided protection to maore than 1000 hectares. Please supply a map to the scale of 1 to 50000

showing the embankments for which the detailed information have been furnished.

8.18.6 Are the Zamindari/Test reliefl embankments superseded by the requiar embankments, allowed
to remain intact or demolished? K not demolished, reasons therefor.

Please supply informations in proforma 8.18.8, in respect of such embankments which have
not been demolished.

8.19 Aggravating of floods due to construction of Roads, Highways, Railways. Canals efc.

8.19.1 Please furnish a note indicating the procedure adopted by State Govemment in .working out
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the waterway and checking the waterways proposed by Rallways/Nationa! Highways.

8.19.2 Are the waterways at the Railway and National Highway crossing provided by the concerned
authorities in consultaion with the State Government?

Is there similar consultations by the concerned State Departments with the State Department
incharge of Flood Control while providing waterways at the road and canal crossings.

8.19.3 Are there any specific areas which experience distress frequently at Railway and/or Nationai
Highway Crossings? Please furnish a note indicating the locations where such conditions have been
experienced and humber of times these have occurred during last 15 years.

Please also furnish a map to the scale of 1 to 1 million showing the Railways and the Nationai
Highway Crossings and the iocation of the distress area. Large scale maps for each of the specific
areas showing the extent of flooding and the years in which the flooding has occurred may also please
be supplied.

8.19.4 Information and maps similar to those in 8.19.3 may please be supplied in respect of distress
areas at the crossings of State roads/canals/drains.

8.19.5 Has the Central/State Government made any investigation into the causes for the distress
conditions in the specific areas referred to in 8.19.3 and 8.19.47 If s0, have the conclusions of these
investigations been brought to the notice of the concerned authority and with what result? Please
furnish a note giving details of the specific cases.

8.19.6 Has any Committee/Expert(s) studied the drainage congestion and adequacy of waterways for
the bridges and made any recommendation? To what exient have the recommendations been
impiemented? What are the reasons for non-implementation of the recommendations in specific cases,
if any? Piease supply a detailed note. Please aisc furnish six copies of the report(s) of the Committee(s)/
Expert(s}.

8.19.7 Has the State Government met/shared the cost of widening any waterway of Railway and/or

National Highway bridges? Please give details of specific cases.

8.19.8 Has the State Government any view/suggestion on the bearing of cost and maintenance of
additional waterways necessitated as a result of development works, construction of embankments,
canatisation etc upstream of Railway/National Highway bridges? Please furnish a note.

8.19.9 Has the State Government enacted any legislation prohibiting encroachment into drainages
(Natural or excavated)? If so, Please suppiy six copies of legislation. if not, please state whether and
what administrative measures are taken and whether they are adequate to p.event such encroachments.

8.19.10 Does the State Government permit cultivation of beds and berms of rivers and natural drainage
channels and construction of temporary bunds for irrigation andfor fishing across drainage channels/
drains which may cause obstruction to flow? If so, under what condition? Please furnish a note.

8.19.11 What is the practice adopted in the State in providing bridges over drains? in case where
bridges are not provided at all crossings, what are the measures taken by the State in preventing
unauthorised crossings which may lead to obstruction or deterioration of drains?

8.19.12 Piease give a general assessment of the problem caused by the construction of railways,
national highways, roads etc and the coordination amongst the various departments and suggestions,
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if any, in this regard.
8.20 AMALYSIS OF THE COST AND BENEFIT OF FLOOD PROTECTION MEASURES

8.20.1 What is the procedure of benefit-cost analysis presently adopted by the State Govermnment?
in this analysis, are the nature and magnitude of the flood problem to be scived precisely identified,
all the viable alternatives {such as reservoirs, embankments, drainage, flood plain zoning etc) and their
benefits and costs worked out in detail and the administrative, legal, technical and financial aspects
considered in arriving at the best possibie solution to the problem? Please fumish a detailed note.

8.20.2 Are benefits and costs discounted? If not, why not? If yes, what is the discounting rate in use
and basis thereof?

8.20.3 What is the procedure adopted in the case of multipurpose projects with flood control
component? Please furnish a detailed note on the data and procedure adopted for a few completed
projects, showing how the benefits and cost are worked out for each component.

8.20.4 While caicuiating benefits, are the foliowing taken into account? If so, how are they estimated?
(a) Value of the extra produce from agriculture that may be attributed to fiood control.

(b} While estimating extra produce, are other supporting conditions, technelogical and institutional,
taken into account? What is the time interval after which the full benefits are supposed to accrue?

{c) What prices ({ie wholesale, retail, farm, mandi local, national etc) of inpuis and outputs are
used for,valuing the benefits?

{d) increase in the value of land.

8.20.5 What are the direct benefits that are considered for flood protection scheme? Are they
estimated from ihe annual asséssment of the flood damage in the area io be protected (agency
carrying out and cross checking the assessment may be indicated) or by carrying out detailed surveys
and deiermining the areas ilable to flood of different frequencies or any other method? Are the
remission of land revenue, cost of flood relief operations etc taken into account in the estimation of

direct benefits? Please furnish a note giving details of ithe actual method adepted for assessing the
average annual benefits.

Are secondary benefiis taken into account? What are the nature of such benefits and how are
they computed? If not, are there any constraints in not including the secondary benefits?

8.20.6 Are any socio-economic studies conducted for determining direct and indirect benefits? If so,
please indicate the agencies and methodology? Please supply six copies of a typical report.

8.20.7 Whai are the various components going into the cost of the project? Do they include secondary
costs which are required to obtain secondary benefits?

8.20.8 Are the risks, uncerlainties, price changes etc, during the economic life of the project taken
into accouni while working out the costs and benefits? If so, how?

8.20.9 s aliowance made for the benefits accruing without the proiection due io inundation and
deposition of sili during floods?
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8.20.10 Please furnish six copies each of the typical schemes implemented by the State Government
in operation for about 10 years {or the longest period if a shorter duration) for different categories of
works such as reservoirs, embankment, drainage, anti-erosion, town protection etc, which explain fully
the benetit-cost analysis that has been made.

The assessment of benefits both physical and monetary achieved from the schemes during
the period of operation may be compared with the benetits envisaged at the time of formulation of the
project.

The benefit-cost ratio at the time of formulation of the project may also be compared with the
present benefit-cost ratio which may be worked out, at constant prices as inciuded in the project taking
into account any additionai costs incurred subsequently for stabilisation of the benefits.

8.20.11 Taking into account the experience gained so far, have you any suggestions in regard to the
methodoiogy for cost-benefit analysis of flood protection and multi purpose projects with flood controi
component?

8.21 Critaria for taking up flood protection works and means of mobilising resources theretor,

8.21.1 Piease state whether flood controi and storm water drainage schemes are undertaken under
any Act(s). If so, please supply six copies of the relevant Act(s).

8.21.2 Are any criteria (whether different for different types and regions) adopted by the State
Goverment for sanctioning flood protection schemes? If so, piease furnish a note mentioning the
rationafe and difficuities, If any.

Wouid you suggest any modification 1o the criteria?

8.21.3 Have any measures (betterment levy, flood cess, enhancement of land revenue/capital charge/
crop charge etc) heen adopted for a levy on the benefited area {including villages, public and private
industries etc) under the various types of schemes? f so, please supply six copies of the legiglation/
administrative orders.

If legislation/administrative orders have not been enacted, issued or implemented, please
furnish a not indicating the reasons therefor with suggestions, it any,

8.21.4 Please furnish basis and details of the total area (including villages, public and private industries
ete) under levy and amount collected during each of the financial year for the State as a whole along
with their capitai costs and annual maintenance charges.

8.21.5 Other comments/suggestions, if any.

" 8.22 ARRANGEMENTS FOR MAINTENANCE OF FLOOD PROTECTION WORKS.

8.221 Are the instructions relating 1o maintenance of embankments contained in the Embankment
Manua! issued by the Central Water Commission being followed? Is a detailed drill laid down for each
of the embankment systems for maintenance and operation during floods, post floods, season and

immediately before the floods? please supply six copies of the drill laid down stating whether any
difficulty is experienced in the implementation thereof.

8.22.2 Are gauges provided at stipulated intervals along the embankments for recording flood levels
and arrangements made for their systematic observation during the fioods? Please supply details.
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8.22.3 Have you any suggestions for modification of the instructions contained in the Embankment
Manual on the basis of the experience gained during the last thirty years in the maintenance of the
embankments?

8.22.4 Inthe case of other flood protection works such as drainage channels and river training works,
please furnish a note indicating the nature of maintenance done and the norms adopted for estimating
the funds required for maintenance during the year.

B.22.5 please furnish details of the estimated requirements for maintenance as worked out by the
Department, amount provided in budget for the annual maintenance and the actual expenditure on the
maintenance of flood contro! works for each year from Fourth Five Year Plan and onwards upto 1991- ‘
92, for the State as a whole in the following proforma (separately for each type- reservoirs, embankments,
drains, river training works, town and Village protection works elc)

Financial Estimated requirements for Amount provided for Actual
Year maintenance as werked out by maintenance in the budget Expenditure
the Department {Rs Lakhs) (Rs Lakhs) (Rs Lakhs)

1 2 3 4

1969-70
1970-71
1971-72
1972-73
1973-74
1974-75
1975-76
1976-77
1991-92

8.22.6 Does the State Government obtain the cooperation and assistance of the public of the locality
in the patrolling and maintenance of flood protection works and also in tackiing emergent situations?
What is the response and the comment of State Govermnment on its utility? Please furnish a note and
six copies of regulations/orders in this behalf, if any.

8.22.7 Are suitable approaches provided to the flood protection works for their inspection as well as
for use during emergent situation? Please furnish a detailed nate.

8.22.8 Has the State Government other specific suggestion on the maintenance of flood protection,
drainage and anti-efrosion works etc? b

8.23 Proper land use in the flood plains with a view to minimise damage and to ensure overall
increase in agricultural production.

8.23.1 What is the progress made in the preparation of contour plans of the flood plain areas and
demarcation of flood zones affected by flood for ditferent frequencies? Please furnish a note indicating
the extent of areas requiring preparation of contcur plans and the areas for which the maps have been
prepared. if not completed, please state the reasons, the present status and further programme for
completing this works.
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8.23.2 Has the State Government examined the draft Flood Plain Zoning Bill circulated by the
Central Ministry of Water Resources? What are its views thereon?

8.23.3 Has land use regulation been attempted for compiementing the engineering works in the
areas provided with protection by controlling land use and encouraging more intensive use of the
protected area?

8.23.4 Describe {locationwise, i necessary) the present land use in the unprotected flood plains for
each river basins/sub-basins in the State.

Has any study been made on the pattern of floods, their duration and the nature of crops
grown in these areas? If so, please supply six copies of such study reports.

Has any attempt been made for devising suitable crops patterns for reducing the damage due
to floods and 1o increase agricultural production? Please furnish a note in detai.

8.23.,5 Has the possibility of relocating flood vulnerable setttements been examined by the State
Government? If so, please supply details.

8.23.6 Has the State Government any suggestions on the land use pattern in Hlood plains (separately
for protected and unprotected) for reducing the overall flood damage and to achieve optimum benefits?

8.23.7 Will it be adequate it land use regulation is confined to the flood plains or should it be
extended to the catchment area as well? What is the pattern of land use required/suggested in the
catchment? please furnish a note,

8.23.8 Has any study been made in the State on the beneficial aspects of ficod deposition? H so,
the position may piease be briefly indicated with supporting data.

8.23.9 Do you have any suggestions on the alternate cropping strategy for increasing agricuttural
production by suitable adjustments and adoption of new technology such as advancing sowing date.
choice of substitute crop varieties, relay multiple cropping etc?

8.23.10 Please State the main constraints in implementing the post-flood agronomic measures in
recovering the growth of submerged crops or raising afternate or substitute crops in making good the
agricultural production.

8.23.11 Please state if any consideration has been given to providing some irrigation facilities during
flood free periods in flood prone areas. M so, please furnish a list and map showing areas where this
has been implemented. ' ’

8.23.12 Are there any approved codes for Flood/Agricultural relief work? If so, six copies may please
be furnished. In case there is no such code the views of the State Government on developing Fiood
Manual/Code for agricultural programme may please be given.

8.23.13 Fuel and fodder supply in flood plain areas are generally not adegquate and the situation
worsens with flood occurrence. In appreciation thereof, state the present position of fuel and fodder
supply in the flood prone areas giving the humansivestock population and their demand for fuel and
todder. The planned projections of the State Government on the subjects may please be furnished.

8.23.14 Please give a list of the grass and forest species which can stand annual fioods and can be
grown in fiood plains on a commercial scale, especially along the stream banks.
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8.23.15 Please furnish a comprehensive note on research and development programmes for pisciculture/
aquaculture in the ponds, lakes, tals and chaurs in the flood plains.

8.23.16 Are there any existing local organisation in the flood plain areas for implementing suitable
agricultural programmes or are there any propesals in this regard?

8.24 ADMINISTRATIVE AND ORGANISATIONAL SETUP FOR FLOOD CONTROL IN THE STATE

8.24.1 Piease furnish a note detailing the existing administrative and organisational set-up for fiood
control/protection (including flood forecasting and warning, flood fighting) in the State. Is the present
arrangement adequate or are there any proposals for effecting improvements”?

8.24.2 Investigation and planning of Flood Control/protection Works,

8.24.2.1 Pjease furnish a note indicating the procedure of collection of gauge and discharge data,
supervision and checking the method of observation, intervals in which data collected is transmitted to
the processing centre, examination and reconciliation of the data collected to ensure its accuracy and
coordination, compiiation and publication of the processed data.

