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CHAPTER 6 

Conservational measures 

 

6.1 Introduction 

Each and every geomorphic process has some consequences and bank erosion is not the exception. 

It has both social and economic impact. People have lost their houses and productive lands due to 

bank erosion. This chapter contains the description of the problem faced by the people living in 

the areas prone to bank erosion and the measures taken by the local authority to check the problem. 

Attempts have been made to give some comprehensive and innovative approach for mitigating the 

problem.   

6.2 Consequences of river bank erosion 

There are both direct and indirect consequences of bank erosion and are listed below. 

       Direct consequences 

1. Failure of erosion protective measure (e.g. Spur, Embankment, etc.) 

2. Land loss 

3. Damages of houses 

4. Loss of vegetation 

5. Loss of agricultural land, lives, etc. 

       Indirect consequences 

1. Insecurity among the people living closer to the bank 

2. Social conflict, etc. 

Flood rarely occur in this part of the Mahananda basin, but the failure of spur, embankment 

and other erosion protective measures are very common in every monsoonal period. As a result, 

collapse of railway bridge, road bridge, breaching of metalled road, breaching of embankment 

create lots of problem in the socio-economic life of the people. Example - Breaching of 

Champasari Embankment in 2012, damages of SH-12 Road bridge and toy train line over river 

Panchanoi in 2015, breaching of embankment in Dimdima Busti area in 2016, failure of erosion 

protection measures in Gulma 2017, 2018, etc. 
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Plate 6.1 (A) Bank Erosion of  river Mahananda at Gulma, in 2019, (B) Formation of midchannel bar in River 

Mahananda, at Gulma, 2019, (C) Scenario of bank erosion & asssociated land loss of the tea garden 

along the river Chamta in Nischintapur Tea Estate, a small tributary of river Mahananda, at the foothill 

region, (D) A typical type of bank erosion (Mass failure ) and land loss due to bank erosion, (E) Loss of 

tea garden by river Chamta at Nichintapur tea garden due to passing of energenic flow along the river 

bank, (F) Loss of tea garden by Panchanoi river at Dagapur area due to bank erosion. 

E 

A 

A B 

C D 

E F 
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Plate 6.2 (A) Flood situation in 2012 at Gulma Region, (B) Flood scenario in 2016 at Gulma, (C) 

Destructive action of non-directional, energetic, turbulent and free floodwater flow infront of  

a local primary school after embankment breaching in 2012 at Champasari area, (D) 

Gathering at the Embankment breaching point after the flood, July 2012. (E) Failure of 

concrete embankment of river Panchanoi, below DH-toy train line along SH- 12, near DPS 

school, Siliguri, on  26th Auguest, 2016, (F) Vulnarable house due to river bank erosion at 

Palash area. 

A B 

C D 

E F 
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Plate 6.3 (A) Waterlogging due to occupancy in floodplain at Champasari, July 2016, (B) People protest 

on account of water logging situation due to poor drainage at Champasari area, July 2016, (C) 

People engaged in bank protection work by using sand bags to protect their house, at Palash 

area. (D) Collapsing of whole embankment structure, because of the undercutting action of the 

monsoonal flow, adjacent to Mohanandi forest. (photographs was taken on 28 Nov, 2017). E) 

Boulder remains after wash up of fine materials of the river bank by the monsoonl flow (Date 

28.11.2018), (F) Collapsing of the spurs adjacent to Gulma Rly Bridge in 2018. 

A B 

C D 

E F 
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(A) (B) 

Plate 6.4  Sliding of whole spur from the river bank at Debidanga (A) & Salugara area (B) due to loss of bank 

materials under it. 

  

Plate 6.5 Embeded spur in the loose bank materials, at 

Debidanga area. 

Plate 6.6 Growing tree in the road bridge over the river 

Mahananda near C.W.C sites at Check Post 

area, Siliguri. 

 

      A detailed view of design manual, guidelines, technical specification of construction materials 

and practices of erosion control work is given in the ‘Handbook for flood management, anti-

erosion and river training works published by the Central Water Commission (CWC), Govt. of 

India. This handbook is particularly useful to all practicing engineers in the State and Central 

Government to meet new challenges of flood management in India. In the study region, the 

structural measures in the form of construction of embankment, spur, bank revetment, geo-textile 

bags are mainly used to control the river bank erosion.  
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6.3 Socio-economic impact of bank erosion 

(A case study of Champasari embankment breaching) 

River embankment is an artificial barrier that had been mainly used for two objectives, one is to 

protect bank from erosion and second is to control the flood situation of a channel. However, this 

structural measure can sustain only a limited safety level and might subjected to decay or failure 

under extreme condition, which may possess a significant flood risk of that region. The risk 

becomes more severe if the affected areas are highly populated. The maintenance of embankment 

in the foothills of mountain always possesses a great challenge to the people and authority. 

      Champasari embankment is situated on the right bank of river Mahananda, just downstream of 

Gulma Railway Bridge at Champasari Gram Panchayat, under Matigara block, in Darjeeling 

district, West Bengal. According to the report of the department of Irrigation and Waterways, 

Siliguri Division, the Champasari embankment was constructed in the year of 2004, with boulder 

within sausage toe and single layer pitching with bituminous grouting. On the left bank of the 

embankment of the river Mahananda, the Mahananda Wildlife Sanctuary is situated. Due to 

constant flow on the right bank of river Mahananda, the condition of embankment was not proper 

to withstand the heavy thrust of flow. Each and every year, during monsoonal period the river 

Mahananda carries huge debris with sand, boulder, pebble etc. from the hills and subsequently 

deposited in the river bed and hence the bed level of the river gradually increased. At the Gulma 

region, the bed level on the right side of the river was much lower than the left side, hence tendency 

of flow of the river towards right bank. The Champasari embankment on the right bank is 

constantly attacked by huge flow of river Mahananda. On 15th July, 2012 due to heavy rainfall on 

the upper catchment area of the river, huge discharge passed through the river (water level of river 

Mahananda at Siliguri Hill Cart Road Bridge 116.40 m on 15th August,2012, rainfall 144.80 mm), 

due to passing this discharge, breach of embankment for a length of 300m occurred on 15th 

August,2012. As a result, the entire area of Champasari Gram Panchayat, Milan more inundated 

by the water of river Mahananda. Besides, from the breach point the up-stream and downstream 

portion of the embankment was also seriously damaged (Plate 6.2, A-D). To prevent further 

damages, restoration works by earth-filled polythene bags within sausage creates was taken up for 

the safety of the lives and properties of public of the surrounding area. 

