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CHAPTER – III 
HYDROLOGY 

3.0 General  
 The catchment area of Burhi Gandak river is 12,500 sq km, out of which 
10,150 sq km lies in Bihar and the remaining in Nepal. Therefore, the river by 
and large flows through India. It has a fan shaped catchment upto its confluence 
with the Dhanauti river and an elongated narrow rectangular shaped catchment 
beyond it. The northern part of the catchment lying in Nepal and Bihar is hilly 
and covers about 2130 sq km and the rest of the catchment lies in the plains. 
 
3.1 General information about climate and hydrology 
 
 The project area of Burhi Gandak-Noon-Baya-Ganga link is situated 
between latitude 250 49' 25"N - 250 35'02"N and longitude 85053'46"E - 850 

52'39"E. In this region the summer is very hot and winter is very cold. The 
temperature goes upto 440C during the month of May and down upto 50C during 
the month of January. The maximum humidity observed upto 86% during the 
monsoon period. The average annual rainfall is observed as 1482.10 mm. About 
91% of the total annual rainfall occurs during the monsoon period i.e. June to 
October. 
3.2   General information about region 
 
3.2.1 Burhi Gandak river 
 
         The Burhi Gandak river system experiences very hot during summer 
season and very cold during the winter season except in upper tarai region and 
the hills of Nepal. During the summer season, April & May are the hottest 
months and temperature goes upto 440 C and during the winter season January 
month is the coldest and temperature goes down upto 50 C. The annual rainfall 
in the catchment varies from 1141 mm to 1610 mm and the average annual 
rainfall is about 1300 mm. The humidity is the lowest during April and May. 
The maximum humidity is observed during the month of July & August and it 
goes upto 80% or more. There are four G&D sites and three Gauge sites on the 
Burhi Gandak river. 
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3.2.2  The Noon river 
   The climate of the catchment of the Noon river is almost the same as the 
project area. The average annual rainfall is about 1041.4 mm and 91% of the 
total annual rainfall occurs during the monsoon period i.e. June to October. 
 
3.2.3   The Baya river 
 
           The climate of the catchment of the Baya river is also the same as the 
project area. The average annual rainfall is about 1100 mm and humidity goes 
upto 86% during the month of July. 
 
3.3    Specific information about drainage 
 
3.3.1   The Burhi Gandak river 
 
     The Burhi Gandak river is one of the important tributaries of the Ganga 
river which originates from Chautarwa chaur near Bisambharpur in the district 
of West Champaran in Bihar at 840 12' E longitudes and 270 05' N latitude and is 
known as the Sikrahana in its upper reaches. The river now is augmented by 
contribution from some hilly rivers, rising from the foot hills of Himalayas in 
Nepal. This sub-basin lies between 840 0' E and 860 30' E longitude and 250 
25'N and 270 30'N latitude. This sub-basin is bounded by the Someshwar hills in 
the north, the river Ganga in the south and the ridge lines separating it from the 
Gandak and the Bagmati catchments on the west and east respectively. Near 
Basantpur at 84020' E longitude and 2702' N latitude, the river Masan joins this 
river on its left bank. The river Masan rises from the Someshwar ranges of hills 
at altitude of 300 m and at 84007'E longitude and 270 29'N latitude and flow in 
south easternly direction. After flowing for a distance of about 56 km, the river 
Sikrahana takes a southernly turn where it is joined by the Tilawe and the Tiur 
on the left bank. After confluence with Tiur near Gularia, the river is known as 
the Burhi Gandak. From this point the river takes southern-easterly direction 
and flows through Muzaffarpur, Samastipur and Begusarai districts of Bihar. 
The river turns eastward in Begusarai district and finally meets Ganga on its left 
bank near Khagaria railway station. 
    The important left bank tributaries, joining this river are the Masan, the 
Belor, the Pandai, the Sikta, the Uria, the Tilawe and the Tiur etc. and the right 
bank as the Kohara, the Dhanauti and the Noon-Balan etc.  The elevation of the 
country side through which the Burhi Gandak flow drops  by about 50 m in a 
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distance of about 580 km from its origin at Bisambharpur, where the river enters 
the plains upto Khagaria  near its confluence with the Ganga. 
   The total catchment area of the river system is about 12500 sq km of 
which about 10150 sq km lies in Bihar and the rest in Nepal. The northern part 
of the catchment is hilly and covers about 2130 sq km. The rest of the 
catchment lies in the plains. The total length of the river is about 580 km. The 
details of length, catchment area and other features of these tributaries of the 
Burhi Gandak river is given in Table 3.1 and the basin map of Burhi Gandak 
river is shown in Fig. 3.1. River network in Burhi Gandak-Noon-Baya-Ganga 
link project is  shown  in  Fig. 3.2. 
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Table 3.1 
Details of tributaries of river Burhi Gandak 

Sl. 
No. 

Name of 
tributaries 

Origin of the 
tributaries 

Outfall 
point 

Catch- 
ment 
area    

(sqkm 

Length 
of the 

tributari-
es(km) 

Discharge 
(cumec) 

Distance of 
river from 

origin to the 
confluence 

point of 
tributaries 

(km) 
1. Masan Someshwar 

range of hills
Basantpur 480 85 383.6 18 

2. Balor Someshwar 
range of hills

Baghlochan
a 

608 63 331 30 

3 Pandai Someshwar 
range of hills

Tularamgha
t 

875 80 63 54 

4 Sikta Someshwar 
range of hills

Murgiatola 847 -- -- 75 

5 Kohara Bettiah town Bairatpur 282 64 -- 87 

6 Tilawe Churia range 
of hills in 

Nepal 

Agarwa 
north of 

Loknathpur 

1,330 98 153.4 132 

7 Tiur Foot hills of 
Himalaya in 

Nepal 

Gularia 530 64 109.4 140 

8 Dhanauti Spill channel 
of the 

Gandak 

Bardaha 
west of 

Pakridayal 

870 192 -- 176 

9 Noon- 
Balan 

Kamtaul Near 
Dihapur 

2,283 -- -- 492 

 

3.3.2   River Noon  

           The river Noon  is the most important right bank tributary of the river 
Burhi Gandak, which originates at 260 0'N latitude and 850 15' E longitude near 
Kamtaul in the district of Muzaffarpur. After flowing for a distance of about 15 
km it joins the Kedane near Sukki . The other river which outfalls into the Noon 
before its confluence with the Burhi Gandak is the Jamuari, which originates 
near Dholi, west of Pusa. After crossing the Bachhwara-Bagha Railway line the 
Jamuari flows into two channels and the right branch flows approximately in 
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Southern direction to meet the Noon river near Musapur. The combined course 
is known as the Noon-Balan. The left branch of the Jamuari, also known as the 
Bainti in its lower reach, meets the Noon near Dihapur just before its confluence 
with Burhi Gandak through Bhith sluice. Total drainage area of the entire river 
Noon- Balan is about 2283 sqkm. 

3.3.3    The Baya  river 

    The river Raghua off takes from the Sarotar chaur in East Champaran 
district meets the Mekhwa river near village Murmala, just before entering 
Muzaffarpur district beyond which it is known as the Upper Baya river. It flows 
further in south east direction. After flowing about 25 km it is joined by the 
Jhajha river near Fatehabad in Muzaffarpur district on its left bank.  It travels 
further in south east direction and enters Vaishali district near Saraiya village. 
Flowing further in same direction, it enters into Samastipur district near Sahpur 
Patori and crosses the Hazipur-Bachwara-Barauni NE Railway. Before entering 
Begusarai district near Bachhwara, it is joined by the river Ghaghra on its right 
bank after which it turns to south and joins the left bank of the river Ganga near 
Semariaghat. The river Baya flows between the Gandak river basin on the right 
side and the Burhi Gandak basin on the left side with its northern boundary as 
Burhi Gandak basin and southern boundary as the main Ganga river. The 
catchment area of Baya river is 2775.68 sqkm. 