Please aiso include in the note the type and qualifications of the personnel making the gauge
and discharge observations, the number of stations supervised by each Subdivision and number of
stations under a Divisicn and whether the Sub-divisional and Divisional Officers are exclusively for the
data collection or carry out this werk in addition to cther dufies (Piease indicate the other duties).

Has the data been published in the form of Water Year Books or any other form? if so, please
furnish six copies of the published data for the two latest years.

8.24.2.2 What is the set-up in the State for investigation, planning and designing of flood protection
works? Please furnish the information in the form of a chart of the organisation, including interdisciplinary
personnel eic. Please furnish a note breadly defailing the duties and functions at each level.

Is the present set-up adequate to meet requirements? If not, please state if you have any
suggestions.

8.24.2.3 is the present procedure of processing schemes for sanction through the Technical Advisory
Committee, State Flocd Gontrol Board, Planning Commissicn, efc satisfactery ar are there any suggestion
for medifications?

8.24.3 Execution of Flood Protection Works

8.24.3.1 what is the set-up in the State for execution of ficod protection works bath at the administrative
and technical level? Please furnish information in the form of an organisation chart. Please furnish a

note regarding other dutias handled, if any, by the aforesaid set-up.

8.24.3.2 Are the existing laws and regulations regarding land acquisition adequate? Please furnish a
note and six copies of relevant laws/reguiations.

8.24.3.3 Are modern techniques like CPM (Critical Path Method) and PERT {Programme Evaluation
and Review Technigues) applied to implementation of flood protection works? Any comments?

8.24.3.4 What is the present system of allocation of funds for flood protection works form year to year?
Dces the systemn present any difficuity in the implementation of the works? Are there any suggestions
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for improvement? Do you have any comments on the present accounts procedures?

8.24.3.5 What is the policy and procedure for compensation and rehabiliiation of persons displaced/
affected by flood protection works? s the arrangement satisfactory or is any improvement required?
Please furnish a note.

8.24.3.6 Are there any delays in implementation of flood protection works on account of want of proper
delegation of financia!, administrative or other powers 1o the project authorities? if yes, please furnish
twa or three examples with suggestion in this regard.

8.24.3.7 Is a periodic review of the performance of the flood protection works made 1o assess benefits
achieved against those projected? If yes, please furnish six copies of such evaiuation reports for two
works of each category.

8.24.3.8 What is the policy and procedure in the State for abtaining public participation in the execution
and maintenance of flood protection and drainage schemes and what is the actua! experience in this
regard? Piease furnish a note.

8.24.4 Operation and Maintenance

8.24.4.1 What is the present organisational setup for the maintenance of flood protection works?
Please furnish a chart and a note with your comments and suggestions regarding its adequacy and
functioning.

8.24.5 Flood Forecasting and Warning

8.24.5.1 Are there any ficod forecasting units set up by the State? If so, piease furnish an organisation
chart indicating the rivers on which and the siles for which the flood forecasts are issued.

Is there any proposal for exiending flood forecasting arrangements? Have you any suggestion
to improve its functioning?

8.24.5.2 Have proper arrangements been made for fixing warning/ danger leveis and predetermining
the areas likely 1o be affected at different leveis?

8.24.5.3 What is the arrangement made for communication of warnings to the people? Who is responsible
for disseminating the warning? is the present arrangement satisfactory? Are there any proposals for
improvement? Is a liaison kept with the Water Resources Depariment/Flood Farecasting/Warning
Organisation in this regard? Please furnish a delailed note.

8.24.6 Flood Fighting
8.24.6.1 Has any Manuai for Flood Fighting been prepared by the State Government or any orders
issued in this behalf? If so, please supply six copies of the Manua!/Orders. If not, then please furnish

a detailed note on the prevaient practice alongwith reasons for non-preparation of such manual.

8.24.6.2 What is the organisation availabie in the State for fiood fighting? Which are the Siate
Government Departments concerned with flood fighting and how is coordination among these effected?

8.24.6.3 What are the arrangements made for training/orientation of concerned personnel in the matter
of fioed fighting techniques?
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8.24.6.4 is any arrangement made for public cooperation in flood fighting?

Is there any legisiation/regulation empowering the Government to commandeer 'ocal residents
for flood works in emergencies like repairs of breaches, raising embankments during floods etc? If Yes,
Please supply six copies.

8.24.6.5 Comments/suggestion which the State Government may like 1o add.
8.25 ASSESSMENT OF FLOOD DAMAGE

8.25.1 |Is the procedure adopted in the State for assessing flood damages In accordance with that
recommended by the Nationai Council of Applied Economic Research?

If so, please supply six copies each of reports of two such surveys undertaken so far. Also
state if norms for indirect damages as suggested in the report of the National Council of Applied
Economic Research have been evolved.

8.25.2 |f the procedure recommended by the National Counci! of Applied Economic Research has
not been adopted, the reasons therefor may please be indicated. Please state if any other alternative
method has been adopted and furnish six copies of the details thereof.

8.25.3 Which Depariment of the State is in charge of the collection and publication of fiood damage
data? Does it associate the Water Resources Department or any other Department (indicate the same)
within this work? If so, please state in what manner.

8.25.4 Does the State Water Resources Depanment (incharge of Flood Control/Protection Works)
send out field teams to inspect the flooded areas, to contact the revenue and other officers and local
population and make an independent assessment of the flood damage in the fiood affected areas?
Please give a note detailing the manner in which this assessment is made.

8.25.5 Please fumish individually the details of the assessment of fiood damage made in five ficod
affected basins/sub-basins for two worst fiood seasons since 1954. Please aiso furnish a map to the
scaje of 1:50,000 showing the area affected by these floods. The basis of computations of monetary
value of damages to crops ang houses may also please be indicated with suggestions for improvements,
if any.

8.26 FINANCING FLOOD PROTECTIDN WDRKS

8.26.1 Please describe the existing pattern of financing of Capitat/Maintenance/Speciai Repairs works
refating 1o flood protection and removal of drainage congestion.

Piease state if there are any comments /suggestions in this behalf.

8.26.2 Please furnish a note indicating whether there is any scope for attracting institutional finance
in the light of comprehensive approach to the flood problem,

8.27 ENVIRONMENTAL ASPECTS OF FLOOD PROTECTION AND DRAINAGE WORKS
8.27.1 Are adverse effects (eg creation of stagnant pools in borrow areas, creationfaugmentation of

swamps, pollution by human and industrial waste efc) of flood protection works and drainage improvement
schemes etc listed and remedial measures provided in the designs?
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if yes, please furnish a detailed note stating specific projects and the nature of measures
taken/proposed.

8.28 RIVER CONSERVANCY

8.28.1 Has the State enacted any legisfation on river conservancy? If yes, piease state how it has
tuncticned and supply six copies of the legislation.

If not, please state what measures, if any, are taken in this behaif, also, if you have any
suggestions in the matter.

8.29 INTER-STATE AND STATE-CENTRE WORKS

8.28.1 What is the present mechanism of co-ordination for implementation at various stages and
sharing of costs of flood protection/drainage works affecting interests of more than one $tate and
State-Central Departments? Please state how this mechanism is functioning and offer suggestions, if
any.

8.30 CENTRAL ORGANISATION AND BOARDS

Ganga Flood Control Board and Ganga Flood Control Commission have been set up by the
Government of India for planning and processing of flood management and drainage schemes in the
Ganga basin. :

Please furnish a detailed note on the advantages derived from these Organisations and also
indicate your suggestions, If any, for making these Qrganisations more effective.

8.31 DAMAGE CAUSED BY FLOOD AND THE AREAS REQUIRING IMMEDIATE FLOOD
PROTECTION MEASURES

8.31.1 Please list giving reasons the areas which require urgent flood protection.

Please furnish a map to the scale of 1 to 1 million (or larger scale, if required) showing these
areas. :

8.31.2 Please furnish in proforma 8.31.2 detaiis of the damage caused each year in the areas
referred to in para 8.31.1 from 1974, as weil as in the State as a whole.

if the damage during the last 10 years has shown an increasing trend, please state reasons
therefor.

8.31.3 Piease furnish in proforma 8.31.3 the extent of damage in the protected areas due to breaches,
overiopping or drainage congestion.

8.31.4 Was any Committee(s)/Exper(s) appointed by the State Government since 1974 to examineg
the damage caused by floods and suggest measures?

If so, piease give a note indicating the recommendations and the action taken thereon. Please
suppiy six copies of the repori(s)

8.31.5 Has any scheme for protection of the area identified in 8.31.1 taken up? Has provision been
made in State plans for the impiementation of these schemes? How many such schemes have already
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been completed or are nearing completion?
Please furnish details of such schemes in Proforma 8.31.5.

PROFORMA 8.6 RIVER.....
FLOOD PROTECTION WORKS IMPLEMENTED BY THE GOVERNMENT UPTO 1854

S! River/ Name of Nature of the Date of Date of Capital Cost
No tributary/ the scheme scheme (eg start completion
sub-tributary embankment, Estimated  Actual
anti-erosion etc) (Rs Lakhs) (Rs Lakhs)
1 2 3 4 b 6 7 8
Monetary value of Length of embankment Benefits from embankment No of
average annual benefits or drainage channel (kms) or drainage channel {000 ha) towns or
villages
Estimated Actual Right Left Total Right Left Total protected
bank of bank of bank of bank of
(Rs Lakhs) (Rs Laknhs) river river river river
9 10 ol 12 13 14 15 16 17
No of villages raised or Area benefited from flood Districts Remarks
No of raised platforms moderation in reservoirs benefited
constructed. (000 ha)
18 19 . 20 21

Notes: (1) Please furnish information separately for each river system (main, tributary, sub-tributary)
listing the works in the order of embankments, drainage channels, river protection works, Town protection
works, raising of villages and flood control reservoirs or multipurpose reservoirs with flood control
beneiits.

(iiy For each category, information may be furnished for individua! schemes, casting over Rs
25 Lakhs each and all other schemes may be grouped together, giving information in columns
7,8,9,10,13,16,17,18 and 19.

(i) The sub totals for each basin/sub-basin may be given at the end of each category of
work with grang totals for each river system.

(iv} Benefits from the schemes to the Railways, National Highways, State Highways, Industrial
Complex, State Utilities and strategic places etc may be indicated in remarks column.
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PROFCRMA 8.7 RIVER.....

FLOOD PROTECTION WORKS IMPLEMENTED BY THE GOVERNMENT AFTER 1954

S River/ Name of Nature of the Date of Date of Capital Cost
No tributary/ the scheme scheme (eg start completion
sub-tributary embankment, Estimated Actual
anti-ergsion eic) (Rs Lakhs) (Rs Lakhs}
1 2 3 4 5 6 7 8
Monetary vaiue of Length of embankment Benefits from embankment No of
average annual benefits or drainage channel (kms) or drainage channel (‘000 ha) towns or
villages
Estimated Actual Right Left Total Right Left Tota! protected
bank of bank of bank of Dbank of
(Rs Lakhs) (Rs Lakhs} river river river river
9 10 11 12 13 14 15 16 17
No of villages raised or Area benefited from fiood Districts Remarks
No of raised piatforms moderation in reservoirs benefited
constructed. {000 ha)
18 19 20 21

Notes: (i) Please furnish information separately for each river system (main, tributary, sub-tributary)
listing the works in the order of embankments, drainage channels, river protection works, Town protection
works, raising of viilages and flood contrel reservoirs or multipurpose reservoirs with flood controf
benefits.
(i) For each category, information may be furnished for individual schemes, costing over Bs
25 Lakhs each and all other schemes may be grouped together, giving information in columns
7.8,9,10,13,16,17,18 and 19.
(i) The sub totals of each basin/sub-basin may be given at the end of each category of work
with grand totals for each river system.
(v} The information may be given separately for each of the foliowing periods
{a} Apri! 1954 to end of March 1961
{by April 1961 to end of March 1966
(cy Apri 1966 tc end of March 1969
(d) Apri! 1969 to end of March 1974
{e) April 1974 to end of March 1880
(fy  April 1980 to end of March 1985
{g) April 1985 to end of March 1930
{hy April 1990 to end of March 1992
(v) Benefits from the schemes to the Railways, National and State Highways, Industrial
Complex, State Utilities and strategic places etc may be indicated in remarks column.
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PROFORMA 8.8

SCHEMES SUGGESTED BY COMMITTEE/EXPERTS(CHRONOLQGICALLY FROM 1954)

Sl Name of scheme S| No of the scheme Name of the Expert/Committee Brief details
No in proforma 8.7 recommending the scheme of the scheme
1 2 3 4 5
Cost (Rs Lakhs) State of Benefits (Av Annual)  If not undertaken Remarks
implemen- reasons thereof
Estimated Actual tation of Estimated Actual or whether propo-
the scheme sed to be dropped
6 7 8 9 10 11 12
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EMBANKMENT SCHEMES COSTING MORE THAN Rs 25 LAKHS EACH

1 Name of the Scheme

2 Lacation indicating the river, tributary etc

3 Length of embankment (Km}  Right side

Left side

4 Design features:

(a)
(b)
(c)

(d)
(e)
(f)
{9)

Design flood magnitude {cumec)
Frequency of design flood

Distance between the embankments {metres)
{where on both sides)

{) Maximum

{i) Minimum

(i) Average

Basis for fixing design flood levei
Free-board above design flood level {metres)
Top width (metres)

Height of embankment (metres)

(i)  Maximum

{i) Average
(h} Side siopes: River Side
Country side
{i) Nature of side protection, if any, with details
5 Date of start
6 Date of completion {a) Targeted
{b) Actual

{c) Reasons for early/delayed completion

7 Estimated cost (Rs Lakhs) (a) Projected

(b) Revised with date indicating reasons for decrease/increase
in cost and change in scape, if any.