      Due to the right embankment breaching of river Mahananda at Gulma area, the villages of  

Purba Kharaibari, Palash, Champasari Chat, Milon More, etc. under the Matigara block have 
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seriously affected on 16 July 2012. Continuous and heavy rainfall of 48 hours and landslides in 

the hills of the upper catchment has further aggravated the situation. The road connection was 

damaged; the whole area was inundated up to an average of 2.5 m (Plate 6.2, C). Flood causes 

damages of crops, livestock properties. Sand of flood has converted the agricultural land into 

wasteland. Maintenance and managing of river embankment at the alluvial fan and foothill region 

are a complex task, specially where landslide also present in the upper catchment. To control the 

embankment failure, Irrigation and waterways department of Siliguri Division has adopted various 

technique and approaches. They strengthen the Champasari embankment from 300.00 m to 

1118.00 m along the right bank of river Mahananda where actually this incidence had been 

occurred. 

Table 6.1 Affected areas related to bank erosion of river Mahananda & its tributaries in different time period (2009 

to 2017) 

Year 2009-2010 

Type of work Area Amount of tender 

for the work (Rs.) 

Bank protection Left bank of river Mahananda at Dhantala 

area, in Bhaktinagar P.S, District Darjeeling 

3,50,71,231 

Restoration of Sukna embankment and 

remodeling of Nagradoba embankment 

Along right bank of river Mahananda for 

preventing avulsion of the river into 

Mahismari 

21,04,472 

Restoration of Sukna embankment and 

remodeling of Nagradoba embankment 

Along right bank of river Mahananda for 

preventing avulsion of the river into 

Mahismari 

21,02,698 

Restoration of Sukna embankment and 

remodeling of Nagradoba embankment 

Along right bank of river Mahananda for 

preventing avulsion of the river into 

Mahismari 

23,49,469 

Restoration of Sukna embankment and 

remodeling of Nagradoba embankment 

Along right bank of river Mahananda for 

preventing avulsion of the river into 

Mahismari 

23,50,624 

Restoration of Sukna embankment and 

remodeling of Nagradoba embankment 

Along right bank of river Mahananda for 

preventing avulsion of the river into 

Mahismari 

43,04,268 

Restoration of Sukna embankment and 

remodeling of Nagradoba embankment 

Along right bank of river Mahananda for 

preventing avulsion of the river into 

Mahismari 

47,50,195 

Restoration of Sukna embankment and 

remodeling of Nagradoba embankment 

Along right bank of river Mahananda for 

preventing avulsion of the river into 

Mahismari 

35,70,957 

 

Year 2010-2011 

Type of work Area Amount of tender 

for the work (Rs.) 

Flood damage restoration 

and Bank Protection 

Chiharajote embankment and bank protection work at 

Kamalanagar along the left bank of River Mahananda in 

Bhaktinagar P.S, Dist-Jalpaiguri 

30,08,320 
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Flood damage restoration Flood damage restoration of Chiharajote embankment and its 

upstream tagging point of existing metal road of Kamala 

Nagar along the left bank of river Mahananda in Bhaktinagar 

P.S, Dist-Jalpaiguri 

46,03,322 

 

Year 2011-2012 

Type of work Area Amount of tender 

for the work (Rs.) 

Bank protection Protection on the right bank of river Panchanoi near Illa Pal 

Choudhuri School area in P.S Matigara, Dist- Darjeeling 

48,38,294 

Bank Protection Right bank of river Panchanoi near Agam Sing Giri Nagar 

area in Matigara P.S, Dist- Darjeeling 

55,02,807 

Bank protection Right bank of river Panchanoi near Salbari High School area 

in Matigara P.S. 

94,43,517 

Restoration and 

remodeling of 

embankment 

Restoration of Sukna embankment and remodeling of 

Nagradoba for preventing avulsion into river Mahismari in 

Matigara P.S. 

2,32,72,958 

Bank protection Left bank of river Mahananda near Tarabari area in 

Bkaktinagar ,P.S. , Dist -Jalpaiguri, Reach I (0.004 to 190.00 

m) 

44,42,247 

Bank protection Left bank of river Mahananda near Tarabari area in 

Bkaktinagar ,P.S., Dist -Jalpaiguri, Reach I ( 190.00 m to 

395 m) 

23,75,900 

Bank protection Left bank of river Mahananda near Tarabari area in 

Bhaktinagar P.S, Dist-Jalpaiguri (190-235 m) 

23,97,024 

 

Year 2012-2013 

Type of work Area Amount of tender 

(Rs) 

Flood damage restoration 

(Embankment breach 

closing) and excavation of 

pilot channel 

Champasari embankment on the right bank of river 

Mahananda including excavation of pilot channel in 

Matigara Block 

48,29,737 

Flood damage restoration 

(Embankment breach 

closing) and excavation of 

pilot channel 

Restoration of upstream and downstream of breach point 

of Champasari embankment 

44,08,042 

Bank protection Left bank of river Panchanoi at village Khobi Baktiar at 

Dissel Coloni area, Matigara P.S, Dist- Darjeeling 

1,13,40,544 

Bank protection Left bank of river Balasan and right bank of river 

Mahananda up to the confluence point at Nichu Patiram 

(Kolabagan) area in Matigara P.S, Dist- Darjeeling 

1,72,10,976 

Bank protection Right bank of river Mahananda near downstream of 

Simdiguri Bowbazar protection work in Bhaktinagar P.S, 

Dist- Jalpaiguri 

1,12,14,326 

Bank protection Left bank of river Panchanoi near Panchanon Colony area 

in Matigara P.S, Dist- Darjeeling 

1,20,26,055 

Strengthening of 

embankment 

Strengthening of Kamrangaguri embankment on the left 

bank of river Mahananda, P.S- Rajganj, Dist- Jalpaiguri 

(in between 0.00 m to 435 m) just upstream of Dhantela 

embankment 

1,00,51,225 
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Strengthening work Champasari embankment from 300 m to 1118 along the 

right bank of river Mahismari at Chmpasari, P.S- 

Matigara, Dist- Darjeeling 

2,08,85,532 

Year 2013-2014 

Type of work Area Amount of tender 

for the work (Rs) 