3.3.4  The Ganga river 

 The Ganga basin is the largest basin in India having total drainage area 
of 10.86 lakh sqkm. Out of which 8.61 lakh sqkm lies in India. The Indian part 
of the basin lies between longitudes 73020'00" E to 88053'23"E and latitude of 
22040'00" N to 31027'21" N. The river Bhagirathi originates from Gangotri 
glaciers in Uttarkashi district of Uttarakhand state at an elevation of about 7010 
m. At Devprayag, the river Alakhnanda joins river Bhagirathi and combined 
stream is known as Ganga.  After flowing for about 250 km through hilly 
portion in torrents and cascades terrain, it debouches into the   plains at 
Rishikesh of Haridwar district of Uttarakhand. After flowing about 30 km 
further upto Haridwar towns it emerges into fertile plains of Uttar Pradesh. 
Ramganga, the first major tributary of Ganga joins it from left side in Hardoi 
district. The Ganga receives its largest tributary, the Yamuna from the right 
after covering a length of about 1100 km upto Allahabad. The confluence is 
well known a Sangam. The holy city of Varanasi is situated on the left bank of  
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Ganga about 195 km downstream of Allahabad. During this course, it 
receives the Tons river from the south. The Gomti river joins it immediately 
downstream of Varanasi from the left side. Thereafter, the Ganga flows in 
almost eastern direction. A right bank tributary, the Karamnasa joins the Ganga 
near Chausa. From Chausa to the confluence of Ghaghara, 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 towns two small tributaries namely the Dharmawati and the 
Gangi join the Ganga on right side. A major tributary, the Ghaghara, joins the 
Ganga near Chhapra town on the left side. The river Sone joins it near Maner 
town on right side. Another small tributary, the Mahi, joins the Ganga upstream 
of Sonepur on left side. The river Gandak joins the Ganga near Hajipur town on 
left side. Below this, the river punpun joins the Gana near Fatuha 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 
is joined by the river Kiul-Harohar below Suarajgarha 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 Rajmahal 
hills opposite Maniharighat and starts flowing almost towards 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 Hoogly 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 Hoogly (below its confluence with Jalangi) in West Bengal outfalls into 
Bay of Bengal opposite Haldia port.  
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 The total length of the Ganga river from its origin to outfall to the Bay of 
Bengal is about 2525 km out of which 1450 km lies in Uttaranchal and Uttar 
Pradesh, 110 km along the Uttar Pradesh-Bihar border, 445 km in Bihar and 520 
km in West Bengal.  
 

3.4 Floods in Burhi Gandak river system          

 The river Burhi-Gandak originates from Someshwar range of hills.  After 
traversing through three districts of Bihar, it falls in the river Ganga at Khagaria. 

 As per in the initial reach it crosses through the hilly region with thick 
forest and more or less inhabited areas, hardly any flood problem is experienced 
in this reach.  The river slope in this part is very steep and the meander is also 
very less. In the middle reach i.e. the reach upto Motihari town, this river 
debouches in the plains and it is still un-embanked.  Many tributaries which 
originate from the Himalayan foot hills also join in this stretch.  The river slope 
is moderate to flat and also the meander is pronounced specially at the end of 
this reach.  The Masan stream meets this river at Basantpur (East Champaran) 
which is the first major tributary and contributes sizable discharge.  
Subsequently the Balor, the Pandai, the Sikta, the Tilawe and the Tiur meet the 
Burhi Gandak at Baghlochana, the Tularamghat the Murgitola, Agrwa and 
Gularia respectively in the district of East and West Champaran  During the 
monsoon period due to heavy rainfall in the catchment the Sikrahana spills and 
causes inundation in the area.  Flood in the mainstream may also occur due to 
floods in its tributaries.  The flood situation in the area further aggravates due to 
inadequate waterway provided in some of the bridges/culverts in the roads and 
railways. Flood water is therefore withheld before the canal banks for long 
period which results in breaches and over topping. 

 The areas generally affected by floods in West Champaran are the areas 
around Ramnagar, Narkatiaganj, Mainatand and Chanpatia etc. and in the East 
Chanmparna, Sugauli, Narkatia, Motihari and Lalbighiya ghat etc.  Motihari 
town is frequently affected due to the spill of Sikrahana river. 

 In the lower reach i.e. the stretch from Motihari to its outfall in Ganga it 
is almost fully embanked except few gaps in the left embankment near  
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Muzaffarpur town where the Bagmati spills meet the Burhi Gandak river.  In 
this reach the main flood problem is not due to inundation of the area but the 
erosive action on the banks of the river which causes breaches in the 
embankments even in medium floods almost every year at number of places. 
This   leads to flood fighting works at the corresponding sites for protection of 
the embankment.  Erosion is more severe from downstream of Muzaffarpur 
town till its outfall which when not contained appropriately forces retiring of the 
embankment at the eroded sites frequently. 

 The embankments on both banks of the river are very closely spaced i.e. 
the spacing between the embankments is even less than three Lacy’s width 
(Standard Regime width of channel no scouring no silting) and also the distance 
of the embankments are generally less than one Lacey’s width from the main 
stream.  Reason being that the land is quite fertile and hence valuable.  The 
density of population is also quite high in this area.  This naturally might have 
compelled to align these embankments contrary to the prescribed normal design 
norms.  The fluctuation in the maximum and minimum river discharges is also 
high in case of this river system and hence the river is unstable.  The course of 
the river is circuitous and meandering is more pronounced specially in this 
reach. 

 The slope of the river is almost flat thereby causing sluggishness in the 
drainage of flood water.  Over and above, as the Ganga remains high almost 
throughout the flood season and does not allow the Burhi Gandak flood water to 
drain down and therefore there is a back water effect in the main stream.  This 
results heightening up of water level in the main channel which bring allied 
problems like overtopping of embankments, side erosion due to wave action, 
sloughing of the embankment and maintenance of continuous vigil in the 
affected reach till the situation eases etc. 
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3.5 Navigation  

Rivers in the Burhi Gandak river system are presently not used for any 

major navigational purpose. No provision has been made for navigation in the 

proposed Burhi-Gandak-Noon-Baya-Ganga link also. 

3.6 Basic purpose of the project 

 Damage occurs in lower reaches of river Burhi Gandak catchment due to 

flood. As the district of Samastipur, Begusarai and Khagaria are  prone to 

recurring floods in Burhi Gandak basin, overall damage due to floods have been 

worked out on the basis of average annual flood damage of 15 years for each 

three districts collected from Govt. of Bihar. Thus, overall average annual 

damage considering three districts works out as Rs. 20472.53 lakh. It is assumed 

that 70% of the average annual flood damages occurring in the above three 

districts will be reduced after transferring the flood water through the link canal 

offtaking near Muriaro village in Samastipur district. Therefore, Burhi-Gandak-

Noon-Baya-Ganga link project has been conceptualized to divert partial flood 

water of river Burhi Gandak to Ganga by way of constructing link canal and 

using the existing natural stream channels of Baya so that the flood damages in 

lower reaches of Burhi Gandak basin area i.e. Samastipur, Begusarai & 

Khagaria districts could be reduced to some extent.    