8 Has the estimate been closed? If so, what is the completed cost? If not, the reasons therefor
and whether the routine maintenance is still being charged to the project estimate.

9 What is the booked capital cost for the scheme as on 31,3.92
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10 How many fimes since its completion has the embankment breached or been overtopped?
Please give details indicating the number of breaches, year of occurrence of breaches/overtopping and
the cost of repairs and further measures undertaken for raising and strengthening of the embankments
and the damage caused during each of these events.

Have the reasons for breaches/overtopping been investigated each time? Please state the
results of such investigations in each case.

11 Has any necessity arisen for the retirement of the embankment on account of river attack? If
50, how many retirements have been effected and at what cost? what is the reduction in the protected
area on this account please furnish a large size index map showing the locations of the criginal
embankments and retirements with dates.

Have there been any problems in the provision of retirements? Please detail,

12 If retirements considered advisable have not been effected for any reason, river training/protection
works may have been necessary. What is the cost of such protection works and the amount spent on
their yearly maintenance?

Please furnish details Up-to-date. How does this cost compare with the assessed cost c¢f the
retirements?

13 What was the nature of development in the protected area before the construction of the
embankment? Please give details alongwith the estimated assets eg buildings, roads, industries, railways
etc and the exient of area cultivated/irrigated crop-wise during the flood season and the Rabi season,
before and after the completion of the scheme.

14 Have the benefits contingent upon inundation soakage and silt deposition in the flooded area
before embanking been taken into account in working out the financial anatysis of the scheme?

15 Has any problem of drainage congestion been felt after construction of the embankment? How
many times has this occurred since completion of the schemes? if so, please state dates of occurrence,
the average depth, duration and extent of protected area affected each time?

16 Please detail the annual benrefits physical (by crop acreage etc) and monetary-visualised in the
project and the benefits derived year by year uptodate since the complietion of the scheme and the
average thereof.

17 Is the development following the security provided by the embankment being regulated? Has the
protected area been properly demarcated for development of different categories such as cultivation/
irrigation, industdal development and urbanisation? |

18 Has any evaluation been made in quantitative terms of the economic conditions in the protected
area before and after construction of the embankment? Please furnish a note indicating the production,
nature of assets, lines of communication ete and also the overall prosperity or otherwise, in the area
before and after.

19 What are the benefits that have accrued from the scheme in the shape or increase in revenue,
saving of expenditure during floods and relief etc to:-
i Local bodies

i State Government, and
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i Other agencies?
iv Please furnish a note

20 Has the scheme resuited in creating additional flood problem either on upstream or on the down-
stream or the opposite side of the area?

Has any evaluation of such effects been made? If so, please supply physical and monetary
details.

21 Are the records of observations of river behaviour during the floods being kept for taking
necessary action thereafter?

22 Are post-monsoon surveys inciuding cross sectional areas carried out regularly for the study of
river conditions in the embanked reach for undertaking remedial measures if necessary?

Are the iongitudinal and cross-sections of the embankment taken after the floods every year for
assessing the adequacy of the free board?

Please state the date of physical completion of the scheme and the years when raising/
strengthening has been undertaken and the cost thereof each time.

It no raising/strengthening has been undertaken, please state factors contributing to this situation.

23 Have the river surveys indicated any rise/fall in flood levels for the same discharge (please state
the bench mark iccation) indicating aggradation/degradation? Has there been any formation of sheals
or cutting acress of meander bends? Please furnish a note.

24 Please furnish information of the amount spent during the years, compared with the estimated
requirements, commencing from 1980-81 according to Embankment manuaj or any other yard stick
{which may please be detafled ) in respect of routine maintenance, replenishment of consumable items
etc as below (information may please be given separately for each vear):

{) Year

()  Engineering works covering, raising and strengthening, widening, special repairs, protective
works etc:

(a) Estimated requirements
{b) Actual amount spent
(iii) Routine maintenance:
(a) Estimated requirements
{b) Actual amount spent
(iv) Patrolling:
(a) Estimated requirements
(b) Actual amount spent
{v) Replenishment of stock of consumable materials and T and P;

(2) Estimated reguirements
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{b) Actual amount spent
{(vi) Temporary land acquisition:

(a) Estimated requirements

{by  Actual amount spent
(viy Totak

(a) Estimated requirements

() Actua! amount spent
(viiiy Remarks

25 Piease furnish a not detailing how the scheme was economicaily (benefit-cost ratio or other
method) and/or otherwise considered justitied, and comments on its actual performance since compietion.

26 (a) Please state how the embankment was selected as the best measure in this reach. Whether
measures like raising of or ring bunds around villagas. change of crop pattern, flood plain zoning etc
considered as afternatives or in conjunction?

(b)Y Have any shuices been provided in the embankment for use far controlled flooding/reverse
drainage/inundation canalsfleading water to depressions on land side etc?

{c) Please furnish a detailed note covering the above and other relevant points which were (or
not) considered at the time of planning the embankment,
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PROFORMA 8.14.8
COMPLETED DRAINAGE SCHEMES COSTING MORE THAN Rs 25 LAKHS EACH

(i) Please supply information for schemes costing more than Rs 10 Lakhs each in case

there are no schemes costing more than Rs 25 Lakhs each.

(i) Schemes costing Rs 25 Lakhs or less, forming a stage in a bigger scheme should

please be included.

1

2

8

Name of the Scheme
Location indicating the basins/and the districts benefited

Dasign features:
(a}) Caltchment area (Sg Km)
(b} Catchment characteristics (shape, vegetal cover, relief sfiope etc)
(c) Design frequency and intensity of rainfall
(d) Run-off index {indicate the basis on which this has been fixed)
(&) Crops grown: (i) Before the Scheme;
(i) As visualised post-scheme;
() Depth and duration of inundation permitted
(g} Discharge per Sq Km and its basis
{(h) Bed slope

Date of start

Date of completion
(a) Targeted:
(b) Actual:

(c) Reasons for eariy/deiayed comptetion

Estimated cost in Bs Lakhs
(a) Original
() Revised with date

() Reasons for decreasefincrease in cost with change and nature of scope, if any.

Benefits (as visualised in the scheme)
(a) Physical
(D) Monetary

Has the project estimate been closed? If so, what is the completed cost? Iif not, the reason

therefor and whether routine maintenance is being charged to the project estimates?
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9 What was the booked capital cost at physical completion {state the date) of the scheme? What
is the booked cost as on 31,3.927

10 How many times after completion of the scheme, has drainage congestion been experienced?
Please state years of such occurrences and the extent of benefit actually realised during these years.
Have the reasons for drainage congestion been investigated? Please furnish a note or six copies of
published reports, it any.

11 Have periedic surveys of the longitudinal and cross sectional area of the drainage channel been
carried out? If so, please fumish a note on the findings.

12 Is the deterioration, if any, of the drainage channels due to inadequate maintenance, remaining
inoperative on account of adopting high design standard or encroachments, cross bunding, bed cultivation
or any other cause? Please furnish a note.

13 Has any necessity been felt alter completion to remodel the drainage channel? if so what is the
improvement done and at what cost?

14 What was the nature ot development in the area benefited before implementation of the scheme?
Please give details along with estimated assets and extent of area cultivatedirrigated crop-wise during
the flood season and the Rabi season (in case of reclamation scheme) before and after completion of
the scheme.

15 Has the implementation of the scheme affected the ground water table? ! so, please supply
details.

16 What are the benefits actually derived during the operation of the scheme and what is the
average annual benefit (physical and monetary) compared to that shown in the scheme report?

17 Has any evaluation been made in quantitative terms of the economic conditions in the area
benefited before and after completion of the scheme? Please turnish a note indicating the production,
value of assets, communications in the area before and after and also overail prosperity or otherwise.

18 What are the benetits that have accrued in the shape of additional revenue and other benefits
to (i) local bodies (ii) State Government {iii) other agencies? Please furnish a note.

19 Has the scheme caused any special problem of drainage in adjoining areas? Has any evaluation
of the areas thus affected been made? Please furnish details.

20 What is the amount spent on annual maintenance of the scheme starting from 1980-1981?
Please give details of expenditure separately sach year for special repairs and routine maintenance.
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PROFORMA 8.15.6

ANTE EROSION WORKS (COSTING OVER Rs 25 Lakhs EACH)

Name of the scheme with brief description

Location

objective of the protection meastre

Basis on which the type of work was decidad

Date of start

Date of completion (a)' targeted
{b) actual

Reason for early/delayed completion

Estimated Cost - {(a) Originali

{b) Revised, with date

Reasons for revision of estimate, decreass/increass in cost indicating change in scope of wark,

if any.

Has the estimate been ciosed? if so, what is the bhooked cost on completion? if not, the reasons

for not closing the estimate. Is the routine maintenance being still charged to the project astimate?

Year-wise expenditure incurred after the completion of the scheme as revised.

Expenditure in Rs Lakhs

Year Speciai repairs Routine maintenance

Nature of special repairs

1 2 3

4
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PROFORMA 8.16.1
MULTIPURPOSE RESERVOIRS WITH FLOOD CONTROL STORAGE

Name of the scheme

1 Gross storage (Million Cubic metrés)

2 Dead storage (Million Cubic metres)

3 Live storage (Million Cubic metres)

4 (i) Flood storage (cushion) (Million Cubic metres)

(i} Area submerged between the flood storage levels (hectares)
5 What is the average and the maximum (designed and actual so far) inflow at the dam site
(a) during the monsoon period, and
(b) during the entire year.
6 What is the planned utilisation (irrigation/hydro power) during the monsoon period from the dam?
7 Have any operation rules been drawn up for the regulation of the reservoir for the evaluation of
floods? Have they been revised? If so, reasons therefor. Please supply six copies of the original and

revised operation rules.

8 After the completion of the dam, has there been any revision in the flood storage to meet the
increased demands of irrigation and power? Please detail.

9 What has been effect of the construction of the dam on the river characteristic in the lower
reach?

10 Due to the reduction in the flows downstream by the moderation at the dam, has there been any
encroachment into the flood plains leading to greater ficod hazards in times of higher releases from
the dam? Have there been any instances after the completion of the dams of such reieases causing
significant damage? Please furnish a note.

11 What were the fiood moderation benefits envisaged in terms of area benefited and monetary
value as given in the project and as actually obtained after completion?

12 Have flood embankments been planned and implemented to contain the releases from the dam
to provide protection to downstream areas?

What is the criteria for design of embankments in such cases ie What is the design-tlood,
whether it is the maximum release expected from the dam or releases corresponding to ficods of the
frequencies of 50/100 years?

Have the added flows from the uncontrolled catchment below the dam been taken inte account?
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FPROFORMA 8.18.1
Area in ‘000 ha
Population in ‘000

ZAMINDARI AND TEST RELIEF EMBANKMENTS AND OTHER WORKS (WHICH HAVE NOT BEEN
SUPERSEDED BY EMBANKMENTS CONSTRUCTED UNDER THE FLOOD CONTROL SECTOR)

River basin/ District No of Total length of Area Population
Sub-basin embankments  embankments (Km) Protected  Protected
1 2 3 ' 4 5 6
No of villages Works other Purpose and benefit Remarks
protected than embankments of work in Cot 8
7 8 9 10
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PROFORMA 8.18.2

DAMAGE CAUSED BY BREACHES, OVERTOPPING ETC, OF ZAMINDARLVTEST RELIEF

EMBANKMENTS

River basin/ District
Sub-basin

Area Cropped Damage  Population No of villa-
affected area alfected 10 crops affected ges afiected
(‘000 ha) (000 ha) Rs takhs (000 Nos) Rs Lakhs

1 2 4 5 6 7 8
Amount spent on reliet Amount spent on repairs Remarks
{Rs Lakhs) (Rs Lakhs)
9 10 11
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PROFORMA 8.18.5

ZAMINDARVTEST RELIEF EMBANKMENTS WHICH PROVIDE PROTECTION TO MORE THAN
1000 HA EACH

1 Name of the embankment
2 Location-River/Tributary/Sub-tributary

3 Details:
(a) Top width {metres)
(b) Side slope: Water side
Land side
{c) Height of embankment {metres)
(d) Length of Embankment (Km)
{e) Nature of protection to embankment, if any
{f) Area protected in hectares, district-wise
(g) Cuitivated area protected in hectares district-wise
(h) Population protected, district-wise
(i) No of villages protected, district-wise.

4 Number of times, the embankment has been breached or overtopped since 1975, indicating the
vears when overtopped or breached.