Bank protection Left bank of river Mahananda at Netaji Nagar Area just 

downstream of Chihasujote embankment in Bhaktinagar, 

Dist- Jalpaiguri 

1,20,08,254 

       Year 2015-2016 

Type of work Area Amount of 

tender (Rs) 

Strengthening and 

restoration of bank 

protection work 

Left bank of river Mahananda at Dimdima and Digal busti area 

for a length of 0.26 km under Debgram G.P in Rajganj Block, 

P.S-Bhakti Nagar. 

54,64,944 

Bank protection Left bank of river Gulma Kharai, Singhijhora at Mahananda, 

Turibari (Junglee Mahal) area in Bhaktinagar P.S 

1,72,36,929 

Bank protection Right bank of river Rohini at Sukna Military station area in P.S 

Matigara, Darjeeling District. 

1,92,37,582 

Year 2016-2017 

Type of work Area Amount of 

tender (Rs.) 

Restoration and bank 

protection work 

Emergent restoration and protection work on the right bank of 

river Mahananda at the upstream of drain outlet at Dakshin 

Palash area under Champasari G.P in Pradhan Nagar P.S, Dist- 

Darjeeling 

3,71,273 

Restoration and bank 

protection work 

Right bank of river Mahananda at the U/S side of Samarnagar, 

Champasari G.P in Pradhan Nagar P.S, Dist- Darjeeling. 

3,84,223 

Restoration and bank 

protection work 

Left bank of river Singijhora I at Turibari area under Dabgram 

I G.P in Bhaktinagar P.S, Dist- Jalpaiguri. 

7,86,646 

Bank protection work Left bank of river Gulma Khari at Turibari area at U/S side of 

Monestry under Dabgram I G.P in Bhaktinagar P.S. 

9,61,326 

Emergent restoration to 

bank protection work 

Left bank of river Singhijhora II at Turibari area under 

Dabgram I G.P in Bhaktinagar P.S. 

6,37,007 

Emergent restoration to 

bank protection work 

Right bank of river Chamta, near the house of Kurseong in 

P.S- Matigara, Dist- Darjeeling 

5,62,399 

Emergent restoration to 

bank protection work 

Right bank of river Singijhora II at Turibari area (adjacent to 

Loknath House) under Dabgram-I G.P in Bhaktinagar P.S. 

7,36,905 

Bank protection work Right bank of Champasari Jhora at Dakshin Palash area under 

Champasari G.P, P.S- Pradhan Nagar, Dist- Darjeeling. 

5,77,405 

Bank protection work Left bank of river Mahananda at Netaji Nagar area under Word 

No. 42 of Siliguri Municipal Area, P.S- Bhaktinagar, Dist- 

Jalpaiguri. 

3,00,992 

Bank protection work Left bank of river Gulma Khari at Toribari area at downstream 

side of Monestry under Dabgram -I G.P, P.S- Bhaktinagar, 

Dist- Jalpaiguri. 

9,57,873 

Bank protection work Right bank of river Panchanoi at Salbari area (upstream side of 

Methibari football ground, P.S- Matigara, Dist- Darjeeling. 

3,80,295 

Bank protection work Right bank of river Mahananda at Punding busti (Nagradoba ) 

area in Matigar P.S, Dist- Darjeeling. 

7,67,584 

Bank protection work Damaged area in the lower bank of river Mahananda at 

upstream of Dimdima Busti area, under Dabgram -I G.P, in 

Bhaktinagar P.S. 

4,47,362 
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Emergent restoration On the damage area in lower bank of river Mahananda at 

Dimdima Busti area under Dabgram 1 G.P in Bhaktinagar P.S, 

Jalpaiguri. 

7,85,472 

Emergent restoration Damage area on the both bank pf river Panchanoi at Dagapur 

just upstream of Road bridge under Champasari G.P, P.S- 

Pradhan Nagar, Dist- Darjeeling. 

7,81,970 

Source: Annual Report of Irrigation Department, Siliguri Sub-Division, 2009-2017 

Table 6.2 Impact of flood and bank erosion in Siliguri Sub-Division, 2016 

Sl. 

No. 

Name of the 

river 

Length of the 

river within 

the Block 

Name of the Affected G.P. 

by Flood 

Location of Bridge over the river 

1. Mahananda 8 km Champasari, Matigara I & 

Matigara II GP 

Near Siliguri Circuit House 

(Champasari GP) 

Near NBMCH (Matigara II G P) 

2. Panchanoi 6 km Patharghata G P, 

Matigara II G P 

1. Dagapur (Near DPS Siliguri) 

2. Near Darjeeling More 

3. Balason 9 km Matigara II, Matigara I, 

Atharakhai 

Near Paulpara (Matigara II G P) 

4. Rohini 5 km Champasari Kaprail Bazar 

5. Rakti 5 km Champasari Fulbari T.E 

6. Chamta 6 km Patharghata, Matigara II Near Truck Terminus 

(Paribahan Nagar) 

Goucharan (Near Himul) 

7. Lachka 6 km Atharokhai, Near Shibmandir 

Source: Report of Water & Irrigation Department, Siliguri Sub-Division, year 2016. 

Table 6.3 Identification of weak vulnerable points of embankments. 

Sl. 

No. 

Name of 

gram 

panchaya

t 

Name of the 

embankmen

t 

Name 

of river 

Location of weak 

point 

Detail report Remarks 

1. 