3.7 Data availability 

3.7.1. Raingauge stations and rainfall pattern 

 There are 15 IMD raingauge stations in entire catchment of the river 

Burhi Gandak system. The list of these raingauge stations is given in Table: 3.2 

and pattern of rainfall in the catchment is given in Annexure-3.1 & 3.2 
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Table 3.2 
List of IMD raingauge stations  

        Source : IMD  

 

3.7.2 Hydrological observation and data availability 

 There are 7 Gauge (G) and Gauge & Discharge (G&D) sites on the Burhi 

Gandak river system and maintained by the Central Water Commission (CWC). 

Out of these, five sites are Gauge and Discharge sites and the rest two are 

Guage sites. The status of availability and types of data available at various 

hydrological sites of the Burhi Gandak river system is given at Table 3.3. 

 

 

 

Sl. 
No. Raingauge station 

Location 

 

Latitude Longitude 

1 2 3 4 
1 Motihari  260 40' 840  55' 
2 Bettiah 260 48' 840 30' 
3 Burharwa 270 14' 840 38' 
4 Ramnagar  27010' 840 19' 
5 Narkatiaganj 270 7' 840 28' 
6 Chauradano 260 51' 850 1' 
7 Madhuban 26028' 850 8' 
8 Lauria 260 59' 840 24' 
9 Muzaffarpur 260 7' 850 24' 
10 Minapur 260 15' 850 20' 
11 Bowrah 250 48' 850 32' 
12 Samastipur 250 52' 850 48' 
13 Rosera 250 45' 860 2' 
14 Dalsinghsarai 250 40' 850 50' 
15 Begusarai 250 26' 860 9' 
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Table 3.3 

Details of gauge and gauge & discharge sites on  

Burhi Gandak river system maintain by CWC 
Sl. 
No. 

Name of 
the 

site/river 

Location  Natur
e of 
site 

Period of 
availability 

of data  Long.  
(E) 

Lat 
(N) 

Distt./State

1 Chanpatia/ 
Burhi 
Gandak 

8403'0" 26056'0" W.Champ/ 
Bihar 
 

G&D 1959-2005 

2 Lalbegiagh
at/ Burhi 
Gandak 

85057'0" 26041'9" Motihari/ 
Bihar 
 

G&D 1974-2005 

3 Ahirwalia / 
Burhi 
Gandak 

86020'15" 25022'50" Muzaffarpu
r/ Bihar 
 

G 1975-2005 

4 Sikandarpu
r/ Burhi 
Gandak 

85024'0" 2608'0" Muzaffarpu
r/ Bihar 
 

G&D 1960 - 2005 

5 Samastipur
/ Burhi 
Gandak 

85045'0" 25051'40" Samastipur/ 
Bihar 
 

G 1975-2005 

6 Rosera/ 
Burhi 
Gandak 

8601'0" 25044'0" Samastipur/ 
Bihar 

G&D 1959-2005 

7 Khagaria/ 
Burhi 
Gandak 

86027'0" 25032'47" Khagaria/ 
Bihar 
 

G&D 1975-2005 

 
A map showing the hydrological /hydrometeorological stations on Burhi 

Gandak river system is given at Fig 3.3.  
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3.7.3 Climatological parameters 

The climate of Burhi Gandak basin is very hot in summer season and 
very cold in winter.  The temperature goes upto 440 C during the month of 
May and down upto 50C during the January. The nearest meteorological 
station with long term data is located at district headquarters Samastipur of 
the study area. The mean minimum temperature at Samastipur is 100C, 
occurring in December-January and the mean maximum temperature is 420C, 
occurring in May-June. The average temperature is about 270 C. 

The maximum humidity goes upto 80% during the monsoon period and 
minimum comes down to 33%. The mountain barrier of Himalayan Range in 
the north of the river system obtains the moisture laden wind from the south, 
causing precipitation of moisture copious rain along the sub-mountains region 
in the north of gangetic plains. The dry season, normally, is from October to 
May and the wet season from June to September. The night breeze is from 
northeast to southwest and the day breeze from southeast to northwest 
generally. The monsoon months of June, July, August and September see 
good rainfall. October & November and February & March have pleasant 
climate. There is no snowfall in the project area. The important climatological 
parameters of the area are as under: 

  Maximum Minimum 

a. Humidity (%) 80 (July) 33 (March) 

b. Mean temperature(0C) 42 (May) 10 (January) 

c. Cloud amount(octas) 6.6 (July) 0.2(December) 

d. Wind speed(kmph) 7.9 (May) 1.9 (Nov, Dec) 

3.7.4 Burhi Gandak river upto proposed Burhi Gandak barrage site 

The catchment area upto proposed Burhi Gandak barrage site is 9440 sq 
km.  There are two G&D sites viz. Sikandarpur and Rosera with catchment 
area of 8510 sqkm and 9580 sq km respectively located about 98 km upstream 
and 19 km downstream of proposed Burhi Gandak barrage site. As no stream 
joins river Burhi Gandak between Sikandarpur G&D site and proposed 
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barrage site therefore, Sikandarpur G&D site has been adopted for present 
studies. The annual peak discharge and corresponding gauges for Sikandarpur 
G&D site are furnished at Annexure 3.3 

3.7.5 Studies for ascertaining reliability for flood water diversion 

 Studies have been carried out to visualize diversion of flood water from 
proposed Burhi Gandak in various scenarios i.e. (i) when there is high flood in 
Burhi Gandak catchment and no flood in Baya river (ii) when there is high 
flood in Burhi Gandak catchment and also in Baya river.  Design flood of 
Burhi Gandak catchment has been worked out for 50 years return period using 
discharge data of Sikandarpur G&D site and is found to be 4920 cumec.  10% 
of which i.e. 492cumec has been adopted for studies. 

           Burhi Gandak is a bigger river in comparison to Noon and Baya.  
Transfer of entire quantum of water from a bigger river to a smaller river is 
neither feasible nor required.  Water Resources Department, Govt. of Bihar 
has not given any view regarding divertible quantum of water. In fact 
divertible quantum of water should be such that the main Burhi Gandak river 
remains within flood protection bunds and does not spill.   

            It has therefore, been proposed to divert 10% of estimated flood 
discharge of Burhi Gandak at Sikandarpur G&D site for 50 years return 
period through the proposed link canal assuming that it would provide about 
70% of total anticipated benefit to downstream area lying in Samastipur, 
Begusarai and Khagaria districts. 

 The link canal has been designed to divert 492 cumec of water, which 
is 10% of the estimated flood at Sikandarpur G&D site for 50 years return 
period, keeping in view the worst scenario i.e. when both Burhi Gandak and 
Ganga rivers are in spate.  It is observed that during flood times, the river 
Ganga inundates the whole area near the outfall of the link canal and the Baya 
river and Ganga become one river.  During floods, Baya river and Ganga river 
flow at the same level. The HFL of Baya/Ganga river at the outfall point is 
43.150 m. 
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3.7.5.1 When there is high flood in Burhi Gandak river system and no 
flood in Baya river 

When there is high flood in Burhi Gandak catchment and no flood in 
Baya catchment, it is observed that there is no backwater flow into canal and 
canal parameters have been fixed according to 10% of the estimated flood 
corresponding to 50 years return periods i.e. 492 cumec. The canal depth has 
been kept as 5 m considering hydrological parameters i.e. HFL of Burhi 
Gandak river at proposed barrage site is 49.38 m and HFL of Baya/Ganga 
river is 43.15 m.  The canal width at the head works out to 82.10 m.  

3.7.5.2 When there is high flood in Burhi Gandak river as well as in Baya 
river 

As the difference between the HFL of the river Burhi Gandak at the 
offtake point and the HFL of the Baya/Ganga river at the outfall point of the 
link canal is only 5.85 m and the required full supply depth of the canal is 5 
m, the flow in the canal will not be uniform.   