5 What is the extent of damage caused during each of these events (loss of crop and population
affected etc)?

6 What is the amount spent on special repairs and refief in each of the years of breaches/over-

topping mentioned in (4) above. i
7 What is the amount spent yearwise on maintenance since 19807
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PROFORMA 8.18.6

ZAMINDAR! AND TEST RELIEF EMBANKMENTS SUPERSEDED BUT NOT DEMOLISHED

River basin/ District Number of Tota! length of - Remarks
Sub-basin embankments embankments (Km)
1 2 3 4 5
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PROFORMA 8.31.2

DAMAGE CAUSED IN THE AREAS NEEDING URGENT FLOOD PROTECTION

YEAR
S| Location of River/ Area No of village Population Cropped area
No area district  Tributary/ affected affected affected under the
(whole/part)  Subtributary  (ha) villages {(ha)
1 2 3 4 5 6 7
*Cropped area  Crop damage No of houses Value of houses No of human No of cattle
affected (ha) (Rs Lakhs) damaged damaged (Rs Lakhs) lives lost heads lost
8 9 10 11 12 13
Loss of public utilities Total loss Expenditure on refief and Remarks
(Rs Lakhs) rehabilitation (Rs Lakhs)
14 15 16 17

Total damage in the area requiring
urgent flood protection (Total of cols 4-16)

Total damage in the State during the year including other areas (Cols 4-186)

*It more than once in the same year, please state the area affected each time and strike total
Notes: (i) Name of crops damaged may be indicated in the Remarks Column.
(i Source of data may be indicated,
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PROFORMA 8.31.3

DAMAGE CAUSED IN THE PROTECTED AREAS

Year Area affected No of villages Population Cropped area under
(ha) affected affected the villages (ha)
1 2 3 4 5
1974-75
1975-76
1991-92
Cropped area Crop damaged No of houyses Value of houses damaged Na of human
affected” (ha) (Rs Lakhs) damaged (Rs Lakhs} lives lost
6 7 8 g 10
No of cattle Loss of public utilities Total loss Expenditure on relief and  Remarks
heads lost (Rs Lakhs) (Rs Lakhs) rehabilitation (Rs Lakhs)
11 12 13 14 15

*If more than once in the same year, please state the area affected each time and strike total.
Notes: (i} Name of crops damaged may be indicated in Remarks Column
(i} Source may be indicated.
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PROFORMA 8.31.5

URGENT FLOOD PROTECTION WORKS PROPOSED/TAKEN UP

Sl No Name and River basin/ District{s) to Estimated sanctioned
jocation of scheme sub-basin be benefited project cost (Rs Lakhs)
1 2 3 4 5
Estimated benefits Annual Date of Targeted Expenditure
— monetary start date of to end of
Area No of No of value comptetion 7th plan
(ha) villages towns {Rs Lakhs) (Rs Lakhs)
3] 7 8 9 10 e 12
Expenditure/provision in 8th plan (Rs Lakhs) Remarks
1390-21 1991-92 1992-97
13 14 15 16

1023



Appendix 12/34

9.1 Has the State evolved a comprehensive approach/plan tc the problem of floods, keeping in
view the need for optimum and multipurpose utilisation of water respurces of the State? If so, please
supply six copies thereol.

9.2 Has the feasibility of providing storage reservoirs for multipurpose development/flood detention
been investigated in the flood-prone river basins? If so, please supply the information as in Proforma
8.2

Please supply a map fo the scale 1 to T million showing the locatien of the proposed storage
sites and embankments in conjunction, if any.

9.3 Are any of the storages proposed located in foreign countries? If so, have the problems that
might arise in the planning, construction, maintenance and operation of the storages besides the time
factor in achieving the benefits, specially, flood control, been taken into account? Please furnish a short
note.

9.4 Are there any natural depression, mauns, chaurs, lakes fals et¢ in the various flood-prone
river basins? How are they being utilised at present? Has the possibility of utilising the storage capacity
of such depression etc in storing surface drainage water and waters diverted from the rivers during
floods (for use, it possible, for irrigation, pisciculture, acquatic crops efc) been investigated? Has any
study been made of the capacities and the effect of such diversions on the flood moderation and the
cost thereof? Please supply the information basinwise/sub-basinwise in proforma 9.4

Please supply a map {ic a suitable scale) showing locations of large depression, lakes, tals,
chaurs, mauns etc.

9.5 Has the possibility of providing diversions in pre-determined areas with the object of reducing
flood intensities/recharging of the ground water/utilisation of irrigation (inundation canals,control flooding
etc) been investigated? Please furnish short notes basinwise/ sub-basinwise indicating the quantum,
cost, purpose and benefits {physical and monetary) of diversion(s) envisaged. Please supply a map to
the scale of T to 1 million showing the locations of diversions,

9.6 The role of soil conservation measures in flood contro! has been mentioned from time to time.
Have any studies been carried out at actual site locations regarding the effect of soil conservation
measures on the normal flioods and the high floods and also the sediment load carried by the rivers?

Please furnish notes including quantitative assessment. Please supply six copies or the
reports, if any, of these studies,

Are there any river valley project catchments in the State where soil conservation measures
have been carried out either by State Government or under Centrally Sponsored Programme? If so,
please furnish a note indicating the progress made on these measures and the evaluation of the
implementation of these works on the sedimentation in the reservoirs. The method of computation of
silt in reservoirs may also be indicated.

Please supply six copies of the evaluation repor, if any.

9.8 Which agency carries out the soil conservation measures? Does it coordinate this work with
the State Water Resources Department (incharge of Flood Contro! Works) and if so, how?

9.9 Taking into account the area to be covered, its cost and the experience of implementation of
soil conservation works during the past several years, what is the likely time required for effectively
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implementing the whole programme? Please give a forecast of the planning stating the areas proposed
to be covered and the anticipated cost of each stage. Please supply the information basin/sub-basinwise
separately for the upper catchment (hilly areas} and the lower catchment.

9.10 Has any scientific study been made to establish the effects of forest cover on rainfall-runoff,
silt charge and flood flow? Please furnish a note and six copies of report, if any, on the subject giving
relevant data from field studies, alongwith views of the State Government on the subject.

9.11 Has any study been made on the extent of deforestation and its effect on the flood flow and
sediment load in each of flood prone river basin/sub-basins? Please furnish a note and also census
of forest acreages hasin/sub-basinwise as in Proforma 9.11

912 Is there a policy of afforestation and forest management for the hills and plains in the State?
lf s0, please furnish a note indicating details and status of its implementation.

9.13 Is there any legislation/regulation by which deforestation in private land is regulated? If wo,
has it been successfully implemented? Please supply six copies of the relevant legislation/regulation.

9.14 What is the extent of catchment area of river basins/sub-basins in foreign countries? Please
give details basinwise/ sub-basinwise.

915 What would be the implications, of keeping in view the multipurpose utilisation of water in the
comprehensive approach to the problems of fiood in the administrative and organisational set-up for
investigations/ planning and implementation of flood control works? Please furnish a detailed note and
also indicate whether it would be necessary to set up River Basin Authorities with involvement of
variety of disciplines such as engineering, forestry, agriculture, economics, soil conservation etc.

9.16 Comments and suggestions, if any.
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PROFORMA 9.2

PARTICULARS OF STORAGE RESERVOIRS FDR MULTI-PURPOSE DEVELDPMENT/FLOOD

DETENTIDN

Note:- Please supply information separately for each storage reservoir.

1

River basin/sub-basin

2 Location of storage site
3 Catchment Area: In the State in other States/Countries Total
i at storage site (sq km)
i total river basin (sq km)
4 Live storage proposed (Million Cubic metres)
5 Storage earmarked for flood detention (Milfion Cubic metres)
6 Estimated effect of the storage on flood peaks (per and post project figures)
a with the storage earmarked for flood controi;
b without specific flood storage
7 Area of land submerged (hectares):
a between FRL and MWL
b between flood storage levels
8 Are embankments proposed in conjunction with storage?
9 Flood affected area likely to be benefited by the flood detention (hectares)
a without embankments
b with embankments (if proposed)
10 Estimated cost of the storage (Rs Crores)
Flood Contro! component of the Cost (Rs Crores)
11 Estimated cost of embankments, if proposed (Rs crores)
12 Has any provision been made for soil conservation measures in the reservoir catchment? If yes,
the amount. '
13 Annual benefits:

a Irrigation (hectares)

b Hydropower (MW)

¢ Others

d Total monetary benefits (Rs Lakhs)
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PROFOBMA 9.4

PARTICULARS OF NATURAL DEPRESSIONS, LAKES MAUNS, CHAURS, TALS ETC IN
FLODD PRDNE RIVER BASINS

Note: Please supply information individually for each river system basin/sub-basinwise.

1 Total number of Depressions, Lakes, Chaurs etc
{Piease give the names of important ones)

2 Total Capacity {Cubic metres)
(Please indicate individuai capacity of large ones)

3 Total area of lakes, chaurs, depressions etc {(hectares)
(Please give details of large ones)

4 How are the depressions, lakes, chaurs etc being utilised at present?
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PRCOFORMA 9.11

CENSUS OF FOREST ACREAGES

Riser Basin/ Sub-basin {mention districts covered)

Year et Area (ha)

Area deforested (ha) Remarks

Hil: .ains Total Hills

Plains Total

z 3 4 5

6 7 8

1961
1966
1971
1976
1981
1986
1991

Notes: i Please furnish information separately for each basin/sub-basin

ii Source of information may be given.
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QUESTIONNAIRE TO GANGA FLOOD CONTROL COMMISSION

8.1 In connection with the preparation of the comprehensive pfan of flood management in the
Ganga basin, the GFCC would have collected from the State Government of Bihar annual flood reports
and maps showing the areas affected by floods and drainage congestion.

8.1.1 a Has any assessment of area prone to floods been made basinwise/sub-basinwise?

b Please furnish a statement of the extent of areas prone to floods (indicating the definition
of “area prone to floods”) basinwise/sub-basinwise and a map to the scale of 1 to 1 million (larger scale
if required) showing these areas. The flood protection measures implemented and the areas benefited
may aiso be shown in the map.

8.1.2 a Have any areas liable to drainage congestion (indicating the definition of “area liable to
drainage congestion™ been estimated?

b Please fumish detaiis of the areas subject to drainage congestion basinwise/sub-basinwise.

c Please also furnish a map to the scale ot 1 to 1 miltion (larger scale it required) showing
the areas, the drainage works implemented and the areas benefited by them.

8.2 Please supply in proforma 8.2 the basinwise/sub-basinwise details of the area and population
affected by floods in Bihar State from 1954 onwards on the basis of the flood damage statistics
collected in connection with preparation of comprehensive plans for fload management.

83 Has the Ganga flood Control Commission obtained reports of periodical river surveys for
making the evaluation of the changes in the river regime, from the State Government of Bihar, for
preparation of comprehensive plans for flood management as has been stressed by the various
Coemmittees on ficods? If so, please furnish a note on the abservations and conciusions arrived at by
the Ganga Floed Control Commission, particularly with regard to the effect of embankments, anti-
erosion works, etc, mentioning specific focations, periods of observations, etc, leading to the conclusions.

8.4 a How many flood control/protection and surtace drainage Master Plans for the main river
basin/sub-basins have been received from the Government of Bihar for examination?

b Have these been prepared in accordance with the guidelines and suggestions made by
the High Level Committee on Floods (1957) and subsequent Committees on Floods?

Please furnish a note giving your observations/ comments on such plans received.

8.5 Based on your experience in examination of flood management schemes received from the
Government of Bihar, please furnish the foilowing informations:-

a  Whether the schemes are prepared in accordance with the approved guidelines issued
by the Ganga Flood Control Commission. Please supply six copies of such approved guidelines.

b What deficiencies are generally observed in the investigation, planning and design of the
schemes?

C Is the method of protection decided after examining the various alternatives and taking

into account the costs and benefits of each alternative or are the schemes prepared for a preconceived
methed of protection?
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d Since for technical and economic reasons, it is not possible to provide flood protection
under all conditions of flow and for ali time to come, have any guideiines been issued by the Ganga
Fiood Contro! Commission to the State Govemment of Bihar for reguiating developmental activities in
the protected areas? if so, please furnish six copies and state if the guidelines are foilowed.

if not, piease state whether, at the time of examination of the schemes, the Ganga Ficoed
Contro! Commission makes suggestions regarding regulation of deveiopmental activities in the protected
areas. Please furnish copies of suggestions made/implemented for two schemes in Bihar.

8.6 Embankments

8.6.1 a Are the observations/suggestions made by the Ganga Flood Control Commission
coemmunicated to the State Government and incarporated in the scheme report before they are sanctioned
and implemented? How the Ganga Fiood Control Commission ensures that the schemes are implemented
accordingly?

b Have any instances come to the notice of Ganga Flood Control Commission where
schemes have been implemented by Bihar Government withcut complying with its observations/
suggestions? Please fumish a list of such schemes indicating briefiy the points that have not been
complied with,

¢ Have any instances come to the notice of the Ganga Flood Control Commission where
some important feature/scope of a scheme as approved has been medified by the Bihar Government
during its implementation? if so, please furnish a list of such schemes indicating the modifications that
have been made and your views on the advisability of the modifications carried out.

d Have the above baen brought to the notice of the Government of Bihar and what has
been the resultant acticn?

8.6.2 Have any breaches/overtopping been reported in embankments listed in 8.6.1 which could be
attributed to non-compliance with the observations/suggestions made by the Ganga Flood Control
Commission and/ or modifications carried out by the State Government in the approved scheme during
implementation? If so, please furnish details with your observations.

8.6.3 a Are the iikely adverse effects of embankment schemes on the upstream/downstream
and the opposite side investigated by model experiments or otherwise and remedial measures proposed
simultanecusly? If so, do they form an integra! part of the embankment scheme?

b In what situaticns are mede! experiments carried out or suggested?
8.6.4 Are there cases where retiring embankments weuld have been technicaily/economicaily
preferable to heavy protection/anti-erosion works? if so, was the alternative studied and adopted?
Piease quote specific instances.
B.6.5 Have any instances come to the notice of the Ganga Finod Controi Commission during the
examination of revised estimates of schemes or in any other connection where maintenance of works

has been or is being charged to capitai account,

Piease furnish note quoting specific instances and the action taken by the Ganga Fiood
Contrci Commission thereon,

8.6.6 a Does the Ganga Ficod Control Commission get reports of the enquiries on breaches/
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overtopping of embankment conducted in Bihar?

b What are the impressions gained from these reports and what are the views/suggestions
of Ganga Flood control Commission in this regard?