 

P
at

h
ar

g
h

at
a 

G
ra

m
 P

an
ch

ay
at

 

    

Rakti River 

Sausage 

Bundh 

 

  

Rakti 1) Beside Rafel oraon 

Fulbari, 

2) Near RHDC.          

3) Shiv Mandir back 

side 

1) Apron & Bundh    

damage               

2) only spar is there, 

bundh extension to 

be done, 

3)Apron weak near 

Durga Pd house. 

350 m part 

extension 

required 

urgently as river 

reached almost 

PMGSY road 

side & public 

houses near 

RHDC 

2. Putinbari 

Bridge 

Appron 

Rakti Near bridge side & 

Niranjan shop back 

side 

Repairing work Extension 

needed upper 

part, 250 m. 
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3. Jali Busty 

Bundh 

Rohini Near Manoj Thakur 

house. 

Near Sasan Ghat. 

Apron & bundh 

damaged at both sites 

Repairing work 

needed at both 

sites 

4. Rajpouri 

Sausage 

Bundh 

Rajpour

i nala 

Apron damaged at 

corner of ground, 

Apron repair & new 

bundh required 

urgently. 

Extension of 100 

m bundh needed. 

2) earthen bundh 100 

m washed out 

5. 

 

C
h

am
p

as
ar

i 
G

ra
m

 P
an

ch
ay

at
 

Mahismari 

Sausage 

bundh 

Mahism

ari 

Khatli Bridge at 

Babubasa 

Sausage bundh 

partially damaged & 

soil erosion running 

towards village area 

Immediate 

repairing works 

needed 

6. Mahismari 

Sausage 

bundh 

Mahism

ari 

Backside of Sunrise 

English School (H.S) 

at Babubasa 

Cement concrete 

protection wall has 

been damaged 

Immediate 

repairing works 

needed 

7. Gulmakhari 

Khoirjhora 

Sausage 

bandh 

Mahana

nda -II 

Leftside of the 

Railway bridge near 

Gulma Station 

Middle portion of 

Sausage bundh is 

falling down the 

surface of river bed 

Immediate 

repairing works 

needed 

8. Gulmakhari 

Khoirjhora 

Sausage 

bandh 

Mahana

nda -II 

Right side of the 

Railway bridge near 

Gulma Station 

Sausage boulders are 

in the loosened state 

Pitching work is 

required 

9. Sukna T.E. & 

Dagapur T.E. 

Sausage 

bundh 

Pancha

noi 

Opposite side of the 

Purana Busty at 

Panchanoi river 

Soil erosion of 

Dagapur T.E. is in 

danger position & 

going to touch 

PMGSY Pucca road. 

Protection wall 

is required to 

protect the 

PMGSY Road. 

10. Sukna T.E. & 

Dagapur 

T.E.Sausage 

bundh 

Pancha

noi 

Sukna Kobarsthan at 

Sankar Busty 

Sausage bundh 

vanished due to 

heavy flow of water 

in the Monsoon. 

Sausage bundh 

is required. 

11. Litchi Bagan 

Earthen 

bundh 

Dhakni

kata 

North portion of 

Dhaknikata beside 

Gulma T.E. 

The depth of the 

Channel is very low 

so there is a chance 

to over flow of rain 

water during 

Monsoon 

The protection 

wall is required 

12. 

 

M
at

ig
ar

a-
II

 G
ra

m
 P

an
ch

ay
at

 
 

Balason 

Bandh at 

Rana Nagar 

Balason Rana Nagar 775 m long New 

embankment 

required to protect 

about entire Rana 

Nagar village 

775 m long new 

Guard wall 

bandh are to be 

constructed to 

protect erosion 

at Rana Nagar. 

13. Tumba 

Beldangi 

Near Amar 

bakery 

Pancha

noi 

Tunba Beldangi Approximately 350 

m long new 

embankment with 

protection work are 

to be required 

Approximately 

350 m long new 

embankment 

with protection 

work are to be 

required 
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14. 

 

M
at

ig
ar

a-
I 

G
ra

m
 

P
an

ch
ay

at
 Balason 

Bandh at 

Kawakhali 

and 

Kalamjote. 

Balason Nil N.A N.A 

15. 

 

A
th

ar
ak

h
ai

 G
ra

m
 

P
an

ch
ay

at
 

Balason 

Bandh Near 

Sisabari. 

Balason Mauria Basti at 

Sisabari 

Previous there was 

boulder made apron, 

the said apron 

become partially 

(about 150 m ) 

damage and 

collapsed due to 

erosion of soil of the 

foundation. 

Repairing work 

is urgently 

required. 

 

Table 6.4 Physical verification report on embankments & identification of vulnerable area and rescue centres, 

survey done by I & W Dept., Siliguri 

Sl. No. Name of G.P. Office Area likely to be Affected Name of Rescue Centre 

1. Patharghata G P Office 
 

1. Nimai Khopalashi Jr. Basic School 

2. Khopalashi Barogharia Primary School 

3. Bandrijote 

2. Champasari GP Office 

 

 

 

 
 

1. Balubasti Salbari High School 

2. Nayabasti Pragati Vidya Mandir 

3. Nunubairagi Sukna T.G. Primary School 

4. Panchanoi Basti Dagapur Primary School 

5. Galmakhari Singhimari Primary School 

6. Mahismari Aamiya Paul Chowdhury H.S. 

7.  Palash Dakshin Palas SSK 

3. Atharokhai GP Office 

 
 

1. Balason Colony Rangia Pry School 

2. Nengtichara Balason Pry School 

3. Promod Nagar 

4. Matigara II GP Office 

 

 

 
 

1. Patiram Nichu Colony Patiram Pry School 

2. Binay Krishna Pally Kholai Bhakhtari SSK 

3. BT Ranadeep Colony Shisudangi Pry School 

4. Tomba A.D. Sharma Paimary School. 

5. Rana Basti Rananagar SSK 

5. Matigara I G P Office 
 

1. Pelkujote Thiknikata Pry School 

2. Kawakhali Kawakhali Primary School 
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Table 6.5 List of affected area, people & rescue centres, in 2015-2016 flood in Siliguri Sub-division. 

Sl. 

No. 

Name of G.P. 