 When there is high flood in Burhi Gandak river as well as in Baya river, 
it is observed that FSL of the canal with full supply depth 5.0 m at the outfall 
point is worked out to be 44.655 m. Therefore, there shall be backwater effect 
due to impounding water in receiving channel upto 3.515 m above bed level 
of the canal.  On visualizing the above fact as well as findings of study by 
NIH about backwater effect in link canal, it is observed that above backwater 
effect will have to be encountered in entire reach of link canal. The design bed 
width of the canal has accordingly been increased to 94.30 m at the outfall 
point from 82.10 m at the offtake point, with these conditions of flow in the 
canal and in river Baya it is observed that designed discharge of 492cumec 
can be passed. Therefore, Burhi Gandak-Noon-Baya-Ganga link project is 
also techno-economically feasible in worst scenario.   

 To visualize flood conditions yearwise highest water level data 
observed at Sikandarpur G&D site on river Burhi Gandak and at Hathidah 
G&D site on river Ganga where river Baya meets with river Ganga are given 
at Table 3.4 and analysis for  chances of occurrence of peak flood are given at 
Table 3.5. 



 
 

52 
 

Table 3.4 
Yearwise maximum water levels on river Ganga 

 
S.No. Confluence of Baya-Ganga river 

(Hathidah site, CWC )  
Burhi Gandak river 
(Sikandarpur site, CWC) 

Date Gauge (m) Date Gauge (m) 
1. 13.9.95 41.98 19.8.95 52.26 
2. 31.8.96 42.61 24.7.96 52.47 
3. 4.9.97 41.72 21.8.97 51.00 
4. 21.8.98 42.48 1.8.98 53.25 
5. 24.9.99 42.42 31.8.99 52.86 
6. 7.9.2000 42.03 13.7.2000 51.91 
7. 2.8.2001 41.73 20.7.2001 53.64 
8. 16.9.2002 40.89 9.7.2002 52.82 
9. 13.9.2003 42.71 23.8.2003 52.95 
10. 24.8.2004 41.07 14.7.2004 54.14 
11. 27.8.2005 41.58 31.8.2005 52.82 
HFL 1971 43.15 1987 54.29 

Table 3.5 
Chance of occurrence of peak flood in both rivers 

 
S.No. Details No. of years %age occurrence 
1. No. of observation years 1 100% 
2. No. of years when flood peaks of 

both rivers are within 5 days 
1 10% 

3. No. of years when flood peaks of 
both rivers within 10 days 

- - 

4. No. of years when flood peaks of 
both rivers within 15 days 

2 18% 

5. No. of years when flood peaks of 
both rivers within 20 days 

1 30% 

6. No. of years when flood peaks of 
both rivers within 30 days 

3 27% 

7. No. of years when flood peaks of 
both rivers beyond 30 days 

4 36% 

 

The time lag of passing of flood from Sikandarpur G&D site on river 
Burhi Gandak to Khagaria G&D site near the confluence with Ganga is 40 



 
 

53 
 

hours. From above data it is revealed that out of 11 years data observed for 
Baya/Ganga and Burhi Gandak, chances of occurrence of peak flood 
simultaneously within a period of 10 days or less (240 hours or less) in both 
rivers are only 10%.  Therefore, it is having a probability of non-occurrence 
of 0.9 i.e. 90% chances of non-occurrence and can be accepted for design 
purposes. 

3.8 Assessment of surface water availability 

For assessing surface water availability, it is necessary to compute 
dependable flows. Flow duration curves (FDC) are used to determine the 
dependable flows. It is a method to studying stream-flow variability. A flow 
duration curve of a stream is a plot of discharge against percent of time that a 
particular discharge was equaled or exceeded i.e. it is a graph of percentage 
dependability on x-axis and the corresponding runoff value on the y-axis. A 
flow duration curve characterise the ability of the basin to provide flows of 
various magnitudes. 

For assessing the dependable flow or the FDC, the stream flow data is 
arranged in a descending order of discharges. The discharge ‘Q ’ is plotted 
against percentage probability. ‘Pp’ represents the flow magnitude that can be 
expected to be equaled or exceeded ‘Pp’ percent of time and is termed as Pp% 
dependable flow. In a perennial river Q100 = 100% is a finite value. The flow 
data used can be daily, weekly, ten daily or monthly values. If ‘N’ is the 
number of data points used, the plotting position of any discharge ‘Q’ is: 

%100*
1+

=
N

mPp  

Where,  

Pp = Frequency of occurrence i.e. dependable flow (expressed as %) 

m   = Order number of discharge (rank). 

N    = Number of observations. 



 
 

54 
 

For finding out the dependable flow, daily discharge data at 
Sikandarpur was used. The data range had lot of variation. The maximum 
discharge of 3,041cumec was observed on 14 July, 2004 and the minimum of 
29cumec was observed on   04 April and 02 May 2001. The mean and the 
standard deviation of the data are 235.5 cumec and 348 cumec respectively. 
The Flow Duration Curve of Sikandarpur G&D site has been prepared and 
shown in Fig.3.4. The 75% dependable flow in Burhi Gandak at Sikandarpur 
site is 63.15 cumec. 

The shape of a flow-duration curve in its upper and lower regions is 
particularly significant in evaluating the stream and basin characteristics. The 
shape of the curve in the high-flow region indicates the type of flood regime 
the basin is likely to have, whereas, the shape of the low-flow region 
characterizes the ability of the basin to sustain low flows during dry seasons. 
A very steep curve (high flows for short periods) would be expected for rain-
caused floods on small watersheds. Snowmelt floods, which last for several 
days or regulation of floods with reservoir storage will generally result in a 
much flatter curve near the upper limit. In the low-flow region, a very flat 
curve indicates that moderate flows are sustained throughout the year due to 
natural stream flow or due to a large ground water capacity which sustains 
the base flow to the stream. 

A wide variation of flow in the high-flow region and the low-flow 
region was observed in Burhi Gandak at Sikandarpur as explained in the 
preceding paragraph. To explain the stream characteristics, different 
dependable flows for percent probability were computed from the FDC and 
is shown in Table 3.6 below: 
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Table 3.6 
Dependable flows for % probability of Burhi Gandak at Sikandarpur 

G&D site 
Sl. Probability of  

exceedance (%) 
Dependable Discharge 
(cumec) 

1. 0.1 2903.00 
2. 0.5 1871.00 
3. 1.0 1600.00 
4. 2.0 1471.00 
5. 5.0 980.00 
6. 10.0 650.00 
7. 20.0 315.20
8. 25.0 243.40 
9. 50.0 83.38 
10. 75.0 63.15 
11. 90.0 47.03 
12. 95.0 41.00 

 

Since the Flow Duration Curve is very steep in the upper region, it 

indicates that the flood in Burhi Gandak is due to the heavy rainfall in the 

upper reaches within a short period. 