Please furnish a note.

8.6.7 Please furnish a note on the problems that have been experienced in the planning,
implementation and operation of inter-state embankment schemes quoting specific cases, and, your
suggestions to improve such situations.

8.6.8 Please furnish a note with illustrative examples, if possible giving your suggestions and the
basis thereof on the degree of protection to he provided in terms of frequency of floods or any other
criterion for;-

i predominantly agricultural areas
ii town protection works
iii important industrial complexes, assets and lines of communications.

8.6.9 a Piease furnish a note giving your assessment and views on the benefits/drawbacks of
embankments, discussing the various factors involved.

b Also please describe situaticnsdocations where you could consider them suitable/
preferabie/unavoidable.

8.6.10 a Please state whether the use of embankments should be restricted to inspection vehicles
and transportation of men and materials during emergent situations or whether their use may be
allowed as public highways.

b In the latter case, please give your views in a detailed note regarding at what {ocations,
under what conditions, construction standards capital and maintenance expenditure, control etc.

8.7 DRAINAGE SCHEMES (SURFACE)

8.71 a  Are the observations/suggestions made by the Ganga Flood Control Commission to the
Bihar Govermment incomorated in the schemes before they are sanctioned and implemented?How the
Ganga Flocd Control Commission ensures that the schemes are implemented accordingly?

b  Have any instances come to the notice of the Ganga Fiood Control Commission where
schemes have been impiemented by the Bihar Govemment without incorporating its ohservations/
suggestions? Please fumish & list of such schemes indicating briefly the points that have not been
complied with,

c Please furnish a list of such drainage schemes in Bihar where some important feature/
scope of a scheme as approved has been modified during its implementation indicating the modifications
made and your views on the advisability of stch modifications.

d Have the above been brought to the notice of the Government of Bihar and what has
been the resultant action?

8.7.2 Are the likely adverse effects of the upstream drainage works on the lower areas of the
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scheme or other State investigated and remedial measures proposed simultaneously?
Are such remedial measures incorporated in the main schemes?
Piease furnish specific instances either way.

8.7.3 Have any instances come to the notice of the Ganga Flood Centrol Commission during the
examination of the revised estimates of schemes or in any other connection where maintenance costs
have been or are being charged to Capital account?

Please furnish a note quoting specific instances and the action taken by the Ganga Flood
Control Coemmission thereon.

8.7.4 Please furnish a note on the problems that have been experienced in the planning,
implementation and operation of inter-state drainage schemes guoting specific cases.

Please offer your suggestions to meet such situations,

8.7.5 a Do the guidelines, if any, issued by the GFCC suggest the possibility of utilising drainage
waters partly or fully to supplement canal flows or for storing in depressions?

b If not, are suggestions made in this regard during the examination of drainage schemes?
Please quote specific cases where such suggestions have been madefimplemented,

8.7.6 Based on the experience gained so far, please furnish a note with Hllustrative examples, if
possible, giving your suggestions on the basis on which the design discharges of storm water drainage
systems may be determined and the criteria to be adopted in the design of drainage for:-

i Predominantly agricultural areas

if Urban areas

i Imporant industrial complexes etc.

8.7.7 Please furish a note giving your assessment and views on the effect of drainage schemes
on water-logging and ground water table, changes in crop patterns, amelioration of the area etc.

88 ANTI-EROSION WORKS

8.8.1 a Are the observations/suggestions made by the GFCC incorporated in the schemes
before they are sanctioned and implemented by the Bihar Government? How the GFCC ensures that
the schemes are implemented accordingly?

b Have any instances come to the notice of the GFCC where schemes have been
implemented by the Government of Bihar without incorporating its observations/suggestions? Please
furnish a list of such schemes indicating briefly the points that have not been complied with. Have such
instances been brought to the notice of the State Government and what have been the resultant
actions?

8.8.2 Are anti-erosion schemes prepared on the basis of model experiments or based on the
experience of past works? If the former, under what situations?

8.8.3 Have any instances of failure of anti-erosion works, come to notice or been reported which
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could be attributed to the non-compliance of observations/suggestiocns made by the GFCC or having
been implemented without taking into account the recommendations made as a result of mode!
experiments and/or modifications carried out by the State Government in the approved scheme during
implementation?

if so, please furnish detaiis with your observations,

8.8.4 Areihe likely adverse effects of anti-erosion works, upstream, downstreéam and on the opposite
side, studied and remedial measures proposed simultaneously?

If yes, are they incorporated in the project? Please quote some specific cases.

8.8.5 Are there any instances where soon after the implementation of the original scheme, further
measures by way of extensions/strengthening/improvements have been necessitated?

if so, please furnish details of some specific cases (with details of the original scheme and
further measures), the reasons for further measures, the cost of the original scheme and that of further
measures. Please state your views, in each case, whether the further measures were such, the need
of which could have been foreseen and taken care of at the design stage of the origina! scheme.

8.8.6 Please furnish a note on the problems that have been experienced in the planning,
implementation and maintenance of inter-state anti-erosion works quoting specific cases. Please offer
your suggestions fo meet such situations.

8.8.7 Please furnish a note giving your assessment and views on the performance of anti-erosion
works and their drawbacks, if any, and situations/locations where these works are suitable/preferable/
unavoidable.

8.9 CHANNEL IMPROVEMENTS

8.9.1 Please furnish a list of channe! improvement works undertaken in Bihar indicating the methods
used and situations in which a particular method has been adopted,

8.9.2  Were these works planned after carrying out mode! experiments?

8.10 Please furnish a note indicating your experience of village raising works and why there is less
emphasis on the use of this method these days.

8.1 s there any arrangement in the GFCC for making periodical evajuation of the flood protectiory
drainage schemes? Please furnish a note quoting specific examples giving your assessment of the
physical and monetary benefits to the benefited areas after the implementation of the flood protection
programmes.

8.12 Please furnish a note giving your views/suggestions regarding the present procedure for
examining and processing of flood control/protection and drainage schemes for approval of the Planning
Commissions.

8.13 a  What is the general assessment of the GFCC regarding utility of the existing Zamindari/
Test Relief embankments in Bihar? Please furnish a note.

b Are there instances where these embankments have aggravated the flood problem?
Please furnish a note giving your suggestions for remedial measures.
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8.14 a Has the GFCC identified areas where chronic drainage congestion been caused as
result of the construction of roads, highways, railways etc?

If so, please furnish a note Indicaling these areas basinwise/sub-basinwise and lhe aclion
taken thereon,

b Please also fumish a map (to & suitable scale) indicating the areas and the roads,
national highways, railwaylines etc, which have caused the problem.

¢ The GFCC is making an assessment of the existing ventways under rail and road
bridges and recemmending additional waterways to be provided for reducing the drainage congestion
to reasonable limits. In view of the above, please state:-

i if, in your experience, the norm suggested by the Khosla Committee of Engineers (1857)
for design flood is adequate and has been adopted by you. If not, have you developed an aftemative
norm, which please detail with reasons.

Please supply a map (o a suitable scale) of the Ganga basin in Bihar, showing the zones/
regions alongwith the formula adopted for design floods in each. The details and source of the formula
adopted for working out design flood in each zone/region may please be indicated.

ii The number of existing ventways{railways, national highways, State highways, canal crossings
etc) in Bihar State for which the necessary assessment has been made, the action taken and the result
achieved.

If a complete assessment has not yet been made, please state when it is expected to achieve the
same.

d The GFCC is represented on the State Committee of Engineers set up in Bihar. What are
your views in regard to the functicning and effectiveness of such Committees especially in regard to
matters relating to the distress caused by inadequate waterways? Please furnish a note also indicating
your suggestions, if any.

8.15 a  Has any procedure been laid down by the GFCC for the analysis of benefits and costs
of flood control/protection schemes? If so, please furnish a detailed note with examples.

b To what extent is this procedure followed in schemes prepared by Government of Bihar?
¢ If no procedure has been laid down by the GFCC, please furnish a note indicating the
procedure adopted in the flood control/protection schemes in Bihar along with your views/suggestions

in this regard.

8.16 a What are the criteria adopted by the GFCC for clearing fiood control/protection schemes?
Piease furnish a note also giving the basis thereof. :

b The High Level Committee on Floods (1957) had recommended the pattern of priorities for
taking up flood control/protection schemes. Are these being followed? If not, please furnish a note on
the alternative pattern adopted with reasons and suggestions for improvement, if any.

¢ Please fumish a note giving your views/suggestions on the matter of mebilising resourcas for
financing flood control/protection schemes.
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817 a While collecting information for the preparation of comprehensive plans, has the GFCC
obtairied details of the progress made in the preparation of Contour Plans of the flood plain areas and
demarcation of flood zones affected by floods of different frequencies in Bihar?

Please furnish a note indicating the extent of areas (basinwise) requiring the preparation of
Caontour plans and the areas for which maps have been prepared.

b  Piease furnish a note giving your suggestions on the iand use in flood plains in Bihar
(separately for protected and unprotected areas) for reducing the overall fiood damage and achieving
the optimum benefits. :

¢ Do you consider it adequate if land use regulation is confined to the fload plain or should
it be extended to the catchment area as well? Please furnish a note with your suggestions an the
pattern of land use in the catchments.

8.18 a From your past experience, please state your views regarding efficient control, execution
and funding of maintenance of flood protection/drainage works.

b  Please furnish a note on fiood protection/drainage schemes in Bihar where, in your
opinion the maintenance is not adequate alongwith assessment ( personnel, techniques, annual grants
etc) of the reasons and suggestions for improvement.

8.19 a  Has the GFCC laid down any procedure for assessing flood damage? Is it being followed
in Bihar? If not, what is the procedure being fdlowed in Bihar?

b  Piease furnish a note on your views/suggestions on pracedure for assessing flood damage.

8.20 a Land slides may lead tc changes in the river courses and increase in silt icad. Does the
GFCC keep track of the accurrence of major land slides and obtain report on their effects on the river
conditions and the remedial action suggested/undertaken by the concerned authorities?

b If so, please furish a note indicating iocations of the river basins/sub-basins in Bihar
where land slides are frequent, stating the nature of remedial measures that are generally adopted and
the views/suggestions of the GFCC,

¢ Please fumish a note giving the views of the GFCC on the effect of river bed cultivation
in the non-monscon months on river conditions and flow during floods,

d  Would the GFCC suggest promulgation of River Conservancy Acts? If so, please outline
in brief the important provisions which may be incarporated.

e  Are environmental aspects of flood control/protection and drainage warks covered in the
project reports and remedial measures as considered necessary provided therein? If not, does the
GFCC consider these aspect and suggest measures while clearing the projects? Please furnish a
detailed ncte with specific examples,

f Please furnish a note on the views/suggesticns of the GFCC regarding environmental
aspects relating to flood control/protection and drainage works and their ancillaries.

g  There are a number of abandoned channels, lakes, Tal, depressions, chaurs, mauns, etc
i Bihar. Are they being put to any beneficial use at present?
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Do you think, they could be developed for profitable pisciculture, acquaculture etc?

8.21 a Has the GFCC made any analysis of the flood damage in Bihar from 1974 onwards and
identified the areas requiring urgent attention?

b f so0, please supply list of such areas basinwise/sub-basinwise stating the basis of the
categorisation.

¢ Please furnish a map to a suitable scale showing these areas.

d Please furmish in proforma 8.21(d) the details of the damage caused each year in the
areas referred to above from 1974 onwards.

e Has the figure of damage from 1974 onwards shown an increasing trend. If so, please
indicate the reasons therefore? :
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PROFORMA- 8-21 (d)

DAMAGE CAUSED IN THE AREAS IN BIHAR NEEDING URGENT ATTENTION

YEAR
Sl Location of area Main river/tributary/ Area No of Population
No (list district sub-tributary affected villages affected
whole/part) causing damage (ha) affected
1 2 3 4 5 6
Cropped area* Cropped area Crop damage No of houses Value of houses
under the affected (ha) {Rs Lakhs) damaged damaged
villages (ha) (Rs Lakhs)
7 8 9 10 11
No of human No of cattle Loss of public Total loss Expenditure on relief
lives lost heads lost utilities Rs Lakhs) and rehabilitation
: {Rs Lakhs) (Rs Lakhs)
12 13 14 15 16
Remarks
17 ’
Damage in the area requiring urgent attention
Total damage n the State during the year
Note: i  *M cropped area affected (Col 8) is more than once in the same year, please indicate area

affected each time and strike total.

it  Names of Crops damaged may be indicated in Remarks Col

fii  Source of data may be indicated.
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PROFORMA 8.2
Area - ‘000 ha
Populaticn — million

FLODD DAMAGE IN BIHAR

Name of main tributary/ Geographical Name of districts Area prone
sub-tributary basin area of (1) falling within (1) to floods
i 2 3 4

Total area affected

1954-61 1961-66 1966-74 1974-80 1980-85 1985-90 1990-92
Maxm Av Maxm Av Maxm Av Maxm Av Maxm Av Maxm Av Maxm Av

5 6 7 8 9 10 11 12 13 14 15 16 17 18

Cultivated area affected

1954-61 1961-66 1966-74 1974-80 1980-85 1985-90 1990-92
Maxm Ay Maxm Av Maxm Av Maxm Av Maxm Av Maxm Av Maxm Av

19 20 21 22 23 24 25 26 27 28 29 30 31 32

Population affected

1954-61 1961-66 1966-74 1974-80 1980-85 1985-90 1990-92
Maxm Av Maxm Av Maxm Av Maxm Av Maxm Av Maxm Av Maxm Av

33 34 35 36 37 38 39 40 4 42 43 44 45 46

Note i Information may please be furnished in order — Main tributary, Sub-tributary from the head
downwards.
ii Source of data may be furnished.
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9.1 From the examination of flood control/protection plans and schemes prepared by the State
Government of Bihar and taking into account the topography, rainfall pattern, magnitude and duration
of floods in the Ganga and its tributaries in Bihar, what are views of the GFCC on the following:-

(Note: Please guote examples in support of the views expressed and specify locations where sach may
be applicabie) .