Office 

Area likely to be 

affected 

No. of people 

likely to be 

affected 

Name of Rescue Centre 

1 Patharghata G P 

Office 

 

Nimai 

Khopalashi 

Bandrijote 

2000 Khopalashi JR. Basic School 

Barogharia Pry 

school 

2 Champasari GP 

Office 

 

Balubasti 

Nayabasti 

Nunubairagi 

Panchanoi Basti 

Golmakhari 

Mahismari 

Palash 

2500 Samarnagar Pry School 

Karaibari Pry School 

Santosing Pry School 

Amiya Paul High School 

Sri Guru Bidyamandir 

Dewrali Yuba Sangha 

Dakshin Palas SSK 

Kalabari SSK 

3 Atharokhai GP 

Office 

 

Balason Colony 

Nengtichara 

Promod Nagar 

2000 Rangia Pry School 

Balason Pry School 

4 Matigara II GP 

Office 

 

Patiram Nichu Colony 

Binay Krishna Pally 

BT Ranadeep Colony 

Tomba 

Rana Basti 

2000 Patiram Pry School 

Kholai Bhakhtari SSK 

Shisudangi Pry School 

 

 

5. Matigara I G P 

Office 

Pelkujote 

Kawakhali 

1500 Thiknikata Pry School 

NBMC & Hospital Ground 

Source: Report of Irrigation & Waterways Department, Siliguri, 2015-2016 

 River bank erosion is a natural process, it cannot be stopped but its magnitude and intensity 

can be minimized through proper management practices. At present, bank erosion is not a major 

problem in developed countries because of wide spread channel stabilization measures (Brookes, 

1985). There are different types of measures that have been adopted to reduce the river bank 

erosion and protect its surrounding area. Depending upon the way they work, flood protection and 

erosion control measures may be broadly classified as: 
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Table 6.6 Bank erosion conservational measures. 

Structural measures Non-structural measures 

1. Construction of embankment 

2. Construction of spurs, groynes, studs etc. 

3. Construction of bank revetment 

4. Use of geo-cell, geo-bags etc. 

5. Channel improvement in the form of dragging. 

6. Diversion of peak flow to another river where would not causes 

sizeable damages. 

1. Flood plain zoning 

2. Flood forecasting, warning 

3. Flood protection 

4. Plantation like Vetivers, etc. 

5. Living with flood 

 

Source: Prepared by the researcher. 

Figure 6.1 Cost of tenders for bank protection work on river Mahananda and its adjoining tributaries. 

But the occurrence of bank erosion associated with several factors and the role of each factor 

differ from place to place. That is why, method of bank protection work also varies from place to 

place or bank materials to materials. Particular conservational measure is not suitable for all cases. 

Here is the list of some condition of the river bank and channel geometry and its related 

conservational measures. 

Table 6.7 Bank erosion management practices in different conditions. 

Condition Main concern Conservational measures 

High velocity of flow To reduce the velocity of flow Construction of spur perpendicular to flow may 

be suitable for the purposes. In the study area, it 

is a popular protective measure (Figure 2-3). 

Loose bank materials Protection from undercutting, 

avulsion 

Concrete embankment, application of Geo-mat, 

Geo Bag. 

High rainfall To reduce the surface soil loss 

Increase interception 

Protect from splash erosion 

Plating tree in near bank region 

Bed material extraction Extraction of material in near 

bank area should be prohibited. 

It should be done considering the existing 

channel properties. In the extraction sites, 
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channel monitoring should be done at regular 

interval basis. 

Prepared by the researcher. 

In the study region, the structural measures in the form of construction of embankment, spur, 

bank revetment, geo-textile bags are mainly used to control the river bank erosion. Department of 

Irrigation and Waterways of Siliguri Division has applied various measures to check bank erosion 

in Mahananda and its tributaries. Such as:      

1. Earthen embankment 

2. Boulder spur 

3. Geo bag techniques, etc. 

Since, boulders are naturally available and are used in different construction works, including 

slope protection for embankment, bank revetment, spurs, etc. when requisite sized stones are not 

available, small size stones filled in GI (Galvanized Iron) wire crates are used for the pitching 

purpose.  

6.4 Types of construction materials 

Different construction materials are used for different purpose according to the site conditions, 

availability, transportability, cost effectiveness, etc. Boulders are immensely used for bank 

restoration and protection work due to easy accessibility. Mostly, they are collected from the river 

bed. In Gulma area, huge amount of boulders gets accumulated due to high energetic flow during 

monsoonal period. Large number of people are involved in extraction of these boulders. After that 

they are heaped up near the river bank and supplied according to need. Sand bags are mainly used 

to check the emergent breaching point of any area. Recently, new innovative materials like Geo-

textile in the form of geo-textile bags are being used on the banks of river Panchanoi, just behind 

Salbari agriculture market in Matigara P.S (Plate 6.8, F). 

Concrete blocks 

They are aggregate of sand, stones and cement, which are mainly used for construction of bank 

revetment or slope protection of the embankment. These blocks are mainly found along banks of 

river Mahananda in central part of Siliguri town, mainly along the word 3, 4 & 1 and also in some 

portion of river Panchanoi near Patiramjote area in Matigara I Block (Figure 6.2 & 6.3) 
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Figure 6.2 
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Figure 6.2-3 Scenario of the structural measures that have been taken for the erosion 

control at segment II, III & IV. 
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Geo-textile bags 

They are made up of woven/non-woven polypropylene/polyester geotextile with high mechanical 

properties for enhanced durability along with enhanced puncture, abrasion and erosion resistance 

characteristics. These bags are inactive to biological degradation and resistant to naturally 

encountered chemicals, alkalis and acids. 

Vetivers 

They are special type of grass having longer roots and high tensile strength. They are resistant to 

the high velocity stream flow so they check the bank erosion. Their roots are 12-15 feet deep into 

the soil and hold soil tightly. In West Bengal, this grass is used to check the bank erosion in 

different rivers.  They are used to prevent Soil erosion along the banks of six rivers in Nadia, these 

are Churni, Mathabhanga, Jalangi, Icchamati, Padma and Bhagirathi. Recently, these are also used 

in the district of Alipurduare, Purba-Medinipur.  