The probability of exceedance of the volumetric yield of Burhi 

Gandak basin upto Sikandarpur site was also worked out using inflow yield 

of monsoon and non-monsoon months of 32 years from 1960-61 to 1991-92 

at Sikandarpur GD site available in Vol-II of the ‘Second Bihar State 

Irrigation Commission-1994’ report as given in Table 3.7. The 75% annual 

inflow yield of Burhi Gandak basin upto Sikandarpur was worked out. For 

monsoon months it is of the order of 5,390 MCM and for non-monsoon 

months it is 900 MCM. The probability of exceedance curve for the yield of 

Burhi Gandak upto Sikandarpur is shown in Fig. 3.5 
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Fig. 3.4: Flow duration curve of Burhi Gandak upto Sikandarpur G&D 
site 

Flow Duration Curve for Burhi Gandak River at Sikanderpur
(daily discharge data from 01 june 2000 to 31 May 2006)
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Q95  = 41.00 cumec      Q25  = 243.4 cumec      Q2   = 1471 cumec
Q90  = 47.03 cumec      Q20  = 315.2 cumec      Q1   = 1600 cumec
Q75  = 63.15 cumec      Q10  = 650.0 cumec      Q0.5 = 1871 cumec
Q50  = 83.38 cumec      Q5   = 980.0 cumec      Q0.1 = 2903 cumec
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Table 3.7 

Inflow yield of river Burhi Gandak observed at Sikandarpur  

(catchment area = 8510 sq km) 

 

Year 
Monsoo

n month 

Non-

monsoo

n month

Total 

yield 
Year 

Monsoo

n month

Non-

monsoon 

month 

Total 

yield 

60-61 3979.7 613.0 4592.7 76-77 5034.0 1255.6 6289.6 

61-62 2964.0 650.9 3614.9 77-78 3927.3 996.0 4923.3 

62-63 8192.8 563.1 8755.9 78-79 7516.4 1351. 8867.6 

63-64 5967.4 1169.2 7136.6 79-80 5796.7 1102.9 6899.6 

64-65 10341.7 1094.2 11435.9 80-81 6088.6 1088.5 7177.1 

65-66 8446.5 1477.1 9923.6 81-82 9703.2 1124.0 10827.2 

66-67 7799.2 1240.3 9039.5 82-83 4868.6 1071.0 5939.6 

67-68 5843.7 1171.9 7015.6 83-84 5410.1 1344.3 6754.4 

68-69 5689.8 873.2 6563.0 84-85 9555.4 736.6 10292.0 

69-70 6713.7 640.8 7354.5 85-86 9948.1 1219.5 11167.6 

70-71 6556.00 916.2 7472.2 86-87 8453.6 1056.5 9510.1 

71-72 7953.0 1106.1 9059.1 87-88 9458.1 1462.5 10920.6 

72-73 3489.4 856.9 4346.3 88-89 10827.0 1159.9 11986.9 

73-74 7695.2 986.8 8682.0 89-90 5267.4 1018.7 6286.1 

74-75 8674.1 1195.8 9869.9 90-91 5587.5 959.9 6547.4 

75-76 9856.1 1651.7 11507.8 91-92 4753.1 718.3 5471.4 
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3.9 Design flood studies 

3.9.1 Study of hydrological data 

  A flood management moderation project is often planned to provide 
Protection against flood upto a certain risk level keeping the importance of the 
area/assets intended to be protected in view.  Accordingly, to design 
embankment, drainage channels, waterways in roads/railways etc. flood 
discharges of various return periods are required to be estimated.  In present 
case flood frequency analysis of 50 years and 100 years return period has 
been carried out. 

3.9.2 Criteria for return periods 

 The criteria suggested by the Minister’s Committee on Floods and 
Flood Relief (1972) of the erstwhile Ministry of Irrigation and Power was to 
ensure that the existing embankments were safe for a return periods of 50 
years frequency for major rivers and at least 25 years frequency for smaller 
tributaries. 

The Rashtriya Barh Ayog ( RBA), 1980 has observed as follows:- 

 

1. Predominantly agricultural area   -     25 years flood frequency on     
                                        small tributaries and 50 years 
                              frequency on major rivers 

2. Town protection work -              100 years flood frequency  

3. Important industrial complex,   -         100 years flood frequency 

 assets and Lines of communications 

Since the area to be protected in the downstream of offtake point of link 
canal is predominantly agricultural area and river is major one, flood 
frequency studies of river discharge of Burhi Gandak at Sikandarpur and 
Rosera have been carried out for 50 years return period. 
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3.9.3 Gauge discharge relationships 

 Most hydrological designs consider extreme flood flows.  For instance 
in the design of hydraulic structures e.g. barrages, dams and bridges one 
needs maximum flood events in terms of discharges and levels.  While the 
design flood discharge magnitude can be had from other consideration, the 
Gauge discharge relationship which has to be referred to predict gauge 
corresponding to design flood discharge. 

 The Gauge discharge relationship for a given site is formulated either 
from the theoretical discharge compilation for varying water level or by 
drawing the best fitting curve to the points representing the actually observed 
gauge discharge. For the purpose of flood hydrology, the relationship between 
two parameters the stage and the discharge at the higher range of water level 
of the river is of greater importance than the same at the lower range.  The 
gauge discharge relationship curve is normally formulated by the well known 
method of least squares. The relationship between the two in the annual 
extreme values for a number of years would be of special significance in the 
study of flood hydrology.  The design of the various components of the 
control works depends on this relationship in the higher range.  Moreover, 
changes, if any, in the relationship over the years, is an index of the 
characteristics of the river as to whether it is aggrading, degrading or poised.  
A knowledge of these characteristics of the river is important from the point 
of view of selection of the type of the alternative measures for flood control, 
as the long-term performance of some of the measures depends on these 
characteristics.  A proper evaluation of the changes in the peak gauge 
discharge relationship (APGDR) over the years may also enable quantitative 
assessment of the annual rate of aggradations and degradation of a river. 

APGDR curve for Burhi Gandak river at Sikandarpur and Rosera sites are 
appended at Fig. 3.6 & 3.7. 
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3.9.4   Flood frequency analysis 

Two types of distributions were applied for flood frequency analysis 
for various return periods (i) Gumbel distribution and (ii) Log Pearson      
type-III distribution. Both these distribution are used for frequency analysis 
for extreme values of flood peaks. The peak discharge is calculated in both 
the distributions is calculated using following formula (Ref: Applied 
Hydrology by V.T. Chow, Maidment, pp-391-93). 

 σμ TT Kx +=   

where, 

 Tx  =  Variate (Peak discharge) 

 μ  =  Mean 

 TK  =  Frequency factor 

 σ  =  Standard deviation 

(i) For Gumbel distribution 
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where, 

 T =  Return period (years) 

(ii) For Log Pearson type-III distribution 
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 =SC Coefficient of Skewness = 0.30594 (positive) for Sikandarpur 

 =SC Coefficient of Skewness = 0.28374 (positive) for Rosera 
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The calculation for Flood Frequency Analysis using Gumbel 
distribution (EV-I) and Log Pearson type-III distribution were done in MS 
Excel using above formula. The annual peak of Burhi Gandak river at 
Sikandarpur and Rosera site for the period of 1956 to 2005 (50 years) was 
used for flood frequency analysis are given at Table 3.8. Calculation of 
Frequency factors for Sikandarpur site and Rosera sites are given at Table 3.9 
& 3.10 respectively.  