() The scope of utilisation of natural depressions, tals, lakes, chaurs, mauns etc. for
moderation of floods:

(il Scope for diversion of flood water to other basins or in the same basin for storage and
utilisation:

(i} Possibility of storing flood waters underground,;

(v} Allowing controlled flooding behind embankments through sluices. Should reverse drainage
be effected through the same sluices or special drainage channels?

(v) Technical and economic possibility of construction of storage dams in the upper
catchments and their likely effect on floods; and

(vi} Scope of pumping as a measure for relieving drainage congestion.
(vii) Other feasible measures like check dams and soil/water conservation measures.
9.2 (a} Has the GFCC evolved a comprehensive approach towards the floocd problems in the
Ganga basin and its tributaries in Bihar keeping in view the need for optimum and multipurpose
utitisation of water resources as aiso the role of soil conservations and afforestations in flood control.
If so, piease supply six copies thereof,

(b) If not, please furnish a note giving your views/suggestions in this regard.

9.3 Has the GFCC prepared comprehensive plans for filood control in the Ganga basin and its
major tributaries in Bihar?

it so, please supply six copies thereof,
QUESTIONNAIRE TO THE ROAD CONSTRUCTIDN DEPARTMENT

8.1 Piease furnish six copies of the extracts from the relevant National Highways Act which lays
down the procedure for consultation with the State Governments in regard to alignment of National
Highways, provision of waterways for the crossings of rivers, streams, drains, etc, and stipulates the
liability of the National Highways and the State Government for bearing the cost of later augmentation
of waterways for bridges.

82 Is there any standing instruction for consultation with the Water Resources Department (incharge
of flood management} in regard to alignment of State Highways, and other roads in the State, provision
of waterways for the crossings of rivers, streams, drains, etc?

If so, please furnish six copies of such standing instructions. If there is no such instructions

then what is the prevalent practice in such cases? Please give your views/suggestions with a detailed
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note,

8.3 (s there any manual or memorandum issued by the Road Construction Department which lays
down the methodology for determining the design discharge and fixing the waterways for Road Bridges
across alluvial and cther rivers?

If so, please supply six copies of the same.

8.4 a i there are no manual or memorandum, please indicate the formulae that are being
adopted for determining the design discharge of road bridges and the methodology for fixing waterways.

b  Piease supply a map of Bihar to a suitable scale showing the zones/regions in which the
State has been divided for the purpose and formuiae adepted for each also showing the district
boundaries, Naticnal and State Highways, major railways line, cities, eic.

c Please State the basis of each formuia, as also what and why changes, if any, have
been made in the basis and formula (&) in the past.

8.5 a Taking into account the formulae adopted, have the Road Construction Department
made a review of the waterways of their bridges in the past?

b  Please furnish a note giving the resuits of such review, indicating the number of bridges
reviewed, number of bridges where waterways were found inadequate/excessive. Also please state the
numbers in which it was considered necessary 1o augment/reduce the waterway provided. The information
may please be supplied by giving fotais of each type in the zone/region referred to in question 8.4 (b).

c Have there been any complaints from the State Water Resources Department {incharge
of Fiood Management)/ Railways regarding distress caused to the areas upstream of the road bridge
(designed for discharge exceeding 3000 cumec) on account of the design flood or the design HFL
being exceeded 7 if s0, please furnish a detailed note for each of the bridges (designed for discharge
exceeding 3000 cumec) indicating their location, original design flood discharge, design flood discharge
after review, original design HFL, design HFL after review, number of times the maximum discharge
and HFL has been observed more than the original and reviewed design discharge and HFL. The
reasons for the distress conditions, if analysed and action taken/ proposed to be taken should also
please be indicated.

8.6 a  What are the measures taken to keep the waterways clear of silt and obstruction so that
they are effective whenever the design flood occurs?

b  Upto what distance upstream and downstream of the road bridges do the Road
Construction Department carry out surveys and maintenance/conservancy operations? At what interval
of time are such surveys carred out?

8.7 a Are there any specific areas {(other than those mentioned in 8.5 above) brought to the
notice of the Road Construction Depariment by the Water Resources Department/Raiiways where
distress conditions have been experienced by fiooding/drainage congestion due to inadequacy of
waterway at a road bridge, obstruction of drainage by the road embankments, siiting of the link drains,
etc? Please fumish informations basinwise/sub-basinwise with a detailed note on the action taken
thereon and subsequent results,

b  Piease also furnish a map of Bihar to a suitable scale showing the areas where the
distress conditions have been pointed out by the Water Resources Department/Railways, a!so showing
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there on the concerned roads and bridges in these area.

8.8 a Where Railway/State Highway/Nationa! Highway bridges/ Canal Crossings are {ocated in
close vicinity on the same river, please state if mutual consuitations are held between the concerned
organisations whiie fixing the waterways for such bridges.

b  Have there been any instances where such consuitations have not been held and
consequently adverse flow conditions have occurred at any Road bridge? If so, piease supply necessary
details in each case, the action taken in this behaif and the resuits thereof.

8.9 a Do the road Construction Department carry cut observations of discharges at selected
Road bridges? Please furnish informations in proforma 8.9 (a) of the gauge and discharge sites
maintained by the Road Construction Department.

b  The iocation of these sites may be shown on a map of suitable scale.
c Piease furnish a note on the method of computation of ficod discharges at these sites.

8.10 At the sites where discharge cbservations are being carried out, have the reasons for exceeding
the design flood level at discharges less than the design discharge, if such has ever been the case,
been investigated? Please furnish a note giving the location of such cases and the reasons assessed.

8.11 a Please furnish in proforma 8.11 (i) the damage where caused to any of the Road bridges
from 1981 onwards and in proforma 8.11 (i), the details of damage caused by major disruptions due
to floods/failure of upstream works.

b Where there have been major disruptions due to breaches and washing away of bridge(s),
have the reasons been investigated? If so, please furnish notes for each of the major disruptions.

B.12 Have there been any instances where flood protection works like embankments, spurs, drainage
channels, etc, and other works which might affect National Highways/State Highways have been
constructed by the concerned Department of the State Government/Railways without consulting the
Road Construction Department? If so please list them Departmentwise/Railwaywise, mentioning the
adverse effects, if any, action taken and the results thereof.

B.13 Are matters relating to distress caused by inadequate waterways discussed at the meetings
of the Bihar State Committee of Engineers/Technical Advisory Committee of the Bihar State Flood
Control Board? Does the representative of the Road Construction Department participate in these
meetings regularly? Have these Committees been heipful in achieving the desired results?

Piease furnish a note detailing the position river basinwise/sub-basinwise with your comments
and suggestions, if any.

8.14 Are there any areas/zones in Bihar where National Highways/State Roads have experienced
severe conditions of siiting/aggradation/blocking of their bridges?

If so, please furnish a note thereon indicating your views/reasons/remedial measures etc.
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PROFORMA 8.9 (a)

GAUGE AND DISCHARGE SITES MAINTAINED BY THE ROAD CONSTRUCTION DEPARTMENT

3l Name of the Location of District Catchment area Nature of observation
No river/sub-basin  bridge and in sq km upto
name of road observation site Gauge Discharge

1 2 3 4 5 6 7
Year of start of Design flood Maximum flood Maximum flood Remarks
observation discharge of discharge observed/ level attained

the bridge recorded {cumec) (GTS) with date
Gauge Discharge (cumec) and with date and and corresponding

design HFL carresponding discharge in

(GTS) gauge (GTS) cumec
8 9 10 11 12 13

PROFORMA 8.11 (i)

DAMAGE CAUSED TO NATIONAL HIGHWAYS/ STATE ROADS DURING FLOOD/ FAILURE OF
UPSTREAM WORKS '

Year Total Total number Cost of Ciher losses, Total loss Remarks
number of of bridges restoration if any, {Rs in
breaches washed away (Rs in Lakhs) estimated Lakhs)
Rs in Lakhs)
1 2 3 4 5 6 7
1981
1982
1983
1991 T
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PROFORMA 8.11 (ii)

DAMAGE AND MAJOR DISRUPTION TO NATIONAL HIGHWAYS/ STATE ROAOS DUE TO
FLOODS/ FAILURE OF UPSTREAM WORKS

S Location of

River/tributary Nature of disruption

Cause of damage Period of

No disruption basin (whether due to (floodsAailure disruption
breaches or damage/ of upstream date (s)
washing away works)
of the bridges)

1 2 3 4 5 8

Rs in Lakhs Remarks

Cost of Other losses, Total

restoration if any, estimated loss

7 8 9 10
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QUESTIONNAIRE TO ZONAL RAILWAYS OPERATING IN BIHAR STATE

8.1 Please furnish copies of the relevant Railway Act or extracts therecf which lays down the
procedure for consuitation with the State Government in regard 1o the alignment of railway lines,
provision of walerways at crossings of rivers, streams, drains etc, and stipulates the liability of the
Railways and the State Government for bearing of cosis of later augmentation of waterways for
bridges.

8.2 Is there any manua! or memorandum issued by the Railways which lays down the methodology
for determining the waterways for railway bridges across alluvial and other rivers? If so please supply
six copies of the same.

8.3 a  Assuggested by the Khosla Committee of Engineers (1957), studies for evolving formuiae
for the determination of design discharges were 1o be carried out under short-term and long-term pians
for use by Railways and other concerned organisations. Please furnish a note on the progress made
so far in this regard.

b  Please supply a map of Bihar to a suitable scale showing the zones/regions and the
formulae and the constants derived for each of the zones/regions under the short-term pian. What
frequency flood do the constants evoived in the formulae correspond to0? Please also indicate whether
these formulae have been evolved in coordination with the Central Water Commissicn, Ganga Flood
Control Commission and other Organisations concemed.

¢  Please supply a similar map showing the formulae derived on the basis of the studies
carried out so far under the long-term plan,

8.4 a Taking into account the formulae developed for different regions, have the Railways
made review of the waterways of bridges?

b Please furnish a note giving the resuits of such a review, indicating the number of
bridges reviewed, numbper of bridges where waterways have been found to be inadequate and the
number of bridges where the design discharge provided having been found excessive, it has been
considered desirable 1o reduce the waterway provided.

8.5 a arising out of 8.4 above, please supply information in proforma 8.5 (i) and 8.5 (il)
regarding bridges (designed for discharges exceeding 3000 Cumecs) where according to review,
walerways were found to be inadequate/ excessive respectively.

b In the case of bridges reviewed and listed in proforma 8.5 (i) and 8.5 (i), have there
been any subsequent complaints from the Siate Government of Bihar regarding disiress caused to the
areas upstream of the bridges on account of the design flood or the design HFL being exceeded? if
50, please furnish infermation in proterma 8.5 (iii) and also a note for each of the bridges indicating
the reasons for the distress conditions, if analysed and action taken/ proposed 16 be taken,

8.6 a  What are the measures taken to keep the waterways clear of silt and obstruction 50 that
they are effeciive whenever the design flood cccurs?

b  Upto what distance upstream and downstream of the railway bridges to the Railways
carry out surveys and maintenance of conservancy operations? At what intervals of time are such
surveys carried out?

-

8.7 Are there any specific areas {other than those mentioned in 8.5 above) brought 1o the notice
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of the Railways by the Bihar Government where distress conditions have been experienced by flooding/
drainage congestion due to inadequacy of waterway at a railway bridge, obstruction of drainage by the
railway embankments, etc and request made for providing additiona! waterways, new openings, etc?
Please furnish information river basinwise/ sub-basinwise from 1980 onwards and the action taken
there on alongwith a map to a suitable scale showing the areas where distress conditions have been
pointed out by the State Governments as well as the railway lines and bridges in these areas.

8.8 Have any cases been brought 1o the notice of the Railways by the Bihar Government of
adverse effects caused by railway bridges in their vicinity by way of erasion, change of the course of
the river, etc? Please turnish information river basinwise/ sub-basinwise from 1981 onwards and the
action taken by the Railways.

8.9 a Under the longterm plan, the Khosla Committee had recommended that the Railways
shouid arrange observation of discharge and hourly gauge records at selected railway bridges during
floods. Please furnish in Proforma 8.9 informations of observations at such bridges. The location of
these bridges may be shown cn a map of suitable scale.

b Please turnish a note on the method of computation of flood discharge at these sites.

8.10 a Are there any cases of discharge abservation sites, where the design flood levels have
been reached/exceeded at discharges lower than designed?

b It yes, please furnish, for each case, details like location, design and concerned, discharges
and fiood levels, the reasons assessed far the phenomenon, and, remedial measures proposed.

8.11 a Piease furnish in proforma 8.11 (a} the damage caused to the Railways in each zone
in Bihar from 1981 cnwards and in profarma 8.11 (b} the details of the damage caused by major
disruptions due to floods/failure of a railway affecting work.

b Where there have been major disruptions due to breaches and washing away of bridges,
have the reasons been investigated? If so, please furnish notes for each of the major disruptions.