Retaining wall 

The portion of river bank having steep slope are protected by retaining/guide wall to save the cost 

of cutting. They are widely constructed in hilly portion of the area where there are very limited 

available lands for the erosion protection. 

 

 

 

 

 

 

 

 

Plate 6.7 (A) Construction of spur along the right bank of the river Mahananda at Gulma area, (B)    

                Construction of spurs along with the retaining wall at Baghajatin area. 

 

A B 
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Plate 6.8 (A) Gabion structure along the Champasari Jhora at Uttar Palash, (B) Bank toe protection   by 

cemented slab near Gulma Railway Bridge, (C) Afforestation and beutification work, done by the 

local governing body along the right bank of river Mahananda at Pradhn Nagar area, (D) Bolder 

embankment pitching with bituminous glutting at the confluence of river Mahananda and Balasan, 

(E) Bank protection by concrete retaining wall along the right bank of river Mahananda, Ward 

No. 4, (F) Application of Geo-Mat for bank protection beside Salbari Agriculture Market along 

the river Panchanoi. 

A B 

C D 

E F 
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Spurs 

Spurs or groynes are structures, constructed traverse to the river flow and extended from the bank 

to the river. Spurs are mainly constructed to keep away the energetic flow from the erosion prone 

bank. Construction of spurs are very common in the entire stretch of Mahananda (Figure 2-3). 

Toe Protection 

Since, undercutting is high in the study area, so, the chances of toe erosion is there. To prevent the 

sliding and failure of revetment, the bank toe is required to be protected. Here, bank toe is mainly 

protected by stone and iron mesh net with the purpose to provide lateral support to the 

embankment. These measures can be seen on river Panchanoi in Darjeeling More area. Matigara 

P.S, Gulma area on the right bank of river Mahananda, just below the Gulma Rly Bridge.  

 

 

 

 

 

 

 

 

 

Plate 6.9 (A) Construction of small reservoir behind river Mahananda as safety measure as well as for           

                beautification work, (B) Newly constructed settlement along river Mahananda at Uttar Palash  

                area, constructed done in between 2016 to 2017. 

6.5 Problems 

Bank erosion helps to divert the flow and hence increase the chances of flood. This not only 

damages the public and private property but create a sense of insecurity and fear among locals who 

live near river bank. More settlement near the bank increases the vulnerability of bank erosion. 

There is rapid increase of settlement near bank zone. Effectiveness of any bank protection measure 

largely depends on the continuous monitoring. It helps to enhance the performance of any bank 

A B 
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protection measures. It is recommended to follow the following activities for the maintenance 

purpose: 

1. Visual inspection of all the erosion protective measures should be taken by the concerned 

authority at a regular interval especially before, during and after the monsoonal period. 

 

2. Assessment and monitoring of bank line shifting should be done by manual survey. 

 

 

3. Encroachment of active near bank area and flood plain area should be checked by the 

concern authorities, such as SDLRO, Water & Irrigation Department. 

 

4. Immediate repair work of any damages could reduce the cost of management.  

 

 

5. Bed material extraction works like dredging method, but it should be done in an optimal 

level, extraction near the bank line area should be prohibited and suitable path should be 

identified for the entry of the vehicles in the channel.      

      Some effect has been noted on the river morphology after taking the structural measures for 

erosion protection purposes. Such as straightening of the channel, increases the bank slope, 

destruction of the riparian vegetation and ecological community of the bank line area, reduces the 

cross-sectional area. 

In this context, some bioengineering techniques could be adopted for the planning purposes 

which has low environmental impact. These practices could be applied along the small rivers of 

the area where erosion action can be controlled with these kinds of soft intervention. Some 

vegetation has been identified in the region along the bank line area which are very common and 

some have long root system which could be planted in the affected area (Plate 31). Here is the list 

of some common vegetation that are grown along the low-lying bank area. 
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(A) (B) 

Broadleaf carpetgrass (Axonopus compressus) Chamber bitter (Phyllanthus Urinaria) 

(C) (D) 

Cyperus species (Poa annua) Euphorbia Hirta 

(E) (F) 

Spermacoce ocymoides (Rubiaceae) Eupatorium Odoratum 

(G)  

Watremoving herb (Murdannia keisak) 
(H) 

Garden balsam (Impatients balsamina) 
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(I) (J) 

Stellaria graminea Eichhornia crassipes 

(K) (L) 

Cornus sanguinea Senna occidentalis 

 
(M) (N) 

Himalayan alder (Alnus nepalensis D. Don)  Legarstroemie speciosa 

(O) (P) 

Cortaderia selloana Azadirachta indica (Neem) 
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(Q) (R) 

Galinsoga quadriradiata Alternanthera sessilis 

 
(S) (T) 

Tropaeolum majus Cedrus deodara 

(U) (V) 

Tectaria heracleifolia Tamarix canariensis 
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(W) (X) 
Gaura lindheimeri Ageratum houstonianum 

Plate 6.10 (A-X) List of riparian vegetation of the study area. 

Prepared by the researcher. 

6.6 Effect of Bank erosion on the surrounding environment 

With increasing bank erosion and failure, the widening rate of channel also increases which is 

associated with collapsing of huge portion of cultivable lands, roads, structural measures (like 

embankment, spur etc.), homestead etc. Lots of embankment breaching have been recorded in the 

study area, such as 300 m embankment breaching incidence near Gulma Railway bridge in 2012, 

bank failure incidence in the right bank of the channel in 2014, 2015 in Debidanga area, etc. 

Government strategies to lessen the problem are proved to be limited to structural measure only, 

i.e. construction of embankment, riverbank restoration and straighten work and very little attention 

had been paid in developing non-structural and self-help strategies. Most often measures are taken 

immediately after the disaster had been taken place as a form of relief provisioning. The 

consequences of river bank erosion in fluvial environment leads to acceleration of sediment yield, 

change the channel instability, change in stream types e.g. meandering to braided, straight to 

meandering, etc.  