Table 3.8 
Discharges (cumec) of Sikandarpur and Rosera used for frequency 

analysis 
Year Discharge 

Sikandarpur 
Log Discharge 

Rosera 
Log 

1956 3137.00 3.497 1466.00 3.166 
1957 1741.00 3.241 1455.00 3.163 
1958 2123.00 3.327 1607.00 3.206 
1959 1028.00 3.012 591.00 2.772 
1960 2510.00 3.400 1741.00 3.241 
1961 1076.00 3.032 785.50 2.895 
1962 3111.00 3.493 2224.00 3.347 
1963 1516.00 3.181 1024.21 3.010 
1964 3400.91 3.532 2545.00 3.406 
1965 1917.86 3.283 1408.00 3.149 
1966 3729.22 3.572 2456.00 3.390 
1967 1414.44 3.151 1039.27 3.017 
1968 1209.04 3.082 1115.50 3.047 
1969 1946.55 3.289 1358.86 3.133 
1970 1479.11 3.170 1343.81 3.128 
1971 1682.71 3.226 1533.37 3.186 
1972 1015.34 3.007 951.57 2.978 
1973 1666.56 3.222 1256.12 3.099 
1974 3631.00 3.560 2890.17 3.461 
1975 4861.00 3.687 2234.98 3.349 
1976 1162.56 3.065 935.40 2.971 
1977 1128.17 3.052 856.00 2.932 
1978 3137.00 3.497 1444.00 3.160 
1979 2301.00 3.362 1874.00 3.273 
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1980 1310.00 3.117 1078.00 3.033 
1981 1918.00 3.283 1572.00 3.196 
1982 1312.03 3.118 919.09 2.963 
1983 1461.85 3.165 1029.87 3.013 
1984 3111.00 3.493 2674.00 3.427 
1985 2278.00 3.358 1770.96 3.248 
1986 3982.00 3.600 2890.00 3.461 
1987 3504.58 3.545 3486.00 3.542 
1988 2973.13 3.473 1972.00 3.295 
1989 1289.30 3.110 991.49 2.996 
1990 1224.00 3.088 948.60 2.977 
1991 1667.00 3.222 871.20 2.940 
1992 699.10 2.845 632.10 2.801 
1993 1421.00 3.153 1244.00 3.095 
1994 1523.00 3.183 1301.00 3.114 
1995 1165.00 3.066 1119.00 3.049 
1996 1351.00 3.131 1029.00 3.012 
1997 782.10 2.893 788.30 2.897 
1998 949.00 2.977 1275.00 3.106 
1999 1749.00 3.243 836.00 2.922 
2000 803.20 2.905 992.00 2.997 
2001 1229.00 3.090 2270.00 3.356 
2002 1340.00 3.127 1480.00 3.170 
2003 1617.00 3.209 1430.00 3.155 
2004 3041.00 3.483 1955.00 3.291 
2005 1704.00 3.231 1472.00 3.168 

Mean 1946.58 3.241 1483.25 3.134 
Std Deviation 974.707 0.204 651.741 0.179 
Skewness 0.306  0.284 
Kurtosis 0.051  0.047 
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Table 3.9  

Calculation of frequency factor for Sikandarpur site. 

 

T 
For Gumbel 
distribution 

For Log Pearson type-III distribution 

KT k w z KT 

2 

-
0.16427204

2 
0.05099

1 
1.17741

0 -1E-07 

-
0.0508579

8

5 
0.71945741

6 
0.05099

1 
1.79412

3 
0.84145

7 
0.8227552

2

10 
1.30456321

3 
0.05099

1 
2.14596

6 
1.28172

9 
1.3095903

6

15 
1.63467495

9 
0.05099

1 
2.32725

2 
1.50138

5 
1.5603052

3

20 
1.86581074

1 
0.05099

1 
2.44774

7 
1.64521

1 
1.7273272

8

25 
2.04384593

9 
0.05099

1 
2.53727

2 
1.75107

7 
1.8517224

9

50 
2.59228809

7 
0.05099

1 
2.79715

0 
2.05418

9 
2.2147800

8
10
0 

3.13668064
4 

0.05099
1 

3.03485
4 

2.32678
5 

2.5501029
6
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Table 3.10 

 Calculation of frequency factor for Rosera site. 
 

T 
For Gumbel 
distribution 

For Log Pearson type-III distribution 

KT k w z KT 

2 

-
0.1642720

4 
0.04728

9 
1.17741

0 -1E-07 

-
0.0471836

2

5 
0.7194574

2 
0.04728

9 
1.79412

3 
0.84145

7 
0.8243663

7

10 
1.3045632

1 
0.04728

9 
2.14596

6 
1.28172

9 
1.3079032

2

15 
1.6346749

6 
0.04728

9 
2.32725

2 
1.50138

5 
1.5563762

0

20 
1.8658107

4 
0.04728

9 
2.44774

7 
1.64521

1 
1.7217101

5

25 
2.0438459

4 
0.04728

9 
2.53727

2 
1.75107

7 
1.8447499

8

50 
2.5922881

0 
0.04728

9 
2.79715

0 
2.05418

9 
2.2033894

5
10

0 
3.1366806

4 
0.04728

9 
3.03485

4 
2.32678

5 
2.5340456

6

The peak flood computed using above distribution for the recurrence 
intervals of 2, 5, 10, 15, 20, 25, 50, 100 years is given in Table 3.11. 
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Table 3.11 
 Floods of various return periods for G&D sites. 

 

Sl. 
Return 
period 
(years) 

Sikandarpur Rosera 
Peak discharge (cumec) Peak discharge (cumec) 

Gumbel Log Pearson 
type-III 

Gumbel Log Pearson 
type-III 

1. 2 1786 1700 1376 1336 
2. 5 2648 2563 1952 1912 
3. 10 3218 3222 2333 2333 
4. 15 3540 3625 2549 2585 
5. 20 3765 3921 2699 2767 
6. 25 3939 4157 2815 2911 
7. 50 4473 4920 3173 3374 
8. 100 5004 5772 3528 3866 

 

3.10  Pre and post project- inundation scenario 

 Study has been carried out by NIH, Patna for inundation scenario for 
various high floods in Burhi Gandak. After calibration of MIKE 11, MIKE 
FLOOD was simulated for the highest flood event in Burhi Gandak river 
during the period of 2000-2006 which was 3041cumec recorded at 
Sikandarpur on 14th July, 2004 without the proposed canal.  The Manning’s 
Roughness coefficient (n) was taken as 0.04. The observed and the computed 
water level at Samastipur for this inflow hydrograph at Sikandarpur during 2nd 
July to 24th August are shown in Fig.3.8 & 3.9. During this event many of the 
river section was overtopped and the flood water entered the flood plain as 
clear from the maximum water level crossing the banks of different cross-
sections of the river (Fig.3.10 to 3.18) and also from the difference of the 
hydrograph between Sikandarpur and Rosera. (Fig 3.19). 
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Observed Discharge (input to MIKE11 for MIKE FLOOD) 
and Gauge Data at Sikanderpur (02 July to 24 Aug 2004)
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Fig 3.8: Impulse (inflow) at Sikandarpur during 02 July to 24 Aug, 2004 
(worst flood). 

MIKE FOOD Calibration (n=0.04) Samastipur 2004
(2 July to 24 Aug Peak Food 3041 cumec at Sikanderpur)
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Fig. 3.9 :Response (computed water level) at Samastipur during 02 July 
to 24 Aug, 2004 for different Manning’s Roughness coefficient. 
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Fig. 3.10: Overtopping of cross-section at 77.877 km RD 
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Fig. 3.11: Overtopping of cross-section at 78.877 km RD 
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Fig. 3.12: Overtopping of cross-section at 79.877 km RD 
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Fig. 3.13: Overtopping of cross-section at 80.877 km RD 
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Fig 3.14: Overtopping of cross-section at 81.877 km RD 
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Fig. 3.15: Overtopping of cross-section at 84.877 km RD 
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Fig. 3.16: Overtopping of cross-section at 85.877 km RD 
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Fig. 3.17: Overtopping of cross-section at 86.877 km RD 
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Fig. 3.18 Overtopping of cross-section at 87.877 km RD 

 

 

Fig. 3.19: Hydrograph at Sikandarpur and Rosera 
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3.10.1 Inundation scenario for flood of 2004  i.e. 3041 cumec 

  For the above event during 2nd July to 24th August of 2004 with peak 
discharge of 3,041 cumec, the model computed flood inundation without the 
proposed canal is shown in Fig. 3.20.  The inundated area comes to be  
226.40 sqkm. 