8.12 a  Are the Technical Advisory Committee of the Bihar State Flood Contral Board and the
Bihar State Committee of Engineers adequate for effecting the necessary coordination and ensuring
that the works undertaken by one agency do not affect those of the others?

b Have there been any instances where flood protection works like embankments, spurs,
drainage channels, etc, and other warks which might affect the Railways have been taken up by the
Bihar Government without consulting the Railways? If so, please list them river basinwise/sub-basinwise
mentioning the adverse effects, if any, the action taken by the Railways and the results thereof.

8.13 Are matters relating to distress caused by inadequate waterways discussed at the meeting of
the Bihar State Committee of Engineers? How many times has this Committee met since April 19817
Have such meetings helped in achieving the desired results?

Please furnish a note detailing the position river basinwise/sub-basinwise, also comments/
suggestions, if any, on the functioning of this Committee. :

8.14 a  What is the present arrangement far the settlement of disputes regarding the extent of
additional waterways to be provided in railway bridges and the sharing of costs?

b If so, is the present arrangement satisfactory or do you consider any impravement
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necessary? if so, please furnish a note indicating suggested improvements.

8.15 Have the Railways got any system of their own for alerting the authorities incharge of Raillway
sections/bridges of the likety situations resulting from floods/failure of works upstream and passing of
such infarmation to the State Gaovernment of Bihar and other Engineering and Administrative authorities
cancerned? s there similar arrangement of abtaining information on the flood situation from the State
Government by the Railways?

Please furnish a note.

8.16 Has a Coordinating and Planning Committee, as recommended by the Khosla Committee,
been canstituted for reviewing and publication of the studies carried out under the long-term plan?
Have any of the studies, particularly those relating to flood discharges in different river basins which
would be of interest to the Water Resources Department of Bihar Government also, been published?
If so, please supply six copies of the same.
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PROFORMA — 8.5 (i)

RAILWAY BRIDES {IN BIHAR STATE} WITH INADEQUATE WATERWAYS

Sl Railway River/ Location of District Date of Design

No Zone Tributary bridge review discharge
{No Section)

1 2 3 4 5 6 7

Waterway (Clear width) Status of augmentation Remarks

of waterways

Previous Proposed after Actual/ Anticipated
review date of completion
8 g 10 11

Note:- Waterway on the spill berms wherever provided may also be included in Cols 8 and 9.

PROFORMA 8.5 (II)

RAILWAY BRIDGES {IN BIHAR STATE} WITH EXCESSIVE WATERWAYS

Sl Railway River/ Location of District Date of Design
No Zone Tributary bridge review discharge
{(No Section) (Cumecs)
1 2 3 4 5 6 7
Waterway (clear width) Status effecting
reduction in waterway Remarks
Previous Proposed Actual/Anticipated
after review date of completion
8 9 10 11

Note: Waterway on the spill berms wherever provided may also be included in Cols. 8 and 9.
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PROFORMA 8.5 (iii)
BRIDGES REVIEWED WHERE DISTRESS CDNDITIONS HAVE BEEN POINTED OUT BY THE
BIHAR GOVERNMENT

Sl Railway River/ Location of Reference to Sl Design flood
No Zone Tributary bridge No in Proforma discharge
(No Section) {Cumecs)
8.5({i) 8.5() after review
1 2 3 4 5 6 7
Design HFL after No of times, if any, No of times, if any, Remarks
review (GTS) when the flood discharge when the flood level
has exceeded the design has exceeded the
u/s D/s discharge since augmen- design HFL since
tation/ reduction (give augmentationfredu-
discharge, gauge (GTS), ction {give gauge
dale and year) (GTS), discharge,

date and year

B8 9 10 11 12

Note: Ref Col 7 — Please state in the remarks column if this is the 50 year or a higher observed flood.

PROFORMA 8.9
RAILWAY ZONE
GAUGE AND DISCHARGE SITES MAINTAINED BY THE RAILWAYS IN BIHAR

Si Name of the Location of site  District Catchment area Nature of observation
No riverftributary (Bridge No on in 3q Km upto
Section etc) observation site Gauge Dischcharge

1 2 3 4 5 8 7
Year of start of Design flood Maximum flood Maximum flood Remarks
observation discharge of the discharge recorded level attaired

bridge (Cumecs) after start of {(GTS with date)
Gauge Discharge and design HFL cbservations and carresponding

{(GTS) (Cumecs with date)  discharge in

and corresponding cutmmecs

gauge (GTS)

8 9 10 11 12 13

Note: i Please indicate the number of times, it any when the flood discharge has exceeded the
design discharge since 1975 {give discharge, gauge {GTS) and date)
i Please alsg indicate the number of times, if any when the fiood level has exceeded the
design HFL since 1975 (give gauge (GTS), discharge and date)
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PROFORMA 8.11 (a)
RAILWAY ZONE
DAMAGE CAUSED TO RAILWAYS (IN BIHAR) DURING FLOOD/FAILURE OF UPSTREAM WORKS

Year Total Total No of Rs in Lakhs Remarks
No of bridges
breaches washed away Cost of Loss in earning Total
restoration due to disruption  loss
1 2 3 4 5 6 7
1981
1982
1991

PROFORMA 8.11 (b)
RAILWAY ZONE:-
YEAR:-

DAMAGE AND MAJOR DISRUPTION DUE TO FLOODS ON THE RAILWAYS IN BIHAR

sl Location of River/ Nature of disruption  Cause of damage Period of
MNo disruption Tributary {(whether due to (floods/failure disruption
basin breaches or damage of U/S works (with dates)
to bridges)
1 2 3 4 5 6
Rs in Lakhs Remarks
Cost of restoration Loss of Railway Total
earnings Loss
7 8 ) 9 10
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QUESTIONNAIRE
(FOR CENTRAL WATER AND POWER RESEARCH STATION, PUNE)

8.1 a What is the role of CWPRS in the matter of hydraulic analysis pentaining to river behaviour
and flood control?

b  Please furnish a note giving the details of the nature of research and modei experiments
that are being done in CWPRS an river behaviour and control problems, effect of Hiood protection and
other works on river regime and other relevant matters relating to fioods and tlood control.

8.2 a Please furnish six copies each of the reports of mode! experiments carried out by the
CWPRS for two items in each category of flood control/protection works (embankments, anti-erosion,
channel improvements, etc) which have been in operation for atleast five years.

b  Please also furnish six copies each of the recem "Specific Notes” on the model studies
carried out for flood control, river training and anti-erosion warks on the rivers Ganga, Kosi and Gandak
in Bihar.

c Piease furnish the following informations in each of the cases referred to in (b) above:-

i Where the works were not likely to be completed within one season, whether the model
was retained, further experiments carried out and recommendations modified from season to season.
Piease specifty such instances with your comments.

i Whether the waorks have been inspected annually or periodically after completion of the
above schemes 10 assess their performance. Please quote specific cases with notes,

i Whether any additional works have been necessitated soon after the completion of the
works. If so, please detail the same and the need therefor.

8.3 a  Have CWPRS issued any guidelines broadly specifying the data required for specific
types of fiood protection works? 1f so, please supply six copies of the same.

if not, do you think such a measure feasible and whether it would assist in timely
.completion of model experiments and implementation of works?

b  Please state whether complete requisite data is supplied by the project authorities in
Bihar while requesting for model experiments. If not, please quote examples of some important works,
the action taken, the time iost and the resulting adverse efiects.

c Where the works are to be spread over more than one season, are the reports about
the performance of the works, and changes in the river conditions from season to season received in
good time to enable further experiments and indicate modifications in the programme of works earlier
recommended? if this has not always been the case, please quote examples of some important works.
8.4 Have hydraulic modeis of the Ganga River System (including tributaries like the Gandak, the
Kosi ete) in Bihar been laid and experiments carried out? if so, please supply six copies of the reports
of the experiments.

If nat, is there any proposal for setting up such meodels in near future?

8.5 Referring to CWPRS’s work in general, please state in the case of flood protection/drainage
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WOrKs:

i If there is a regular practice of assessing prototype behaviour vis-a-vis the results
obtained in model experiments.

i Have there been any instances of significant vanations and/or adverse effects on either
bank or in the river behaviour upstream/downstream?

If so, please specify some important cases with details of the analysis made and further
action suggesieditaken.

8.6 Have any hydraulic design criteria for various types of flood control, drainage, anti-erosion and
river training works been published by the CWPRS? if so, please supply six copies.

8.7 Based on the resuits of your basic research, model experiments, the experience of prototype
behaviour and the experience in other countries, please furnish a note stating the suitability, effectiveness,
location/situation where applicable of the following type of works:

(i} Embankments, (i) Anti-erosion works (iii) Channel improvements, (iv) River training works.

8.8 Please furnish a note describing the studies made (in India or abroad) regarding the effect
of embankments on river regime, giving specific examples,

8.9 Please furnish your views/suggestions on the manner in which deterioration in river regime
conditions downstream of a reservoir can be kept to the minimum.

8.10 Has any study been made in the CWPRS on the effect of soil conservation measures on the
run-off pattern and sediment load? If so, please furnish a note with the results and your observations.

8.1 Have any studies been made regarding the effect of river structures in ¢lose proximity to each
other on the river regime? If so, please furnish a note or six copies of the Report (s), if any,

If no such studies have been carried out, please furnish a note of your views and suggestions
refating to such situations on the basis of your experience.

8.12 Do exchange of ideas regarding techniques of research or model experiments take place
amongst research workers in the country? Please furnish a detailed note.
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QUESTIONNAIRE
[FOR IRRIGATION RESEARCH INSTITUTE, KHAGAUL]

81 a What is the role of IRl in the matter of hydraulic analysis pertaining to river behaviour
and flood control?

b  Please furnish a note giving the details of the nature of research and model experiments
that are being done in Irrigation Research Institute, Khagaul on river behaviour and control problems,
effect of flood protection and other works on river regime and other relevant matters relating to floods
and flood control.

8.2 a Please furnish six copies each of the reports of model experiments carried out by the
Irrigation Research Institute, Khagaul for two items in each category of flood control/protection works
{embankments, anti-erosion, channel improvements, etc) which have been in operation for atleast five
years.

b Please also furnish six copies each of the recent “Specific Notes” on the modei studies
carried out for flood protection, river training and anti-erosion works on the rivers Ganga, Kosi and
Gandak in Bihar,

¢ Please furnish the foliowing informations in each of the cases referred to in (b) above:-

i Where the works were not likely to be completed within one season, whether the model
was retained, further experiments carried out and recommendations meodified from season to season.
Please specity such instances with your comments.

i Whether the works have been inspected annually or periodically after completion of the
above schemes to assess their performance. Piease guote specific cases with notes,

i Whether any additional works have been necessitated soon after the completion of the
works. If so, please detail the same and the need therefor.

8.3 a Have Irrigation Research Institute, Khagaul issued any guidelines broadly specifying the
data required tor specific types of flood protection works? if so, please supply six copies of the same.

if not, do you think such a measure feasible and whether it would assist in timely
completion of model experiments and implementation of works?

b  Please State whether complete requisite data is supplied by the project authorities while
requesting for model experiments. !f not, please gquote examples of some important works, the action
taken, the time lost and the resulting adverse effects.

c Where the works are to be spread over more than one season, are the reports about
the performance of the works, and changes in the river conditions from season to season received in
good time to enable further experiments and indicate modifications in the programme of works earlier
recommended? If this has not always been the case, please guote examples of some important works.

8.4 Have hydraulic mode!s of the Ganga River System (including tributaries like the Gandak, Kosi
etc) in Bihar been laid and model experiments carried out? If so, please supply six copies of the reports
of the experiments. If not, is there any proposal for sefting up such models in near future?

8.5 Referring to Irmigation Research Institute’s works in general, please state in the case of flood
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protection/drainage works:

i If there is a regular practice of assessing prototype behaviour vis-a-vis the results
obtained in model experiments. '

i Have there been any instances of significant variations and/or adverse effects on either
bank or in the river behaviour upstream/downstream?

I so, please specify some important cases with details of the analysis made and further
action suggested/taken.

8.6 Have any hydraulic design criteria for various types of floed-control, drainage, anti-erosion and
river training works been published by the lirigation Research Institute, Khagaul? ¥ so, please supply
six copies.

If not, when do you propose to publish such design criteria?
8.7 Based on the results of your basic research, mode! experiments, the experience of prototype
behaviour and the experience in other countries, please furnish a note stating the suitability, effectiveness,
location/situation where applicable of the following type of works:

(i} Embankments, (ii} Anti-erosion works (iii} Channe! improvements, (iv} River training works.

8.8 Please furnish a note describing the studies made (in Bihar or other States of India) regarding
the effect of embankments on river regime, giving specific examples.

8.9 Please furnish your views/suggestions on the manner in which deterioration in river regime
conditions downstream of a reservoir can be kept to the minimum,

8.10 Has any study been made in the frrigation Research Institute, Khagau! on the effect of soil
conservation measures on the run-off pattern and sediment load? If so, please furnish a note with the
results and your observations.

8.11 Have any studies been made regarding the effect of river structures in close proximity to each
other on the river regime? If so, please fumish a note or six copies of the Report (s), if any.

If no such studies have been carried out, please furnish a note of your views and suggestions
relating to such situations on the basis of your experience.

8.12 Do exchange of ideas regarding techniques of research or model experiments take place
amongst research workers in the country? Please furnish a detailed note.
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ITEMS DN WHICH INFORMATION WAS REQUESTED FROM THE AGRICULTURAL
UNIVERSITIES (PUSA AND SABOUR})

8.1 a Please furnish a note on the research programmes carried out so far in the field of
watershed hydrology, land use pattern, soil conservation etc alongwith the major findings relating to
rainfall- runoff relation, soil loss, crop yvield, etc.

b To what extent have these findings been applied in the field in the completed soil
conservaticn schemes and with what results? Please furnish a note.