Embankment failure 

Due to the right bank embankment breaching of Mahananda in Gulma area, the villages of Purba 

Kharaibari, Palash, Champasari Chat, Milon More etc. under the Matigara block was seriously 

affected on 16 July 2012. Continuous and heavy rainfall of 48 hours and landslides in the hills of 

the upper catchment further aggravated the situation. The road connection was damaged; the whole 

area was inundated up to an average of 2 m (Plate 6.2 B , C ). Flood causes damages of crops, 
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livestock properties. Sand brought by flood water has converted the agricultural land into 

wasteland. 

Maintenance and managing of river embankment at the alluvial fan and foothill region are a 

complex task, specially where landslides are also present in the upper catchment. To control the 

embankment failure, Irrigation and Waterways Department of Siliguri Division has adopted 

various technique and approaches. They strengthen the Champasari embankment from 300 m to 

1118 m along the right bank of river Mahananda where the incidence took place. 

 

6.7 Suggestion 

In the study, identification of the vulnerable sites has been done based on the vulnerability zonation 

model and also by the field observation. Most of the alluvial rivers in the sub-Himalayan region 

have experienced rapid sedimentation problem in the form of bed load. Rapid encroachment of 

active floodplain area, land use change, over-grazing, extensive deforestation from the upper 

catchment and bank side area are some contributing factors for sedimentation of the rivers. 

Decrease of river depth in this area have become a big issue for river health, flooding, etc. Keeping 

in view of the problem, some conservational measures have been proposed in the following 

paragraphs:  

 

Change in land use pattern 

A proper distance from the riverbank to towards landward side should be free from any 

constructional activities. Different afforestation programme could be done in the area to maintain 

the river health.  

 

Proper construction 

Bridges and culverts over the river bed is an important factor of the occurrence of bank erosion.  

Proper construction of the structures should be done, so that disturbance on the flow could be 

minimised. Avoid big-pillar in the active part of channel.  

 

Soil conservation in the upper part of the channel 

An effective and permanent method of sediment control is soil conservation in the upper part of 

the study area.  
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Table 6.8 List of the common plants grown along the near bank region and on sandy mid-channel bars of river 

Mahananda in Darjeeling Himalayan belt. 

Species Plant 

type 

Life 

span 

Habitat Occurrence Local 

name 

Use Plate 

6.10 

 Axonopus 

compressus 

Herb Perennial Sand-pebble 

dominated river 

bed & well 

drained soil 

Common Broadleaf 

carpetgrass 

or tropical 

grass or 

carpet grass 

Soccer field, 

or any field 

for soil cover  

A 

Phyllanthus 

Urinaria 

Herb Annual Mainly forested 

brown soil and 

sandy soil 

Very 

common 

Chamber 

bitter  

(Lajjabati) 

Herbal 

medicine 

B 

Poa annua Herb Annual Clay, loam, sand, 

well-drained soil 

Very 

common 

Annual 

bluegrass 

Use for 

erosion 

protection  

C 

 

 

Euphorbia 

Hirta 

Herb Annual grows in open 

grasslands, 

roadsides and 

pathways 

Common Asthma 

plant,  

(Barokarni) 

Traditional 

herbal 

medicine  

D 

Spermacoce 

ocymoides 

(Rubiaceae) 

Herbs or 

small 

shrubs 

Annual Riverside area Rare false button 

weed 

Leaves uses 

for headache, 

eczema, 

wounds. 

E 

Eupatorium 

Odoratum 

Shrub Perennial River bank side Common Tivra 

gandha 

Used to treat 

skin wounds 

F 

Murdannia 

keisak 

Herb Perennial Sand & pebbly 

surface  

Rare Marsh 

dayflower 

 G 

Impatients 

balsamina 

Plantae Annual Sandy soil, river 

bank side area 

Common Touch me 

not  

Medicinal 

purpose 

H 

Stellaria 

graminea 

Herb Perennial Road side area Rare Grass leave 

chickweed 

(buch-

bucha) 

- I 

Eichhornia 

crassipes 

Aquatic 

plantae 

Perennial Bank side area 

where velocity is 

less, over mid -

channel bar 

Very 

common 

Water 

hyacinth 

(kachuri 

pana) 

Remove 

various 

pollutant by 

absorbtion 

J 

Cornus 

sanguinea 

Shrub Perenial Bank side low 

lying area 

Common chaunus Food for 

some animals 

K 

Senna 

occidentalis 

Shrub Annual River bank area Very 

common 

Mogdad 

coffee 

Seed has high 

medicinal 

value, used 

for bone 

fracture 

treatment  

L 

Alnus 

nepalensis 

D.Don 

Tree Perennial River bank side 

area 

Common Utis in 

Nepali, 

Himalayan 

alder in 

english 

Land 

reclamation 

purpose 

M 

Legarstroemie 

speciosa 

Tree perennial River bank Very 

common 

Jarol in 

bengali 

Used for 

timber 

N 
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Cortaderia 

selloana 

Grass  

(tussock) 

Perennial Swampy bank 

side area 

Very 

common 

Kash ful in 

bengali 

Used for 

erosion 

control work 

O 

Azadirachta 

indica 

Tree Perennial Bank side area Rare Neem  High 

medicinal 

value 

P 

Galinsoga 

quadriradiata 

Herb Annual Bank side 

swampy area 

Very 

common 

Gima  - Q 

Alternanthera 

sessilis 

Herb Perennial River bed & bank 

line area 

Very 

common 

Vigingi jhar 

in Nepali 

Food & 

medicinal 

purpose, 

timber & fuel 

R 

Tropaeolum 

majus 

Shurb Annual Hilly area along 

the river bed 

Common Indian cress Human 

consumption 

& gardening  

S 

Cedrus 

deodara 

Tree Perennial Valley side area 

at the hills 

Very 

common 

Devadaru Fuel, timber, 

medicinal 

uses  

T 

Tectaria 

heracleifolia 

Fern Annual Valley side, bar 

at the hills 

Common fern Ornamental 

use 

U 

Tamarix 

canariensis 

Shrub Perennial Mid channel bar 

on foothills 

Common - - V 

Gaura 

lindheimeri 

Herb Perennial Bank line area at 

the hills 

Rare White 

ghaura 

Ornamental 

use 

W 

Ageratum 

houstonianum 

Herb Perennial Bank line area Very 

common 

Gandhe 

jhar 

- X 

 