 The proposed canal was then introduced and MIKE FLOOD was 
simulated for the same period. The gates at offtake of the canal were kept 
fully open. While doing so, the water level at the barrage site of Burhi Gandak 
was ponded upto the crest level i.e.44.0 m (the bed level of the canal at the off 
take is 42.5 m and the FSL is 47.5 m with additional free board of 1.42 m). 
The canal was given full supply discharge. The flood inundation scenario with 
proposed canal has been computed to be 114.17 sqkm and is shown in 
Fig.3.21. It is observed that by diverting the flood water through the proposed 
canal, the inundation has reduced from 226.40 sqkm to 114.17 sqkm. 

 From above, it is clear that 50 year return period flood of 4,920 
cumec (which 161.80% of the peak discharge of 2004) will cause more 
inundation in the downstream with the present river cross-section. 
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Fig. 3.20: Inundation scenario (226.40 sqkm ) without canal for peak    
discharge of 3,041 cumec 
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Fig. 3.21: Inundation scenario (114.17 sqkm) with canal for peak 
discharge of 3,041 cumec 
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3.10.2 Inundation scenario for 50 year return period flood i.e. for  

           4920 cumec 

MIKE FLOOD was simulated for 50 year return period flood of 4,920 
cumec for the same period i.e.2nd July to 24th August. It means, the every 
ordinate of 2004 event was multiplied with a factor of 1.618 for both the cases 
of inundation without the proposed canal in place and introducing the canal. 
The inundated area without the canal comes to 455.53 sqkm within the model 
area (Fig. 3.22). This inundated area will be more had the extent of the 
bathymetry chosen was more (since it has touched the boundary of the area). 
The inundation scenario with the proposed canal comes to be 313.75 sqkm 
(Fig. 3.23). Although the extent of the area for the above simulation needed to 
be more, for correct estimation of the inundated area without the canal, but 
still it gives a fair idea of the inundation. 
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Fig. 3.22: Inundation of 455.53 sqkm (inside the modeled area) without   
                    canal for peak discharge of 4920 cumec. 
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Fig. 3.23: Inundation of 313.75 sqkm with canal for peak discharge of 
                     4920cumec corresponding to 50 year return period. 
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3.11 Flood diversion studies 

Burhi Gandak-Noon-Baya-Ganga Link project envisage diversion of 
partial flood discharge of Burhi Gandak river to provide relief to the people 
living in the lower reaches of the river (in the downstream of Rosera). The 
diversion of 10% of the estimated flood discharge of Burhi Gandak river at 
Sikandarpur site (4920 cumec) corresponding to 50 years return period 
i.e.492cumec is proposed to be done by constructing a link canal of 28.95 km 
long starting near village Muriaro (19 km downstream of Samastipur) to 
Dadupur where it will discharge to Baya river which would transfer the flood 
discharge to Ganga river. The diversion to canal would be ensured by 
constructing a barrage across the river Burhi Gandak in the downstream of the 
proposed canal. 

For open channel flow, the discharge calculation has been done using 
Manning’s formula. 

 

n
SRAVAQ

2
1

3
2

∗=∗=  
 

where, 

 Q = Discharge in cumec. 

 A = Area of cross-section in m2. 

 V = Velocity in m/s 

 R = Hydraulic radius in m = Area/Wetted perimeter. 

 S = Bed slope of the canal 

 n = Manning’s roughness coefficient = 0.012-0.018 for lined 
concrete channels (Ref: USGS Water Supply Paper 2339,   
pp-11). 

The geometry of the canal has been designed to take care of the energy 
loss due to 26 structures en-route, back water effect of Ganga/Baya at HFL 
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etc. The canal has been designed as a trapezoidal section with rounded corner 
and lined for entire length. The bed width at the offtake point is 82.10 m and 
at the terminal point is 94.3 m with side slope of 1.5:1(H:V). The full supply 
depth of 5.0 m has been kept throughout the length of the canal. The free 
board of 1.42 m has been provided as per IS : 10430-1982.  

Considering canal average bed slope of 1:20,000, the discharge 
calculation at the offtake of the canal at full supply depth of 5.0 m and at the 
total depth of 6.42 m including the free board is given below. 

3.11.1       Discharge at full supply depth of 5.0 m 

 Bottom width  = 82.102 m  

 Top width = ( ) 102.8225.15 +×∗  = 97.102 m.  

 Area of X-section(A) = ( ) 2m01.4485102.97102.82
2
1

=∗+  

 Wetted Perimeter (P) = ( )22 5.1552102.82 ∗+∗+ = 100.13 m 

 Hydraulic radius (R) = m474.4=
P
A   

 Bed slope of the canal (S) = 
20000

1 = 0.00005  

If Manning’s roughness coefficient (n) = 0.018 

 
V = m/s067.1

018.0
00005.0474.4 2

1
3

2

=  

 Q = 448.01 * 1.067 = 477.88 cumec. 

If Manning’s roughness coefficient (n) = 0.012 

 
V = m/s60.1

012.0
00005.0474.4 2

1
3

2

=  

 Q = 448.01 * 1.60 = 716.82 cumec. 

3.11.2       Discharge at total depth of 6.42 m 
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 Bottom width  = 82.102 m  

 Top width = ( ) 102.8225.142.6 +×∗  = 101.362 m.  

 Area of X-section(A) = ( ) 2m92.58842.6101.362102.82
2
1

=∗+  

 Wetted Perimeter (P) = ( )22 5.142.642.62102.82 ∗+∗+ = 105.25 m 

 Hydraulic radius (R) = m595.5=
P
A   

 Bed slope of the canal (S) = 
20000

1 = 0.00005  

If Manning’s roughness coefficient (n) = 0.018 

 
V = m/s238.1

018.0
00005.0595.5 2

1
3

2

=  

 Q = 558.92 * 1.238 = 729.16 cumec. 

If Manning’s roughness coefficient (n) = 0.012 

 
V = m/s857.1

012.0
00005.0595.5 2

1
3

2

=  

 Q = 558.92 * 1.857 = 1,093.75 cumec. 

Above calculations suggest that even for concrete channel, the 
discharges against the full supply depth of 5.0m may vary between 477.88 - 
716.82 cumec depending on whether the concrete surface is rough (n = 0.018) 
or smooth (n = 0.012). Similarly, against the total depth of 6.42 m, the 
discharges may vary between 729.16 - 1,093.75 cumec depending on whether 
the concrete surface is rough (n = 0.018) or smooth (n = 0.012). 

3.12 Availability of water for canal operation 

 The proposed canal will run if there is sufficient water in Burhi 
Gandak and is available for diversion through the canal. For such diversion, 
the crest level of the barrage has to be maintained. It will therefore be 
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required to know the period for which discharge above certain threshold is 
available in Burhi Gandak river. A flow duration curve (FDC) derived for 
Sikandarpur site has been used for assessing the duration for which the canal 
may operate. The FDC for Burhi Gandak for Sikandarpur site as shown 
below (Figure 3.24) is analysed for assessment of availability of water with 
respect to time for diversion into the canal.   

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3.24: Flow duration curve of Burhi Gandak upto Sikandarpur 

From the FDC it is apparent that 650 cumec of discharge is available 
in Burhi Gandak 10% of time. It means, in a year, flow of 650 cumec would 
be available for around 37 days out of which a part can be diverted through 
the canal which can be utilized for meeting the crop water requirement. 
Similarly, if we consider 20% dependable flow of 315.2 cumec, the 
diversion of water through the canal is possible for a period of 73 days in a 
year. For possible dependable flows for canal diversion with intention to 
accrue irrigation benefits is given at Table 3.12.  However, it may be kept in 
mind that the dependable flow for the number of days of availability in a 
year is with mid July as the median. 