8.2 Based on your research findings, has there been any appropriate technology developed to
improve agricultural production in the flood-prone areas of the State specially in North Bihar? If so,
please furnish a note detailing the agronomic practices, crops/varieties, cropping patterns, agricultural
implements/machinery, as well as alternate land use, if any, for livestock, pisciculture, aquaculture,
horticulture etc.

8.3 a Based on your research findings and results from field verification studies, please furnish
a note listing the flood tolerant crops and varieties atongwith their agronomic practices introduced in
the flood prone areas of Bihar, specially in North Bihar.

Please also furnish a note describing their performance as compared with traditional
crop varieties.

b  Similar information may please be furnished for areas suffering from drainage coﬁgestion.
Please also supply information regarding deep water paddy.

c Has any research study been done, or is being done, on the effect of depasition of silt
during floods on sail fertility/ productivity?

If so, please fumnish six copies of the report or furmish a note detailing the studies and
the conclusions arrived at.

8.4 A number of tals, lakes, chaurs, mauns as aiso other inland water bodies occur in the flood
plains of rivers. Please State if you have developed any appropriate technology to utilise these water
bodies for profitable pisciculture/aguacuiture.

Please furnish a note on your recommendations. Please also State whether such developments
would be successful if these inland water bodies are subject o periodical fiooding with silt-laden fiood
waters,

8.5 Please furnish a note detailing suggestions, if any, for evolving a comprehensive approach to
the problem of floods in the State and the appropriate organisational set-up therefore at the State leve!l.

8.6 Agricuitural problems in flood prone areas are location specific. Developing suitable crops/
varieties, new agro-technique and methods to meet the chattenge of recurring floods, warrants systematic
research on continued basis. in appreciation thereof the present position of the organisational infrastructure
for research and development (Universities/Agricultural Research institutes or Centres) may be furnished
along with planned projections for the future with respect to each flood prone area of the basins/sub-
basins of the State.

Six copies of the relevant research and development publication which give the achievements
in these field may please be furnished.
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ITEMS ON WHICH INFORMATION WAS REQUESTED FROM THE AGRICULTURE
DEPARTMENT (GOVERNMENT OF BIHAR)

B.1 a Please furnish a note indicating the role of the Agricuiture Department in the problems
of flood and drainage congestion in the State.

b Please detail the role specifically with regard to the soil conservation/ afforestation in the
river valley catchments.
What is the mechanism to ensure continued benefits from these works?
What is the organisational set up for the above?

B.2 What are the major agriculiural problems limiting productmn in the flood prone areas of the
State as a whole and by river basins?

Please furnish a note on the above problems and the possible remedial measures, taking into
account the prevailing agro-climatic conditions of the regions and the available infrastructure for promoting
suitable production programmes in the flood-prone areas.

8.3 a Have any cropping strategy and contingent crop plans been deveioped and recommended
for adoption during the flood and the post flood seasons in the frequently flooded areas of the State?

Please furnish a nole on the above recommendations giving the crops/varieties, agronomic
practices etc, to be followed under the different agro-climatic conditions in the flood plains.

b Arethere any standing code(s)/technical guide(s) prepared at the State level on contingent
crop plaing, to be followed In the event of flood occurrence? if so, please supply six copies thereof.

B.4 Flease furnish production analysis for Kharif and Rabi season crops for selected fiood prone
districts in the State from 1981-1991,

8.5 a Have soii and water conservation/ afforestation meastres been undertaken in the
catchment area of any of the river valley projects in the State? H so, please furnish details thereof.

b if any quantitative evaluation has been made of the benefits (physical and monetary)
accrued from these schemes in terms of increase in crop yields, moderation of flood flows and
reduction in siit discharge, piease supply six copies each of such evaiuation reports. Otherwise, please
furnish a note giving your observations on the above mentioned benefits obtained in the field trom
these schemes,

8.6 Have scil and waler conservation programmes been undertaken in the upper catchments of
the ftood-prone rivers? ii so, ptease furnish information regarding the same showing aggregate figures
as foliows:

i Tetal criticai area.

i Total estimated cost of the treatments.

fii  Area treated upto 31.3.1992,

iv.  Expenditure incurred upto 31.3.1992,

v Target date of compietion of treatment of the total critical arca.

vi  Benefits (physical and monetary} accrued from these works.
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8.7 Please furnish a copy each of the projects for area development programmes implemented
in the flood-prone areas of the State indicating their latest progress reporis.

8.8 Does the Department make any assessment of flood damages to agriculture in the State? If
so, please furnish a note indicating the methodology and suggestions for improvement, if any.

Has the Department suggested any guidelines in this regard and ensured its implementation?
If so, please supply six copies of guidelines alongwith a note on its implementation.

8.9 Has the Depariment laid down a procedure for working out benefit-cost analysis of soil
conservation/afforestation projects?

Are there any manuals or guidelines issued by the Department in this connection? If so,please
furnish six copies of each. If not, what is the procedure being followed for such schemes? Please also
furnish two Hlustrative examples of the anaiysis.

8.10 The soil conservation/afforestation works continue till now as Government programmes executed
mostly with Government funds.

Please furnish a ncte indicating the steps taken to encourage the local people to take up
these measures on their own.

8.1 Please furnish a note detailing suggestions, if any, for evolving a comprehensive approach to

the problem of floods in the country and the appropriate organisational set-up therefor at the State
level.

8.12 The role of soil conservation measures in flood control has been mentioned from time to time,
Have any studies been carried out at actual site locations regarding the effect of soil conservation
measures on the normal floods and the high floods and also the sediment load carried by the rivers?
Please furnish notes including quantitative assessment. Please supply six copies of the reports, if any,
to these studies. :

8.13 Please list in proforma 8.13, the types of s0il conservation measures {contour bunding, gully
plugging, check dams, terracing etc} undertaken on catchment basis, their cost and area benefited/
covered, during the Plan periods.

Please give an assessment of their performance {reduction in run-off and silt load and increase
in crop yields} and suggestions, if any.

Please furnish six copies of evaluation report,if any. Please also mention if the measures
taken have been tampered with or otherwise became ineffective.

8.14 Taking inte account the area to be covered, its cost and the experience of implementation of
soil conservation works during the past several years, what is the likely time required for effectively
implementing the whole programme in the State?

Please give a forecast of the planning stating the areas proposed to be covered and the
anticipated cost of each stage. Please supply the informaticn basin/sub-basinwise separately for the
upper catchment (hilly areas) and lower catchment.

8.15 Describe {location-wise, if necessary) the present land use in the unprotected flood plains for

each river basin/sub-basin in Bihar.
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Has any study been made on the pattern of floods, their duration and the nature of crops
grown in these areas? if so, please supply six copies of the study.

In the light of these studies, has any attempt been made, for devising suitable crops patterns
for reducing the damage due to fioods and to increase agricu'tural production? Conclusions and
recommendations of the State Government may please be furnished.

8.16 Has the Department any suggestions on the land use pattern in fiood plains {separately for
protected and unprotected) for reducing the overall flood damage and to achieve optimum benefits?

8.17 Wili it be adequate if land use regulation is confined to the flood plains or should it be
extended to the caichment areas as well? What is the pattern of land use required/suggested in the
catchment? Please furnish a note.

8.18 Please furnish a note on the general soil descriptions and properties of the flood prone
areas in Bihar basin/sub-basinwise. A soil map(s) of the area(s) may be attached.

B.19 Has any study been made by the Department on the beneficial aspects of flood deposition?
If s0, the position may please be briefly indicated with supporting data.

8.20 Do you have any suggestion on the alternate cropping strategy for increasing agricultural
production by suitable adjustments and adoption of new technology such as advancing sowing date,
choice of suitable crop varieties, relay multiple cropping etc?

8.21 Please State the main constraints in implementing the post-flood agronomic measures in
recovering the growth of submerged crop or raising alternate or substitute crops in making good the
agricultural production.

8.22 Are there any approved codes for Flood/Agricultural relief work? If so, six copies of the same
may piease be furnished. In case there is no such Code, the views of the Department on developing
Flood Manual/Code for agricultural programme may please be given,

8.23 Are there any existing local grganisations in the flood plain areas for implementing suitable
agricultural programmes or are there any proposals in this regard?

8.24 Please State the present position of fue!l and fodder supply in the flood prone areas of Bihar
State giving the human/ #ivestock population and their demand for fuel and fodder during floods. The
planned projections in this regard may piease be furnished.

8.25 Please give a list of the grass and forest species which can stand annual floods and can be
grown in flood plains on a commercial scale, especially along the stream banks.

8.26 implementation of soil conservation and land use measures involves public relations,
propaganda, cooperation of local land owners and others and, therefore, its success will depend upon
local co-operation. Is such co-operation forthcoming or is there any low or regulation by which this can
be ensured? Please suppiy six copies of the law/regulations.

8.27 Piease fumnish a comprehensive note on research and development programmes for pisciculture/

aquaculture in the ponds, lakes, chaurs, tals, mauns, iocal depressions, etc in the flood piains of the
State.
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ITEMS ON WHICH INFORMATION IS REQUESTED FROM THE FOREST AND ENVIRONMENT
DEPARTMENT, BIHAR

8.1 a  The National Forest Policy, 1952, had prescribed that in the country as a whole, cne-
third of its total land should be maintained under forest. Accordingly, afforestation programmes might
have been undertaken in Bihar during different Plan periods to achieve the prescribed goal.

Please fumish informations in the attached proforma 8.1(a) for the upper catchmenis of
the river valley projects in Bihar.

b If any quaniitative evaluation (physical and monetary, if possible} has been made of the
benefits accrued from the above afforestation works on moderation of flood flow, reduction in silt
discharge, timber yield, etc, please furnish six copies of each of these reports.

if no evaluation report is available, please furnish a note with relevant supporting data
on the benefits of the afforestation works.

8.2 a Please furnish a note on the poiicy for controlling deforestation and timber extraction in
general and specifically as applicable to the river valley projects in the State.

b  Please alse furnish your assessment of the effects of such deforestation on the increase
in the silt discharge and the measures adopted for minimising the same,

8.3 What criteria have been adopted so far for determining the total outlay on soil conservation/
afforestation and for sanctioning individual schemes?

8.4 a  How are soil conservation/afforestation programmes in river valiey catchments financed?
Would you suggest any modification in this procedure?

b Can the programmes of sofl conservation/afforestation in the river valley catchments be
taken up with the assistance of institutiona! finance?

8.5 The soil conservation/afforestation works are being taken up as Government programmes
executed mostly with Government funds. Please furnish a note indicating the steps, if any being taken
to encourage the local people to take up these measures on their own.

8.6 a  Please furnish a list of soil conservation/afforestation schemes (with their salient features}
which have been completed/under progress/proposed from the flood control point of view.

b Where substantial progress has been made in any catchment, please furnish notes
mentioning the effects of the measures taken and the basis for conclusions reached in respect of
sediment load, reduction in peak flows, eilc.

8.7 Has the Department evolved a comprehensive approach specifying the role of soil conservation
and afforestation in flood control,

It so, please supply six copies thereof. If not, please furnish a note giving your views/
suggestions in this regard.

8.8 Have any studies been carried out at actual site locations regarding the effect of soil conservation

and afforestation measures on the normal floods and the high floods and also the sediment load carried
by the rivers? Please furnish notes including quantitative assessment.
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Please supply six copies of the reports, if any, of these studies.

8.9 Has there been any scientific study made to establish the effects of forest cover on rainfall-
runoff, silt charge and flood flow? Please furnish a note and six copies of repor, if any, on the subject
giving relevant data from field studies, alongwith the views of the Depariment on the subject.
8.10 Has any study been made on the extent of deforestation and its effects on the flood flow and
sediment lcad in each of the flood-prone river basins/sub-basins? Please furnish a note and aiso
census of forest acreages hasin/sub-basinwise as indicated below:

CENSUS OF FOREST ACREAGES

River basin/sub-basin
{(Mention districts covered)

Year Forest Area (ha) Area deforested (ha) Remarks

Hills Plain Total Hills Plain Total

1 2 3 4 5 6 7 8

1961
1966
1971
1976
1981
1986
1991

(Please indicate source of data and furnish information separately for each basin/sub-basin)

8.11 Is there a policy of afforestation and forest management for the hills and plains in the State?
If so, please furnish a note indicating the details and status of implementation.

8.12 Is there any legislation/regulation by which deforestation in private land is regulated? If so,
has it been successfully impiemented? Please supply six copies of the relevant legislation/regulation.

8.13 Please give a list of the grass and forest species which can stand annual floods and can be
grown in flood plains on a commercial scale, specially along the stream banks.

8.14 Piease furnish a note detailing suggestions, if any, for evolving a comprehensive approach to
the problem of floods and waterlogging in the State so far as the Department of Forest and Environment
is concerned and the appropriate organisational set up at the State level. The role of soil conservations
and afforestation in flood contral may please be brought out with supporting facts and figures.
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PROFORMA 8.1(a)

FOR FOREST AND ENVIRONMENT DEPARTMENT PROGRESS OF AFFORESTATION IN
RIVER VALLEY CATCHMENTS IN BIHAR STATE
Area — 1000 ha
Cost — Rs Lakhs

Sl Name of the Area in Catchments Anticipated Expenditure Remarks
No river valley completion
project Total Under Addl. date of As upto  Future
forest propecsed Col 5 31.3.91 anticipated
as on for affore-

31.3.891  station

1 2 3 4 5 6 7 8 9
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