Plantation 

Plants having high erosion resistant capacity, should be planted along the bank as a part of erosion 

control programme by the concerned authorities such as Irrigation & Waterways Department, 

forest department and local govt. bodies. From the various studies, it has been found that the 

growth rate of Vetiver grass is 50 % more in non-cohesive soil than the cohesive soil. But it is only 

suitable in the area where mean temperature is 18-25°C. Hence it is unsuitable for the hilly part of 

the region but may be useful for plain area. It is sustainable, innovative, cost-effective and good 

solution for the protection of bank erosion. Not only that, here is a list of few plants & grasses 

which are very common in steep hills, sandy banks at the foothills of the Darjeeling Himalaya and 

has high erosion resistant capacity, such as: 

1. Amliso plant (Thysanolaena latifolia) which is used as a cleaning tool in houses (Locally 

called Ful Jharu). They can be grown on severely degraded marginal land. 

2. Kharahi 

3. Tiger grass 

4. Hedera helix (local name Tilcore) 

5. All type of legume family plant, cover plants, etc.    
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Plate 6.11 Amliso (Thysanolaena latifolia), common erosion resistant plant found in foothills 

of Darjeeling Himalaya. 

Plate 6.12 ‘Kharahi’-commonly found in river side area, highly erosion resistant and has 

                                 capability to survives in extreme flood condition also. 
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Stop soil cutting from river bank  

Soil cutting from river bank should be prohibited as it has big impact on the flow diversion during 

monsoonal period. Proper monitoring has to be done in this context. Awareness programme or 

campaign among the local inhabitant along the bank side and local governing body could be done 

to stop the activity. 

 

Construction of small check-dam on the small tributaries  

Most of the tributaries of river Mahananda in the study area have small catchment area, their length 

is very less but their capacity and competency are very high, as their sources are nearer to them. 

The banks of most of the rivers are fragile in nature and mostly pass through various tea gardens. 

Here, the main problems that are associated with the failure of bank protection measures are high 

velocity of flow, subsurface flow from bank profile, pore water pressure gradient, etc. To reduce 

the energy of high velocity flow, small check dam can be constructed in different parts of river 

channel, so that water can be stored and distributed in different places which may also help for 

ground water recharging. At present, almost all tea gardens of this are facing water deficiency 

problem in non-monsoonal period. The sprinkler irrigation depends on underground water. If the 

concept of bank protection method can be linked to irrigation sector, then the multidiscipline 

concept may be helpful in future.  

Change the irrigation practice  

River lift irrigation should not be done from the near bank, it could be done near the central part 

of the flow, so the effect could be minimised.   

 

Extraction in proper way   

Sand extraction is a method for removing excessive sediment load from rivers. But a specific depth 

should be maintained for the removal of bed materials. Extraction activities increase the channel 

slope as a result river try to steepen its bank in the form of bank failure. This kind of activity reduce 

the capability of the river to support the infrastructures built on it, such as bridge, erosion protection 

measures etc.  
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Table 6.9 Recommendation for the extraction of bed materials, given by different authorities. 

Kondolf et al., (2001) Ministry of 

environment, forest & 

climate change, India 

Geological Survey of 

India 

WB Minor Minerals 

Rules, 2002, Schedule 

V 

1. Bar skimming 

2. Dry pit channel 

extraction 

3. Wet pit channel 

extraction 

4. In stream gravel 

trap 

1. Demarcation of 

proposed extraction 

site with cemented 

pillar 

2. Area should be 

properly surveyed and 

mapped with the help 

of  GPS 

3. If there is any 

ecological hotspot 

then order of Supreme 

Court of India must be 

strictly followed (IA 

No. 460/2004). 

Avoided place 

1. Active channel, 

their flood plains 

and deltas 

2. Extraction below 

subsurface flow 

3. Concave side of 

river channel 

Preferred location 

1. Abandoned channel, 

inactive floodplain, 

large rivers for 

which periodic 

sedimentation rates 

are high. 

2. Sediment bars 

above the water 

flow level in the 

lean period 

3. Mid-stream areas in 

case of braided 

river. 

1. No extraction is 

allowed within 200 m 

of both side of any 

road bridge, culvert, 

erosion protection 

measure 

2.  No extraction within 

5 km of any barrage 

or dam of a river 

3. No tree shall be 

felled at the 

extraction site 

4. In Jalpaiguri and 

Darjeeling, bed 

material extraction 

shall be done from 

1/3rd of the river 

bed where the river 

width is 30 m or 

less with written 

permission from the 

concerned 

Department. 

Recommendation by the researcher 

1. Record of the extracted volumes and location on stretch of extraction site, cross sectional survey shall 

be done properly and monitored on regular interval. 

2. Extraction activities over the entire channel stretch and deepest part of the channel should be stopped 

and the estimate of the total annual incoming load of the channel should be done by various methods. 

3. Only two third part of the bars in the downstream shall be permitted for the extraction, leaving one-

third portion upstream (Kondolf et al, 2001). 

4. Extraction should not be allowed in the areas where bank erosion problem has been found.  

5. Extraction from the large river will create less effect than from the small straight channel. 
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6.8 Conclusion 

There are different types of structural bank protection measures have been adopted by the 

concerned authorities to control the bank erosion. These are always bulky & expensive and their 

fruitfulness vary widely from river to river, hence it is very difficult to make any quantitative 

comparison. The failure of these measures acount to huge economic loss to Government. Cost of 

erosion protection measures can be minimised if the proper actions are taken at the time of first 

sight of erosion sign of the bank. To do so, continuous monitoring is very necessary. Not only that, 

it is recommended to adopt different non-structural measure like check the bank line land use 

pattern, plantation of some specific type of grasses, plants, maintain the proper rule regarding bed 

material extraction, etc. for the better prevention.     
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