Flow Duration Curve for Burhi Gandak River at Sikanderpur
(daily discharge data from 01 june 2000 to 31 May 2006)
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Q95  = 41.00 cumec      Q25  = 243.4 cumec      Q2   = 1471 cumec
Q90  = 47.03 cumec      Q20  = 315.2 cumec      Q1   = 1600 cumec
Q75  = 63.15 cumec      Q10  = 650.0 cumec      Q0.5 = 1871 cumec
Q50  = 83.38 cumec      Q5   = 980.0 cumec      Q0.1 = 2903 cumec
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Table 3.12  

 Dependable flows and days of its availability in a year. 

 
Sl. 

Probability of 
exceedance 

(%) 

Dependable 
discharge 
(cumec) 

Days of 
availability in 
a year (days) 

1. 10 650.00 37 

2. 20 315.20 73 

3. 25 243.40 91 

4. 50 83.38 183 

5. 75 63.15 274 

 
3.13  Backwater effect study 

3.13.1 Effect of ponding in barrage 

  As it is proposed to divert flood discharge of 492cumec by 
construction of a barrage across the river Burhi Gandak downstream of the 
offtake point of proposed canal. The proposed barrage with a pond level of 
49.0 m across Burhi Gandak river would be 189 long with a 30 long head 
regulator and a crest level of 43.0 m on the right bank of the river. However, 
the effect of pond level of 49.0 m upstream of the barrage will have back 
water effect beyond Samastipur which is 19 km upstream of the barrage site. 
The level of the rail track at Samastipur rail bridge is just above 49.0 m (HFL 
49.38 m). So, pond level of 49.0 m at the barrage site may not cause flood 
effect at Samastipur rail bridge.  

3.13.2 Backwater effect in link canal  

 The bed level of the canal at the offtake point of the diversion structure 
is 42.5m and at the terminal point is 39.635m. The bed slope of the canal 
varies along the length (on an average it is 1:20,000). Since HFL of 
Ganga/Baya is 43.15 m and the bed level of the canal at the offtake point is 
42.5 m, the back water effect of Ganga/Baya would come upto the offtake 
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point of the canal (i.e.the entire length of the link canal of 28.95 km) and even 
to Burhi Gandak river.  As indicated in figure -3.25, it is evident that when 
Ganga will be in high flood, backflow would be there in the proposed canal. 
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Fig.3.25:    Backwater effect of Ganga/Baya at HFL upto the offtake of  
                   canal and beyond. 
 
3.14 Siltation 

 Siltation in a river starts from its source. When the river emerges out of 
the mountain gorge and enters the valley, the slope suddenly flattens, 
velocities get reduced and flowing particles settle to river bed. Further 
downstream river follows either meandering or braided form depending on 
silt content.  

3.14.1 Sediment characteristic 

The basic course of stream sediment is erosion of deforested and 
denuded soil cover of upper catchment. During the floods, vast stretches of 
top soil are eroded all  over the upper catchment area and are carried down by 
the river silt load in the stream depends upon the following factors:- 

i)  Nature of soil in the catchment  
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ii)  Topography of the catchment area. 

iii)  Intensity of rainfall. 

The nature of the soil of the catchment area is an important factor. If 
the silt is soft there is possibility of sheet erosion. The total sediment 
transported by the river can be divided into following three portions:- 

(a) Bed load: The moving sediment load whose motion is governed 
appreciably by contact with the bed and which is pushed or rolled on the river 
bed by moving water. 

(b) Siltation load: The sediment represents the siltation load which moves 
directly by the impact of the bouncing particles in the low portion of the 
moving water and is intermittently out of contact with the bed. 

(c) Suspended load:  The part of the sediment of the stream which remains in 
suspension in the flowing water for considerable period of time without 
contact of stream bed by upward component of the turbulence or by colloidal 
suspension and which moves practically with the same velocity as that of the 
flowing water is called the suspended load of the river. Which moves 
practically with the same velocity as that of the following water is called the 
suspended load of river.  

The bed load is dragged/deposited along the river while the suspended load 
i.e. organic and other fine materials remain in suspension. The spills over the 
banks, some of the suspended materials are spread over the adjacent fields, 
helping in yielding bumper crops. The portion of the silt thus deposited 
represents only a small fraction of the annual sediment load. 

3.14.2 Availability of sediment data 

 Central Water Commission is maintaining two silt observation sites in 
the Burhi Gandak River System where silt observations are taken regularly.  
The sites are Sikandarpur and Rosera, status of data availability for these sites 
are indicated in Table 3.13                                  

 
 

Table 3.13 
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Availability of sediment data 

Sl. 
No. 

Name of 
observation site 

River Maintained 
by 

Data 
available 

Remarks 

1. Sikandarpur Burhi 
Gandak 

CWC 1963-64 to 
2004-05 

 

2. Rosera Burhi 
Gandak 

CWC 1963-64 to 
2004-05 

 

   

    The annual suspended sediment load observed at Sikandarpur and Rosera 
from 1963-64 to 2004-05 has been analysed and trend of the sediment load 
recorded at these two sites are indicated below in Table 3.14. 

Table- 3.14 

Trend of siltation in Burhi Gandak river 

  

3.14.3 Present scenario of siltation in river Burhi Gandak       

Sl. 
No 

Average 
sediment 

load 
during 

Sikandarpur site Rosera site 
Monsoon 
sediment 

(Thousand 
Tonnes) 

 

Annua
l 

sedim-
ent 
(%) 

Annual 
sediment  

(Thousand 
Tonnes) 

Monsoon 
sediment  

(Thousand 
Tonnes) 

Annual 
sedimen

t (%) 

Annual 
sediment  
(Thousan
d Tonnes)

1 2 3 4 5 6 7 8 

1 1963-64 to 
2004-05 

13726 99% 13855 9206 99% 9327 

2 
1970 to 

2004-05 
9150 97% 9416 12475 99% 12586 

3 
1981 to  

2004-05 
5309 96% 5534 16098 98% 16302 
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The Burhi Gandak river is a left bank tributary of river Ganga which 
extends between lat. 25025’ N to 27030’ N and long. 840 0’ E and 86030’ E. In 
the north the Someshwar ridge of hills bound it. While the river Ganga forms 
its southern boundary eastern and western boundary are ridge lines separating 
from Bagmati & Gandak catchment. It outfalls into Ganga at Khagaria. The 
river flowing through the State of Bihar has total catchment area of 12500 
sqkm out of which 10150 sqkm. lies in india. The annual average sediment 
load of Sikandarpur and Rosera sites are 9.13 million tons and 13.12 million 
tons of which 98% and 99% sediment load observed during the monsoon 
period respectively. The average sediment during the decade of sixty is 
minimum and had gradually increased over the years and is maximum during 
the decade of eighties. The average monsoon sediment is 97% to 99% of the 
annual sediment. 

The analysis of sediment data of Sikandarpur site indicates that out of 
annual average suspended load of 9.13 million tone. 4.9 % is coarse, 17.9 % 
is medium and 77.2 % is fine. Similarly Rosera site for the period 1978-89 
indicates that out of annual average suspended sediment load of 13.12 million 
ton, 2.8 % in coarse, 9.4 % is medium and 87.8 % is fine. These analysis 
show that the sediment load at Rosera is more than the sediment load at 
Sikandarpur and the percent fraction of medium sediment at Rosera is 9.4 % 
whereas for Sikandarpur it is 17.9 %. However, at both the sites the 
suspended sediment mainly consists of fine sediment the contents of which 
vary from 65 % to 91 % in case of Sikandarpur and 77% to 94 % in case of 
Rosera site. 

3.15  Remedial measures  

  In order to extract the silt from the canal water, a silt ejector has been 
proposed at RD 1.00 km of the canal.  

                             


